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How to Find Product Data in This Reference Manual 
THIS VOLUME* 

Contains Data Sheets, Selection Guides and a wealth of background information on state-of-the-art products that are suitable 
for new equipment design. 

This volume is one member of a six-volume set of reference manuals describing and specifying Special Linear, Amplifier, 
Converter and Military/Aerospace products froni. Analog Devices, Inc. 

IF YOU KNOW THE MODEL NUMBER 
Turn to the product index at the back of the book and look up the model number. You will find the Section-Page location of any 
data sheet in this volume. You will find additional references for all other Analog Devices products currently available. 

If you're looking for a form-and-function-compatible version of a product originally brought to market by some other manufacturer 
(second source), you may find it by adding our "AD" prefix and looking it up in the index. Or call our nearest sales office. 

IF YOU DON'T KNOW THE MODEL NUMBER 
Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a functional 
Selection Tree and Selection Guide at the beginning of the Section. The Selection Tree and Selection Guide will help you find the 
products that are the closest to satisfying your need. Use them to compare all products in the category by salient criteria. A com
prehensive Table of Contents is provided for your convenience on page 1-5 through 1-15. 

IF YOU CAN'T FIND IT HERE ... ASK 
If you can't find the product you are looking for in this data book, please contact your local Analog Devices sales officer or phone 
our Applications Department at 617-937-1428 or 1-800-262-5643 (U.S.A. only). 

See the Worldwide Sales Directory on pages 24-16 and 24-17 at the back of this volume for our sales office phone numbers. 

*The fax retrieval system number shown on abridged and preliminary data sheets applies to U.S.A. and Canada only. 
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Analog Devices, a Fortune 500 Industrials company, designs, 
manufactures and sells worldwide sophisticated electronic com
ponents and subsystems for use in real-world signal processing. 
More than six hundred standard products are produced in 
manufacturing facilities located throughout the world. These 
facilities encompass all relevant technologies, including several 
embodiments of CMOS, BiMOS, bipolar and hybrid integrated 
circuits, each optimized for specific attributes-and assembled 
products in the form of potted modules, printed-circuit boards 
and instrument packages. 

State-of-the-art technologies (including surface micromachining) 
have been utilized (and in many cases invented) to provide 
timely, reliable, easy-to-use advanced designs at realistic prices. 
Our popular IC products are available in both conventional and 
surface-mount packages (SOIC, LCC, PLCC), and many of our 
assembled products employ surface-mount technology to reduce 
manufacturing costs and overall size. A quarter-century of suc
cessful applications experience and continuing vertical integra
tion ensure that these products are oriented to user needs. The 
ongoing application of today's state-of-the-art and the invention 
of tomorrow's state-of-the-art processes strengthen the leader
ship position of Analog Devices in standard data-acquisition and 
signal-processing products and make us a strong contender in 
high performance mixed-signal ASICs. 

MAJOR PROGRESS 
Since publication of the selection guides in the current set of 
Reference Manuals, Analog Devices has introduced more than 
200 significant new products; they run the gamut from brand 
new product and market categories and technologies to standard 
products (with improvements in price, performance, or design) 
to augmented second source products. All of the newest prod
ucts in the area of standard data converter, amplifier, and spe
cial purpose linear are included in this volume, with our latest 
offerings in DSP and special function products for audio, com
munications, and computer peripherals to be published in our 
forthcoming DSP Reference Manual. 

Examples of the variety, performance, and innovation content of 
outstanding new linear and data converter products to be found 
in this volume include: 

AD8001/AD8002 800 MHz single and dual current feedback 
operational amplifiers that use only 50 mW from± 5 volt sup
plies-first amplifiers from the XFCB process 

ADXLOS second generation surface-micromachined acceler
ometer with ± 5 g full scale and better than 1 milli-g useful 
resolution 

• AD7716 22-bit quad-input sigma-delta ADC with 105 dB 
dynamic range at 146 Hz bandwidth on 50 mW from ± 5 volt 
supplies 

• AD420 16-bit complete digital-to-4-20 mA current loop 
driver with serial interface and 3 MHz update rate 

AD720/AD721 RGB to NTSC/PAL encoders needing no ex
ternal filters or delay lines 

• AD878 14-bit 2.2 Msps ADC complete with SHA and refer
ence using only 500 mW 

Introduction 
• AD607 complete receiver IF subsystem with mixer/AGC/ 

RSSI from 3 volt supply 

• AD9101 125 MHz sample-hold amplifier with 350 MHz sig
nal bandwidth 

• OP291/0P491 rail-to-rail input/output dual and quad op 
amps that work down to a 2. 7 volt single supply 

• AD7853/AD7858 single/octal input 12-bit 200 Msps sam
pling ADCs using only 5.5 mW from a 3 volt supply 

REF190 Series precision references with 0.5 volt dropout 
voltage, ±2 mV accuracy, and 45 µA supply current. 

Many more could be added to this list. 

DESIGN-IN REFERENCE MANUAL 
This volume provides comprehensive technical data on the lat
est Analog Devices standard linear and data conversion prod
ucts for all of the electronic industries we serve, with particular 
focus on the industrial, instrumentation, and military markets. 
This Design-In Reference Manual contains technical information 
on all of the standard linear products that we recommend for 
new designs. This is a companion volume and update to the 
series of Reference Manuals we began publishing in 1992. 
These manuals include the two-volume Data Converter Reference 
Manual, Ampltfier Reference Manual, Special Linear Reference 
Manual, and the Applications Reference Manual. While this vol
ume provides up-to-date information on our products, products 
which have appeared in a Reference Manual previously may 
have an abbreviated data sheet, so it is important to retain the 
entire set of Reference Manuals to have complete applications 
information about all of our products. If you need one of the 
previously printed Manuals, you can order it from our Litera·
ture Center. 

In the approximately 2400 pages of this volume you will find: 

Recently released products with a complete data sheet con
taining all application and packaging information required to 
design in the product. 

• Design-in products appearing in a previous Reference Manual 
which may have an abbreviated data sheet containing only 
specifications, packaging, pinout, and block diagram informa
tion, sufficient to make a design choice, but possibly not suffi
cient to complete a design; the full data sheets on these 
products are in the previously printed Reference Manuals. 

Advance technical information on upcoming new products 
which may prompt you to seek more up-to-date information 
on the product. 

Selection guides and product function trees for finding prod
ucts rapidly. 

• A representative list of available Analog Devices technical 
publications on real-world analog and digital signal processing. 

Our Worldwide Sales Directory. 

• The complete Product Index to all Analog Devices products 
currently available or soon to be released which are covered in 
any of our Reference Manuals or the upcoming DSP Reference 
Manual. 
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The product, i;iata in this book are intended primarily for the 
majority of users who are concerned with new designs. For this 
reason, existing and available products that offer little if any 
unique advantage over newer products in future designs are 
listed in the Index, and data sheets may be available sepa
rately-but they are not published in this book. 

TECHNICAL SUPPORT 
Our extensive techiiical literat~e discusses the technology and 
applications of products fou real-world signal processing. Be
sides tutorial material and comprehensive data sheets, includfug 
a large number in our reference manuals, we 'offer application 
notes, application guides, technical handbooks (lit reasonable 
prices), and several free serial publications. For example, Analog 
Briefings® provides current information about products for 
military/avionics, andAnalogDialogue, our technical magazine, 
provides in-depth discussions of new developments in analog 
and digital circuit technology as applied to data acquisition, sig
nal processing, control, and test. DSPatch® is a quarterly news
letter that brings its readers up-to-date applications information 
on our DSP products and the general field of digital signal pro
cessing. We maintain a mailing list of engineers; scientists, and 
technicians with a serious interest in our products. In addition 
to these reference manual catalogs-and general short-form se
lection guides-we also publish several short-form catalogs on 
specific product families. You will find. typical publications de
scribed on pages 24-11 to 24-15. at the back of the book. 

SALES AND SERVICE 
Backing up our design and manufacturing capabilities and our 
extensive array of publications, is a network of distributors, plus 
sales offices and representatives throughout the United States 
and most of the world, staffed by experienced sales and applica
tions engineers. Our Worldwide Sales Directory, as of the publi
cation date, appears on pages 24-16 and 24-17 at the back of 
the book. 

RELIABILITY 
Th_e manufacture of reliable products is a key objective at 
Analog Devices. The primary focus is a companywide Total 
Quality Management (TQM) Program. In ·addition, we main
tain facilities that have been qualified under such standards as 
MIL-M~38510 (Class Band Class S) for ICs in the U.S., MIL
STD-1772 for hybrids, and IS09000 (required by many Euro
pean customers). Many of our products-both proprietary and 
second-source-have qualified for JAN part numbers; others are 
in the process. A larger number of products-includmg many of 
the newer ones just starting the JAN qualification process-are 
specifically characterized on Standard Military Drawings 
(SMDs). Most of our ICs are available in versions that comply 
with MIL-STD-883C Class B, and many also comply with 
Class S. We publish a Military/Aerospace Reference Manual for 

Analog Briefings and DSPatch ate registered trademarks of Analog Devices, Inc. 
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designers who specify !Cs and hybrids for military contracts. 
The. 1994 issue contains data on 3 79 product families. It also_ 
contains MiliAero Product Cross Reference Guides, radiation 
information and space qualified products information, Our 
newsletterAnii/og Briefings provides current information about 
the status of reliability at ADL 

Our PLUS program makes available standard devices (commer
cial and industrial grades, plastic or ceramic packaging) for any 
user with demanding application environments, at a small pre- · 
mium. Subjected to stringent screening, similar to MIL-STD-
883 test methods, these devices are suffixed "/+" and are 
available from stock. 

PRODUCTS NOT FOUND IN THE SELECTION GUIDES 
For maximum .usefulness to designers of new equipment, we 
have limited the contents of selection guides to standard prod
ucts most likely to be used for the design of new circuits and 
systems with the exception of digital signal processing products. 
For DSP products to be included in our forthcoming Digital 
Signal Processing Reference Manual, please turn to page 24-6 at 
the back of this volume, Otherwise, if the model number of a 
product you are interested in is not in the Table of Contents, 
turn to page 24-4 where you will find a list of older products for 
which data sheets are available upon request. On page 24-7. you 
will find a guide to substitutions (where possible) for products 
no longer available. 

ICs embodying combinations of functions that you need.but 
cannot find among our standard offerings ·may be available to 
meet your specific requirements as custom designs. For more 
information, get in touch with Analog Devices. A complete 
Worldwide Sales Directory'is included on pages 24-16 and 
24-17. 

PRICES 
Accurate, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change; current price lists and/or 
quotations are available upon request from our sales offices and 
distributors. 
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Selection Trees - Analog-to-Digital Converters 

AID 
CONVERTERS 

J J j 
FAST FASTER FASTEST SPECIAL FUNCTION 
SAR SUBRANGING FLASH AUDIO/STEREO 

(< MSPS) (> 1 MSPS < 20 MSPS) (> 20 MSPS) CODECS t--

l/OPORTS 

H Encoders No T/H J H Encoders No T/H J SIGMA-DELTA 

4 Sampling with T/H J Y.. Sampling with T/H J 

J 
SINGLE 
SUPPLY 

I 
DAS* 

FUNCTION 

* DAS = Data Acquisition System: MUX, T /H & AID 
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.Gl Parallel 

1/0 

8-Bit 

AD670 (10 µs) 
AD673 (30 µs) 
AD570(4011s) 

10-Bit 

AD573 {30 µs) 
AD571 (40 µs) 

12-Bit 

AD774B (8 µs) 
AD674B (15 µs) 
AD574A (30 µs) 

AID CONVERTERS 
FAST 

ENCODERS 
NOTIH 

Low Power 
CMOS 

14-Bit 

AD787l (12 µs) 

Serial 
1/0 

Low Power 
CMOS 

14-Bit 

AD7872 (12 µs) 
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Parallel 
1/0 

10-Bit 

AD7776 (380 kSPS) 

12-Bit 

AD678 (200 kSPS) 
AD1674 (100 kSPS) 

14-Bit 

AD679 (100 kSPS, 8-Bit 1/0) 
AD779 (100 kSPS, 14-Bit 1/0) 
AD878 (2 MSPS, 14-Bit 1/0) 

16-Bit 

Self-Calibration 
AD676 (100 kSPS) 
AD1876 (100 kSPS, 

AC Specs Only) 

AID CONVERTERS 
FAST 

SAMPLING 
WITHT/H 

Low Power 
CMOS 

1-------1 Multichannel 

8-Bit 

AD7575 (10 µs) 

12-Bit 

AD7870/ AD7870A (100 kSPS) 
AD7875 (100 kSPS) 
AD7876 (100 kSPS) 

10-Bit 

AD7777 (380 kSPS, 4 Ch) 
AD7778 (380 kSPS, 8 Ch) 

12-Bit 

AD7890 (83 kSPS, 8 Ch) 
AD7874 (40 kSPS, 4 Ch) 

AD7878 (100 kSPS, 8 Word FIFO) 

16-Bit 

AD7882 (400 kSPS, 16-Bit 1/0) 
AD7884 (166 kSPS, 16-Bit 1/0) 
AD7885 (166 kSPS, 8-Bit 1/0) 

Serial 
1/0 

16-Bit 

Self-Calibration 
AD677 

Low Power 
CMOS 

12-Bit 

AD7892 (400 kSPS) 
AD7893 (117 kSPS) 
AD7896 (100 kSPS, +3 V) 

14-Bit 

AD7872 (83 kSPS) 
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C) 

~ 
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iTI 
1}l 

MONOLITHIC 

NOTES 

NoT/H 

8-Bit 

AD7821 (500 kSPS) 

AD875 (15 MSPS) 

.12,-Bit 

AD67l2F (1.5 MSPS, Bipolar) 

8-Bit 

AD7824 (4 Channel) 
AD7828 (8 Channel) 

1 Subranging or 1I2 Flash 
2 Contact Factory For Versions Up to 2 MHz 

AID CONVERTERS 
FASTER1 

With T/H 

10-Bit 

AD9040A 
AD773A 
AD876 
AD7776 

12-Bit 

(40 MSPS, TTL) 
(20MSPS) 
(15 MSPS, CMOS) 
(0.38 MSPS, CMOS) 

AD9022 (20 MSPS, TTL) 
AD9023 (20 MSPS, ECL) 
AD872 (10 MSPS) 
AD871 (5 MSPS) 
AD1671 (l.25 MSPS)2 

AD7886 (0.66 MSPS) 

10-Bit 

AD777Z (0,38 MSPS, 4 Ch, CMOS) 
AD7778 {0.38 MSPS, 8 Ch, CMOS) 

HYBRID 
WITHT/H 

12-Bit 

AD9032 (25.6 MSPS) 

16-Bit 

AD1382 (500 kSPS) 
AD1385 (500 kSPS, Self-Calibration) 
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SINGLE 

6-BitECL 

AD9000 (77 MSPS) 

8-Bit ECL 

AD773A (200 MSPS) 
AD9002A (125 MSPS) 

8-BitTTL 

AD9012 (100 MSPS) 
AD9048 (35 MSPS) 

AID CONVERTERS 
FASTEST 

1--f 10-Bit ECL I· 
AD9060 (75 MSPS) 

10-BitTTL 

AD9020 (60 MSPS) 
AD9040/9040A (40 MSPS) 
AD9050 (40 MSPS, 300 mV) 

12-BitECL 

AD9027 (31.5 MSPS) 

12-BitTTL 

AD9026 (31.5 MSPS) 

DUAL 

8-Bit 

AD9058 (50 MSPS) 

LOW POWER 

8-BitCMOS 

AD775 (20 MSPS, 60 mW) 

10-BitCMOS 

AD876 (15 MSPS, 185 mW) 

I 
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~ 
6 
G) 
::::i )> 
r-
e) 
0 
<: 
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ni 
vi 

DAS FUNCTION 

8-Bit 

AD7824 (4 Ch MUX) 
AD7828 (8 Ch MUX) 
AD670 (In-Amp) 
AD8401 (4 Ch MUX) 

10-Bit 

AD7777 (4 Ch MUX) 
AD7778 (8 Ch MUX) 

12-Bit 

AD7890 (8 Ch MUX, 1 T/H) 
AD7891 (8 Ch MUX, 1 T /H) 
AD7858 (8 Ch, Self-Calibration) 

AID CONVERTERS 
SINGLE SUPPLY 

AID 

8-Bit 

AD7575 (5 µs) 
AD7821 (0.66 µs) 

10-Bit 

AD7776 (1.75 µs) 

12-Bit 

AD7880 (15 µs) 
AD7883 (15 µs, +3 V) 
AD7892 (3 µs, Serial) 
AD7893 (3 µs, Serial) 
AD7853 (3 µs, +3 V, Self-Calibration) 

I/OPORTS 

8-Bit 

AD7569 
AD7669 (Dual, 8-Bit DI A) 

Sigma-Delta 

12-Bit 

AD7721 (468 kSPS) 

16-Bit 

AD776 (100 kSPS) 

24-Bit 

AD7713 (1 to 50 Hz) 
AD7714 (1to50 Hz) 
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C1 
S1 
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ii=l 
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I/OPORTS 
A/D&D/A 

8-Bit/2 µs 

AD7569 
AD7669 (Dual DI A) 
AD8401 (4 Ch, Single D/ A) 

12-Bit 

AD7868 (83 kSPS) 

14-Bit 

AD7869 (83 kSPS) 

AID CONVERTERS 
SPECIAL FUNCTION 

SIGMA-DELTA 

High 
Resolution 

16-Bit 

AD7701 (10 Hz) 

20-Bit 

AD7703 (10 Hz) 

24-Bit 

AD7710 (1 to 50 Hz) 
AD7711 I AD7711A 

(1to50 Hz) 
AD7712 (1 to 50 Hz) 
AD7713 (1 to 50 Hz, 

Low Power) 

High Speed 

12-Bit 

AD7721 (486 kHz) 

3 V Supply 

AD7714 (1 to 50 Hz, 
Low Power) 

20-Bit 

16-Bit 

AD776 (100 kSPS) 

AD7716 (1to300 Hz, 4 Ch) 

II 
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)>. 

Sampling ADCs ~ 
r-
0 Through- SHA 
G) put Rate BW Reference s Res kSPS kHz Volt Bus Interface Package Temp 

~ Model Bits max typl Int/Ext2 Bits3 Options4 Ranges5 Comments Page6 

~ 
AD7821 8 1000 100 0-5 V, Ext 8, µP E,N,P,Q,R I,Mlo CMOS, Bipolar or Unipolar Operation 2-295 
AD8401 8 500 200 Int 8, µP R I 4-Channel, 5 V, with 8-Bit DAC 5-102 

r-
(") AD7820 8 500 14 0-5 V, Ext 8, µP E,N,P,Q,R I, M/0 CMOS, 8-Bit Sampling ADC en 2-511 
0 AD7569 8 400 200 Int 8, µP E,N,P,Q,R C, I, M/0 CMOS, Complete 1/0 Port with DAC, ADC, 2-196 
<: SHA, Amps and Reference 
~ 
:)J AD7669 8 400 200 Int 8, µP N,P,R C,I,M CMOS, Complete 1/0 Port with 2 DACs, 2-196 

rrl ADC, SHA, Amps and Reference 
:)J AD7769 8 400 200 Ext 8, µP N,P C, I CMOS, Complete 2-Channel 1/0 Port with en 8-27 
Cf) 

Input/Output Signal Conditioning 
AD7824 8 400 10 0-5 V, Ext 8, µP N,Q,R C, J,Mfo CMOS, 4-Channel, 8-Bit Sampling ADC 5-64 
AD7828 8 400 10 0-5 V, Ext 8, µP E,N,P,Q C, I, M/0 CMOS, 8-Channel, 8-Bit Sanipling ADC 5-64 
AD7575 8 190 50 1.23 V, Ext 8, µP E,N,P,Q C, I, M/0 CMOS, Low Cost 2-202 
AD7776 10 400 1000 2.0 V, Int/Ext 10, µP N,R C, I CMOS, Single Channel Complete Sampling ADC, 5-54 

Single Supply, Twos Complement Output Code 
AD7777 10 400 1000 2.0 V, Int/Ext 10, µP N,R C,I CMOS, 4-Chaunel Complete ADC for Single or 5-54 

Simultaneous Dual Channel Sanipling, Single Supply 
AD7778 10 400 1000 2.0 v' Int/Ext 10, µP s C, I CMOS, 8-Channel Complete ADC for Single or 5-54 

Simultaneous Dual Channel Sanipling, Single Supply 
AD872 12 10,000 70,000 +2.5 V/lnt 12 D,E C,Mo Complete, Monolithic 12-Bit, 10 MSPS ADC 2-137 
AD1671 12 1250 2000 2.5 V, Int 12 Q,P C,l,M0 Complete, Monolithic 12-Bit, 1.25 MSPS ADC 2-177 
AD7886 12 750 1000 5 V, Ext 12, µP N,P,Q C, I CMOS, 12-Bit 750 kSPS Sampling ADC 2-369 
AD7891 12 600 1200 2.5, Int 8/12, Serial, µP P,S I,M 8-Channel Hig]i Speed, 5 V Supply 5-92 
AD7892 12 600 600 2.5, Int 12, Serial, µP N,Q,R l,M 5 Volt Supply, Variable Range, Protected 2-375 
AD678 12 200 1000 5 V, Int 8/12, µP D,J,N C,I,M BiMOS, Hig]i Impedance Hig]i Bandwidth 2-71 

Sanipling Input, 10 V Range, AC/DC Tested 
AD7853 12 200 1000 Int Serial, µP N,R,RS I 3 V Supply, Self-Calibrating, Low Power 2-299 
AD7858 12 200 1000 Int Serial, µP N,R,RS I 3 V Supply, 8 Channel, Self-Calibrating 2-299 
AD1341 12 150 2500 10 V, Int 16, µP z C,MI High Speed 8/16 Channel DAS en 7-25 
AD7893 12 140 1000 2.5 V, Ext Serial N,Q,R l,M CMOS, Single Supply Sanipling ADC in 8-Pin Package 2-383 
AD7896 12 125 300 Int Serial N,Q,R l,M 3 Volt Serial ADC in 8-Pin Package 2-393 
AD7874 12 116 500 Int (+3 V), Ext 12, µP E,N,Q,R C, I, M/0 CMOS, Simultaneous Sanipling 4-Channel ADC 2-329 

for ± 10 V Input Signals 
AD7870 12 100 500 3 V, Int 8/12/Serial, µP N,P,Q C, I, M/0 CMOS, 100 kHz Throug]iput, ±3 V Input 2-317 
AD7870A 12 100 500 3 V, Int 8/12/Serial, µP N,P,Q C, I, M/0 CMOS, 100 kHz Throug]iput, ±3 V Input 2-317 
AD7875 12 100 500 3 V, Int 8/12/Serial, µP N,P,Q C, I, M/0 CMOS, 100 kHz Throughput, 0-5 V Input 2-317 
AD7876 12 100 500 3 V, Int 8/12/Serial, µP N,P,Q I,M CMOS, 100 kHz Throug]iput, ±10 V Input 2-317 
AD7878 12 100 500 3 V, Int 12, µP E,N,P,Q C, I, M/0 CMOS, 100 kHz Throug]iput, ±3 V Input, On-Chip FIFO 2-333 



)>. 

~ ,.... 
0 
C) 

~ 
S2 
C) 

~ ,.... 

8 
<: 
~ 
:0 

n:i 
vi 
'I" 

Through- SHA 
put Rate BW Reference 

Res kSPS kHz Volt Bus Interface Package Temp 
Model Bits max typl Int/Ext2 Bits3 Options4 Ranges5 Comments Page6 

AD1674 12 100 500 10 V, Int 8/12, µP D,N,R C,I,M Complete AD574A Pinout Compatible, Sampling Input, 2-188 
AC/DC Tested 

AD7890 12 100 1000 2.5 V, Ext Serial N,Q,R l,M 8-Channel Single Supply Sampling ADC 5-76 
AD7868 12 83 500 3 V, Int Serial, µP N,Q,R I, M/0 CMOS, Complete 1/0 Port with 12'Bit ADC and 5-68 

12-Bit DAC 
AD7880 12 66 33 5 V, Ext 12, µP N,Q,R I Single +5 V Supply, Low Power Shutdown 2-337 
AD7883 12 50 25 3.0, Ext 12, µP N,R I 3 Volt, 8 mW, Complete 2-353 
AD679 14 128 1000 5 V, Int 8, µP D,N,J C,I,M BiMOS, High Impedance, High Bandwidth 2-76 

Sampling Input, 10 V Input Range, AC/DC Tested 
AD779 14 128 1000 5 V, Int 14, µP D,N,J C,I,M BiMOS, High Impedance, High Bandwidth 2-115 

Sampling Input, 10 V Input Range, AC/DC Tested 
AD7869 14 83 500 3 V, Int Serial N,Q,R C, I CMOS, Complete 1/0 Port with 14-Bit DAC and 5-72 

14-Bit ADC 
AD7871 14 83 500 3 v, Int 8/14/Serial, µP N,Q,P C,I,M CMOS, Complete Sampling ADC, ±3 V Input 2-323 
AD7872 14 83 500 3 V, Int Serial, µP N,Q,R C,l,M CMOS, Complete, Serial Interface, 16-Pin DIP/SOIC 2-323 
AD1382 16 500 2200 10 V, Int 8, µP D c High Speed, Guaranteed Dynamic Performance 5-20 
AD1385 16 500 2200 10 v, Int 8, µP D C,M/D Similar to AD 1382 with Autocalibration Ability, 5-24 

Guaranteed Dynamic Performance 
AD7882 16 400 400 2.5 V, Ext 16, µP S,Q I, M/0 16-Bit Self-Calibrating ADC 2-341 
AD7884 16 166 83 3 V, Ext 16, µP N,Q,P I CMOS, Low Power (250 mW), 5.3 µs Conversion 2-357 
AD7885 16 166 83 3 V, Ext 8,µP N,Q,P I Siniilar to AD7884, 28-Pin Package, Byte Output 2-357 
AD1876 16 100 1000 3-7 V, Ext Serial N c Autocalibrating, 16-Pin DIP ADC, AC Tested 2-193 
AD676 16 100 1000 3-10 V, Ext 16 D,N C,I,M Autocalibrating, 28-Pin DIP, Parallel Output 2-43 
AD677 16 100 1000 3-10 V, Ext Serial D,N,R C, I, M/0 s Autocalibrating, 16-Pin Narrow DIP, Serial Output 2-57 

1X indicates that the internal SHA bandwidth is not specified in kHz. 
2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3This column lists the data format for the bus with "µP" indicating microprocessor capability-e.g., for a 12-bit converter 8/12, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

4PaCkage Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = }-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

5Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, ands for space level. 

6 CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

I 
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)l. 

~ Nonsampling ADCs ..... 
0 Conv 
9 Rate Reference Bus 
d Res µs Voltage Interface Package Temp 

!2 Model Bits max lntlExt1 Bits2 Options~ Ranges4 Comments Page5 
C) 

~ ADC-908 8 6.0 -10 V, Ext 8, µP N,Q,E;R C, I, M/0 CMOS, +5 V Operation, Fast D 
..... AD670 8 10 Int 8, µP D,N,E,P C, I, M/0 Single +5 V Supply, Including In-Amp and Reference 2-28 

B AD7576 8 10 1.23 V, Ext 8, µP N,Q,E,P C, I, Ml CMOS, Low Cost, ·single Supply en 2..:509 

c: AD7574 8 15 -10 V, Ext 8, µP N,Q C, 1, M/0 . CMOS, +5 V Operation en 8-63 

~ AD570 8 25 Int 8 D C,Mfo 2-17 
:0 AD673 8 30 Int 8, µP D,N,P C,Mfo 2-37 
iil AD7581 8 66.7 -5 V to (-15 V), Ext 8, µP N,Q,P C, I CMOS 8-Bit ADC en 2-363 
~ AD579 10 1.8 10 V, Int 10/Serial D SM/ High Speed with Low Power en 2-61 

AD875 10 0.067 2.4 V, +4 V, Ext 10 s c CMOS, 165 mW, 10-Bit, 15 MHz ADC 2-156 
ADC910 10 -6.0 2.5 V, Int 8, 10, µP Q C, I, Ml Bipolar, Fast with Byte Output en 2-819 
AD571 10 25 Int 10 D C,Mfo Complete 10-Bit ADC 2-17 
AD573 10 30 Int 8/10, µP D,N,P C,Mfo Complete 10-Bit ADC, Byte or Parallel Interface 2-21 
AD671 12 0.5 5 V, Ext 12 D C,MJ 12-Bit 500 ns -Monolithic ADC 2-32 
AD7586 12 I -4 V, Ext 12, µP N,Q,P C,I,M CMOS 12-Bit, 1 MHz ADC en 2-383 
AD578 12 3 10 V, Int 12 D C,Mfo Complete, 3 µs, 12-Bit ADC cu 2-61 
AD7572A 12 3 Int-· 8/12, µP N,Q,R C, I Improved Version of Industry Standard en :l_-303 
AD7572 12 5 Int 8/12, µP N,Q,E,P C, I, M/0 Industry Standard, 12-Bit ADC en 2-299 
ADC-170 12 5.6 -5.25 V, Ext ., Serial N,Q,R I,M Complete, 3 µs, 12-Bit ADC in 8-Pin Mini-DIP en 2-817 
AD774B 12 8 10 V, Int 8/12, µP D,N,R C, I, Ml Faster Version of AD674B, Industry Standard en 2-109 
ADADC84 12 10 6.3 V, Int 12 D C,I,M Industry Standard en 2-809 
ADADC85 12 10 6.3 V, Int 12 D C, I, Ml Industry Standard en 2-809 
ADC-912A 12 10 -5 V, Ext 12, µP N,Q,R I, Mf· CMOS, Improved VersiOn of ADC-912 en 2-831 
AD5210 12 13 -10 V, Int/Ext 12 D I, Ml Industry Standard (AD5211/12/14/15) D 
AD674B 12 15 10 V, Int 8/12, µP D,N,R C, I, M/0 Improved Version of AD674A/AD574A, 2-39 

Industry Standard 
AD572 12 25 10 V, Int 12 D I, Ml 12-Bit Successive Approximation ADC en 2-31 
ADADC80 12 30 6.3 V, Int 12 D I Industry Standard en 2-803 
AD574A 12 35 10 V, Int 8/12, p.P D,N,E,P C, MfoJ Complete ADC with Reference and Clock; Industry Standard 2-24 
AD5200 12 50 -10 V, Int/Ext 12 D I, Ml Industry Standard (AD520 l/02/04/05) D 
AD7578 12 100 5 V, Ext 8, µP D,N,Q C, I, Ml CMOS, 1 LSB Total Unadjusted Error CII 2-335 
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Conv 
Rate Reference Bus 

Res µs Voltage Interface Package Temp 
Model Bits max Int/Ext1 Bits2 Options' Ranges4 Comments Page5 

AD7582 12 100 5 V, Ext 8, µP D,N,P,Q C, I, Ml CMOS, 4 Channel, 1 LSB Total Unadjusted Error CII 2-371 
AD1377 16 10 Int 16, Serial D c Complete, High Speed 16-Bit ADC CII 2-215 

Operation over - 25°C to + 85°C 
AD1376 16 17 Int 16, Serial D c Complete 16-Bit Converter; Industry Standard Pinout CII 2-215 
ADADC71 16 50 6.3 V, Int 16 D c Industry Standard CII 2-801 
ADADC72 16 50 6.3 V, Int 16 D C, I Industry Standard CII 2-801 
AD1170 18 1000 5 V, Int 8 N c 7 to 22-Bit Programmable Integrating ADC CII 2-203 

1Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int iridicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2This column lists the data format for the bus with "µP" indicating microprocessor capability-Le., for a 13-bit converter 8/12, µ.P indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

'Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 =Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 =Ceramic Leadless Chip Carrier; S =Plastic Leaded Chip Carrier; 6 = Small Outline "SOIC" Package; 
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line "SIP'' Package; 12 =Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramid 
Glass DIP; 14 = I-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = T0-92. 

"Temperature Ranges: C =Commercial, Oto +70°C; I= Industrial, -40"C to +8S°C (Some older products -25°C to +85°C); M =Military, -55°C to +125°C. 
'CU =Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries pertain to this volume. 
Boldface Type: Datasheet information in this volume. 
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1)-l Selection Guides-Analog-to-Digital Converters :j;'. 

:i:. s; High Speed ADCs ,.... 
0 Through- Full Power Bus Reference c;) 

~ Res put Rate BW Interface Voltage Package Temp 

S2 
Model Bits MSPS min MHz typ Bits' Int/Ext2 Options3 Range4 Page5 Comments 

c;) AD9000 6 77 20 6 0.5-2 V, Ext D,Q C, Ml 2-399 MIL-STD-883, Rev. C, Devices Available; 

~ Low Error Rate 
,.... AD9002 8 150 160 8 0.1-(-2.1) Ext D, E,J I, Min 2-402 Single Supply, Low Power, Low Input 
(') Capacitance, MIL-STD-883, Rev. C 
0 Device Available <: 
~ AD9012 8 100 160 8 -2 V, Ext E,J,Q I, Min 2-406 TTL Outputs, Low Power, Low Input Cap 
:I) AD9058 8 50 175 8 +2 V, Int D,J C,MI 2-461 Dual 8-Bit, TTL Output 
n:l AD9048 8 35 15 8 -2 V, Ext E,J, Q C, Min 2-455 35 MSPS, 8-Bit Video ADC, 16 pF Input 
:I) Capacitance (/) 

AD775 8 20 - 8 2.8, 0.6 V, Ext N,R c 2-95 Single Supply, Low Power, Low Input Cap 
AD9060 10 75 175 10 ±1.75 V, Ext E,Z C,MI 2-465 Fastest 10-Bit ECL Monolithic ADC 
AD9020 10 60 175 10 ±1.75 V, Ext E,Z C, Ml 2-410 Fastest 10-Bit TTL Monolithic ADC 
AD9040A 10 40 48 10 +2.5 v, Int N,R c 2-444 SNR = 53 dB with 10.3 MHz Input @ 40 MSPS 
AD9050 10 40 40 10 2.5 V, Int R c 2-458 Single Supply, Wide Range, Low Power 
AD873 10 30 200 10 3.0, 1.5 V, Ext N,R c 2-152 Single Supply, CMOS, Low Noise 
AD876 10 20 250 10 4.0, 2.0 V, Ext R, ST c 2-169 Single Supply, 140 mW, 3.3 V Interface 
AD773A 10 20 100 10 +2.5, Ext D c 2-81 Low Power, 10-Bit 20 MSPS with On-Chip T/H 
AD875 10 15 - 10 +2 V, +4 V/Ext . s c 2-156 CMOS, 165 mW, 10-Bit, 15 MHz ADC 
AD9027 12 31 200 12 Int D I 2-429 Direct IF to Digital, Wideband, ECL 
AD9032 12 25 220 12 Int D,Z I, M 2-437 World's Fastest Complete 12-Bit ADC 
AD9034 12 20 150 12 Int D,Z I, M D 20 MSPS 
AD9023 12 20 115 12 Int Q,Z l,M 2-422 ECL Compatible Logic, with THA and Reference 
AD9022 12 20 115 12 Int Q,Z I, M 2-414 TTL Compatible Logic, with THA and Reference 
AD872 12 10 70 12 +2.5 V/Int D,E C,Mln 2-137 Complete, Monolithic 12-Bit 10 MSPS 
AD9005A 12 10 38 12 Int M C,MI en 2-697 Complete 12-Bit ADC with TIH, Reference 

and Timing Circuitry 
AD9007 12 10 38 12 Int M c D ±5 V Only Version of AD9005A 
AD871 12 5 15 12 2.5, Int D,E C,M 2-121 Low Noise, High Accuracy, Wide Dynamic Range 
AD1671 12 1.25 2 12 2.5 V, Int P,Q C, I, Min 2-177 Complete, Monolithic 12-Bit, 1.25 MSPS ADC 
AD9014 14 10 60 14 Int Board c en 2-729 Wide Spurious .Free Dynamic Range 
AD878 14 2.2 2 14 2.5, Int p C,I 2-173 Low Power, Wide Dynamic Range, Low Cost 

tThis column lists the data format for the bus with "µP" indicating microprocessor capability-Le., for a 12-bit converter 8/12, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'Package Options: D =Hermetic DIP, Ceramic or Metal; E = Ceramic•Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J =}-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

•Temperature Ranges: C = Commercial, O'C to + 70°C; I = Industrial, -40'C to +8S'C (Some older products -25'C to +8S'C); M = Military, -SS'C to + l2S'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, J for JAN, 0 for SMD, ands for space level. 

5CII = Data Converter Reference Manual, Volume JI; D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Sigma-Delta ADCs 
Input Through- Reference Bus 

Res BW put Rate Voltage Interface Package Temp 
Model Bits kHz kHz Int/Ext' Bits2 Options3 Ranges4 Page5 Comments 

AD776 16 so 100 to 400 2 V, Int Serial D I 2-103 16-Bit 100 kSPS Oversampling ADC, Single Supply 
ADl878 16 24 2.5 to 50 3 V, Int Serial N c C II 2-295 Dual Channel, High Performance Stereo 16-Bit 

Oversampled ADC 
AD7701 16 lOHz 4 2.5 V, Ext Serial, µP N,Q,R I,M 2-206 16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
AD28msp02 16 4 8 2.5, Ext Serial, µP R,N c CI 4-25 Complete Voice Band Linear Codec with On-Chip 

Filtering 
AD28msp01 16 3.4 7.2/8.0/9.6 2.5, Int Serial, µP R,P,N c CI 4-9 Complete Analog Front End for High Performance, 

DSP-Based Modems 
AD1879 18 24 2.5 to 50 3 V, Int Serial N c C II 2-297 Dual Channel, High Performance Stereo 18-Bit 

Oversampled ADC 
AD7703 20 10 Hz 4 2.5 V, Ext Serial, µP N,Q,R I,M 2-212 20-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth 
AD7710 24 2.62 to 0.01 to 2.5 V, Int Serial, µP N,Q,R I,M 2-218 24-Bit Sigma-Delta Signal Conditioning ADC 

262 Hz 1.0 with 2 Differential Input Channels 
AD7714 24 2.62 to 262 Hz 0.01to1.0 2.5 V, Ext Serial, µP N,Q,R,RS I,M 2-271 3 Volt Supply, PGA, 5 Channels 
AD7711A 24 2.62 to 262 Hz 0.01 to 1.0 2.5 V, Int Serial, µP N,Q,R I,M 2-265 AD7711 Function-24 Bits, No Missing Codes 
AD7711 21 2.62 to 0.01 to 2.5 V, Int Serial, µP N,Q,R I,M 2-244 Similar to AD7710 but 24-Bit Sigma-Delta ADC with 

262 Hz 1.0 1 Differential, 1 Single-Ended Input and RTD 
Current Sources 

AD7712 21 2.62 to 0.01 to 2.5 v, Int Serial, µP N,Q,R l,M 2-218 24-Bit ADC with 1 Differential Input Channel and 
262 Hz 1.0 1 High Voltage Input Channel 

AD7713 21 0.52 to 2.0 to 2.5 V, Ext Serial, µP N,Q,R l,M 2-244 Loop Powered 24-Bit Sigma-Delta Signal 
52.4 Hz 200 Hz Conditioning ADC 

AD7716 22 36.5 to 1 (max) 2.5 V, Ext Serial S,P 5-40 22-Bit Data Acquisition System with 
584Hz with 4 Independent Channels 

AD1848 16 8 to 48 kHz 8 to 48 kHz 2.25 V, Int 8 P, S c D 16-Bit Parallel SoundPort® Stereo Codec. Stereo ADCs 
and Stereo DACs, PGA, Attenuator and All Filters 

AD1849 16 8 to 48 kHz 8 to 48 kHz 2.25 V, Int Serial p c D 16-Bit Serial SoundPort<E Stereo Codec. Stereo ADCs 
and Stereo DACs, PGA, Attenuator and All Filters. 
Operates on + 5 V Supplies 

AD7715 16 5 to 131 Hz 20 to 500 Hz 2.5 V, Ext Serial, µP N,R I 5-28 3 Volt, PGA, Low Power, 3-Wire 
AD7721 12 210 468 2.5 V, Ext 12/Serial, µP N,Q,R I,M 2-287 5 Volt Supply, FIR Filter, 16-Bit Resolution 

1Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

2This column lists the data format for the bus with "µP" indicating microprocessor capability-i.e., for a 12-bit convener 8/12, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

"Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and 5 for space level. 

5CI =Data Converter Reference Manual, Volume I; CU =Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information iQ this volume. 
SoundPort is a registered trademark of Analog Devices, Inc. 
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Selection Guides-Analog-to-Digital Converters 
Multiplexed ADCs 

Conv SHA Reference Bus 
Res # Time BW Volt Interface Package Temp 

Model Bits Chan µs kHz Int/Ext' Bits 2 Options3 Ranges4 Comments Page5 

AD7769 8 2 2.5 200 Ext 8, µP N,P C, I CMOS, Complete 2-Channel I/0 Port with en 8-27 
Input/Output Signal Conditioning 

AD7824 8 4 2.5 10 0-5 V, Ext 8, µP N,Q,R C, I, M/0 CMOS, On-Chip Track-Hold 5-64 
AD8401 8 4 2 200 Int 8, µP R I 5 Volt Supply, DAC Out, High Speed 5-102 
AD7828 8 8 2.5 10 0-5 V, Ext 8, µP N,Q,E,P C, I, M/0 CMOS, On-Chip Track-Hold 5-64 
AD7777 10 4 2.5 1000 2.0 V, Int 10, µP N,R I Dual SHA, Offset Adjust, CMOS 5-54 
AD7778 10 8 2.5 1000 2.0 V, Int 10, µP s I Dual SHA, Offset Adjust, CMOS 5-54 
ADl341 12 8/16 6.67 2500 10 V, Int 16, µP z C,M High Speed, 16-Channel Programmable en 7-25 

12-Bit DAS with 25 ns Bus Interface 
AD7874 12 4 32.5 500 3 V Int 12, µP N,Q,R C, I, M/0 CMOS, Simultaneous Sampling Four-Channel 2-329 

(for 4 Channels) Z9 kHz ADC for .± 10 V Input Signals 
AD363R 12 8/16 40 2000 10 V, .Int 12, µP D C,M High Speed, 16-Channel, 12-Bit DAS en 7-5 
AD364R 12 8/16 50 2000 10 V, Int 12, µP D C,M 16-Channel, 12-Bit DAS withThree-State Buffers en 7-5 
AD7582 12 4 100 - 4 V-6 V, Ext 12, µP D,N,P,Q C, I, Ml CMOS, 1 LSB Total Unadjusted Error en 2-371 
AD7890 12 8 5 1000 2.5 V, Ext Serial, µP N,Q,R I,M CMOS, 8-Channel Multiplexed ADC 5-76 
AD7858 12 8 4.5 1000 Int Serial, µP N,R,RS I 3 Volt Supply, Low Power, 3-Wire 2-299 
AD7891 12 8 1.6 1200 2.5 V, Int 12, Serial, µP P, S I 5 Volt, Input Protected, Range Selectable 5-92 
AD7714 24 5 1-100 ms - 2.5 V, Ext Serial, µP N,Q,R,RS I,M 3 Volt Supply, PGA, Prog. Filter 2,..271 

1Ext indicates external reference with the range of .voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'This column lists the data format for the bus with "µP" indicating microprocessor capability-i.e., for a 12-bit converter 8112, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Cari;"} = J-·Leaded Ceramic.Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C =Commercial, O"C to +70"C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M =Military, -55°C to+ 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

5CII = Data-Converter Reference Manual, Volume II. All other entries refer to this volurile. 
Boldface Type: Data sheet information in this volume. 



111111111 ANALOG 
WDEVICES 

FEATURES 
Complete AID Converters with Reference and Clock 

AD570: 8 Bit 
AD571: 10 Bit 

Fast Successive Approximation Conversion - 25µs 
No Missing Codes Over Temperature 
Digital Multiplexing - 3 State Outputs 
18-Pin Ceramic DIP 
Low Cost Monolithic Construction 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTIONS 
The ADS70/ADS71 are successive approximation AID converters 
consisting of a DAC, voltage reference, clock, comparator, 
successive approximation register and output buffers - all fabri
cated on a single chip. No external components are required to 
perform full accuracy conversions in 2Sµs. 

The ADS70/ADS71 incorporate advanced integrated circuit 
design and processing technologies. They employ I2L (integrated 
logic) processing in the fabrication of the SAR function. Laser 
trimming of the high stability SiCr thin-film resistor ladder 
network insures high accuracy, which is maintained with a 
temperature compensated, .subsurface Zener reference. 

Operating on supplies of + SV to + lSV and - lSV, the ADS70/ 
ADS71 will accept analog inputs of 0 to + lOV, unipolar or 
±SV bipolar, externally selectable. As the BLANK and CON
VERT input is driven low, the three-state outputs will be open 
and a conversion will commence. Upon completion of the con
version, the DATA READY line will go low and the data will 
appear at the output. Pulling the BLANK and CONVERT high 
blanks the outputs and readies the device for the next 
conversion. 

The devices are available in two versions: the "J" and "K" 
specified for the 0 to + 70"C temperature range. The "S" guaran
tees the specified accuracy and no missing codes from - ss·c to 
+ 12S"C. 

*Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fu retrieval system at 1-800-446·6212. 

REV.A 

8- and 10-Bit 
Analog-to-Digital Converters 

AD570/AD571* I 
FUNCTIONAL BLOCK DIAGRAM 

v+ v-

ANALOG 
COMMON 14 

BIPOLAR 
OFFSET 
CONTROL 

DIGITAL 
COMMON 

PRODUCT HIGHLIGHTS 

BLANK& 
CONVERT CONTROL 

BIT 
OUTPUTS 

l. The ADS71 is a complete 10-bit AID converter. The ADS70 
is an 8-bit version which employs the same architecture. No 
external components are required to perform a conversion.· 

2. The ADS70/ ADS71 are single chip devices employing advanced 
IC processing techniques. Thus, the user has at his disposal 
a truly precision component with the reliability and low oost 
inherent in monolithic construction. 

3. The converters accept either, unipolar (0 to + lOV) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

4. Each device offers the specified accuracy with no missing 
codes over its entire operating temperature rarige. 

S. Operation is guaranteed with - lSV and + SV to + lSV 
supplies. The devices will also operate with a -12V supply. 

6. The ADS70 and ADS71 are available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military ' 
Products Databook or current /883B data sheet for detailed 
specifications. 
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AD570 /A0571 SPEClflCA'JIQNS (TA= +25°C, V+ = +5V, V- = -12Vor -15V, all voltages mea-
/1 - I\ sured with respect to digital common, unless otherwise indicated) 

AD570J AD570S 

Model Min Typ Mu Min Typ Mu Units 

RESOLUTION' 8 8 Bits 

RELATIVE ACCURACY 

Tmin toTmax ±112 ±1/2 LSB 

FULL-SCALE CALIBRATION ±2 ±2 LSB 

UNIPOLAR OFFSET ±1/2 ±1/2 LSB 

BIPOLAR ZERO ±1/2 ±1/2 LSB 

DIFFERENTIAL NONLINEARITY 

Tmin toTmax 8 8 Bits 

TEMPERATURE RANGE 0 +70 -SS +12S oc 

TEMPERATURE COEFFICIENTS 
Unipolar Offset ±1 ±1 LSB 

Bipolar Offset ±1 ±1 LSB 

Full-Scale Calibration ±2 ±2 LSB 

POWER SUPPLY REJECTION 
CMOS Positive Supply 

+ 13.SV,;V +"' + 16.SV - - - - - - LSB 

TTL Positive Supply 
+4.SV,;V+,;+S.SV ±2 ±2 LSB 

Negative Supply 
- 16.0V5V - ,; -13.SV ±2 ±2 LSB 

ANALOG INPUT IMPEDANCE 3.0 s.o 7.0 3.0 s.o 7.0 kn 

ANALOG INPUT RANGES 
Unipolar 0 +IO 0 +10 v 

Bipolar -s +S -s +S v 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 

Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VouT=0.4Vmax, Tmin toTmax) 3.2 3.2 mA 

Output SourceCurreD.t 

(VouT=2.4Vmax, Tmin toT max) 0.5 0.5 mA 
Output Leskage ±40 ±40 µA 

LOGIC INPUTS 
Input Current ±100 ±100 µA 

Logic"l" 2.0 2.0 v 

Logic"O" 0.8 0.8 v 

CONVERSION 'I'IME 

TmintOTmax 15 2S 40 15 2S 40 µs 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +S.O +7.0 v 

V- -12.0 -IS -16.5 -12.0 -15 -16.5 v 

OPERATING CURRENT 
v+ 7 10 7 10 mA 

v- 9 15 9 15 mA 

PACKAGE OPTION"' 
Ceramic(D-18) AD570JD AD570SD 

NOTES 
1The AD570 is a selected version of the AD57110-bit A-to-D converter. Only TTL logic inputs should be connected to Pins 1 and 18 
(or no connection made) pr damage may result. 

2D = Ceramic DIP. For outline information see Package Information section. 
3For details on grade and package offerings for SD-grade in accordance with MIL-STD-883, refer to Analog Devices Military 
Products databook or current /883B data sheet. 

Specifications subject to change without notice. 

Speciftcations shown in boldface arc teated on all production units at final 
clcctrical teat. Results from those teats arc used to calculate outgoing quality 
lcvcls. All min and max specifications arc guaranteed, although only those 
shown in boldface arc teated on all production units. 
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AD570/AD571 
AD571J AD571K AD571S 

Model Min 1)p Mn Min 1)p Mn Min 1)p Mn 

RESOLUTION 10 10 10 

RELATIVEACCURACY, TA :ti :tl/2 :ti 
TmintoT.,.. :ti :tl/2 :ti 

FULL-SCALE CALIBRATION ±2 ±2 ±2 

UNIPOLAR.OFFSET ±I :tl/2 :ti 

BIPOLAR ZERO :ti ±1/2 :ti 

DIFFERENTIAL NONLINEARITY, TA 10 10 10 
Tmin toTmax 9 10 10 

TEMPERATU,RERANGE 0 +70 0 +70 -55 +125 

TEMPERATuRE COEFFICIENTS 
Unipolar Offset ±2 ±I :t2 
Bipolar Offset :t2 :ti :t2 
Full-Scale Calibration :t4 :t2 :tS 

POWER SUPPLY REJECTION 
CMOS Positive Supply 

+ 13.5V,,;V +,,; + 16.5V - - - ±l - - -
TTL Positive Supply 

+4.5V,,;V+,,;+5.5V :t2 ±I :t2 
Negative Supply 

-16.0V,,;V-"' - 13.5V ±2 :ti ±2 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 +10 0 +10 0 +10 
Bipolar -5 +5 -5 +s -5 +s 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary Positive True Binary 
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VouT=0.4Vmax, Tmm toT.,..) 3.2 3.2 
Output Source Current' 

(VouT=2.4Vmax, TmintoT....) o.s o.s 
Output Leskagc ±40 ±40 

LOGIC INPUTS 
Input Current :t 100 :tlOO 
Logic"l" 2.0 2.0 
Logic"O" 0.8 0.8 

CONVERSION TIME 
Tmm toTmax IS 25 40 IS 25 40 

POWER SUPPLY 
V+ +4.S +5.0 +7.0 +4.S +5.0 +16.5 
V- -12.0 -15 -16.S -12.0 -15 -16.S 

OPERA TING CURRENT 
V+ 7 10 7 10 
v- 9 IS 9 IS 

PACKAGE OPTION2• 3 

Ccramic(D-18) AD571JD AD571KD 

NOTES 
1Thc data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6kO internal pull-up resistor. 

2D = Ceramic DIP. For outline informatiQn see Package Information section. 

3.2 

o.s 

2.0 

IS 

+4.S 
-12.0 

3For details on pade and package offcrinp for SD-pade in acconlance with MIL-STD-883, refer to Analog Devices MiliWy 
Products darabook or current /883B data sheet. 

Spccific:ations subject to change without notice. 

Spcc:ifications shown in boldface arc tesied on .U production units at final 
c1eclrical ~-· Results from those tests arc used to calculate outgoing quality 
lm:ls. All min and max spccilications arc guaranteed, although only those 
shown in boldface arc tested on aD production units. 

:t40 

±100 

0.8 

25 40 

+5.0 +7.0 
-15 -16.5 

7 10 
9 15 

AD571SD 

Ullila 

Bits 

LSB 
LSB 

LSB 

LSB 

LSB 

Bits 
Bits 

"C 

LSB 
LSB 
LSB 

LSB 

LSB 

LSB 

kn 

v 
v 

mA 

mA 
µA 

µA 

v 
v 

,.. 
v 
v 

mA 
mA 
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AD570/AD571 
ABSOLUTE MAXIMUMRATINGS 

V + to Digital Common ADS70J, S/ADS71J, S 
ADS71K 

V - to Digital Common . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common 
Control Inputs . . . . . . . . 
Digital Outputs (Blank Mode) 
Power Dissipation 

CIRCUIT DESCRIPTION 

0 to +7V 
. 0 to + 16.SV 
. 0 to -16.0V 

.. ±JV 
± ISV 

0 to v+ 
o to v+ 
800mW 

The Ab571 is a complete 10-bit AID converter which requires 
no external components to provide the complete successive 
approximation analog-to-digital conversion function. The ADS70 
is an 8-bit version. A functional block diagram of the ADS70/ 
ADS71 is shown below. Upon receipt of the CONVERT command, 
the internal 10-bit (ADS71) current output bAC is sequenced 
by the 12L successive approximation register (SAR) from its 
most-significant bit (MSB) to least-significiant bit (LSB) to 
provide an output current which accurately balances the input 
signal current through the SkO mput resistor. The comparator 
determines whether the addition of each successively weighted 
bit current causes the DAC current sum to be greater or less 
than the input current. If the sum is less, the bit is left on; if 
more, the bit is turned off. After testing all the bits, the SAR 
contai.J;Is a 10-bit binary code which accurately represents the 
input signal to within ± l/2LSB (0.05%). 

Upon completion of the sequences, the SAR sends out a DAT A 
READY signal (active low), which also brings the three-state 
buffers out of their "open" state, making the bit output lines 
become active high or low, depending on the code in the SAR. 
When the BLANK and CONVERT line is brought high, the 
output buffers again go "open", and the SAR is prepared for 
another conversion cycle. Details of the timing are given further 
on. 

The temperature compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The bipolar offset 
input controls a switch which allows a positive bipolar offset 
current to be injected into the summing ( + ) node of the comparator 
to offset the DAC output. The nominal 0 to + lOV unipolar 
input range now becomes a - SV to + SV range. The SkO thin
film input resistor is trimmed so that with a full-scale input 
signal, an input current will be generated which exactly matches 
the DAC output with all bits on. (The input resistor is trimmed 
slightly low to facilitate user trimming, as discussed on the next 
page.) 

POWER SUPPLY SELECTION 
The ADS70/AD571 are designed for optimum performance 
using a + SV and - ISV supply, for which the J and S grades 
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CHIP BONDING DIAGRAM 

81T2 BIT3 .-erT4 BIT5 BIT6 BIT7 BITS 

are specified. ADS71K will also operate with up to a + ISV 
supply, which allows direct interface to CMOS logic. 

BIPOLAR 
OFFSET 
CONTROL 

"' OUTPUTS 

AD570/AD571 Functional Block Diagram 

CONNECTING THE AD570/AD571 FOR STANDARD 
OPERATION 
The AD570/AD571 contain all the active components required 
to perform a complete AID conversion. Thus, for most situations, 
all that is necessary is connection of the power supply ( + 5 and 
- IS), the analog input, and the conversion start pulse. The 
functional pin outs are shown below. 

AD570 Pin Connections 

AD5TI 

TOP VIEW 
(NottoScalel 

AD571 Pin Connections 
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~ANALOG 
WDEVICES 

FEATURES 
Complete 10-Bit A/D Converter with Reference, Clock 

and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20µs 

typ 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The AD573 is a complete 10-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy 10-bit con
version in 20µs. 

The AD573 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with 12L (integrated injection logic). Laser trim
ming of the high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of + SV and -12V to - ISV, the AD573 
will accept analog inputs of 0 to + IOV or -SV to + SV. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20µs conversion cycle. DATA READY indicates completion 
of the conversion. HIGH BYTE ENABLE (HBE) and LOW 
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state 
output buffers. 

The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and AD573K. The AD573S 
guarantees ± I LSB relative accuracy and no missing codes from 
- SS°C to + 125°C. 

Three package configurations are offered. All versions are offered 
in a 20-pin hermetically sealed ceramic DIP. The AD573J and 
AD573K are also available in a 20-pin plastic DIP or 20-pin 
leaded chip carrier. 

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 

REV.A 

BIPOLAR 
OFFSET -

CONTROL 

10-Bit AID Converter 

AD573* I 
FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
COMMON CONVERT 

MSB 
089 

088 

087 

086 
HIGH 

085 
BYTE 

084 

083 

PRODUCT HIGHLIGHTS 
I. The AD573 is a complete 10-bit AID converter. No external 

components are required to perform a conversion. 

2. The AD573 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. The 
10 bits of output data can. be read as a 10-bit word or as 8-
and 2-bit words. 

3. The device offers true 10-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD573 adapts to either unipolar (0 to + lOV) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

5. Performance is guaranteed with + SV and -12V or - lSV 
supplies. 

6. The AD573 is available in a version compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current /883B datasheet for detailed specifications. 
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AD573·-SPECIFICAJIQNS (TA= 25V, V+ = +5V, V- = -12¥ or -15Y, all voltages measured with ~espect 
to digital common, unless otherwise indicated.) · · · 

AD573J AD573K 
MOclel Min Typ Mu Min Typ Mu 

RESOLUTION 10 10 

RELATIVEACCURACY1 :t:l :t:l/2 
TA= TmintOTlft.lx· :t:l :t:l/2 

FULLSCALECALIBRATION2 :t2 :t2 

UNIPOLAR OFFSET :t:l :t:l/2 

BIPOLAR OFFSET :t:l :t:l/2 

DIFFERENTIAL NONLINEARITY' 10 10 
TA= TmmtOTmax 9 10 

TEMPERATURE RANGE 0 +70 0 +70 

TEMPERA TURECOEFFICIENTS4 

Unipolar Offset :t:2 :t:l 
Bipolar Offset :t:2 :t:l 
Full Scale Calibration' :t:4 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+4.5sV + s +5.5V :t:2 :t:l 
Negative Supply 

-15.75VsV- s-14.25V :t:l :t:l 
-12.6VsV- s - ll.4V :t:2 :t:l 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 + 10 0 +10 
Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive Tiue Binary Positive True Binary 
Bipolar Positive TnieOffset Binary Positive True Offset Bina:ry 

LOGIC OUTPUT 
Output Sink Current 

(VouT = 0.4V max, T min to T max) 3.2 3.2 
Output SourceCurrent5 

(VouT = 2.4V min, T min to T max) 0.5 . 0.5 
Output Leakage :t:40 

LOGIC INPUTS 
Input Current · :t:lOO' 
Logic"l" 2.0 2.0 
Logic"O" 0.8 

CONVERSION TIME 
TA= TmintDTm11x 10 20 30 10 20 

POWER SUPPLY 
V+ +4.5 +5.0 +7.0 +4.5 +5.0 
v- -11.4 -15 -16.5 +11.4 -15 

OPERATING CURRENT 
V+ 15 20 15 
v- 9 15 9 

NOTES 
1 ~tive ac.curacy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

:t:40 

:t:lOO 

0.8 

30 

+7.0 
-16:5 

20 
15 

2Full·SC8J;e calibration is guaranteed trimmable to zero with an ex~er~I SOfi potentiometer in place of the l5fi 
fixed resistor. Full scale is defined as IO volts minus ILSB, or 9.990 volts. 

3Defined as the resolution for which no missing cod.es will occur. 
4ehange fJlJlll + 2S°C value from + 25"'C to T min or T max· 

s-rtie data output lines have active pull-ups to source O.SmA. The DATA READY line is open collector with 
a nominal 6k0 internal pull-up resistor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD573S 
Min• Typ Max Units 

10 Bits 

:t: 1 LSB 
:t:l LSB 

:t:2 LSB 

:t:l LS!l 

:t:l LSB 

10 BitS 
10 Bits 

-55 + 125 'C 

:t:2 LSB 
:t:2 'LSB 
:t:5 LSB 

:t:2 LSB 

:t:2 LSB 
:t:2 LSB 

3.0 5.0 7.0 kl! 

0 + 10 v 
-5 +5 v 

Positive True Binary 
Positive True Offset Binary 

3.2 IDA 

0.5 mA 
:t:40 µ.A 

:t:lOO µ.A 
2.0 v 

0.8 v 

JO 20 30 ,.... 

+4.5 +S.O +7.0 v 
-11.4 .-15 -16.5 v 

15 20 mA 
9 15 mA 
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BIPOLAR 
OFfSET -

CONTROl 

Model 

AD573JN 
AD573KN 
AD573JP 
AD573KP 
AD573JD 
AD573KD 
AD573SD 

NOTES 

ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Input to Analog Common . . 
Control Inputs . . . . . . . . . . . . 
Digital Outputs (High Impedance State) 
Power Dissipation . . . . . . . . . . . 

0 to +7V 
0 to -16.SV 

±IV 
±ISV 

0 to v+ 
0 to V+ 
800mW 

ORDERING GUIDE1 

Temperature Relative 
Package Option2 Range Accuracy 

20-Pin Plastic DIP (N-20) Oto +70°C ± ILSBmax 
20-Pin Plastic DIP (N-20) Oto+ 70°C ± l/2LSBmax 
20-Pin Leaded Chip Carrier (P-20A) Oto+ 70°C ± ILSBmax 
20-Pin Leaded Chip Carrier (P-20A) Oto+ 70°C ± l/2LSBmax 
20-Pin Ceramic DIP (D-20) Oto+ 70°C ±ILSBmax 
20-Pin Ceramic DIP(D-20) Oto+ 70°C ± l/2LSBmax 
20-Pin Ceramic DIP (D-20) - 55°C to + 12s0 c ±ILSBmax 

1 For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices 
Military Products Databook. 

2D = CeramicDIP;N = PlasticDIP;P =Plastic Leaded Chip Carrier. ForoutlineinfonnationseePackage 
Information section. 

DIGITAL 
COMMON CONVERT 

MS8 
Dh 

088 

DB& 

DB.I 

084 

083 

083. 

HIGH 
BYT£ 

Figure 2. AD573 Pin Connections 

AD573 

Figure 1. AD573 Functional Block Diagram 
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NANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
8- and 16-Bit Microprocessor Bus Interface 
Guaranteed Linearity Over Ten:iperature 

0 to +7D°C-AD574AJ, K, L 
-55°C to + 125°C - AD574AS, T, u 

No Missing Codes Over Temperature 
35p.s Maximu"' Conversion Time 
Buried Zener Reference for Long-Term Stability 

and Low Gain T.C. 10ppm/"C max AD574AL 
12.Sppml"C max AD574AU 

Ceramic DIP, Plastic DIP or PLCC Packalje 
Available in Higher Speed, Pinout-Compatible Versions 

(15p.s AD674B, Bp.s AD774B; 10p.s (with SHA) AD1674) 
Available in Versions Compliant with MIL-STD-883 

and JAN QPL. 

PRODUCT DESCRIPTION 
The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8- or 16-bit microprocessor bus. A 
high-precision voltage reference and clock are included on-chip, 
and the circuit guarantees full-rated performance without external 
circuitry or clock signals. 

The AD574A design is implemented using Analog Devices' 
Bipolar/12L process, and integrates all analog and digital functions 
on one chip. Offset, linearity and scaling errors are minimized 
by active laser-trimming of thin-film resistors at the wafer stage. 
The voltage reference uses ail implanted buried Zener for low 
noise and low drift. On the digital side, I2L logic is used for the 
successive-approxiination register, control circuitry and 3-state 
output buffers. 

The AD574A is available in six diffeient grades. The AD574AJ, 
K, and L grades are specified for operation .over the 0 to + 70°C 
temperature range. The AD574AS, T, and U are specified for 
the - 55°C to + 125°C range. All grades are available in a 28-pin 
hermetically-sealed ceramic DIP. Also, the J, K, and L grades 
are available in a 28~pin plastic DIP and PLCC, and the J and 
K grades are available in ceramic LCC. 

The S, T; and U grades in ceramic DIP or LCC 'are available 
with optional processing to MIL-STD-883C ClaSs B; the T and 
U grades are available as JAN QPL. The Analog Devices' Military 
Products Databook should be consulted for details on /883B 
testing of the AD574A. 

*Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413; 
RE 28,633. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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+6VSUPPLV 
.VLOGIC 

DATA MODE Sf.\e:Jt 2 

CHIPSELE~ 3 

BYTE AD~E$SI 
SHORT CYCLE 4 

l'o 
READ/CONY~ 6 

CHIP ENABLE 
C< 

+12/+15V SUPPJc! 7 

+10V REFERENCE 
REF OUT 

ANALOG COMMON 
AC 

Complete 
12;,.Bit AID Converter 

AD574A* I 
BLOCK DIAGRAM AND 
PIN CONFIGURATION 

DIGITAL 
DATA 
OUTPUTS 

REFERENCE~:~~ 101-"'l'r-++i 

-12/-15V SUPPV~~ 11 

Blf'OLAR ~r:~~ 12 

10V SPAN INPUT· ·-20V SPAN INPUT ,..,. 

PRODUCT HIGHLIGHTS 
1. The AD574A interfaces to most 8- or 16-bit microprocessors. 

Multiple-mode three-state output buffers connect directly to 
the data bus while. the read and convert commands are tliken 
from the control bus. The 12 bits of output data can be. read 
either as one 12-bit word or as two 8-bit bytes (one· with 8 
data bits, the other with 4 data bits and 4 trailit)g zeros). 

2. The precision, laser•trimmed 8caling and bipolar offset resistors 
provide four calibr11ted ranges: 0 to + 10 and 0 to + 20 v:olts 
unipolar, -5 to + 5 and -10 to + 10 volts bipolar. Typical 
bipol;ir offset and full-scale calibration errors of ± 0.1 % can 
be trimmed to zero with one external component each. 

3. The internal buried Zener reference is trimmed to 10.00 
volts with·.0.2% maximum error and 15ppm/"C typical T.C. 
The reference is available externally. and ~ drive up to 
l.SmA beyond the requirements of the refetence and bipolar 
offset resistors. 

4. AD674~ (15p.s) and AD774B (8µ.s) prpvide higher speed, 
pin compatibility; AD1674 (10µ.s) includes on-chip Sample
Hold Amplifier (SHA). , 
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SPECIFICATIONS (@ +25°C with Vee= +15V or +12V, VLDGle +5V, VEE = -15V or -12V 
unless otherwise noted) 

AD574AJ 
Model Min Typ Max 

RESOLUTION 12 

LINEARITY ERROR (<1' + 25°C otl 
Tmin tOTmax otl 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing codes are guaranteed) 

Tmin toT max 11 

UNIPOLAR OFFSET (Adjustable to zero) ot2 

BIPOLAR OFFSET (Adjustable to zero) ot4 

FULL-SCALE CALIBRATION ERROR 
(with fixed 5011 resistor from REF OUT to REF IN) 
(Adjustable to zero) 0.25 

TEMPERATURE RANGE 0 +70 

TEMPERATURE COEFFICIENTS 
(Using internal reference) 

TmintOTmax 

Unipolar Offset ±2(10) 
Bipolar Offset "2 (10) 
Full-Scale Calibration ot9(50) 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 
Vee~ 15V ot l.SVor 12V ot0.6V ot2 
VLomc=SV ±0.SV "112 
VEE~ -15V ot!.5Vor-12V ±0.6V ot2 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 
-10 + 10 

Unipolar 0 + 10 
0 +20 

Input Impedance 
lOVoltSpan ~ 5 7 
20VoltSpan 6 IO 14 

DIGIT AL CHARACTERISTICS I (T min-Tm,.) 

lnputs2 (CE,Cs, R/C,A0) 

Logic" 1" Voltage +2.0 + 5.5 
Logic "O'' Voltage -0.5 +0.8 
Current -20 +20 
Capacitance 5 

Outputs (DBI 1-DBO, STS) 
Logic" I" Voltage (IsouRCE~SOOµA) +2.4 
Logic"O"Voltage(Is1NK~l.6mA) +0.4 
Leakage (DBI 1-DBO, High-Z State) -20 +20 
Capacitance 5 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.5 +5.5 

Vee + 11.4 + 16.5 
VEE -11.4 -16.5 

Operating Current 

I LOGIC 30 40 

Ice 2 5 

IEE 18 30 

POWER DISSIPATION 390 725 

INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 
Output current (available for external loads)3 1.5 
(External load should not change during conversion) 

PACKAGEOPTIONS4 

Ceramic (D-28) AD574ASD 
Plastic (N-28) AD574AJN 
PLCC(P-28A) AD574AJP 
LCC(E-28A) AD574AJE 

NOTES 
1Detailed Timing Specifications appear in the Timing Section. 
21218 Input is not TTL.compatible and must be hard wired to V LOGIC or Digital Common. 
3The reference should be buffered for operation on ± 12V supplies. 

AD574AK 
Min Typ Max 

12 

"112 
± 112 

12 

otl 

=4 

0.25 

0 +70 

ot I (5) 
± 1(5) 
±5(27) 

otl 
± 1/2 
otl 

-5 +5 
-10 + 10 
0 +IO 
0 +20 

3 5 7 
6 10 14 

+2.0 + 5.5 
-0.5 +0.8 
-20 +20 

5 

+2.4 
+0.4 

-20 +20 
5 

+4.5 + 5.5 
+11.4 + 16.5 
·-11.4 -16.5 

30 40 
2 5 
18 30 

390 725 

9.98 10.0 10.02 
1.5 

AD574AKD 
AD574AKN 
AD574AKP 
AD574AKE 

40 = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 

Specifications subject to change without notice. 

AD574AL 
Min Typ Max 

12 

"112 
"112 

12 

otl 

=2 

0.125 

0 +70 

ot I (5) 
ot I (5) 
"2(10) 

otl 
"1/2 
otl 

-5 +5 
-10 + 10 
0 +10 
0 +20 

3 5 7 
6 10 14 

+2.0 + 5.5 
-0.5 +0.8 
-20 +20 

5 

+2.4 
+0.4 

-20 +20 
5 

+4.5 +5.5 
+11.4 + 16.5 
-11.4 -16.5 

30 40 
2 5 
18 30 

390 725 

9.99 10.0 10.01 
1.5 

AD574ALD 
AD574ALN 
AD574ALP 

AD574A 

Units 

Bits 

LSB 
LSB 

Bits 

LSB 

LSB 

%ofF.S. 

·c 

LSB (ppm/0 C) 
LSB(ppmi°C) 
LSB (ppm/0 C) 

LSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

kl1 
kl1 

Volts 
Volts 
µA 
pF 

Volts 
Vohs 
µA 
pF 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 

Volts 
mA 
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AD574A 
AD574AS 

Model Min Typ Max 

RESOLUTION 12 

LINEARITY ERROR (i•' + 25°C ±I 
Tmin tOTmax ±I 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing code_s are guaranteed) 

TmintOTmax II 

UNIPOLAR OFFSET (Adjustable to zero) ±2 

BIPOLAR OFFSET (Adjustable to zero) ±4 

FULL-SCALE CALIBRATION ERROR 
(with fixed 5011 resistor from REF OUT to REF IN) 
(Adjustable to zero) 0.25 

TEMPERATURE RANGE -55 + 125 

TEMPERATURE COEFFICIENTS 
(U~ing internal reference) 

TmintOTmax 

Unipolar Offset ±2(5) 
Bipolar Offset ±4(10) 
Full-Scale Calibration ±20(50) 

POWER SUPPLY REJECTION 
Max change in Full Scale Calibration 
Vee~ lSV ± l.5Vorl2V ±0.6V ±2 
VL0G1c=SV ::tO.SV ±112 
VEE~ - lSV ± l.SVor -12V ±0.6V ±2 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 
-10 + 10 

Unipolar 0 + 10 
0 +20 

Input Impedance 
IO Volt Span 3 5 7 
20VoltSpan 6 10 14 

DIGITALCHARACTERISTICS' (T mio-T =·) 
Inputs2 (CE, Cs, RIC, A0) 

Logic"l"Voltage +2.0 + 5.5 
Logic "O" Voltage -0.5 +0.8 
Current -20 +20 
Capacitance 5 

Outputs(DBll-DBO, STS) 
Logic "I" Voltage (lsouRcE~SOOµA) +2.4 
Logic "O" Voltage (ls1NK~ l .6mA) +0.4 

,Leakage(DBl 1-DBO, High-Z State) -20 +20 
Capacitance 5 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.5 +5.5 

Vee +ll.4 +16.5 

VEE -11.4 -16.5 
Operating Current 

!LOGIC 30 40 

Ice 2 5 
IEE 18 30 

POWER DISSIPATION 390 725 

INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 
Output current (available for external loads)3 l.5 
(External load should not change during conversion) 

PACKAGEOPTIONS4 

Ceramic (D-28) AD574ASD 

NOTES 
1Detailed Timing Specifications appear in the Timing Section. 
212/8 Input is not TTL-compatible and must be hard wired to V LOGIC or Digital Common. 
3The reference should be buffered for operation on ± 12V supplies. 
4D = Ceramic DIP. For outline information see Package Information section. 
Specifications subject to change without notice. 
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AD574AT AD574AU 
Min Typ Max Min Typ Max Units 

12 12 Bits 

±112' ± 112 LSB 
±l ±l LSB 

12 12 Bits 

±l ±I LSB 

±4 ±2 LSB 

0.25 0.125 o/oofF.S. 

-55 + 125 -55 + 125 oc 

±I (2.5) ±1(2.5) LSB (ppml"C) 
±2(5) ±1(2.5) LSB (ppm/°C) 
± 10(25) ±5(12.5) LSB (ppm/0C) 

±1 otl LSB 
±112 ±1/2 LSB 
±1 ±1 LSB 

-5 +5 -5 +5 Volts 
-10 + 10 -10 +10 Volts 
0 + 10 0 +10 Volts 
0 +20 0 +20 Volts 

3 5 7 3 5 7 kfl 
6 10 14 6 10 14 kfl 

+2.0 + 5.5 +2.0 +5.5 Volts 
-0.5 +0.8 -0.5 +0.8 Volts 
-20 +20 -20 +20 µA 

5 5 pF 

+2.4 +2.4 Volts 

+0.4 +0.4 Volts 
-20 +20 -20 +20 µA 

5 5 pF 

+4.5 +5.5 +4.5 +5.5 Volts 
+ll.4 + 16.5 +ll.4 +16.5 Volts 
-11.4 -16.5 -11.4 -I6.5 Volts 

30 40 30 40 mA 
2 5 2 5 mA 

18 30 18 30 mA 

390 725 390 725 mW 

9.98 10.0 10.02 9.99 10.0 10.01 Volts 
l.5 l.5 mA 

AD574ATD AD574AUD 
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AD574A 
+SV SUPPLY STATUS 

VLOOIC STS 

DATA MODE SELECT 
2 0811 1218 MSB 

CHIP SELECT CONTROL 
0810 cs 

BYTE ADDRESS/ 
SHORT CYCLE • 089 

Ao 
READ/CONVERT 088 

R/C 

CHIP ENABLE 087 CE 

+12/+15V SUPPLY 
7 086 Vee DIGITAL 

DATA 
+10V REFERENCE 086 OUTPUTS 

REF OUT 

ANALOG COMMON 
AC 084 

REFERENCE INPUT 083 REF IN 

-12/-15V SUPPLY 
082 VEE 

BIPOLAR OFFSET 081 BIPOFF 

10V SPAN INPUT 080 
10\ltN LS8 

20V SPAN INPUT lS ~GIT AL COMMON 
20V1N 

AD574A Block Diagram and Pin Configuration 

ABSOLUTE MAXIMUM RATINGS* 
(Specifications apply co all grades, except where noted) 

V cr; co Digital Common . . 
VEE co Digical Common . . 
v LOGIC (0 Digital Common 
Analog Common to Digical Common 
Control Inputs (CE, CS, A0 , 12/S, RIC) co 

. 0 co + 16.5V 

. 0 co -16.5V 
0 co +7V 

..... ±IV 

Digital Common . . -0.5V co VLoc;1c +0.5V 
Analog Inputs (REF IN, BIP OFF, IOV1N) co 

Analog Common . . . . . . . . VEE co Va; 
20V1N co Analog Common. . .......... ±24V 
REF OUT . . . . . . . . Indefinite short co common 

Momentary short co V cc 

Chip Temperature . . . . . . 
Power Dissipation . . . . . . 
Lead Temperature, Soldering 
Storage Temperature (Ceramic) 

(Plastic) . 

175°C 
. ... 825mW 
+ 300°C, 10 sec. 

-6S°C io + 1S0°C 
- 2s0c co + 100°c 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

REV. B 

Temperature Linearity Error 
Model' Range Max (T min to T .....,.) 

AD574AJ(X) Oto+ 70°C ±ILSB 
AD574AK(X) Oto +70°C ± 112LSB 
AD574AL(X) Oto +70°C ± l/2LSB 
ADS74AS(X)2 - 55°C to + 125°C ±ILSB 
AD574AT(X)2 - 55°C to + 125°C ±ILSB 
AD574AU(X)2 - 55°C to + 125'C ±ILSB 

NOTES 
1 X = Package designator. Available packages are: 

D (D-28) for all grades. 
E (E-28A) for J and Kgrades and /883B processed S, T and U grades. 
N (N-28) for J, K, and L grades. 
P (P-28A)for PLCC in J, K grades. 

Example: AD57 4AKN is K grade in plastic DIP. 

Resolution Max 
No Missing Codes Full Scale 
(T min to T .....,.) T .C. (ppml"C) 

II Bits 50.0 
12 Bies 27.0 
12 Bits 10.0 
11 Bits 50.0 
12 Bies 25.0 
12Bits 12.5 

2For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military 
Products Databook. 
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,_ANALOG 
WDEVICES 

FEATURES 
Complete 8-Bit Signal Conditioning AID Converter 

Including Instrumentation Amp and Reference 
Microprocessor Bus Interface 
10p.s Ce1nversion Speed 
Flexible Input Stage: Instrumentation Amp Front End 

Provides Differential Inputs and High Common-Mode 
Rejection 

No User Trims Required 
No Missing Codes Over Temperature 
Single + 5V Supply Operation 
Convenient Input Ranges 
20-Pin DIP or Surface-Mount Package 
Low Cost Monolithic Construction 
MIL-STD-8838 Compliant Versions Available 

GENERAL DESCRIPTION 
The AD670 is a complete 8-bit signal conditioning analog-to-digital 
converter. It consists of an instrumentation amplifier front end 
along with a DAC, comparator, successive approximation register 
(SAR), precision voltage reference, and a three-state output 
buffer on a single monolithic chip. No external components or 
user trims are required to interface, with full accuracy, an analog 
system to an 8-bit data bus. The AD670 will operate on the 
+ 5V system supply. The input stage provides differential inputs 
with excellent common-mode rejection and allows direct interface 
to a variety of transducers. . · 

The device is configured with input scaling resistors to permit 
two input ranges: 0 to 255mV (lmV/LSB) and 0 to 2.55V 
(lOmV/LSB). The AD670 can be configured for both unipolar 
and bipolar inputs over these ranges. ·The differential inputs and 
common-mode rejection of this front end are useful in application.s 
such as conversion of transducer signals superimposed on c0lnmon-
mode voltages. · · 

The AD670 incorporates advanced circuit design and proven 
processing technology. The successive approximation function is 
implemented with 12L (integrated injection logic). Thin-film 
SiCr resistors provide the stability required to prevent missing 
codes over the entire operating temperature range while laser 
wafer trimming of the 'resistor ladder permits calibration· of the 
device to within ± lLSB~ Thus, no user trims for gain or offset 
are required. Conversion time of the device is lQµ.s. 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call olir fax retrieval system at 1-800-446-6212. 

2-28 ANALOG-TO-DIGITAL CONVERTERS 

Low- Cost Signal 
~onditioning 8-Bit ADC 

AD670 I 
FUNCTIONAL BLOCK DIAGRAM 

Cl Ci RMi FORMAT BPO.iCiRi 

The AD670 is available in four package types and five grades. 
The J and K grades are specified over 0 to + 70"C and come in 
20-pin plastic DIP packages or 20-terminal PLCC packages. 
The A and B grades ( -40°C to + 85°C) and the S grade (- 55°C 
to + 125°C) come in 20-pin ceramic DIP packages. 

The S grade is also available with optional processing to MIL-STD-
883 in 20-pin ~ramie DIP or 20-terminal LCC packages. The 
Analog Devices Military Products Databook Should be eonsulted 
for· detailed· specifications. 

PRODUCT HIGHLIGHTS 
l. The AD670 is a complete 8-bit AID including three-state 

outputs and microproces8or control· for direct connection to 
8-bit data buses. No external components are required to 
perform a conversion. 

2. The flexible input stage features ii differential instrumentation 
amp input with excellent common-mode rejection. This . · 
aJlows direct interface to a variety of transducers without 
preamplification. 

3. No user trims are required for 8-bit accurate performance. 
4. Operation from a single + 5V supply allows the AD670 to. 

run off of the microprocessor's supply. 
5. Four convenient input ranges (two unipolar and two bipolar) 

are available through internal scaling resistors: 0 to 255m V 
(lmV/LSB) and 0 to 2.55V (lOmV/LSB). 

6. Software control of the output mode is provided. The user 
can easily select unipolar or bipolar inputs and binary or 2's 
complement output cQdes. 
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SPECIFICATIONS (@Yee = + 5V and + 25°C unless otherwise notad) 

Model AD670J AD670K 

Mio Typ Mu Min Typ Max Units 

OPERATING TEMPERATURE RANGE 0 +70 0 + 70 "C 

RESOLUTION 8 8 Bit 

CONVERSION TIME 10 10 µs 

RELATIVE ACCURACY ±112 ±114 LSB 

TmintoT max ±112 ±112 LSB 

DIFFERENTIAL LINEARITY ERROR 1 

Tmin tOTmax GUARANTEED NO MISSING CODES ALL GRADES 

GAIN ACCURACY 
@+2S"C ±1.5 ±0.75 LSB 

Tmin toTmax ±2.0 ±1.0 LSB 

UNIPOLAR ZERO ERROR 
@+2S°C ±1.5 ±0.75 LSB 

Tmi0 t0Tmax ±2.0 ±1.0 LSB 

BIPOLAR ZERO ERROR 
@ +25"C ±1.5 ±0.75 LSB 

Tm.in toTmax ±2.0 ±1.0 LSB 

ANALOG INPUT RANGES 
DIFFERENTIAL(-V1Nto +V1N) 

Low Range Oto+255 Oto+ 255 mV 
-128to+ 127 128 to+ 127 mV 

High Range Oto+2.5S Oto +2.55 v 
- l.28co + 1.27 - 1.28 lO + 1.27 v 

ABSOLUTE (Inputs co Power God) 

Low Range T mm to T max -0.150 Vee -3.4 -0.150 Vee -3.4 v 
High Range T mm to T max - I.SO Vee I.SO Vee v 

BIAS CURRENT(2S5mV RANGE) 

Tmin~OTmax 200 500 200 500 nA 

OFFSETCURRENT(2S5mV RANGE) 

Tmin toTmax 40 200 40 200 nA 

2.55V RANGE INPUT RESISTANCE 8.0 12.0 8.0 12.0 k!l 

2.SSV RANGE FULL SCALE MATCH 
+AND-INPUT ± 112 :+.: 1/2 LSB 

COMMON-MODE REJECTION 
RATl0(255mV RANGE) I I LSB 

COMMON-MODE REJECTION 
RATl0(2.55VRANGE) I I LSB 

POWER SUPPLY 
Operating Range 4.5 5.5 4.5 5.5 v 
Current Ice 30 45 30 45 mA 
Rejection Ratio T mm to T max O.OI5 O.OI5 o/oofFS/% 

DIGITAL OUTPUTS 
SINKCURRENT(VouT ~ 0.4V) 

Trrun toTmax 1.6 1.6 mA 
SOURCECURRENT(VouT ~ 2.4V) 

TminlOTmax 0.5 0.5 mA 

THREE-STATE LEAKAGE CURRENT ±40 ±40 µA 

OUTPUTCAPACITANCE 5 5 pF 

DIGITAL INPUT VOLTAGE 

V1NL 0.8 0.8 v 
VrNH 2.0 2.0 v 

DIGITAL INPUT CURRENT 
(O:s:V1Ns; + SV) 

IrNL -100 -IOO µA 

IINH +100 +100 µA 

INPUT CAPACITANCE 10 10 pF 

NOTES 
'Tested at Vcc=4.SV, S.OV and 5.SV. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those rests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

AD670 
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AD670 
Model AD670A AD670B 

Min Typ Max Min Typ Mu Min 

OPERATING TEMPERATURE RANGE -40 +BS -40 +8S -SS 

RESOLUTION 8 8 8 

CONVERSION TIME IO 10 

RELATIVE ACCURACY ±112 ±114 
TmintoTnwr. ±112 ±112 

DIFFERENTIAL LINEARITY ERROR 1 

TmintOTnwr. GUARANTEED NO.MISSING CODES ALL GRADES 

GAIN ACCURACY 
@ +2S'C ::t:l.S ±0.7S 
TmintOTmP ±2.5 ±1.5 

UNIPOLAR ZERO ERROR 
@ +2S'C ±1.0 ±0.5 

TminlOTmax ±2.0 ±1.0 

BIPOLAR ZERO ERROR 
@ +2S'C o<l.O ±0.5 
TmintOTrnai< ±2.0 ±1.0 

ANALOG INPUT RANGES 
DIFFERENTIAL(-V1Nto +VrN) 

Low Range Oto+255 Oto+ 255 

-12810.+ 127 -12810+127 
High Range Oto+2.55 Oto+ 2.55 

- l.28to + 1.27 - l.28to + 1.27 
ABSOLUTE (Inputs to Power Gnd) 

Low Range T min to T max -0.150 Vee -3.5 -9.150 Vee -3.S -9.150 
High Range T min to T max -I.SO Vee -I.SO Vee - I.SO 

BIAS CURRENT (2SSmV RANGE) 
Tmin.toTmax 200 500 200 500 

OFFSETCURRENT(2S5mVRANGE) 

TmintoTmax 40 200 40 200 

2.SSVRANGEINPUTRESISTANCE 8.0 12.0 8.0 12.0 8.0 

2.SSVRANGEFULLSCALEMATCH 
+AND-INPUT "'112 "112 

COMMON-MODE REJECTION 
RA TIO (2SSmV RANGE) I I 

COMMON-MODE REJECTION 
RATI0(2.S5VRANGE) I I 

POWER SUPPLY 
Operating Range 4.5 5.5 4.5 5.5 4.75 
Current Ice 30 45 30 45 
Rejection Ratio T min to T max 0.015 0.015 

DIGIT AL OUTPUTS 
SINKCURRENT(VovT = 0.4V) 

TminlOTmu 1.6 1.6 1.6 
SOURCECURRENT(VovT = 2.4V) 

TminlOTmax 0.5 0.5 0.5 

THREE-STATE LEAKAGE CURRENT ±40 ±40 

OUTPUT CAPACITANCE s s 
DIGITAL INPUT VOLTAGE 

V1NL 0.8 O.Ir 
VtNH 2.0 2.0 2.0 

DIGIT AL INPUT CURRENT 
(O:sV1N:5 + SV) 

ltNL -100 -100 -100 
IlNH +100 +100 

INPUT CAPACITANCE IO 10 

NOTES 
1Tcsted at Vcc=4.SV, 5.0V and 5.5V for A, B grades; 4.7SV, 5.0V and S.SV for S grade. 
Spcciftcations shown in boldface are tcsced on all production units at ftnal electrical test. Results from those tests are used to calcula"te. outgoing quality 
levels. AU min and max spcciftcations are guaranteed, although only those shown in boldface are tested on all production units. 
Speciftcations subject· to change without notice. · 
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AD670S 
Typ Mu Units 

+ 12S 'C 

Bit 

10 µs 

±112 LSB 
±1 LSB 

:t:l.5 LSB 
±2.5 LSB 

±1.0 LSB 
:::t2.0 LSB 

±1.0 LSB 
±2.0 LSB 

Oto +255 mV 
-12810 + 127 mV 
Oto+2.55 v 
-1.2810+1.27 v 

Vee -3.S v 
Ve<: v 

200 750 nA 

40 200 nA 

12.0 kl! 

"112 LSB 

I LSB 

I LSB 

5.5 v 
30 45 mA 

0.015 %ofFSI% 

mA 

mA 

:40 µA 

5 pF 

0.7 v 
v 

µA 
+100 µA 

10 pF 
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C£ CS RiW FORMAT BPOliJiiO 

POWER GNO +Vee 

AD670 
ABSOLUTE MAXIMUM RATINGS* 
Vee to Ground . . . . . . . . . . . . . OVto +7.SV 
Digital Inputs (Pins 11-15) ....... -0.SV to Vee +0.SV 
Digital Outputs (Pins 1-9) . Momentary Short to Vee or Ground 
Analog Inputs (Pins 16-19) . -30V to+30V 
Power Dissipation . . . . . . . . . . . . . . . 450mW 
Storage Temperature Range . . . . . -65°C to + 150°C 
Lead Temperature (Soldering, IOsec) . . . . . + 300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Figure 1. AD670 Block Diagram and Terminal Configuration 
(All Packages) 

REV.A 

ORDERING GUIDE 

Temperature Relative Accuracy Gain Accuracy 
Model1 Range @+2s·c @+2s·c Package Option2 

AD67~JN Oto +70°c ±l/2LSB ±1.SLSB PlasticDIP(N-20) 
AD670JP Oto +70°c ±l/2LSB ± l.SLSB PLCC(P-20A) 
AD670KN Oto+70°C ±l/4LSB ±0.7SLSB Plastic DIP (N-20) 
AD670KP Oto+70°C ±l/4LSB ±0.7SLSB PLCC(P-20A) 
AD670AD - 40°C to + 85°C ±l/2LSB ±1.SLSB Ceramic DIP (D-20) 
AD670BD - 40°C to + 85°C ±l/4LSB ±0.7SLSB Ceramic DIP(D-20) 
AD670SD - ssoe to + 125°C ±l/2LSB ±1.SLSB Ceramic DIP(D-20) 

NOTES 
1 For details on grade and package offerings screened in accordance with MIL-STD-883 refer to the Analog Devices 
Military Products Databook. 

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 
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1"111. ANALOG 
WDEVICES 

FEATURES 
12-Bit Resolution 
24-Pin "Skinny DIP" Package 
Conversion Time: 500 ns max - AD671J/K/S-500 

750 ns max - AD671J/K/S-750 
Low Power: 475 mW 
Unipolar (0 to +5 V, 0 to +10 V) and Bipolar Input 

Ranges (±5 VI 
Twos Complement or Offset Binary Output Data 
Out of Range Indicator 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD671 is a high speed monolithic 12-bit ND converter 
offering conversion rates of up to 2 MHz (500 ns conversion 
time). The combination of a merged high speed bipolar/CMOS 
process and a novel architecture results in a combination of 
speed and power consumption far superior to previously avail
able hybrid implementations. Additionally, the greater reliability 
of monolithic construction offers improved system reliability and 
lower costs than hybrid designs. 

TheAD671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro
vides strobe pulses for each of the four internal flash cycles and 
assures adequate settling time for the interflash residue ampli
fier. A single ENCODE pulse is used to control the converter. 

The performance of the AD671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-1 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 

The AD671 is available in two conversion speeds and perfor
mance grades. The AD671J and K grades are specified for oper
ation over the 0 to +70°C temperature range. The AD671S 
grades are specified for operation over the -55°C to + 125°C 
temperature range. All grades are available in a 0.300 inch wide 
24-pin ceramic DIP. The J and K grades are also available in a 
24-pin plastic DIP. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Monolithic 12-Bit 
· 2 MHz AID Converter 

AD671 I 
FUNCTIONAL BLOCK DIAGRAM 

AIN BPO/UPO ENCODE REF IN Vee 

23 

AD671 

OTR MSB 

PRODUCT HIGHLIGHTS 

VLOGIC DCOM 

BIT1-12 DAV 

1. The AD671 offers a _single chip 2 MHz analog-to-digital 
conversion function in a space saving 24-pin DIP. 

2. Input signal ranges are 0 to +5 V and 0 to + 10 V unipolar, 
and -5 V to +5 V bipolar, selected by pin strapping. Input 
resistance is 1.5 kO. Power supplies are +5 V and -5 V, 
and typical power consumption is less than 500 mW. 

3. The external +5 V reference can be chosen to suit the de 
accuracy and temperature drift requirements of the 
application. 

4. Output data is available in unipolar, bipolar offset or bipolar 
twos complement binary format. 

5. An OUT OF RANGE output bit indicates when the input 
signal is beyond the AD67l's input range. 

6. The AD671 is available in versions compliant with the 
MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD67 l/883B data sheet for 
detailed specifications. 
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SPECIFICATIONS AD671 
DC SPECIFICATIONS (TMIN to TMAX ~ith _Ve~ = +5 v ± 5%, VLOGIC = +5 v ± 10%, VEE = -5 v ± 5%, VREF = +5.000 v. 

unless otherwise md1cated) 

AD671J/S-500 AD671K-500 
Parameter Min Typ Max Min Typ 

RESOLUTION 12 12 

ACCURACY ( + 25°C) 
Integral Noniinearity (INL) 

TMIN to TMAX ±4 
Differential Nonlinearity (DNL) 

TMIN to TMAx 10 11 
No Missing Codes 10 Bits Guaranteed 11 Bits Guaranteed 
Unipolar Offset1 ±4 
Bipolar Zero1 ±10 
Gain Error2 0.1 0.25 

TEMPERATURE COEFFICIENTS3 

Unipolar Offset ±10 
Bipolar Zero ±15 
Gain Error ±20 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
Unipolar 0 +5 0 

0 +10 0 
Input Resistance 

10 Volt Range 1.0 1.5 2.0 1.0 
5 Volt Range 0.5 0.75 1.0 0.5 

Input Capacitance 10 
Reference Input Resistance 2.4 3.5 4.7 2.4 

POWER SUPPLIES 
Power Supply Rejection4 

Vee (+5 V ± 0.25 V) ±1 
VLOGIC (+5 v ± 0.5 V) ±1 
VEE (-5 v ± 0.25 V) ±1 

Operating Voltages 
Vee +4.75 +5.25 +4.75 
VLOGIC +4.5 +5.5 +4.5 
VEE -5.25 -4.75 -5.25 

Operating Current 
Ice 46 56 
!LOGIC 5 3 6 
IEE 46 56 

POWER CONSUMPTION 475 621 

TEMPERATURE RANGE 
Specified (J/K) 0 +70 0 

(S) -55 +125 

NOTES 
1 Adjustable to zero with external potentiometers. See OffserJGain Calibration section for additional information. 
'Full-scale range (FSR) is 5 V for the 0 V to 5 V range and 10 V for the 0 V to 10 V and -5 V to +5 V ranges. 
325°C to T MIN and 25°C to T MAX· 

4Change in gain error as a function of the de supply voltage. 
5Tested under static conditions. 

Specifications subject to change without notice. 

0.1 

1.5 
0.75 
10 
3.5 

46 
3 
46 

475 

Max Units 

Bits 

±2 LSB 

Bits 

±4 LSB 
±10 LSB 
0.25 o/oFSR 

±10 ppm/°C 
±15 ppm/oC 
±20 ppm/oc 

+5 Volts 
+5 Volts 
+10 Volts 

2.0 kn 
1.0 kn 

pF 
4.7 kn 

±1 LSB 
±1 LSB 
±1 LSB 

+5.25 Volts 
+5.5 Volts 
-4.75 Volts 

56 mA 
6 mA 
56 mA 

621 mW 

+70 oc 
oc 

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, + 25°C and + 70°C. Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD671-SPECIFICATIONS 
DC Sp. ECIFICA'Jl.ONs·· <TM1N to TMAX ~ith .vc~ = +5. v ± 5 %, vLos1c = +5 v ± 10%, vEE = -5 v ± 5%, Ym =. +5.ooo v. 

" unless otherwise md1cated) . 

AD671J/S-750 AD671K-750 
ParlQlleter Min Typ Max Min Typ 

RESOLUTION 12 12 

ACCURACY ( + 25°C) 
Integral Nonlinearity (INL) 

T MIN to T MAX CJ) ±2 
T MIN to T MAX (S) ±2.5 

Differential Nonlinearity (DNL) 
TMIN to TMAX 11 12 

No Missing Codes 11 Bits Guaranteed 12 Bits Guaranteed 
Unipolar Offset1 ±4 
Bipolar Zero1 ±10 
Gain Error 0.1 0.25 

TEMPERATURE COEFFICIENTS' 
Unipolar Offset ±10 
Bipolar Zero ±15 
Gain Error ±20 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
Unipolar 0 +5 0 

0 +10 0 
Input Resistance 

10 Volt Range 1.0 1.5 2.0 1.0 
5 Volt Range 0.5 0.75 1.0 0.5 

Input Capacitance 10 
Reference Input Resistance 2.4 ~.5 4.7 2.4 

POWER SUPPLIES 
Power Supply Rejection• 

Vee (+5 V ± 0.25 V) ±1 
VLOGIC (+5 v ± 0.5 V) ±1 
VEE (-5 v ± 0.25 V) ±1 

Operating Voltages 
Vee +4.75 +5.25 +4.75 
VLOGIC +4.5 +5.5 +4.5 
VEE -5.25 -4.75 -5.25 

Operating Current 
Ice 46 56 
!LOGIC 

5 3 6 
IEE 46 56 

POWER CONSUMPTION 475 621 

TEMPERATURE RANGE 

Specified (J/K) 0 +70 0 
(S) -55 +125 

NOTES 
1 Adjustable to zero with external potentiometers. See Offset/Gain Calibration section for further information. 
2Full·scale range (FSR) is 5 V for the 0 V to 5 V range and 10 V for the 0 V to 10 V and -5 V to +5 V ranges. 
325°C to T MIN ~d 25°C to T MAX. 

'Change in gain error as a function of the de supply voltage. 
5Tested under static conditions. 

Specifications subject to change without notice. 

0.1 

1.5 
0.75 
10 
3.5 

46 
3 
46 

475 

Max Units 

Bits 

±1.5 LSB 
LSB 

Bits 

±4 LSB 
±10 LSB 
0.25 %FSR 

±10 ppml"C 
±15 ppml"C 
±20 ppml"C 

+5 Volts 
+5 Volts 
+10 Volts 

2.0 k!l 
1.0 k!l 

pF 
4.7 k!l 

±1 LSB 
±1 LSB 
±1 LSB 

+5.25 Volts 
+5.5 Volts 
-4.75 Volts 

56 mA 
6 mA 
56 mA-"-
621 mW 

+70 ·c 
·c 

Specifications shown in boldface are tested on all devices at fmal electrical test with worst case supply voltages at 0, + 25°C and + 70"C. Results from those tests 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 
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AD671 

DIGITAL SPECIFIC A'JIONS (for all grades TMIN to TMAX• with Vee = +5 V ± 5%, VL061e = +5 V ± 10%, VEE= -5 V 
ff ± 5%, VREF = +5.000 V, unless otherwise noted) 

Parameter Symbol Min Typ Max Units 

LOGIC INPUT 
High Level Input Voltage VIH +2.0 v 
Low Level Input Voltage VIL +0.8 v 
High Level Input Current (VIN= VLoGicl IIH -10 +10 µA 
Low Level Input Current (VIN = 0 V) I,L -10 +10 µA 
Input Capacitance CIN 5 pF 

LOGIC OUTPUTS 
High Level Output Voltage (IoH = 0.5 mA) VoH +2.4 v 
Low Level Output Voltage CloL = 1.6 mA) VoL +0.4 v 
Output Capacitance CouT 5 pF 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested. 

Specifications subject to change without notice. 

SWITCHING SPECIFICATIONS (For all grades TMiN to TMAX with Vee = +5 V ± 5%, VL061c = +5 V ± 10%, VEE= -5 V 
± 5%; VIL = 0.8 V, V1H = 2.0 V, Vol = 0.4 v and VoH = 2.4 VJ 

Parameter Symbol Min Typ Max Units 

Conversion Time 
(AD671-500) tc 475 500 ns 
(AD671-750) tc 725 750 ns 

ENCODE Pulse Width High 
(AD671-500) tENC 20 30 ns 
(AD671-750) tENC 20 50 ns 

ENCODE Pulse Width Low tENCL 20 ns 
DAV Pulse Width 

(AD671-500) tDAV 75 200 ns 
(AD67 l-750) tDAV 75 300 ns 

ENCODE Falling Edge Delay tp 0 ns 
Start New Conversion Delay tR 0 ns 
Data and OTR Delay from DAV Falling Edge ton 

1 20 75 ns 
Data and OTR Valid before DAV Rising Edge tss 2 20 75 ns 

NOTES 
1t00 is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
2tss is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 

ENCODE 

DAV 

BIT 1-12 
MSB 
OTR 

REV. B 

le 

~~~~D-AT_A_O~(P_R_E-Vl_O_U_S_)~~~~ DATA1 

a. Encode Pulse HIGH 

ENCODE 

DAV 

BIT 1-12 
MSB 
OTR 

i.-~~~~~IC-,-1---~~,-DA_V ____ ----<1•~1--IR~ 

~~~~~~~~~~ 

1•too•1 • tss •I 
~~~~~~~~~~~~ 

~~~D_A_T_A_o_<_PR_E_v_io_u_s_>~~--')¢ DATA1 

b. Encode Pulse LOW 

Figure 1. AD671 Timing Diagrams 
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AD671 
ABSOLUTE MAXIMUM RATINGS* 

With 
Respect 

Parameter to Min Max Units 

Vee ACOM -0.5 +6.5 Volts 
VEE ACOM -6.5 +0.5 Volts 
VLOGie DCOM -0.5 +6.5 Volts 
ACOM DCOM -1.0 +1.0 Volts 
v= VLOGie -6.5 +6.5 Volts 
ENCODE DCOM -0.5 VLOGre+0.5 Volts 
REF IN ACOM -0.5 V=+0.5 Volts 
AIN, BPO/UPO ACOM -6.5 11.0 Volts 
Junction Temperanrre +175 oc 
Storage Temperanrre -65 +150 oc 
Lead Temperanrre (10 sec) +300 oc 
Power Dissipation 1000 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maxiinum ratings' for extended periods may effect device reliability. 

ORDERING GUIDE 

Temperature Package 
Model1 Linearity Range Options2 

AD671JD-500 ±4LSB 0°c to +70°C D-24A 
AD671KD-500 ±2 LSB 0°c to +70°C D-24A 
AD671JD-750 ±2 LSB 0°c to +70°C D-24A 
AD671KD-750 ±1.5 LSB 0°C to +70°<;: D-24A 
AD671SD-500 ±4LSB -55°C to + 125°C D-24A 
AD671SD-750 ±2.5 LSB -55°C to + 125°C D-i4A 

NOTES 
'For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military PrOducts Databook or 
current AD671/883 data sheet. 

'D =Ceramic DIP. For outline information see Package Information 
section. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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L.llllDEVICES 

FEATURES 
Complete 8-Bit AID Converter with Reference, Clock 

and Comparator 
30p.s Maximum Conversion Time 
Full 8- or 16-Bit Microprocessor Bus Interface 
Unipolar and Bipolar Inputs 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
MIL-STD-883 Compliant Version Available 

PRODUCT DESCRIPTION 
The AD673 is a complete 8-bit successive approximation analog-to
digital converter consisting of a DAC, voltage reference, clock, 
comparator, successive approximation register (SAR) and 3 state 
output buffers-all fabricated on a single chip. No external com
ponents are required to perform a full accuracy 8-bit conversion 
in 20µ,s. 

The AD673 incorporates advanced integrated circuit design and 
processing technologies. The successive approximation function 
is implemented with 12L (integrated injection logic). Laser trim
ming of the. high stability SiCr thin film resistor ladder network 
insures high accuracy, which is maintained with a temperature 
compensated sub-surface Zener reference. 

Operating on supplies of + SV and - l2V to - lSV, the AD673 
will accept analog inputs of 0 to + IOV or - SV to + SV. The 
trailing edge of a positive pulse on the CONVERT line initiates 
the 20µ,s conversion cycle. DATA READY indicates completion 
of the conversion. 

The AD673 is available in two versions. The AD673J as specified 
over the 0 to + 70°C temperaturenmge and the AD673S guarantees 
± ¥.!LSB relative accuracy and no missing codes from - 55°C to 
+ 12S°C. 

Two package configurations are offered. All versions are also 
offered in a 20-pin hermetically sealed ceramic DIP. The AD673J 
is also available in a 20-pin plastic DIP. 

*Protected by U.S, Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689; 
and 4,400,690 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.A 

8-Bit AID Converter 

AD673* I 
FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET -

CONTROL 

DIGITAL 
COMMON 

i ~11---f>-f----<I- ... 
: CLOCK l 1--r>-f--~l-
L.--.J 

..l!A!!L 
ENABLE 

PRODUCT HIGHLIGHTS 
1. The AD673 is a complete 8-bit ND converter. No external 

components are required to perform a conversion. 

2 .. The AD673 interfaces to many popular microprocessors 
without external buffers or peripheral interface adapters. 

3. The device offers true 8-bit accuracy and exhibits no missing 
codes over its entire operating temperature range. 

4. The AD673 adapts to either unipolar (0 to + IOV) or bipolar 
( - SV to + SV) analog inputs by simply grounding or opening 
a single pin. 

S. Performance is guaranteed with + SV and - 12V or - lSV 
supplies. 

6. The AD673 is available in a version compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD673/883B data sheet for detailed specifications. 

ORDERING GUIDE 

Temperature Relative 
Model Range Accuracy Package Option' 

AD673JN Oto +70'C ± 112.LSB max Plastic DIP (N-20) 
AP673JD Oto +70'C ± l/2LSBmax Ceramic DIP(D-20) 
AD673SD2 - SS'C to + 12S'C ± l/2LSBmax Ceramic DIP (D-20) 
AD673JP Oto +70"C ± l/2LSBmax PLCC(P-20A) 

NOTES 
1 D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information 
sec Package Information section. 

2Fordetails on grade and package offering screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook. , 
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AD673 -SPECIFICAJIQNS (TA= +25°C • V+ = +5V, V- = -12V or -15V, all voltages measured with 
respect to digital common, unless otherwise noted.) 

AD673J AD673S 

Model I Min Typ Max Min Typ Max 

RESOLUTION 8 8 

RELATIVE ACCURACY, 1 ±1/2 ±1/2 

TA=T.runtoT""" _::_ 
±1/2 .±112 

FULL SCALE CA.LIBRA TION2 :±:2 ±2 

UNIPOLAR OFFSET ±1/2 ±1/2 

BIPOLAR OFFSET ±1/2 ±1/2 

DIFFERENTIAL NONLINEARITY,'· 8 8 

TA=TmintOTmax 8 8 

TEMPERATURE RANGE 0 +70 -55 + 125 

TEMPERA TlJRE COEFFICIENTS 
Unipolar Offset ±1 ±l 
Bipolar Offset ±1 ±1 

Full Scale Calibration2 ±2 ±2 

POWER SUPPLY REJECTION 
Positive Supply 

+4.5sV + $ + 5.5V ±2 ±2 

Negative Supply 
-15. 75VsV - s -14.25V ±2 ±2 
-12.6VsV- s - ll.4V ±2 ±2 

ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 

ANALOG INPUT RANGES 
Unipolar 0 + 10 0 +10 

Bipolar -5 +5 -5 +5 

OUTPUT CODING 
Unipolar Positive True Binary Positive True Binary 

Bipolar Positive True Offset Binary Positive True Offset Binary 

LOGIC OUTPUT 
Output Sink Current 

(VouT = 0.4V max, T .run to T max) 3.2 3.2 

Output Source Current4 

(VoUT=2.4Vmin, T.runtoT""") 0.5 0.5 

Output Leakage ±40 

LOGIC INPUTS 
Input Current ±100 
Logic''l" 2.0 2.0 

Logic':O" 0.8 

CONVERSION TIME, TA and 
T~0 t0Tmax 10 20 30 10 20 

POWER SUPPLY 
v+ +4.5 +5.0 +7.0 +4.5 +5.o 
v- -ll.4 -15 -16.5 -11.4 -15 

OPERATING CURRENT 

v+ 15 20 15 
v- 9 15 9 

NOTES 
1Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a 
straight line from the zero to the full scale of the device. 

2Full scale calibration is guaranteed trimmable to zero with an external 2000 potentiometer in place o( the 15{}. 
fixed resistor. 
Full scale is defined as 10 volts minus ILSB, or 9.96.1 volts. 

3Defined as the resolution for which no missing codes will occur. -----
'The data output lines have active pull-ups tq source O.SmA. The DATA READY line is open collector with 
a nominal 6kn internal pull-up resistor. 

Specifications subject to change without notice. 

Specifications shown in boldface are tesred on all production units at fmal 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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±40 

±100 

0.8 

30 

+7.0 
-16.5 

20 
15 

Units 

Bits 

LSB 
LSB 

LSB 

LSB 

LSB 

Bits 
Bits 

oc 

LSB 
LSB 
LSB 

LSB 

LSB 
LSB 

k!l 

v 
v 

mA 

mA 
µ.A 

µ.A 
v 
v 

µ.s 

v 
v 

mA 
mA 
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WDEVICES 

FEATURES 
Complete Monolithic 12-Bit A/D Converters with 

Reference, Clock, and Three-State Output Buffers 
Industry Standard Pinout 
High Speed Upgrades for AD574A 
8- and 16-Bit Microprocessor Interface 
8 µs (max) Conversion Time (AD774Bl 
15 µs (max) Conv,ersion Time (AD674B) 
±5 V, ±10 V, 0-10 V, 0-20 V Input Ranges 
Commercial, Industrial and Military Temperature 

Range Grades 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD674B and AD774B are complete 12-bit successive
approximation analog-to-digital converters with three-state 
output buffer circuitry for direct interface to 8- and 16-bit 
microprocessor busses. A high precision voltage reference and 
clock are included on chip, and the circuit requires only power 
supplies and control signals for operation. 

The AD674B and AD774B are pin compatible with the industry
standard AD574A, but offer faster conversion time and bus
access speed than the AD574A and lower power consumption. 
The AD674B converts in 15 µs (maximum) and the AD774B 
converts in 8 µs (maximum). 

The monolithic design is implemented using Analog Devices' 
BiMOS II process allowing high performance bipolar analog cir
cuitry to be combined on the same die with digital CMOS logic. 
Offset, linearity and scaling errors are minimized by active laser
trimming of thin-film resistors. 

Five different grades are available. The J and K grades are spec
ified for operation over the 0°C to + 70°C temperature range. 
The A and B grades are specified from -40°C to +85°C, the T 
grade is specified from -55°C to + 125°C. The J and K grades 
are available in a 28-pin plastic DIP or 28-lead SOIC. All other 
grades are available in a 28-pin hermetically sealed ceramic DIP. 

*Protected by U.S. Patent Nos. 4,250,445; 4,808,908; RE30586. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.B 

+SY SUPPLY 
VLOGIC 

DATA MODE SELECT 
1218 

CHIP SELECT cs 
BYTE ADDRESS/ 
SHORT CYCLE 

•• 
READ/ CONVEl!J 

RIC 

CHIP ENABLE 
CE 

+12/+15VSUPPLY 
Vee 

+ 1 OV REFERENCE 
REF OUT 

ANALOG COMMON 
AC 

REFERENCE INPUT 
AEFIN 

-121-tSVSUPPLY 

••• 
BIPOLAR OFFSET 

BIPOFF 

10V SPAN INPUT 
10VIN 

20V SPAN INPUT 
20VIN 

Complete 
12-Bit AID Converter 
AD674B* /AD774B* I 

FUNCTIONAL BLOCK DIAGRAM 

STATUS 
STS 

0811 (MSB) 

DB10 

089 

088 

087 

DIGITAL 
086 DATA 

OUTPUTS 
DBS 

084 

083 

082 

081 

DBO(LSB) 

DIGITAL COMMON DC 

PRODUCT HIGHLIGHTS 
I. Industry Standard Pinout: The AD674B and AD774B utilize 

the pinout established by the industry standard AD574A. 

2. Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors ·provide four calibrated ranges: 0 to 
+ 10 V and 0 to + 20 V unipolar; - 5 V to + 5 V and -10 V 
to + 10 V bipolar. The AD674B and AD774B operate on 
+ 5 V and :+:: 12 V or :+:: 15 V power supplies. 

3. Flexible Digital Interface: On-chip multiple-mode three-state 
output buffers and interface logic allow direct connection to 
most microprocessors. The 12 bits of output data can be read 
either as one 12-bit word or as two 8-bit bytes (one with 8 
data bits, the other with 4 data bits and 4 trailing zeros). 

4. The internal reference is trimmed to 10.00 volts with 1 % 
maximum error and 10 ppm/°C typical temperature coeffi
cient. The reference is available externally and can drive up 
to 2.0 mA beyond the requirements of the converter and bi
polar offset resistors. 

5. The AD674B and AD774B are available in versions compli
ant with MIL-STD-883. Refer to the Analog Devices Mili
tary Products Databook or current AD674B/AD774B data 
sheet for detailed specifications. 
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AD6748/AD7748-SPEClflCATIQNS (TMIN to TMAX with Yee= +15Y ± 10% or +12 Y ± 5%, 
YLDsie = +5 Y ± 10%, Yu= -15 Y ± 10% or -12 Y ± 5% unless otherwise indicated) · .· ·' 

J Grade KQiade 
Model (AD674B or AD774B) Min Typ Max Min Typ 

RESOLUTION 12 

LINEARITY ERROR @. + 25."C ::t:I .. 
TMIN to TMAx ::t:I 

DIFFERENTIAL LINEARITY ERROR 
(Minimum Resolution for Which No 
Missing Codes arc; Gu.ir::.n.tcied) 12 I2 

UNIPOLAR OFFSET1 @ +25°C ::!:2 

BIPOLAR OFFSET1 @ + 25°C. ::!:6 

FULL-SCALE CALIBRATION ERROR1: 2 @ +25°C 
(with Fixed 50 !l Resistor from REF OUT to REF IN) 0.1 • 0;25 0.1 

TEMPERATURE RANGE 
-,. 

0 
,..,,-

+70 0 

TEMPERATURE DRIFT3 

(Using Internal Reference) 
Unipolar ::!:2 
Bipolar Offset ::!:2 
Full-Scale Calibration ::!:6 

POWER SUPPLY REJECTION 
~ 

Max Change in Full-Scale Calibration 
V cc = 15 V ±. 1.5 V or 12 V ± 0.6 V ::!:2' 
V LOGIC = 5 V ± 0.5 V ::!:I/2 
VEE = -15 V ± 1.5 V or -12 V ± 0.6 V ::!:2 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 
-10 +10 -10 

Unipo).ar 0 +10 0 
0 +20 0, 

Input Impedance 
10 Volt Span 3 5 7 3 5 
20 Volt Span 6 10 I4 6 10 

POWER SUPPLIES 
Operating Range 

VLOGIC +4.5 +5.5 +4.5 

Vee +1L4 +16.5 +11.4 

VEE -16.5 -11.4 -16.5 
Operatihg Current 

lu)GIC 3.5 7 3.5 
Ice 3.5 7 3.5 

IEE 10 14 10 

POWER CONSUMPTION 220 375 220 
175 175 

INTERNAL REFERENCE VOLTAGE 9.9 10.0 IO.I 9.9 10.0 
Output Current (Availlible for External Loads) 2.0 
(External Load Should Not Change During the Conversion) 

NOTES 
1 Adi11•table to zero. 
2Includes internal voltage reference eiror. 
'Maximum change from +25'C value to the value at TMJN or TMAx· 
"Tested with REF OUT tied to REF IN through 50 {}resistor, Vee= +16.5 V, V,, = -16.5 V, VLOoic = +5.5 V, and outputs in high-Z mode. 
'Tested with REF OPT tied to REF IN through 50 0 resistor, Vee= +12 V, v .. = -12 V, VLOG1c = +5 V, and outputs in high-Z mode. 

Specifications subject to change without notice. 

Max 

12 

::!:1/2 
::!:1/2. 

. ±2 

::!:3 

O.I25 

+70 

:!:I 
::t:I 
::!:2 

::t:I 
::t:l/2 
::t:I 

+5 
+10 
+10 
+20 

7 
I4 

+5.5 
+16.5 
-ll.4 

7 
7 
I4 

375 

I0.1 
2.0 

Specifications shown in boldface are tested on all devices at final electrical test at T MIN> + 25'C, and T MAX> and results from those tests are used to calculate 
outgoing quality levels. All min and max specifications are guaranteed, althollgh only those shown in boldface are tested. 
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AD674B/AD774B 

A Grade B Grade TGrade 
Min Typ Max Min Typ Max Min Typ Max Units 

12 12 12 Bits 

±1 ±1/2 ±1/2 LSB 
±1 ±112 ±1 LSB 

Ill 
12 12 12 Bits 

±2 ±2 ±2 LSB 

±6 ±3 ±3 LSB 

0.1 0.25 0.1 0.125 0.1 0.125 % ofFS 

-40 +85 -40 +85 -55 +125 oc 

±2 ±1 ±1 LSB 
±2 ±1 ±2 LSB 
±8 ±5 ±7 LSB 

±2 ±1 ±1 LSB 
±1/2 ±112 ±112 LSB 
±2 ±1 ±1 LSB 

-5 +5 -5 +5 -5 +5 Volts 
-10 +10 -10 +10 -10 +10 Volts 
0 +10 0 +10 0 +10 Volts 
0 +20 0 +20 0 +20 Volts 

3 5 7 3 5 7 3 5 7 kfl 
6 10 14 6 10 14 6 10 14 kfl 

+4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts 
+11.4 + 16.S +11.4 +16.5 +11.4 +16.5 Volts 
-16.5 -11.4 -16.5 -11.4 -J6.5 -Jl.4 Volts 

3.5 7 3.5 7 3.5 7 mA 
3.5 7 3.5 7 3.5 7 mA 
10 14 JO 14 JO 14 mA 

220 375 220 375 220 375 mW4 

175 175 J75 mW' 

9.9 10.0 10.1 9.9 10.0 10.1 9.9 JO.O 10.1 Volts 
2.0 2.0 2.0 mA 
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AD674B/AD774B 
DIGITAL SPECIFICATIONS (for all grades TM1N to TMAX• with Yee= +15 V ± 10% or +12 v ± 5%, VLoGic = +5 v ± 10%, 

II\ VEE= -15 V ± 10% or -12 V ± 5%) 

Parameter Test Conditions 

LOGIC INPUTS 
V1H High Level Input Voltage 
VIL Low Level Input Voltage 
Irn High Level Input Current VIN= VLOGIC 
I1L Low Level Input Current VIN= 0 v 
C1N Input Capacitance 

LOGIC OUTPUTS 
VoH High Level Output Voltage loH = 0.5 mA 
VoL Low Level Output Voltage loL = 1.6 mA 
loz High-Z Leakage Current V1N = 0 to VLomc 
Caz High-Z Output Capacitance 

ABSOLUTE MAXIMUM RATINGS* 
V cc to Digital Common ................. 0 to + 16.5 V 
VEE to Digital Common ................. 0 to -16.5 V 
V LOGIC to Digital Common . . . . . . . . . . . . ..... 0 to + 7 V 
Analog Common to Digital Common . . . . . . . . . . . . . . ± 1 V 
Digital Inputs to Digital Common . -0.5 V to VLoGic +0.5 V 
Analog Inputs to Analog Common . . . . . . . . . . . VEE to V cc 
20 VIN to Analog Common . . . . . . . . . . . . ....... ± 24 V 
REF OUT ............... Indefinite Short to Common 

. . . . . . . . . . . . . . ... Momentary Short to V cc 
Junction Temperature ...................... + 175'C 
Power Dissipation ........................ 825 mW 
Lead Temperature, Soldering ............. 300'C, 10 sec 
Storage Temperature ................ -65°C to + 150°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device·. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

ORDERING GUIDE 

Conversion INL 

Min Max 

+2.0 VLOGIC +0.5 v 
-0.5 +0.8 
-10 +10 
-10 +10 

10 

+2.4 
+0.4 

-10 +10 
10 

PIN CONFIGURATION 

REFIN 

BIPOFF 

10V1N 

20VIN 

Package 

STS 

0811 (MSB) 

0910 

089 

OBS 

087 

086 

084 

083 

082 

081 

OBO (LSB) 

DGND 

Package 
Model1 Temperature Time (max) (T MIN to T MAX) Description Option2 

AD674BJN 0°C to +70'C 15 µs ±1 LSB Plastic DIP N-28 
AD674BKN O'C to +70°C 15 µs ±112 LSB Plastic DIP N-28 
AD674BJR O'C to +70°C 15 µs ±1 LSB Plastic SOIC R-28 
AD674BKR 0°C to +70°C IS µs ±112 LSB Plastic SOIC R-28 
AD674BAD -40'C to +85'C 15 µs ±I LSB Ceramic DIP D-28 
AD674BBD -40°C to +85°C 15 µs ±112 LSB Ceramic DIP D-28 
AD674BTD -55°C to + 125'C 15 µs ±1 LSB Ceramic DIP D-28 
AD774BJN 0°C to +70°C 8 µs ±1 LSB Plastic DIP N-28 
AD774BKN O'C to +70'C 8 µs ±112 LSB Plastic DIP N,28 
AD774BJR O'C to +70°C 15 µs ±1 LSB Plastic SOIC R-28 
AD774BKR 0°C to +70'C 15 µs ±112 LSB Plastic SOIC R-28 
AD774BAD -40°C to +85°C 8 µs ±1 LSB Ceramic DIP D-28 
AD774BBD -40°C to +85°C 8 µs ±112 LSB Ceramic DIP D-28 
AD774BTD -55°C to + 125'C 8 µs ±1 LSB Ceramic DIP D-28 

NOTES 
1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD674B/AD774B/883B data sheet. 

2N = Plastic DIP; D = Hermetic DIP; R = Plastic SOIC. For outline information see Package Information section. 

2-42 ANALOG-TO-DIGITAL CONVERTERS 

Units 

v 
v 
µA 
µA 
pF 

v 
v 
µA 
pF 

REV.B 



1111111111 ANALOG 
WDEVICES 

FEATURES 
Autocalibrating 
On-Chip Sample-Hold Function 
Parallel Output Format 
16 Bits No Missing Codes 
±1 LSB INL 
-97 dB THO 
90 dB S/(N+DI 
1 MHz Full Power Bandwidth 

PRODUCT DESCRIPTION 
The AD676 is a multipurpose 16-bit parallel output analog-to
digital converter which utilizes a switched-capacitor/charge redis
tribution architecture to achieve a 100 kSPS conversion rate 
( 10 µs total conversion time). Overall performance is optimized 
by digitally correcting internal nonlinearities through on-chip 
autocalibration. 

The AD676 circuitry is segmented onto two monolithic chips
a digital control chip fabricated on Analog Devices DSP CMOS 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 

The AD676 is specified for ac (or "dynamic") parameters such 
as S/(N + D) Ratio, THD and IMD which are important in sig
nal processing applications. In addition, de parameters are speci
fied which are important in measurement applications. 

REV.A 

16-Bit 1 00 kSPS 
Sampling ADC 

AD676 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD676 operates from +5 V and ±12 V supplies and typi
cally consumes 360 mW during conversion. The digital supply 
(V DD) is separated from the analog supplies (V co VEE) for 
reduced digital crosstalk. An analog ground sense is provided 
for the analog input. Separate analog and digital grounds are 
also provided. 

The AD676 is available in.a 28-pin plastic DIP or 28-pin side
brazed ceramic package. A serial-output version, the AD677, is 
available in a 16-pin 300 mil wide ceramic or plastic package. 

ANALOG-TO-DIGITAL CONVERTERS 2-43 



AD676-SPECIFICATIONS 
AC SPECIFICATIONS (TMIN to TMAX• Yee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 103)1, 

AD676J/A AD676KIB 
Parameter Min Typ Max Min Typ Max Units 

Total Harmonic Distortion (THD)2 
@' 83 kSPS, T MIN to T MAX -96 -88 -97 -90 dB 

0.0016 0.004 0.0014 0.003 % 
@' 100 kSPS, + 25°C -96 -97 dB 

0.0016 0.0014 % 
@' 100 kSPS,TMIN to TMAX -92 -92 dB 

0.0025 0.0025 % 
Signal-to-Noise and Distortion Ratio (S/(N + 0))2 • 3 j 

@' 83 kSPS, T MIN to T MAX 85 89 87 90 dB 
@' 100 kSPS, +25°C 89 90 dB 
@' 100 kSPS, TMIN to T MAX . 86 86 dB 

Peak Spurious or Peak Harmoruc Component -98 -98 dB 
Intermodulation Diswrtion (IMD)4 

2nd Order Products -102 -102 dB 
3rd Order Products -98 -98 dB 

Full Power Bandwidth 1 1 MHz 
Noise 160 160 µVrms 

DIGITAL SPECIFICATIONS (for all grades TMIN to TMAX• Yee = +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%) 

Parameter Test Conditions Min Typ Max l)nits 

LOGIC INPUTS 
Vrn High-Level Input Voltage 2.4 Von +0.3 v 
VIL Low-Level Input Voltage -0.3 0.8 v 
Im High-Level Input Curr!!Ilt Vrn =Von -10 +10 µA 
IIL Low-Level Input Current Vu .. = OV -10 +10 µA 
CIN · Input Capacitance 10 pF 

LOGIC OUTPUTS 
VoH High-Level Output Voltage 10 H = 0.1 mA V00 - 1 V v 

= 0.5 mA 2.4 v 
VoL Low-I::evel Output Voltage loL = 1.6 mA 0.4 v 
NOTES. 
1V REF = 10.0 V, Conversion Rate (fs) = 83 kSPS, f1N = 1.0 kHz, V1N = -0.05 dB, Bandwidth = fs/2 unless otherwise indicated. All measurements referred to 
a 0 dB (20 V p-p) input signal. Values are post-calibration. 

'For other input amplitudes, refer to Figure 13. 
'For other input ranges/voltages reference val'!es see Figure 12. 
"fa = 1008 Hz, lb = 1055 Hz. See Definition of Specifications section and Figure 15. 

Specifications subject to change without notice. 
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DC SPECIFICATIONS (TMIN to TMAX• Yee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%)1 

AD676J/A 
Parameter Min Typ Max 

TEMPERATURE RANGE 
J, K Grades 0 +70 
A, B Grades -40 +85 

ACCURACY 
Resolution 16 
Integral Nonlinearity (INL) 

@' 83 kSPS, T MIN to T MAX ±1 
(ii' 100 kSPS, +25°C ±1 
@: 100 kSPS' T MIN to T MAX ±2 

Differential Nonlinearity (DNL)-No Missing Codes 16 
Bipolar Zero Error2 (at Nominal Supplies) 0.005 
Gain Error (at Nominal Supplies) 

(ii' 83 kSPS2 0.005 
(ii' 100 kSPS, + 25°C 0.005 
(ii' 100 kSPS2 0.01 

Temperature Drift, Bipolar Zero3 

J, K Grades 0.0015 
A, B Grades 0.003 

Temperature Drift, Gain3 

J, K Grades 0.0015 
A, B Grades 0.003 

VOLTAGE REFERENCE INPUT RANGE4 (VREF) 5 10 

ANALOG INPUT' 
Input Range (VIN) ±VREF 
Input Impedance * 
Input Settling Time 2 
Input Capacitance During Sample 50* 
Aperture Delay 6 
Aperture Jitter 100 

POWER SUPPLIES 
Power Supply Rejection 

v cc = + 12 v ± 5% ±1 
VEE= -12 v ± 5% ±1 
Voo = +5 v ± 10% ±1 

Operating Current 

Ice 14.5 18 

IEE 14.5 18 

loo 2 5 
Power Consumption 360 480 

NOTES 
1VREF = 5.0 V, Conversion Rate = 83 kSPS unless otherwise noted. Values are post-calibration. 
2Values shown apply to any temperature from T MIN to T MAX after calibration at that temperature. 

AD676K/B 
Min Typ 

0 
-40 

16 

±1 
±1 
±2 

16 
0.005 

0.005 
0.005 
0.01 

0.0015 
0.003 

0.0015 
0.003 

5 

* 
2 

6 
100 

±1 
±1 
±1 

14.5 
14.5 
2 
360 

AD676 

Max Units 

+70 oc 
+85 oc 

Bits 

±1.5 LSB 
LSB 
LSB 
Bits 
%FSR 

%FSR 
% FSR 
% FSR 
% FSR 
%FSR 
%FSR 

%FSR 
%FSR 

10 v 
~ 

±VREF v 

µs 
SO* pF 

ns 
ps 

LSB 
LSB 
LSB 

18 mA 
18 mA 
5 mA 
480 mW 

3Values shown are based upon calibration at +2S°C with no additional calibration at temperature. Values shown are the worst case variation from the value at 
+2S°C 

4See "APPLICATIONS" section for recommended voltage reference circuit, and Figure 12 for dynamic performance with other reference voltage values. 
'See "APPLICATIONS" section for recommended input buffer circuit. 
*F6r explanation of input characteristics, see "ANALOG INPUT" section. 

Specifications subject to change without notice. 
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AD676 

TIMING SPECIFICATIONS (TMIN to TMAX• Vee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%, VREF = 10.0 V)1 

Parameter Symbol Min Typ Max Units 

Conversion Time2 tc 10 1000 µs 
CLK Period' tcLK 480 ns 
Calibration Time tCT 85,530 tCLK 

Sampling Time (Included in tc) ts 2 µs 
CAL to BUSY Delay tcALB 75 150 ns 
BUSY to SAMPLE Delay tss 2 µs 
SAMPLE to BUSY Delay tsB 15 100 ns 
CLKHIGH4 tcH 50 ns 
CLKLOW4 tcL 50 ns 
SAMPLE LOW to !st CLK Delay tsc 50 ns 
SAMPLE LOW tsL 100 ns 
Output Delay too 125 200 ns 
Status Delay tso 50 ns 
CAL HIGH Time tcALH 50 ns 

NOTES 
1See the "CONVERSION CONTROL" and "AUTOCALIBRATION" sections for detailed explanations of the above timing. 
2Depends upon external clock frequency; includes acquisition time and,conversion time. The maximum conversion time is specified to account for the droop of 
the internal sample/hold function. Longer conversion times may degrade performance. See "General Conversion Guidelines" for additional explanation of maxi
mum conversion time. 

3580 ns is recommended for optimal accuracy over temperature. 
4tc11 I- tu. = tcLK and must be greater than 480 ns. 

BUSY 
(OUTPUT) 

Isa 

~ICALH---1 

CAL_JI ,_ -----<1;--------..,.
- I tcr ------------11 

--1 i--,___lc_A_LB--------<ff 

BUSY __J -.J 1--1cLK L 
lcH .__J 1-- loo -.[ !-

CLK~J1J1JlJUl 
lcL 

Figure 1. Calibration Timing 

1.1~ 
SAMPLE~ Lr::::::::::1:1r 
(INPUT) lsc 

(IN;~~-{ 
BIT 1-BIT 16 --{'"-.-.---='--- f5 ------.U

(OUTPUTS) ~fREWOUS CONVERSION) f5 

BUSY les !5 .------
(OUTPUT) 

lse 

Figure 2a. General Conversion Timing Figure 2b. Continuous Conversion Timing 
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ORDERING GUIDE 

Package 
Model Temperature Range1 S/(N+D) MaxINL Package Description Option2 

AD676JD 0°C to +70°C 85 dB Ceramic 28-Pin DIP D-28 
AD676KD 0°C to +70°C 87 dB ±1.5 LSB Ceramic 28-Pin DIP D-28 
AD676AD -40°C to +85°C 85 dB Ceramic 28-Pin DIP D-28 
AD676BD -40°C to +85°C 87 dB ±1.5 LSB Ceramic 28-Pin DIP D-28 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the AD676/883 data sheet. 
2D = Ceramic DIP. For outline information see Package Information section. 

ABSOLUTE MAXIMUM RATINGS* 
Vee to VEE ..................... -0.3 V to +26.4 V 
V00 to DGND .................... -0.3 V to +7 V 
Vee to AGND .................... -0.3 V to +18 V 
VEE to AGND .................... -18 V to +0.3 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ................. 0 to +5.5 V 
Analog Inputs, V REF to AGND 

· · · · · · · · · · . · · · · .... (Vee+ 0.3 V) to (VEE - 0.3 V) 
Soldering . . . . . . . . . . . . . . . . . . . . . . . . . + 300°C, 10 sec 
Storage Temperature ............. , .. -65°C to + 150°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

AD676 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
The AD676 features input protection circuitry consisting of large "distributed" diodes and polysilicon 
series resistors to dissipate both high energy discharges (Human Body Model) and fast, low energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD676 has been 
classified as a Category I Device. 

Proper ESD . precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment, and discharge without detection. Unused devices must be stored in conductive.foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa-
tion on ESD precaution, refer to Analog Devices' BSD Prevention Manual. 

WARNING! c:J 
~~EDEVICE 
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Pin Name 

1-6 BIT 11-BIT 16 

7 BUSY 

8 CAL 

9 SAMPLE 

10 CLK 

11 DGND 

12 Vee 
13 AGND 

14 AGND SENSE 

15 VIN 
16 VREF 
17 VEE 

18 Von 
19-28 BIT 1-BIT 10 

Type: AI = Analog Input 
DI = Digital Input 
DO ~ Digital Output 
P =Power 

PIN DESCRIPTION 

Type Description 

DO BIT 11-BIT 16 represent the six LSBs of data. 
-, 

DO Status Line for Converter. Active HIGH, indicating a conversion or calibration in progress. 
BUSY should be buffered when capacitively loaded. 

DI Calibration Control Pin (Asynchronous). 

DI V1N Acquisition Control Pin. Active HIGH. During conversion, SAMPLE controls the state of 
the internal sample-hold amplifier and the falling edge initiates conversion (see "Conversion 
Control" paragraph). During calibration, SAMPLE should be held LOW. If HIGH during 
calibration, diagnostic information will appear on the two LSBs (Pins 5 and 6). 

DI Master Clock Input. The AD676 requires 17 clock cycles to execute a conversion. 
p Digital Ground. 
p + 12 V Analog Supply Voltage. 

P/AI Analog Ground. 

AI Analog Ground Sense. 

AI Analog Input Voltage. 

AI External Voltage Reference Input. 
p -12 V Analog Supply Voltage. Note: the lid of the ceramic package is internally connected to 

VEE· 
p +5 V Logic Supply Voltage. 

DO BIT I-BIT 10 represent the ten MSB of data. 

Package Pinout Functional Block Diagram 
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Definition of Specifications 
NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
frequency" of a converter is that input frequency which is one 
half the sampling frequency of the converter. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is the ratio of therms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%)or decibels (dB). For 
input signals or harmonics that are above the Nyquist fre-
quency, the aliased components are used. · 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion is defined to be the ratio of the 
rms value of the measured input signal to the rms sum .of all 
other spectral components below the Nyquist frequency, includ
ing harmonics but excluding de. 

GAIN ERROR 
The last transition should occur at an analog value 1.5 LSB 
below the nominal full scale (4.99977 volts for a ±5 V range). 
The gain error is the deviation of the actual difference between 
the first and last code transition from the ideal difference 
between the first and last code transition. 

BIPOLAR ZERO ERROR 
Bipolar zero error is the difference between the ideal midscale 
input voltage (0 V) and the actual voltage producing the mid
scale output code. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are one LSB apart. Differen
tial nonlinearity is the maximum deviation from this ideal value. 
It is often speeified in terms of resolution for which no missing 
codes lire guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideiil transfer function for an ADC is a straight line bisect
ing the center of each code drawn between "zero" and "full 
scale." The point used as "zero" occurs 112 LSB before the most 
negative code transition. "Full scale" is defined as a level 
1.5 LSB beyond the most positive code transition. Integral non
linearity is the worst-case deviation of a code center average 
from the straight line. 
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AD676 
BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
ampliillde of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, -
of order (m + n), at sum and difference frequencies of mfa ± 
nfb, where m, n = O, 1, 2, 3 .... Intermodulation terms are 
those for which m or n is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb ), and the third 
order terms are (2 fa + fb ), (2 fa - fb ), (fa + 2 fb) and (fa - . 
2 fb). Tlte IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude, and the peak value of their sum is 
-0.5 dB from full scale. The IMD products are normalized to a 
0 dB input signal. 

APERTURE DELAY 
Aperture delay is the time required after SAMPLE pin is taken 
LOW for the internal sample-hold of the AD676 to open, thus 
holding the v.alue of V1~. 

APERTURE JITTER 
Aperture jitter is the variation in the aperture delay from sample 
to sample.' 

POWER SUPPLY REJECTION 
DC variations in the power supply voltage will affect the overall 
transfer function of the ADC, resulting in zero error and gain 
error changes. Power supply rejection is the maximum change in 
either the bipolar zero error or gain error value. Additionally, 
there is another power supply variation to consider. AC ripple 
on the power supplies can couple noise into the ADC, resulting 
in degradation of dynamic performance. This is displayed in 
Figure 16. 

INPUT SETTLING TIME 
Settling time is a function of the SH,l\'s ability .tP track fast 
slewing signals. This is specified as the maximilm time required 
in track mode after a full-scale step input to guarantee rated . 
conversion accuracy. 
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AD676 
FUNCTIONAL DESCRIPTION 
The AD676is a m:ultipuIJ!Ose 16-bit analog-to-digital converter 
and includes circuitry .which performs an input sample/hold 
function, ground sense; and autocalibration. These fun.ctions are 
segmented onto two monolithic chips-an analog sig~ proces
sor and a digital con.troller. Both chips are contained .. within the -
AD676 package. 

The AD676 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, 
instead of the tradition.al laser-trimmed resistor-ladder approach, 
this device uses a capacitor-array, charge redistribution. tech
nique. Binary-weighted capacitors subdivide the input sample to 
perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced mismatches of resistor values. Since a' 
capacitor array is used tO perform the data conversions, the 
sample/hold function is included without the need for additional 
external circuitry. 

Initial errors in capacitor matching are eliminated by an auto
calibration circuit within the AD676. This circuit employs an 
on-chip microcontroller and a calibration DAC to measure and 
compensate capacitor mismatch errors. As each error is deter
mined, its value is storCd in on-chip memory (RAM). Subse
quent conversions use these RAM values to improve conversion 
accuracy. The autocalibration routine may be_ invoked at any 
time. Autocalibration insu.res ,high performance while eliminat
ing the need for any user adjustments and is described in detail 
below. 

The microcontroller controls all of the various functions within 
the AD676. These include the actual successive approximatio.n 
algorithm, the autocalibration routine, the sample/hold opera
tion, .and the internal output data latch. 

AUTOCALIBRATION 
The AD676 achieves rated performance without the need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 

In the autocalibration sequence, sample/hold offset is nulled by 
internally connecting the input circuit to the ground sense cir
cuit .• The resulting offset voltage .is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is charged to the reference voltage. This 
charge is then transferred to a capacitor of equal size (composed 
of the sum of the remaining lower weight bits). The difference 
in the voltage that results and the reference voltage represents 
the amount of capacitor mismatch. A calibration digital-to
analog converter (DAC) adds an appropriate value of error cor
rection voltage to cancel this mismatch. This correction factor is 
also stored in RAM. This process is repeated for each of the 
capacitors representing the remaining top eight bits. The accu
mulated values in RAM are then used during subsequent con
versions to adjust conversion results' accordingly. 

As shown in Figure 1, when CAL is taken HIGH the AD676 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard
ware reset and will interrupt any conversion or calibration cur
rently in progress. Actual calibration begins when CAL is taken 
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LOW and completes in 85,530 clock cycles, ind,icated by.BUSY · 
going LOW. During calibration, it is preferable for SAMPLE to 
be held LOW. If SAMPLE is HIGH, diagnostic data will 
appear on Pins 5 and 6. This data is of no value to the user. 

The AD676 requires one clock cycle after BUSY goes LOW to 
complete the calibration cycle. If this clock cycle is not pro
vided, it will be taken from the first conversion, likely resulting 
in first conversion error. 

In most applications, it is sufficient to calibrate the AD676 only 
·upon power-up, in which case care should be taken that the 
power supplies and voltage reference have stabilized first. If not 
calibrated, the AD676 accuracy may be as low as 10 bits. 

CONVERSION CONTROL. 
The AD676 is c<introlled by two signals: SAMPLE and CLK, as 
shown in Figures 2a and 2b. It is assumed that the part has 
been calibrated and the digital 1/0 pins have· the levels shown at 
the start of the timing diagram. 

A conversion consists of an input acquisition followed by 17 
clock pulses which execute the 16-bit inti:rnal successive approx
imation routine. The analog input is acquired by taking the 
SAMPLE line HIGH for a minimtim sampling time of ts. The 
actual sample taken is the voltage present on VIN one aperture 
delay after the SAMPLE line is brought LOW, assuming the 
previous conversion has completed (signified by BUSY going 
LOW). Care should be taken to ensure that this negative edge is 
well defined and jitter free in ac applications .to reduce the 
uncertainty (noise) in signal acquisition. With SAMPLE going 
LOW, the AD676 commits itself to the conversion-the input at 
VIN is disconnected from the internal capacitor array, BUSY 
goes HIGH, and the SAMPLE input will be ignored until the · 
conversion is completed (when BUSY goes LOW). SAMPLE 
must. be held LOW for a minimum period of time tsv A period 
of time tsc after bringing SAMPLE LOW, the 17 CLK cycles 
are applied; CLK pulses that start before this period of time are 
ignored. BUSY goes HIGH tsB after SAMPLE goes LOW, sig: 
nifying that a conversion is in process, and remains HIGH until 
the conversion is completed. BUSY goes LOW during the 17ti). 
CLK cycle at the point where the data outputs have changed . 
and are valid.,.The AD676 will ignore CLK after BUSY has 
gone LOW and the output data will remain-constant until a new 
conversion is completed. The data can, therefore, be read any 
time after BUSY goes LOW and before the 17th CLK of the 
next conversion (see Figures 2a and 2b). The section on Micro
processor Interfacing discusses how the AD676 can be interfaced 
to a 16-bit databus. 

Typically BUSY would be used to latch the AD676 output data 
into buffers or to interrupt microprocessors or DSPs. It is 
recommended that the capacitive load on BUSY be minimized 
by driving no more than a single logic input. Higher capacitive 
loads such as cables or multiple gates may degrade conversion 
quality unless BUSY is buffered. 

CONTINUOUS CONVERSION 
For maximum throughput rate, the AD676 can be operated in a 
continuous convert mode (see Figure 2b). This is accomplished 
by utilizing the fact that SAMPLE will no longer be ignored 
after BUSY goes LOW, so an· acquisition may be initiated even 
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during the HIGH time of the 17th CLK pulse for maximum 
throughput rate while enabling full settling of the sample/hold 
circuitry. If SAMPLE is already HIGH when BUSY goes LOW 
at the end of a conversion, then an acquisition is immediately 
initiated and ts and tc start from that time. Data from the previ
ous conversion may be latched up to tsn before BUSY goes 
LOW or t00 after the rising edge of the 17th clock pulse. How
ever, it is preferred that latching occur on or after the falling edge 
ofBUSY. 

Care must be taken to adhere to the minimum/maximum timing 
requirements in order to preserve conversion accuracy. 

GENERAL CONVERSION GUIDELINES 
During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is 
possible to run CLK continuously, even during the sample 
period. However, CLK edges during the sampling period, and 
especially when SAMPLE goes LOW, may inject noise into the 
sampling process. The AD676 is tested with no CLK cycles 
during the sampling period. The BUSY signal can be used to 
prevent the clock from running during acquisition, as illustrated 
in Figure 3. In this circuit BUSY is used to reset the circuitry 
which divides the system clock down to provide the AD676 
CLK. This serves to interrupt the clock until after the input 
signal has been acquired, which has occurred when BUSY goes 
HIGH. When the conversion is completed and BUSY goes 
LOW, the circuit in Figure 3 truncates the 17th CLK pulse 
width which is tolerable because only its rising edge is critical. 

SAMPLE 9 

Figure 3. 

Figure 3 also illustrates the use of a counter (74HC393) to 
derive the AD676 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro
vides a 96 kHz sample rate for the AD676 when used with a 
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be 
used for a 48 kHz rate. 

If a continuous clock is used, then the user must avoid CLK 
edges at the instant of disconnecting VIN which occurs at the 
falling edge of SAMPLE (see tsc specification). The duty cycle 
ofCLK may vary, but both the HIGH Ctcttl and LOW (tcL) 
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phases must conform to those shown in the timing specifica
tions. The internal comparator makes its decisions on the rising 
edge of CLK. To avoid a negative edge transition disturbing the 
comparator's settling, tcL should be at least half the value of 
tcLK. To also avoid transitions disturbing the internal compara
tor's settling, it is not recommended that the SAMPLE pin 
change state toward the end of a CLK cycle. 

During a conversion, internal de error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and 
used to correct for their corresponding errors when needed. 
Because these voltages are stored on capacitors, they are subject 
to leakage decay and so require refreshing. For this reason there 
is a maximum conversion time tc (1000 µs). From the time 
SAMPLE goes HIGH to the completion of the 17th CLK pulse, 
no more than 1000 µs should elapse for specified performance. 
However, there is no restriction to the maximum time between 
conversions. 

Output coding for the AD676 is twos complement, as shown in 
Table I. By inverting the MSB, the coding can be converted to 
offset binary. The AD676 is designed to limit output coding in 
the event of out-of-range inputs. 

Table 1. Output Coding 

>Full Scale 
Full Scale 
Full Scale - 1 LSB 
Midscale + 1 LSB 
Midscale 
Midscale - 1 LSB 
- Full Scale + 1 LSB 
-Full Scale 
<-Full Scale 

Output Code 

Ott ... tt 
Ott ... tt 
Ott ... 10 
000 ... 01 
000 ... 00 
Ill ... tt 
100 ... 01 
100 ... 00 
100 ... 00 

POWER SUPPLIES AND DECOUPLING 
The AD676 has three power supply input pins. V cc and VEE 
provide the supply voltages to operate the analog portions of the 
AD676 including the ADC and sample-hold amplifier (SHA). 
V DD provides the supply voltage which operates the digital por
tions of the AD676 including the data output buffers and the 
autocalibration controller. 

As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor
mance of the circuit. Optimally, well regulated power supplies 
with less than 1 % ripple should be selected. The ac output 
impedance of a power supply is a complex function of fre
quency, and in general will increase with frequency. In other 
words, high frequency switching such as that encountered with 
digital circuitry requires fast transient currents which most 
power supplies cannot adequately provide. This results in volt
age spikes on the supplies. If these spikes exceed the ±5% toler
ance of the ± 12 V supplies or the ± 10% limits of the + 5 V 
supply, ADC performance will degrade. Additionally, spikes at 
frequencies higher than 100 kHz will also degrade performance. 
To compensate for the finite ac output impedance of the sup
plies, it is necessary to store "reserves" of charge in bypass 
capacitors. These capacitors can effectively lower the ac imped
ance presented to the AD676 power inputs which in turn will 
significantly reduce the magnitude of the voltage spikes. For 
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AD676 
bypassing to be effective, certain guidelines should be followed. 
Decoupling capadtor8, typiCally 0.1 µ:F; should be placed as 
closely as j>ossible to each power supply pin of the AD676. It is 
essential that these capadtors be placed ph9'Sically close to the 
IC to minimize the inductance of the PCB trace between the· 
capacitor and the supply pin. The logic supply (V 00) should be 
decoupled to digital comirton ancl the analog supplies (V cc and 
VEE) to analog common. The reference input is also collsiderecl 
as a power supply pin in this regard and the same decoupling 
procedures apply. These points are displayed in Figure 4. 

+SV AD676 

0.1~1F 
SYSTEM SYSTEM · 12V ~12V 
DIGITAL ANALOG 

COMMON COMMON 

Figure4. Grounding and Decoupling the AD676 

Additionally, it is beneficial to have large capacitors (>47 µF) 
located at the point where the power connects to the PCB with 
10 µF capacitors located in the viciµity of the ADC to further 
reduce low frequency ripple. In systems that will be subjected to 

particularly harsh environmental noise, additional decoupling 
may be necessary. RC-filtering on each .power supply combined 
with dedicated voltage regulation can substantially decrease 
power supply rlpple effects (this is further detailed in Figure 7). 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a sjgpificant issue. 
A 1.22 mA current through a O.S O trace will de~elop a voltage 
drop'of 0.6 mV, which is 4.LSBs at the 16-bit level for a 10 V 
full-scale span. In. addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital siguais. 

Analog arid digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed dose to it .. Using this approach, signal loops 
enclose a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable; with a single 
interconnection point at the AD676 to minimize interference 
l?etween analog and digital circuitry. Analog signals should be 
routed as far as possible from digital signals and should cross 
them, if at all; only. at right angles. A solid analog ground plane. 
around the AD676,.~ll isolate it from large switching ground · 
currents. For these reasons, the use of_wire wrap circuit CQl}.

struction will not proyicle adequate performance; careful printed 
circuit bOard construction' is preferred. · 

,!. 

2-52 ANALOG-TO-DIGITAL CONVERTERS 

GROUNDING 
The AD676 has thr~e grounding pins, designated ANALOG 
GROUND (AGND), DlGITALGROUND (DGND) and . 
ANALOG GROUND SENSE (AGND SENSE). The analog 
ground pin' is the "high quality" ground reference point for the 
device, and sh~uld be connected to the analog common' Point in 
the sy~tem. . . · · 

AGND SENSE is intended to be connected. to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground, point in the system and the input 
signal grom:1:d point. However no more than 100 mV is recom
mended between the AGND and the AGND SENSE pins for 
specified performance, 

Using AGND .SENSE to remotely sense the ground potential 
of the signal source can be useful if the signal has to be carried 
some distance to the; AID converter. Since all IC ground cur
rents have Jo return. to the· power supply aiid no ground leads 
are free from resistance and inductance, .there are always some 
voltage differences from one ground point in a system to another. 

Over distance this voltage difference can easily amount to sev
eral LSBs (in a 10 V input span, 16-bif system each LSB is 
about O. lS m V). This would directly corrupt the AID input sig
nal if the AID measures its input with respect to power ground 
(AGND) as shown in Figure Sa. To solve this problem the 
AD676 offers an AGND SENSE pin. Figure Sb shows how the 
AGND SENSE can, be used to eliminate the problem in Figure 
Sa. Figure Sb also shows how the signal wires should be shielded 
in a noisy environment to avoid capacitive coupling~ If inductive 
(magnetic) coupling is expected to be dominant such as where 
motors are presellt, twisted-pair wfres should be used instead. 

The digital ground pin is the reference point for ·an of the digital 
signals that operate the AD676. This pin should be connected to 
the digital common point in the .system. As Figure 4 illustrated, 
the analog and digital grounds should be connected together at 
one point in the system, preferably at the AD676. 

AD676 

~-------------! v,. 
·SOURCE 

"s 

GROUND LEAD ____,. IGROUND > 0 

AGND 

TO POWER 
SUPPLYGND 

Figure 5a. Input to the AID Is Corrupted by IR Drop in 
Ground Leads: V,N = Vs+ LIV. 

SOURCE 

"s 

GROUND LEAD 

SHIELDED CABLE 

____.. ~GROUND > 0 

AD676 
v,. 
AGND 
SENSE 

TO POWER 
. SUPPL Y-GND 

Figure 5b. AGND SENSE Eliminates the Problem in 
Figure 5a. 
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VOLTAGE REFERENCE 
The AD676 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer
ence voltage; in general, a reference voltage of n volts allows an 
input range of ±n volts. The AD676 is specified for both 10 V 
and 5.0 V references. A 10 V reference will typically require 
support circuitry operated from ± 15 V supplies; a 5.0 V refer
ence may be used with ± 12 V supplies. Signal-to-noise perfor
mance is increased proportionately with input signal range. In 
the presence of a fixed amount of system noise, increasing the 
LSB size (which results from increasing the reference voltage) 
will increase the effective S/(N + D) performance. Figure 12 
illustrates S/(N + D) as a function of reference voltage. In con
trast, INL will be optimal at lower reference voltage values 
(such as 5 V) due to capacitor nonlinearity at higher voltage 
values. 

During a conversion, the switched capacitor array of the AD676 
presents a dynamically changing current load at the voltage ref
erence as the successive-approximation algorithm cycles through 
various choices of capacitor weighting. (See the following section 
"Analog Input"' for a detailed discussion of the V REF input char
acteristics.) The output impedance of the reference circuitry 
must be low so that the output voltage will remain sufficiently 
constant as the current drive changes. In some applications, this 
may require that the output of the voltage reference be buffered 
by an amplifier with low impedance at relatively high frequen
cies. In choosing a voltage reference, consideration should be 
made for selecting one with low noise. A capacitor connected 
between REF IN and AGND will reduce the demands on the 
reference by decreasing the magnitude of high frequency compo
nents required to be sourced by the reference. 

Figures 6 and 7 represent typical design approaches. 

+12V 

Figure 6. 

Figure 6 shows a voltage reference circuit featuring the 5 V out
put AD586. The AD586 is a low cost reference which utilizes a 
buried Zener architecture to provide low noise and drift. Over 
the 0°C to + 70°C range, the AD586L grade exhibits less than 
2.25 mV output change from its initial value at + 25°C. A noise
reduction capacitor, CN, reduces the broadband noise of the 
AD586 output, thereby optimizing the overall performance of 
the AD676. It is recommended that a 10 µF to 47 µF high 
·quality tantalum capacitor be tied between the V REF input 
of the AD676 and ground to minimize the impedance on the 
reference. 

REV.A 

AD676 

Figure 7. 

Using the AD676 with ±10 V input range (VREF = 10 V) typi
cally requires ± 15 V supplies to drive op amps and the voltage 
reference. If ± 12 V is not available in the system, regulators 
such as 78Ll2 and 79Ll2 can be used to provide power for the 
AD676. This is also the recommended approach (for any input 
range) when the ADC system is subjected to harsh environments 
such as where the power supplies are noisy and where voltage 
spikes are present. Figure 7 shows an example of such a system 
based upon the 10 V AD587 reference, which provides a 
300 µ V LSB. Circuitry for additional protection against power 
supply disturbances has been shown. A 100 µF capacitor at each 
regulator prevents very large voltage spikes from entering the 
regulators. Any power line noise which the regulators cannot 
eliminate will be further filtered by an RC filter (10 DJlO µF) 
having a - 3 dB point at 1.6 kHz. For best results the regulators 
should be within a few centimeters of the AD676. 

ANALOG INPUT 
As previously discussed, the analog input voltage range for the 
AD676 is ±VREF· For purposes of ground drop and common 
mode rejection, the VIN and VREF inputs each have their own 
ground. V REF is referred to the local analog system ground 
(AGND), and V1N is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 

The AD676 analog inputs (V1w VREF and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. During this time the input pin 
exhibits typically 20 kO input resistance, 10 pF input capaci
tance and ±40 µA bias current. Next, the input is switched 
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directly to the now precharged capacitor and allowed to fully 
settle. During this time the input sees only a 50 pF capacitor. 
Once the sample is taken, the input is internally floated so that 
the external input source sees a very high input resistance and a 
parasitic input capacitance of typically only 2 pF. As a result, 
the only dominant input characteristic which must be considered 
is the high current steps which occur when the internal buffers 
are switched in and out. 

In most cases, these characteristics require the use of an external 
op amp to drive the input of the AD676. Care should be taken 
with op amp selection; even with modest loading conditions, 
most available op amps do not meet the low distortion require
ments necessary to match the performance capabilities of the 
AD676; Figure 8 represents a circuit, based upon the AD845, 
recommended for low noise, low distortion ac applications. 

For applications optimized more for low bias and low offset than 
speed or bandwidth, the AD845 of Figure 8 may be replaced by 
the OP-27. 

Figure 8. 

AC PERFORMANCE 
AC parameters, which include S/(N + D), THD, etc., reflect the 
AD676's effect on the spectral content of the analog input sig
nal. Figures 12 through 16 provide information on the AD676's 
ac performance under a variety of conditions. 

As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param
eters as S/(N + D). AD676 performance may be optimized by 
operating the device at its maximum sample rate of 100 kSPS 
and digitally filtering the resulting bit stream to the desired sig
nal bandwidth. This succeeds in distributing noise over a wider 
frequency range, thus reducing the noise density in the fre
quency band of interest. This subject is discussed in the follow
ing section. 

OVERSAMPLING AND NOISE FILTERING 
The Nyquist rate for a converter is defined as one-half its sam
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its highest frequency component of interest in order 
to preserve the informational content·. Oversampling is a conver
sion technique in which the sampling frequency is more than 
twice the frequency bandwidth of interest. In audio applications, 
the AD676 can operate at a 2 x F8 oversampling rate, where F8 

= 48 kHz. 
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In quantized systems, the informational content of the analog 
input is represented in the frequency spectrum from d.c to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency noise and signal components. Antialias, or low 
pass, filters are used at the input to the ADC to reduce these 
noise and signal components so that their aliased components do 
not corrupt the baseband spectrum. However, wideband noise 
contributed by the AD676 will not be reduced by the antialias 
filter. The AD676 quantization noise is evenly distributed from 
de to the Nyquist rate, and this fact can be used to minimize its 
overall affect. 

The AD676 quantization noise effects can be reduced by 
oversampling-sampling at a rate higher than that defined by 
the .Nyquist theorem. This spreads the noise energy over a 
bandwidth wider than the frequency band of interest. By judi
cious selection of a digital decimation filter, noise frequencies 
outside the bandwidth of interest may be eliminated. 

The process of analog to digital conversion inherently produces 
noise, known as quantization noise. The magnitude of this noise 
is a function of the resolution of the converter, and manifests 
itself as a limit to the theoretical signal-to-noise ratio achievable. 
This. limit is described by S/(N + D) = (6.02n + I. 76 + 10 log 
Fs/2F A) dB, where n i's tl;te resolution of the converter in bits, 
F8 is the sampling frequency, and Fa is the signal bandwidth of 
interest. For audio bandwidth applications, the AD676 is capa
ble of operating at a 2 x oversample rate (96 kSPS), which typi
cally produces an improvement in S/(N + D) of 3 dB compared 
with operating at the Nyquist conversion rate of 48 kSPS. Over
sampling has another advantage as well; the demands on the 
antialias filter are lessened. In summary, system performance is 
optimized by running the AD676 at or near its maximum sam
pling rate of 100 kHz and digitally filtering the resulting spec
trum to eliminate undesired frequencies. 

DC CODE UNCERTAINTY 
Ideally, a fixed de input should result in the same output code 
for repetitive conversions. However, as a consequence of system 
noise and circuit noise, for a given input voltage there is a range 
of output codes which may occur. Figure 9 is a histogram of the 
codes resulting from 1000 conversions of a typical input voltage 
by the AD676 used with a 10 V reference. 

-1 0 2 
DEVIATION FROM CORRECT CODE - LSBs 

Figure 9. Distribution of Codes from 1000 Conversions, 
Relative to the Correct Code. 
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The standard deviation of this distribution is approximately 
0.5 LSBs. If less uncertainty is desired, averaging multiple con
versions will narrow this distribution by the inverse of the 
square root of the number of samples; i.e., the average of 4 con
versions would have a standard deviation of 0.25 LSBs. 

MICROPROCESSOR INTERFACE 
The AD676 is ideally suited for use in both traditional de mea
surement applications supporting a microprocessor, and in ac 
signal processing applications interfacing to a digital signal pro
cessor. The AD676 is designed to interface with a 16-bit data 
bus, providing all output data bits in a single read cycle. A vari
ety of external buffers, such as 74HC541, can be used with the 
AD676 to provide 3-state outputs, high driving capability, and 
to prevent bus noise from coupling into the ADC. The following 
sections illustrate the use of the AD676 with a representative 
digital signal processor and microprocessor. These circuits pro
vide general interface practices which are applicable to other 
processor choices. 

ADSP-2101 
Figure lOa shows the AD676 interfaced to the ADSP-2101 D.SP 
processor. The AD676 buffers are mapped in the ADSP-210l's 
memory space, requiring one wait state when using a 12.5 MHz 
processor clock. 

The falling edge of BUSY interrupts the processor, indicating 
that new data is ready. The ADSP-2101 automatically jumps to 
the appropriate service routip.ewith minimal overhead; The 
interrupt routine then instructs the processor to read the new 
data using a memory read instruction. 

IRQ2 !--------------, 

16 

ADSP-2101 BUSY 

BIT 1-BIT16 

AD676 

Figure 10a. 
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Figure !Ob shows circuitry which would be included by a typi
cal address decoder for the output buffers. In this case, a data 
memory access to any address in the range 3000H to 37FFH 
will result in the output buffers being enabled. 

The AD676 CLK and SAMPLE can be generated by dividing 
down the system clock as described earlier (Figure 3), or if the 
ADSP-2101 serial port clocks are not being used, they can be 
programmed to generate CLK and SAMPLE. 

80286 

A13 

A12 

A11 

OMS 

cs 

Figure 10b. 

The 80286 16-bit microprocessor can be interfaced to a buffered 
AD676 without any generation of wait states. As seen in Figure 
11, BUSY can be used both to control the AD676 clock and to 
alert the processor when new data is ready. In the system 
shown, the 80286 should be configured in an edge triggered, 
direct interrupt mode (integrated controller provides the inter
rupt vector). Since the 80286 does not latch interrupt signals, 
the interrupt needs to be internally acknowledged before BUSY 
goes HIGH again during the next AD676 conversion (BUSY= 
0). Depending on whether the AD676 buffers are mapped into 
memory .or I/O space, the interrupt service routine will read the 
data by using either the MOV or the IN instruction. To be able 
to read all the 16 bits at once, and thereby increase the 80286's 
efficiency, the buffers should be located at an even address. 

BIT1-BIT16 

AD676 

t-;:=:=:=:=:=:=:::;-::::::1SAMPLE 
CLK 

BUSY 

Figure 11. 
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A0676 - Typical Dynamic Performance 
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Figure 12. S!(N+D) and THO vs. VREF 
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Figure 13. Sl(N+D) and THO vs. Input Amplitude 
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W.ANALOG 
WDEVICES 

FEATURES 
Autocalibrating 
On-Chip Sample-Hold Function 
Serial Output 
16 Bits No Missing Codes 
±1 LSB INL 
-99 dB THO 
92 dB S/(N+DI 
1 MHz Full Power Bandwidth 

PRODUCT DESCRIPTION 
The AD677 is a multipurpose 16-bit serial output analog-to
digital converter which utilizes a switched-capacitor/charge redis
tribution architecture to. achieve a 100 kSPS conversion rate 
(10 µs total conversion time). Overall performance is optimized 
by digitally correcting internal nonlinearities through on-chip 
autocalibration. 

The AD677 circuitry is segmented onto two monolithic chips
a digital control chip fabricated on Analog Devices DSP CMOS 
process and an analog ADC chip fabricated on our BiMOS II 
process. Both chips are contained in a single package. 

The AD677 is specified for ac (or "dynamic") parameters such 
as S/(N+D) Ratio, THD and IMD which are important in sig
nal processing applications. In addition, de parameters are speci
fied which are important in measurement applications. 

The AD677 operates from +5 V and ±12 V supplies and typi
cally consumes 450 mW using a 10 V reference (360 mW with 
5 V reference) during conversion. The digital supply (V00) is 
separated from the analog supplies (V cc• VEE) for reduced digi
tal crosstalk. An analog ground sense is provided to remotely 
sense the ground potential of the signal source. This can be use
ful if the signal has to be carried some distance to the AID con
verter. Separate analog and digital grounds are also provided. 

The AD677 is available in a 16-pin narrow plastic DIP, 16-pin 
narrow side-brazed ceramic package, or 28-lead SOIC. A parallel 
output version, the AD676, is available in a 28-pin ceramic or 
plastic DIP. All models operate over a commercial temperature 
range of O"C to + 70"C or an industrial range of -40"C to 
+85°c. 

REV.A 

16-Bit 100 kSPS 
Sampling ADC 

AD677 I 
FUNCTIONAL BLOCK DIAGRAM 

V1N 

AGNDSENSE 9 

VREF 

MICROCODED 
CONTROLLER 

PRODUCT HIGHLIGHTS 

AD677 

1. Autocalibration provides excellent de performance while 
eliminating the need for user adjustments or additional exter
nal circuitry. 

2. ±5 V to ±10 V input range (±VREF). 

3. Available in 16-pin 0.3" skinny DIP or 28-lead SOIC. 

4. Easy serial interface to standard ADI DSPs. 

5. TTL compatible inputs/outputs. 

6. Excellent ac performance: -99 dB THD, 92 dB S/(N + D), 
peak spurious -101 dB. 

7. Industry leading de performance: 1.0 LSB INL, ±1 LSB full 
scale and offset. 
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AD6J7 :tSPECIFICATIONS '~ , 

AO S~ECIFICATIONS rr.11 to TMAX• Yee= +12 V ± 5%, VEE= -12 V ± 5%, Y00 = +5'V .!:!:: 1o%)l 
.. 

.. 
AD677J/A AD677K/B 

. .. 

Paranteter · Min Typ Max Min Typ Mu Units 

Total Harmonic Distortion (THD)2 

@ 83 kSPS, TMIN to TMAx -97 -92 -99 -95 -dl3. 
@ 100 kSPS, +25°C -97 .-92 -99 -95 dB 
@ 100 kSPS, TMIN to TMAx -93 -95 dB 

Signal-to-Noise and Distortion Ratio (S/(N + D))2• 3 
" @ 83 kSPS, tM~ to TMAX · 89 91 90 92 dB 

@ 100 kSPS, +25°C 89 91 90 92 dB 
@ 100 kSPS~ Ti..IN to TMAx 89 90 dB.· 

Peak Spurious or Peak Harmonic Component -101 -101 dB. 
Intermodulation Distortion (IMD)4 

'. 

2nd Ordei Products -102 -102 dB 
3rd Order Products -98 -98 dB 

Full Power Bandwidth 1 1 MHz 
Noise ' 160 160 µ.V rms 

--:-:-- ,-::-

DIGITAL SPECIFICATIONS (for all grades TMiN to TMAX, Yee = +12 V ± 5%, VEE= -12 V ± 5%, Y00 = +5 V ± 10%) 

ParanietC, Test Conditions Min Typ Mu Units 

LOGIC INPUTS · . 
V1H High Level Input Voltage 2.0 V00 + 0.3 v 
VIL Low Level Input Voltage -0.3 o.s "V 
l1H High Level Input Current Vrn =Von -10 +10 "µ.A 

111:. Low Level Input Current 'V1L = ov -10 +10 µA ' 
CiN Input Capacitance 10 pF 

LOGIC .OUTPUTS 

VoH High Level Output Voltage loH = 0.J mA V00 -.1 V ,V 
= 0.5 mA 2.4 v. 

VoL Low Level Output Voltage loL = 1.6 mA o .. 4 v 
NOTES . . . · · .. 
'VREF = 10 .. 0 V, Conversion Rate = 100 kSPS, f1N = 1.0 kHz, .VIN ;,, ...:o.05 dB, Bandwidth = 50 kHz un\ess Otl\OJ'Wise indicated. All measurements referred 
to a 0 dB (20 V p-p) input signal. V 81\les are post-calibration.' · 

2For other input amplitudes, refer to Figure 12. 
'For dynamic performance with different voltage refereitce values see Figure 11. 
4fa = 1008 Hz, fb = 1055 Hz. See Definition of Specifications section '!Jld Figure 16. 
Specifications subfect 'to change without n<itiee. . . . 
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AD677 
DC SPECIFICATIONS (TMIN to TMAX, Yee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%)1 

AD677J/A AD677K/B 
Parameter Min Typ Max Min Typ Max Units 

TEMPERATURE RANGE 
J, K Grades 0 +70 0 +70 °C 
A, B Grades -40 +85 -40 +85 "C 

ACCURACY 
Resolution 16. 16 Bits 
Integral Nonlinearity (INL) 

@ 83 kSPS, T MIN to T MAX ±1 ±1 ±1.5 LSB 
@ 100 kSPS, +25°C ±1 +l ±1.5 LSB 
@ 100 kSPS, TMIN to TMAX ±2 ±2 LSB 

Differential Nonlinearity (DNL)-No Missing Codes 16 16 Bits 
Bipolar Zero Error ±2 ±4 ±1 ±3 LSB 
Positive, Negative FS Errors2 

@ 83 kSPS ±2 ±4 ±1 ±3 LSB 
@ 100 kSPS, +25°C ±2 ±4. ±1 ±3 LSB 
@ 100 kSPS ±4 ±4 LSB 

TEMPERATURE DRIFT' 
Bipolar Zero ±0.5 ±0.5 LSB 
Positive Full Scale ±0.5 ±0.5 LSB 
Negative Full Scale ±0.5 ±0.5 LSB 

VOLTAGE REFERENCE INPUT RANGE4 (VREF) 5 10 5 10 v 
ANALOG INPUT5 

Input Range (V1N) ±VREF ±VREF v 
Input Impedance * * 
Input Settling Time 2 2 fl.S 
Input Capacitance During Sample 50* 50* pF 
Aperture Delay 6 6 ns 
Aperture Jitter 100 100 ps 

POWER SUPPLIES 
Power Supply Rejection6 

v cc = + 12 v ± 5% ±0.5 ±0.5 LSB 
VEE = -12 v ± 5% ±0.5 ±0.5 LSB 
V00 = +5 V ± 10% ±0.5 ±0.5 LSB 

Operating Current 
VREF = +5 v 

Ice 14.5 18 14.5 18 mA 
IEE 14.5 18 14.5 18 -mA 
loo 3 5 3 5 mA 

Power Consumption 360 480 360 480 mW 
VREF = +lOV 

Ice 18 24 18 24 mA 
IEE 18 24 18 24 -mA 
loo 3 5 3 5 mA 

Power Consumption 450 630 450 630 mW 

NOTES 
'VaeF = 10.0 V, Conversion Rate= 100 kSPS unless otherwise noted. Values are post-.calibration. 
"Values shown apply to any temperature from T MIN to T MAX after calibration at that temperature at nominal supplies. 
'Values shown are based upon calibration at + 25"C with no ~tional calibration at temperature. Values shown are the typical variation from the value at + 25"C. 
•see "APPLICATIONS" section for recommended voltage reference circuit, and Figure 11 for dynamic performance with other reference voltage values. 
'See "APPLICATIONS" section for recommended input buffer circuit. 
'Typical deviation of bipolar zero, -full scale on +full scale from min to max rating. 
*For explanation of input ~teris?cs, see "ANALOG INPUT'' section. 
Specifications subject to change ~ithout notice. 
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AD677 
TIMING SPECIFICATIONS (TMIN to TMAX• Yee= +12 Y ± 5%, VEE= -12 Y ± 5%, Y00 = +5 Y ± 10%)1 

Parameter Symbol Min Typ Max Units 

Conversion Periodi, 3 tc 10 1000 µs 
CLK Period4 tCLK 480 ns 
Calibration Time tcT 8SS32 lcLK 
Sampling Time ts 2 µs 
Last CLK to SAMPLE Delay5 tLCS 2.1 µs 
SAMPLE Low tsL 100 ns 
SAMPLE to Busy Delay tsB 30 7S ns 
1st CLK Delay tpco so ns 
CLK Low6 lcL so ns 
CLK High6 lcH so ns 
CLK to BUSY Delay lcs 180 300 ns 
CLK to SDATA Valid lco 50 100 17S ns 
CLK to SCLK High tcsH 100 180 300 ns 
SCLK Low tscL so 80 ns 
SDATA to SCLK High tosH so 80 ns 
CAL High Time tCALH so ns 
CAL to BUSY Delay tcALB 15 so ns 

NOTES 
'See the "CONVERSION CONTROL" and "AUTOCALIBRATION" sections for detailed explanations of the above timing. 
2Depends upon external clock frequency; includes acquisition time and conversion time. The maximum conversion period is specified to account for the droop 
of the internal sample/hold function. Operation at slower rates may degrade performance. 

3£c ;--:- tFCD + 16 X tCLK + [LCS 
4580 ns is recommended for optimal accuracy over temperature (not necessary during calibration cycle). 
5If SAMPLE goes high before the 17th CLK pulse, the device will start sampling approximately 100 ns after the rising edge of the 17th CLK pulse. 
6tcH + tcL = tcLK and must be greater than 480 ns. 

CAL '4- lcALH -.j lcT 

(INPUT)_} \'--------lr---------.,.---
BUSY ~ '4- lcALe I I I 

(OllTPUT)__J I I ~----
IFCD -.i 14- ~ Ice ~ I 

(IN;~~~~ 
tc"-+J fl 85530 85531 85532 

~-lcL 
tCLK 

*SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE 
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH. 

Figure 1. Calibration Timing 

~=:~~ _J-'· ~m:rnrnrn1rnmm f5 fw:1rn:rnmmwwmrn1rni1]+: ,.=L 
ts.Ir= I BUSY ! , 

(OUTPUT) 

--,,C-D~__,-.r ~lcH ~ ILcS -1 
(IN~~~ 

lcLKt- ::llcsHl-
SCLK~rtr'> 

(OllTPUT) ' j I v v '' 
lco ~CL -j ~ losH -1 ~ 

·soATA~BIT 
(011TPUT)~~1~3~~--

BIT 
16 

'SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE 
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH. 

Figure 2. General Conversion Timing 
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CAUTION 

ORDERING GUIDE 

Package 
Model Temperature Range S/(N+D) Max INL Package Description Option* 

AD677JN 0°C to +70°C 89 dB Typ Only Plastic 16-Pin DIP N-16 
AD677KN 0°C to +70°C 90 dB ±1.S LSB Plastic 16-Pin DIP N-16 
AD677JD 0°C to +70°C 89 dB Typ Only Ceramic 16-Pin DIP D-16 
AD677KD 0°C to +70°C 90 dB ±1.S LSB Ceramic 16-Pin DIP D-16 
AD677JR D°C to +70°C 89 dB Typ Only Plastic 28-Lead SOIC R-28 
AD677KR 0°C to +70°C 90 dB ±1.5 LSB Plastic 28-Lead SOIC R-28 
AD677AD -40°C to +85°C 89 dB Typ Only Ceramic 16-Pin DIP D-16 
AD677BD -40°C to + 85°C 90 dB ±1.S LSB Ceramic 16-Pin DIP D-16 

*D ~ Ceramic DIP; N ~ Plastic DIP; R ~ Small Outline IC (SOIC). For outline information see Package 
Information section. 

ABSOLUTE MAXIMUM RATINGS* 
Vee to VEE ..................... -0.3Vto +26.4V 
Vnn to DGND .................... -0.3 V to +7 V 
Vee to AGND .................... -0.3Vto+18 V 
VEE to AGND .. ., ................. -18 V to +0.3 V 
AGND to DGND . . . . . . . . . . ..... ±0.3 V 
Digital Inputs to DGND ................. 0 to +5.5 V 
Analog Inputs, V REF to AGND 

.................... (Vee +0.3 V) to (VEE -0.3 V) 
Soldering ......................... + 300°C, 10 sec 
Storage Temperature ................ -65°C to + 150°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

AD677 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD677 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! QJ 
~~EDEVICE 
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DIP Pin SOIC Pin Type 

l l SAMPLE 

2 2 CLK 

3 3 SDATA 

4 6, 7 DGND 
5 8 Vee 
8 12 AGND 

9 15 AGND SENSE 

10 16 VIN 
11 17 VREF' 
12 21 VEE 
13 22, 23 Yoo 
14 26 SCLK 

15 27 BUSY 

16 28 CAL 
6, 7 4, 5, 9, 10, 11, NC 

13, 14, 18, 19, 
20, 24, 25 

Type: AI = Analog Input 
DI = Digital Input 
DO = Digital Output 
P =Power 

NC = NO CONNECT 

DIP Pinout 

CAL 

BUSY 

SCLK 

Yoo 

VREF 

v .. 

Name 

DI 

DI 

DO 
p 
p 
p 

AI 
AI 

Al 
p 
p 

DO 

DO 

DI 
-
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PIN DESCRIPTION 

Description 

V1N Acquisition Control Pin. Active HIGH. During conversion, SAMPLE 
controls the state of the internal sample-hold amplifier and the falling edge 
initiates conversion. During calibration, SAMPLE should be held LOW. If 
HIGH during calibration, diagnostic information will appear on SDA TA. 

Master Clock Input. The AD677 requires 17 clock pulses to execute a 
conversion. CLK is also used to derive SCLK. 
Serial Output Data Controlled by SCLK. 
Digital Ground. 
+ 12 V Analog Supply Voltage. 
Analog Ground. 

Analog Ground Sense. 
Analog Input Voltage. 

External Voltage Reference Input. 
-12 V Analog Supply Voltage. 
+5 V Logic Supply Voltage. 

Clock Output for Data Read, derived from CLK. 
Status Line for Converter. Active HIGH, indicating a conversion or 
calibration in progress. 
Calibration Control Pin. 
No Connection. No connections should be made to these pins. 

SAMPLE CAL 

BUSY 

SCLK 

NC 

NC 

Yaa1 

Vooz 

v ... 

NC 

NC NC 

NC NC 

AGND VREF 

NC v,. 
NC AGND 

SENSE 

NC• NO CONNECT 

SOIC Pinout 
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NYQUIST FREQUENCY 
An implication of the Nyquist sampling theorem, the "Nyquist 
frequency" of a converter is that input frequency which is one 
half the sampling frequency of the converter. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent(%) or decibels (dB). For 
input signals or harmonics that are above the Nyquist fre
quency, the aliased components are used. 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
Signal-to-noise plus distortion is defined to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ
ing harmonics but excluding de. 

+I- FULL-SCALE ERROR 
The last + transition (from 011 ... 10 to 011 ... 11) should 
occur for an analog voltage 1.5 LSB below the nominal full 
scale (4.99977 volts for a ±5 V range). The full-scale error is 
the deviation of the actual level of the last transition from the 
ideal level. 

BIPOLAR ZERO ERROR 
Bipolilr zero error is the difference between the ideal midscale 
input voltage (0 V) and the actual voltage producing the mid
scale output code. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are one LSB apart. Differen
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for an ADC is a straight line bisect
ing the center of each code drawn between "zero" and "full 

. scale." The point used as "zero" occurs 1/2 LSB before the most 
negative code transition. "Full scale" is defined as a level 
LS LSB beyond the most positive code transition. Integral non
linearity is the worst-case deviation of a code center average 
from the straight line. 

BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstrUcted ftindamental is reduced by 3 dB 
for a full-scale input. 

REV.A 
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INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, 1, 2, 3 •..• Intermodulation terms are 
those for which morn is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb ), and the third 
order terms· are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (fa -
2 fb). The IMD products are expressed as the decibel ratio of 
the rms sum of the measured input signals to the rms sum of 
the distortion terms. The two signals applied to the converter 
are of equal amplitude, and the peak value of their sum is 
-0.S dB from full scale. The IMD products are normalized to.a 
0 dB input signal. 

APERTURE DELAY 
Aperture delay is the time required after SAMPLE pin is taken 
LOW for the internal sample-hold of the AD677 to open, thus 
holding the value of VIN· 

APERTURE JITTER 
Aperture jitter is the wriation in the aperture delay from sample 
to sample. 

POWER SUPPLY REJECTION 
DC variations in the power supply voltage will affect the overall 
transfer function of the ADC, resulting in zero error and full
scale error changes. Power supply rejection is the maximum 
change in either the bipolar zero error or full-scale error value. 
Additionally, there is another power supply variation to con
sider. AC ripple on the power supplies can couple noise into the 
ADC, resulting in degradation of dynamic performance. This is 
displayed in Figure 15. . . 

INPUT SETTLING TIME 
Settling time is a function of the SHA's ability to track fast 
slewing signals. This is specified as the maximum time required 
in track mode after a full-scale step input to guarantee rated 
conversion accuracy . 

NOISE/DC CODE UNCERTAINTY 
Ideally, a fixed de input should result in the same output code 
for repetitive conversions. However, as a consequence of 
unavoidable circuit noise within the wideband circuits in the 
ADC, there is a range of output codes which may occur for a 
given input voltage. If you apply a de signal to the ADC and 
record a large number of conversions, the result will be a distri
bution of codes. If you fit a Gaussian probability distribution to 
the histogram, the standard deviation is approximateJy equiva
lent to the rm8 input noise of the ADC. 
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FUNCTIONAL DESCRIPTION 
The AD677 is a multipurpose 16-bit analog-to-digital converter 
and includes circuitry which performs an input sample/hold 
function, ground sense, and autocalibration. These functions are 
segmented onto two monolithic chips-'-an analog signal proces
sor and a digital controller, Both chips are contained within the 
AD677 package. 

The AD677 employs a successive-approximation technique to 
determine the value of the analog input voltage. However, 
instead of the traditional laser-trimmed resistor-ladder approach, 
this device uses a capacitor-array, charge redistribution tech' · 
nique. Binary-weighted capacitors subdivide the input sample to 
perform the actual analog-to-digital conversion. The capacitor 
array eliminates variation in the linearity of the device due to 
temperature-induced mismatches of resistor values. Since a 
capacitor array is use.d to perform the data conversions, the 
sample/hold function is included. without the need for additional 
external circuitry. . 

Initial errors in capacitor matching are eliminated by an auto
calibration circuit within the AD677. This circuit employs an 
on-chip microcontroller and a calibration DAC to measure and 
compensate capacitor mismatch errors. As each error is deter
mined, its value is stored in on-chip memory (RAM). Subse
quent conversions use these RAM values to improve convers.ion 
accuracy. The aut<JCalibration routine may be invoked at any 
time. Autocalibration insures high performance while eliminat
ing the need for any user adjustments and is described in detail 
below. 

The microcontroller controls all of the various functions within 
the AD677; These include the actual successive approximation 
algorithm, the autocalibration routine, the sample/hold opera
tion, and the internal output data latch. 

AUTOCALIBRATION 
The AD677 achieves rated performance without the need for 
user trims or adjustments. This is accomplished through the use 
of on-chip autocalibration. 

In the autocalibration sequence, sample/hold offset is nulled by 
internally connecting the input circuit to the ground sense cir
cuit. The resulting offset voltage is measured and stored in 
RAM for later use. Next, the capacitor representing the most 
significant bit (MSB) is. charged to the reference voltage. This 
charge is then transferred to a capacitor of equal size (composed 
of the sum of the remaining lower weight bits). The voltage that 
results represents the amount of capacitor mismatch. A calibra
tion digital-to-analog converter (DAC) adds an appropriate value 
of error correction voltage to cancel this mismatch. This correc
tion factor is also stored in RAM. This process is repeated for 
each of the eight remaining capacitors representing the top nine 
bits. The accumulated values in RAM are then used during sub
sequent conversions to adjust conversion results accordingly. 

As shown in Figure 1, when CAL is taken HIGH the AD677 
internal circuitry is reset, the BUSY pin is driven HIGH, and 
the ADC prepares for calibration. This is an asynchronous hard
ware reset and will interrupt any conversion or calibration cur
rently in progress. Actual calibration begins when CAL is taken 
LOW and completes in 85,532 cl<JCk cycles, indicated by BUSY 
going LOW. During calibration, it is preferable for SAMPLE to 
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be held LOW. If SAMPLE is HIGH, diagnostic data will 
appear on SDA TA. This data is of no value to the user. 

In most applications, it is sufficient to calibrate the AD677 ohly 
upon power-up, in which case care should be taken that the 
power supplies and voltage reference have stabilized first. If cali
bration is not performed, the AD677 may come up in an unknown 
state, or performance could degrade to as low as. IO bits. 

CONVERSION CONTROL 
The AD677 is controlled by two signals: SAMPLE and CLK, as 
shown in Figure 2. It is assumed that the part has been cali
brated and the digital 110 pins have the levels shown at the start 
of the timing diagram. 

A conversion consists of an input acquisition followed by 17 
clock pulses which execute the 16-bit internal successive approx
imation routine. The analog input is acquired by taking the 
SAMPLE line HIGH. for a minimum sampling time of ts. The 
actual sample taken is the voltage present on VIN one aperture 
delay after the SAMPLE line is brought LOW, assuming the 
previous conversion has completed (signified by BUSY going 
LOW). Care should be taken to ensure that this negative edge is 
well defined and jitter free in ac applications to reduce the 
uncertainty (noise) in signal acquisition. With SAMPLE going 
LOW, the AD677 commits itself to the conversion-the input at 
VIN is disconnected from the internal capacitor array, BUSY 
goes HIGH, and the SAMPLE input will. be ignored until the 
conversion is completed (when BUSY goes LOW). SAMPLE 
must be held LOW for a minimum period of time tsL· A periog 
of time tpco after bringing SAMPLE LOW, the 17 CLK cycles 
are applied; CLK pulses that start before this period of time are. 
ignored. BUSY goes HIGH tss after SAMPLE goes LOW, sig
nifying that a conversion is in process, !llld remains. HIGH until 
the conversion is cpmpleted. As indicated in Figure 2, the twos 
complement output data is presented MSB first. This data may 
be captured with the rising edge of SCLK or the falling edge of 
CLK, beginning with pulse #2. The AD677 will ignore CLK 
after BUSY has gone LOW and SDA TA or SCLK will not 
change until a new .sample is acquired. 

CONTINUOUS CONVERSION 
For maximum throughput rate, the AD677 can be operated in a 
continuous convert mode. This is accomplished by utilizing the 
fact that SAMPLE will no longer be ignored after BUSY goes 
LOW, so an acquisition may be initiated even during the HIGH 
time of the 17th CLK pulse for maximum throughput rate while 
enabling full settling of the sample/hold circuitry. If SAMPLE is 
already HIGH during the rising edge of the 17th CLK, then an 
acquisition is immediately initiated approximately 100 ns after 
the rising edge of the 17th cl<JCk pulse. 

Care must be taken to adhere to the minimum/maximum timing 
requirements in order to preserve conversion accuracy. 

GENERAL CONVERSION GUIDELINES 
During signal acquisition and conversion, care should be taken 
with the logic inputs to avoid digital feedthrough noise. It is 
possible to run CLK continuously, even during the sample 
period. However, CLK edges during the sampling period, and 
especially when SAMPLE goes LOW, may inject noise into the 
sampling pr<JCess. The AD677 is tested with no CLK cycles 
during the sampling period. The BUSY signal can be used to 
prevent the clock from running during acquisition, as illustrated 
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in Figure 3. In this circuit BUSY is used to reset the circuitry 
which divides ihe system clock down to provide the AD677 
CLK. This serves to interrupt the clock until after the input 
signal has been acquired, which has occurred when BUSY goes 
HIGH. When the conversion is completed and BUSY goes 
LOW, the circuit in Figure 3 truncates the 17th CLK pulse 
width which is tolerable because only its rising edge is critical. 

12.288MHz 
SYSTEM 

CLOCK 

Figure 3. 

Figure 3 also illustrates the use of a counter (74HC393) to 
derive the AD677 SAMPLE command from the system clock 
when a continuous convert mode is desirable. Pin 9 (2QC) pro
vides a 96 kHz sample rate for the AD677 when used with a 
12.288 MHz system clock. Alternately; Pin 8 (2QD) could be 
used for a 48 kHz rate. 

If a continuous clock is used, then the user must avoid CLK 
edges at the instant of disconnecting VIN which occurs at the 
falling edge of SAMPLE (see tFCD specification). The duty 
cycle of CLK may vary, but both the HIGH (ta.) and LOW 
(tcL) phases must conform to those shown in the timing specifi
cations. The internal comparator makes its decisions on the ris
ing edge of CLK. To avoid a negative edge transition disturbing 
the comparator's settling, tcL should be at least half the value of 
tcLK· It is not recommended that the SAMPLE pin change state 
toward the end of a CLK cycle, in order to avoid transitions 
disturbing the internal comparator's settling. 

During a conversion, internal de error terms such as comparator 
voltage offset are sampled, stored on internal capacitors and used 
to correct for their corresponding errors when needed. Because 
these voltages are stored on capacitors, they are subject to leak
age decay and so require refreshing. For this reason there is a 
maximum conversion time tc (1000 µs). From the time SAMPLE 
goes HIGH to the completion of the 17th CLK pulse, no more 
than 1000 µs should elapse for specified performance. However, 
there is no restriction to the maximum time between individual 
conversions. 

Output coding for the AD677 is twos complement as shown in 
Table I. The AD677 is de&gned to limit output coding in the 
event of out-of:range input. 
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Table I. Serial Output Coding Format (Twos Complement) 

VIN 

<Full Scale 
Full Scale 
Full Scale - I LSB 
Midscale + l LSB 
Midscale 
Midscale - l LSB 
- Full Scale + 1 LSB 
-Full Scale 
< - Full Scale 

Output Code 

Oil ... 11 
Oil ... 11 
Oil ... 10 
000 ... 01 
000 ... 00 
Ill ... 11 
100 ... 01 
100 ... 00 
100 ... 00 

POWER SUPPLIES AND DECOUPLING 
The AD677 has three power supply input pins. V cc and VEE 
provide the supply voltages to operate the analog portions of the 
AD677 including the capacitor DAC, input buffers and compar
ator. V DD provides the supply voltage which operates the digital 
portions of the AD677 including the data output buffers and the 
autocalibration controller. 

As with most high performance linear circuits, changes in the 
power supplies can produce undesired changes in the perfor
mance of the circuit. Optimally, well regulated power supplies 
with less than l % ripple should be selected. The ac output 
impedance of a power supply is a complex function of fre
quency, and in general will increase with frequency. In other 
words, high frequency switching such as that encountered with 
digital circuitry requires fast transient currents which most 
power supplies cannot adequately provide. This results in volt
age spikes on the supplies. If these spikes exceed the ± 5% toler
anq: of the ± 12 V supplies or the ± 10% limits of the + 5 V 
supply, ADC performance will degrade. Additionally, spikes at 
frequencies higher than 100 kHz will also degrade performance. 
To compensate for the finite ac output impedance of the sup
plies, it is necessary to store "reserves" of charge in bypass 
capacitors. These capacitors can effectively lower the ac imped
ance presented to the AD677 power inputs which in turn will 
significantly reduce the magnitude of the voltage spikes. For 
bypassing to be effective, certain guidelines should be followed. 
Decoupling capacitors, typically 0.1 µF, should be placed as 
closely as possible to each power supply pin of the AD677. It is 
essential that these capacitors be placed physically close to the 
IC to minimize the inductance of the PCB trace between the 
capacitor and the supply pin. The logic supply (VDD) should be 
decoupled to digital common and the analog supplies (V cc and 
VEE) to analog common. The reference input is also considered 
as a power supply pin in this regard and the same decoupling 
procedures apply, These points are displayed in Figure 4. 

SYSTEM 
DIGITAL 

COMMON 

SYSTEM 
ANALOG 
COMllON 

+12V -12V 

Figure 4. Grounding and Decoupling the AD677 

ANALOG-TO-DIGITAL CONVERTERS 2-65 



AD677 
Additionally, it is beneficial to have large capacitors (>47 µF) 
located at the point where the power connects to the PCB with 
10 µF capacitors located in the vicinity of the ADC to further 
reduce low frequency ripple. In systems that will be subjected to 
particularly harsh environmental noise, additional decoupling 
may be necessary. RC-filtering on each power supply combined 
with dedicated voltage regulation can substantially deerease 
power supply ripple effects (this is further detailed in Figure 7). 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a O.S n trace will develop a voltage 
drop of 0.6 mV, which is 4 LSBs at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and capaci
tive coupling need to be considered, especially when high accu
racy analog signals share the same board with digital signals. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops 
enclose a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point at the AD677 to minimize interference 
between analog and digital circuitry. Analog signals 'should be 
routed as far as possible from digital signals and should cross 
them, if at all, only at right angles. A solid analog ground plane . 
around the AD677 will isolate it from large switching ground 
currents. For these reasons, the use of wire wrap circuit con
struction will not provide adequate performance; careful printed 
circuit board construction is preferred. 

GROUNDING 
The AD677 has three grounding pins, designated ANALOG 
GROUND (AGND), DIGITAL GROUND (DGND) and 
ANALOG GROUND SENSE (AGND SENSE). The analog 
ground pin is the "high quality" ground reference point for the 
device, and should be connected to the analog common point in 
the system. 

AGND SENSE is intended to be connected to the input signal 
ground reference point. This allows for slight differences in level 
between the analog ground point in the system and the input 
signal ground point. However no more than 100 mV is recom
mended between the AGND and the AGND SENSE pins for 
specified performance. ' 

Using AGND SENSE to remotely sense the ground potential 
of the signal source can be useful if the signal has to be carried 
some distance to the AID converter. Since all IC ground cur
rents have to return to the power supply and no ground leads 
are free from resistance and inductance, there are always some 
voltage differences from one ground point in a system to another. 

Over distance this voltage difference can easily amount to sev
eral LSBs (in a 10 V input span, 16-bit system each LSB is 
about O.lS mV). This would directly corrupt the AID input sig
nal if the AID measures its input with respect to power ground 
(AGND) as shown in Figure Sa. To solve this problem the 
AD677 offers an AGND SENSE pin. Figure Sb shows how the 
AGND SENSE can be used to eliminate the problem in Fig
ure Sa. Figure Sb also .shows how the signal wires should be 
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....------------1v,. 

GRDUNDLEAD _,.. IGROUND > 0 

TO POWER 
SUPPLYGND 

Figure 5a. Input to the AID Is Corrupted by IR Drop in 
Ground Leads: V,~ = Vs + .d V. 

SHIELDED CABLE 

GROUND LEAD _,.. !GROUND > 0 

AD677 

TO POWER 
SUPPLYGND 

Figure 5b. AGND SENSE Eliminates the Problem in 
Figure 5a. 

shielded in a noisy environment to avoid capacitive coupling. If 
inductive (magnetic) coupling is expected to be dominant such 
as where motors are present, twisted-pair wires should be used 
instead. 

The digital ground pin is the reference point for all of the digital 
signals that operate the AD677. This pin should be connected to 
the digital common point in the system. As Figure 4 illustrated, 
the analog and digital grounds should be connected together at 
one point in the system, preferably at the AD677. 

VOLTAGE REFERENCE 
The AD677 requires the use of an external voltage reference. 
The input voltage range is determined by the value of the refer
ence voltage; in general, a reference voltage of n volts allows an 
input range of ±n volts. The AD677 is specified for a voltage 
reference between + S V and + 10 V. A .10 V reference will typi
cally require support circuitry operated from ± lS V supplies; a 
5.0 V reference may be used with ±12 V supplies. Signal-to
noise performance is increased proportionately with input signal 
range (see Figure 12). In the presence of a fixed amount of sys
tem noise, increasing the LSB size (which results from increas
ing the reference voltage) will increase the effective S/(N + D) 
performance. Figure 11 illustrates S/(N + D) as a function of ref
erence voltage. In contrast, de accuracy will be optimal at lower 
reference voltage values (such as S V) due to capacitor non
linearity at higher voltage values. 

During a conversion, the switched capacitor array of the AD677 
presents a dynamically changing current load at the voltage ref- . 
erence as the successive-approximation algorithm cycles through 
various choices of capacitor weighting •. (See the following section 
"Analog Input" for a detailed discussion of the VRBF input 
characteristics.) The output impedance of the reference circuitry 
must be low so that the output voltage will remain sufficiently · 
constant as the current drive changes. In some applications, this 
may require that the output of the voltage reference. be buffered 
by an amplifier with low impedance at relatively high frequen
cies. In choosing a voltage reference, consideration should be 
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made for selecting one with low noise. A capacitor connected 
between REF IN and AGND will reduce the demands on the 
reference by decreasing the magnitude of high frequency compo
nents required to be sourced by the reference. 

Figures 6 and 7 represent typical design approaches. 

+12V 

Figure 6. 

Figure 6 shows a voltage reference circuit featuring the 5 V out
put AD586. The AD586 is a low cost reference which utilizes a 
buried Zener architecture to provide low noise and drift. Over 
the 0°C to + 70°C range, the AD586M grade exhibits less than 
1.0 mV output change from its initial value at +25°C. A noise
reduction capacitor, CN, reduces the broadband noise of the 
AD586 output, thereby optimizing the overall performance of 
the AD677. It is recommended that a 10 µF to 47 µF high 
quality tantalum capacitor and a 0.1 µF capacitor be tied 
between the V REF input of the AD677 and ground to minimize 
the impedance on the reference. 

Using the AD677 with ±10 Vinput range (VREF = 10 V) typi
cally requires ± 15 V supplies to drive op amps and the voltage 
reference. If ± 12 V is not available in the system, regulators 
such as 78Ll2 and 79Ll2 can be used to provide power for the 
AD677. This is also the recommended approach (for any input 
range) when the ADC system is subjected to harsh environments 
such as where the power supplies are noisy and where voltage 
spikes are present. Figure 7 shows an example of such a system 
based upon the 10 V AD587 reference, which provides a 
300 µ V LSB. Circuitry for additional protection against power 
supply disturbances has been shown. A 100 µF capacitor at each 

+15V 

-15V 

Figure 7. 
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AD677 
regulator prevents very large voltage spikes from entering the 
regulators. Any power line noise which the regulators cannot 
eliminate will be further filtered by an RC filter (10 0/10 µF) 
having a - 3 dB point at 1.6 kHz. For best results the regulators 
should be within a few centimeters of the AD677. 

ANALOG INPUT 
As previously discussed, the analog input voltage range for the 
AD677 is ±VREF· For purposes of ground drop and common 
mode rejection, the VIN and VREF inputs each have their own 
ground. V REF is referred to the local analog system ground 
(AGND), and V1N is referred to the analog ground sense pin 
(AGND SENSE) which allows a remote ground sense for the 
input signal. 

The AD677 analog inputs (V1N, VREF and AGND SENSE) 
exhibit dynamic characteristics. When a conversion cycle begins, 
each analog input is connected to an internal, discharged 50 pF 
capacitor which then charges to the voltage present at the corre
sponding pin. The capacitor is disconnected when SAMPLE is 
taken LOW, and the stored charge is used in the subsequent 
conversion. In order to limit the demands placed on the external 
source by this high initial charging current, an internal buffer 
amplifier is employed between the input and this capacitance for 
a few hundred nanoseconds. During this time the input pin 
exhibits typically 20 kO input resistance, 10 pF input capaci
tance and ±40 µA bias current. Next, the input is switched 
directly to the now precharged capacitor and allowed to fully 
settle. During this time the input sees only a 50 pF capacitor. 
Once the sample is taken, the input is internally floated so that 
the external input source sees a very high input resistance and a 
parasitic input capacitance of typically only 2 pF. As a result, 
the only dominant input characteristiC which must be considered 
is the high current steps which occur when the internal buffers 
are switched in and out. 

In most cases, these characteristics require the use of an external 
op amp to drive the input of the AD677. Care should be taken 
with op amp selection; even with modest loading conditions, 
most available op amps do not meet the low distortion require
ments necessary to match the performance capabilities of the 
AD677. Figure 8 represents a circuit, based upon the AD845, 
which will provide excellent overall performance. 

For applications optimized more for low distortion and low 
noise, the AD845 of Figure 8 may be replaced by the AD743. 

Figure 8. 
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AD677 
AC PERFORMANCE 
AC parameters, which include S/(N+D), THD, etc., reflect the 
AD677's effect on the spectral content of the analog input sig
nal. Figures 11 through 18 provide information on the AD677's 
ac performance under a variety of conditions. 

A perfect n-bit ADC with no errors will yield a theoretical quan
tization noise of q/y'U, where q is the weight of the LSB. This 
relationship leads to the well-known equation for theoretical full
scale rms sine wave signal-to-noise plus distortion level of 
S/(N + D) = 6.02 n + I. 76 dB, here n is the bit resolution. 
An actual ADC, however, will yield a measured S/(N + D)less 
than the theoretical value. Solving this equation for n using the 
measured S/(N + D) value yields the equation for effective 
number of bits (ENOB): 

[S!IN + D)] ACTUAL - 1.76 dB 
ENOB = 6.02 . 

As a general rule, averaging the results from several conversions 
reduces the effects of noise, and therefore improves such param
eters as S/(N + D). AD677 performance may be optimized by 
operating the device at its maximum sample rate of 100 kSPS 
and digitally filtering the resulting bit stream to the desired sig
nal bandwidth. This succeeds in distributing noise over a wider 
frequency range, thus reducing the noise density in the fre
quency band of interest. This subject is discussed in the follow
ing section. 

OVERSAMPLING AND NOISE FILTERING 
The Nyquist rate for a converter is defined as one-half its sam
pling rate. This is established by the Nyquist theorem, which 
requires that a signal be sampled at a rate corresponding to at 
least twice its highest frequency component of interest in order 
to preserve the informational content. Oversampling is a conver
sion technique in which the sampling frequency is more than 
twice the frequency bandwidth of interest. In audio applications, 
the AD677 can operate at a 2 x. Fs oversampling rate, where 
Fs = 48 kHz. 

In quantized systems, the informational content of the analog 
input is represented in the frequency spectrum from de to the 
Nyquist rate of the converter. Within this same spectrum are 
higher frequency noise and signal components. Antialias, or low 
pass, filters are used at the input to the ADC to reduce these 
noise and signal components so that their aliased components do 
not corrupt the baseband spectrum. However, wideband noise 
contributed by the AD677 will not be reduced by the antialias 
filter. The AD677 quantization noise is evenly distributed from 
de to the Nyquist rate, and this fact can be used to minimize its 
overall affect. 

The AD677 quantization noise effects can be reduced by 
oversampling-sampling at a rate higher than that defined by 
the Nyquist theorem. This spreads the noise energy over a 
bandwidth wider than the frequency band of interest. By judi
cious selection of a digital decimation filter, noise frequencies 
outside the bandwidth of interest may be eliminated. 

The process of analog to digital conversion inherently produces 
noise, known as quantization noise. The· magnitude of this noise 
is a function of the resolution of the converter, and manifests 
itself as a limit to the theoretical signal-to-noise ratio achievable. 
This limit is described by S/(N + D) = (6.02n + I. 76 + 10 log 
F sl2F A) dB, where n is the resolution of the converter in bits, 
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F8 is the sampling frequency, and Fa is the signal bandwidth of 
interest. For audio bandwidth applications, the AD677 is capa
ble of operating at a 2 x oversample rate (96 kSPS), which typi
cally produces an improvement in S/(N + D) of 3 dB compared 
with operating at the Nyquist conversion rate of 48 kSPS. Over
sampling has another advantage as well; the demands on the 
antialias filter are lessened. In summary, system performance is 
optimized by running the AD677 at or near its maximum sam
pling rate of 100 kHz and digitally filtering the resulting specc 
trum to eliminate undesired frequencies. 

DC PERFORMANCE 
The self-calibration scheme used in the AD677 compensates for 
bit weight errors that may exist in the capacitor array. This 
mismatch in capacitor values is adjusted (using the calibration 
coefficients) during conversion and provides for excellent de lin
earity performance. Figure 19 illustrates the DNL plot of a typi
cal AD677 at + 25°C. A histogram test is a statistical method for 
deriving an ND converter's differential nonlinearity. A ramp 
input is sampled by the ADC and .a large number of conversions 
are taken and stored. Theoretically the codes would all be the 
same size and, therefore, have an equal number of occurrences. 
A code with an average number of occurrences would have a 
DNL of "O". A code with more or less than average will have a 
DNL of greater than or less than zero LSB. A DNL of -1 LSB 
indicates missing code (zero occurrences). 

Figure 20 illustrates the code width distribution of the DNL 
plots of Figure 19. 

DC CODE UNCERTAINTY 
Ideally, a fixed de input should result in the satne output code 
for repetitive conversions. However, as a consequence of 
unavoidable circuit noise within the wideband circuits in the 
ADC, there is range of output codes which may occur for a 
given input voltage. If you apply a de sign.al to the AD677 and 
record 10,000 conversions, the result will be a distribution of 
codes as shown in Figure 9 (using a 10 V reference). If you fit a 
Gaussian probability distribution to the histogram, the standard 
deviation is approximately equivalent to the rms input noise of 
ADC. 
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Figure 9. Distribution of Codes from 10,000 Conversions, 
Relative to the Correct Code 
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The standard deviation of this distribution is approximately 
0.5 LSBs. If less uncertainty is desired, averaging multiple con
versions will narrow this distribution by the inverse of the 
square root of the number of samples; i.e., the average of 4 con
versions would have a standard deviation of 0.25 LSBs. 

DSP INTERFACE 
Figure 10 illustrates the use of the Analog Devices ADSP-2101 
digital signal processor with the AD677. The ADSP-2101 FO 
(flag out) pin of Serial Port 1 (SPORT 1) is connected to the 
SAMPLE line and is used to control acquisition of data. The 
ADSP-2101 timer is used to provide precise timing of the FO 
pin. 

ADSP-2101 AD677 
FO .... SAMPLE 

{- CLK 

ORO SOATA 

SERIAL RFSO BUSY 
PORTO 

OTO 

TFSO 

Figure 10. ADSP-2101 Interface 

The SCLK pin of the ADSP-2101 SPORTO provides the CLK 
input for the AD677. The clock should be programmed to be 
approximately 2 MHz to comply with AD677 specifications. To 
minimize digital feedthrough, the clock should be disabled (by 
setting Bit 14 in SPORTO control register to 0) during data 
acquisition. Since the clock floats when disabled, a pull-down 
resistor of 12 k0-15 kO should be connected to SCLK to 
ensure it will be LOW at the falling edge of SAMPLE. To max
imize the conversion rate, the serial clock should be enabled 
immediately after SAMPLE is brought LOW (hold mode). 

The AD677 BUSY signal is connected to RFO to notify 
SPORTO when a new data word is coming. SPORTO should be 
configured in normal, external, noninverting framing mode and 
can be programmed to generate an interrupt after the last data 
bit is received. To maximize the conversion rate, SAMPLE 
should be brought HIGH immediately after the last data bit is 
received. 

3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.0 

v •• ,-volts 

Figure 11. Sl(N+D) and THO vs. VREF' f5 = 100 kHz 
(Calibration is not guaranteed below +5 V REF) 
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Figure 12. S!(N+D) and THO vs. Input Amplitude, 
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Figure 13. 4096 Point FFT at 100 kSPS, f1N = 1 kHz, 
VREF = 5 v 
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Figure 15. AC Power Supply Rejection (f,N = 1.06 kHz) 
fsAMPLE = 96 kSPS, VRIPPLE = 0.13 V p-p 
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Figure 16. IMO Plot for f,N = 1008 Hz (fa), 1055 Hz (fb) at 
96 kSPS 
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Figure 18. AC Performance Using Minimum Clock Period 
vs. Temperature (tcLK = 480 ns), 5 V and 10 V Reference 
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WDEVICES 

FEATURES 
AC and DC Characterized and Specified 

(K, B and T Grades) 
200k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
72 dB S/N+D (K, B, T Grades) 
Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Model 
10 MO Input Impedance 
8-Bit or 16-Bit Bus Interface 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Commercial, Industrial and Military Temperature 

Range Grades 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD678 is a complete, multipurpose 12-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 

The AD678 is specified for ac (or "dynamic") parameters such 
as S/N + D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD678K, B and T 
grades are fully specified for de parameters which are important 
in measurement applications. 

The AD678 offers a choice of digital interface formats; the 12 
data bits can be accessed by a 16-bit bus in a single read opera
tion or by an 8-bit bus in two read operations (8+4), with right 
or left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input 
impedance (10 MO) allows direct connection to unbuffered 
sources without signal degradation. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD678 operates from + 5 V and ± 12 V supplies and dissi
pates 560 mW (typ). The AD678 is available in 28-pin plastic 
DIP, ceramic DIP, and 44 J-Jeaded ceramic surface mount 
packages. 

Screening to MIL-STD-883C Class B is also available. 

*Protected by U.S. Patent Nos. 4,804,960; 4,814,767; 4,833,345; 4,250,445; 
4,808,908; RE30,586. 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval system at l-SOD-446-6212. 
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12-Bit 200 kSPS 
Complete Sampling ADC 

AD678* I 
FUNCTIONAL BLOCK DIAGRAM 

CS SC OE EOCEN SYNC 12/B EOC 

REF our 

BIPOFF 

AIN 

AGND 

PRODUCT HIGHLIGHTS 

0811 

DB1 
(RIL) 

DBO 
(HBE) 

Vee 

v •• 
Voo 
DGND 

1. COMPLETE INTEGRATION: The AD678 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci
fied sampling AID function unattainable with discrete 
designs. 

2. SPECIFICATIONS: The AD678K, Band T grades provide 
fully specified and tested ac and de parameters. The 
AD678J, A and S grades are specified and tested for ac 
parameters; de accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor• 
tant in control and measurement applications. AC specifica
tions (such as SIN+ D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the choice of single or two read cycle output pro
vides compatibility with 16- or 8-bit buses. Factory trimming 
eliminates the need for calibration modes or external trim
ming to achieve rated performance. 

4. RELIABILITY: The AD678 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term reli
ability compared to multichip and hybrid designs. 

5. UPGRADE PATH: The AD678 provides the same pinout as 
the 14-bit, 128 kSPS AD679 ADC. 

6. The AD678 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD678/883B data sheet for detailed 
specifications. 
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AD678-SPECIFICATIONS 
Ac SPECIFICATIONS ffm;n to Tn10,. Vee= +12 V ±.5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%, fsAMPLE = 200·kSPS, 

11N = 10.06 kHz unless otherwise noted)1 

AD678J/A/S AD678K/Btr 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
-0.5 dB Input (Referred to -0 dB Input) 70 71 72 73 dB 
-20 dB Input (Referred to -20 dB Input) 51 53 dB 
-60 dB Input (Referred to -60 dB Input) 11 13 dB 

TOTAL HARMONIC DISTORTION (THD) -88 -80 -88 -80 dB 
0.004 0.010 0.004 0.010 % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -87 -80 -87 -80 dB 

FULL POWER BANDWIDTH 1 1 MHz 

FULL LINEAR BANDWIDTH 500 500 kHz 

INTERMODULATION DISTORTION (IMD)2 

2nd Order Products -85 -80 -85 -80 dB 
3rd Order Products -90 -80 -90 -80 dB 

NOTES 
1f1N amplitude= -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise indicated. 

2fA = 9.08 kHz, f~ = 9.58 kHz, with fsAMPLE = 200 kSPS. 

Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (All device types Tmin to Tm.., Vee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
Vrn High Level Input Voltage 2.0 Vnn v 
VIL Low Level Input Voltage 0 0.8 v 
Irn High Level Input Current VIN= VDD -10 +10 µA 
I1L Low Level Input Current VIN= 0 v -10 +10 ,µA 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VoH High Level Output Voltage IoH = 0.1 mA 4.0 v 

IoH = 0.5 mA 2.4 v 
VoL Low Level Output Voltage IoL = 1.6 mA 0.4 v 
Ioz High Z Leakage Current V1N = 0 orV00 -10 +10 µA 
Coz High Z Output <:;apacitance '10 pF 

Specifications subject to change without notice. 
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AD678 
DC SPECIFICATIONS (Tmin to Tmax> Yee = + 12 V ± 5%, VEE = -12 V ± 5%, V00 = +5 V ± 10% unless otherwise indicated) 

Parameter 

TEMPERATURE RANGE 
J, K Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error(@ +2S0 C)1 

Bipolar Zero Error(@ +2S0C)1 

Gain Error(@ +2S0 C)1' 2 

Temperature Drift 
Unipolar/Bipolar Zero 

J, K Grades 
A, B Grades 
S, T Grades 

Gain3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain4 

J, K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Range 
Bipolar Range 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output Voltage5 

External Load 
Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

Vee= +12 V ± S% 
VEE= -12 v ± S% 
Yoo= +S V ± 10% 

Operating Current 
Ice 
IEE 
loo 

Power Consumption 

NOTES 
1 Adjustable to zero. 
2Includes internal voltage reference error. 
3lncludes internal voltage reference drift. 
4Excludes internal voltage reference drift. 
5With maximum external load applied. 

Specifications .subject to change without notice. 
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AD678JIA/S 
Min Typ 

0 
-40 
-SS 

12 
±I 

12 
±4 
±4 
±4 

±2 
±4 
±S 

±4 
±7 
±10 

±2 
±4 
±6 

0 
-S 

10 
10 

IO 
ISO 

4.98 

±2 
±2 
±2 

18 
2S 
8 
S60 

AD618KfBtr 
Max Min Typ Max Units 

+70 0 +70 oc 
+8S -40 +8S oc 
+ 12S -SS + !2S oc 

12 Bits 
±0.7 ±I LSB 

12 Bits 
±2 ±3 LSB 
±3 ±S LSB 
±3 ±6 LSB 

±2 ±4 LSB 
±3 ±4 LSB 
±4 ±S LSB 

±4 ±6 LSB 
±S ±7 LSB 
±8 ±IO LSB 

±2 ±4 LSB 
±3 ±4 LSB 
±S ±6 LSB 

+IO 0 +10 v 
+s -s +s v 

IO MD 
IO pF 

I I µs 
IO ns 
ISO ps 

S.02 4.98 S.02 v 

+ 1.5 + 1.5 mA 
+o.s +o.s mA 

±2 LSB 
±2 LSB 
±2 LSB 

20 18 20 mA 
34 2S 34 mA 
12 8 12 mA 
74S S60 74S mW 
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AD678 

TIMING SPECIFICATIONS ~~e~::s~!';1d)to Tmax, Yee = + 12 V ± 5%, VEE = -12 V ± 5%, V00 = +5 V ± 10% unless 

Parameter Symbol Min Max 

SC Delay tsc so 
Conversion Time tc 3.0 4.4 
Conversion Rate1 tcR s 
Convert Pulse Width tc;p 97 
Apertnre Delay tAD s 20 
Status Delay tsn 0 400 
Access Time2• 3 tBA 10 100 

10 574 

Float Delay5 tpn 10 80 
Output Delay ton 0 
Format Setup tps 47 
OE Delay toE 0 
Read Pulse Width tRP 97 
Conversion Delay ten 150 
EOCEN Delay tEo 0 

NOTES 
'Includes acquisition time. 
2Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC cross 2.0 V or 0.8 V. See Figure 3. 
3C,,UT = 100 pF. 
"CoUT = 50 pF. 
'Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. See Figure 3; CoUT = 10 pF. 
Specifications subject to change without notice. 

SHA TRACK I HOLD I TRACK I HOLD 

NOTE 

~'cl I 1SEE END-OF-CONVERT (EOC) PARAGRAPH FOR DETAILS. 

------. r----------
E 09' ~ ~too I 

CONTENT OF r--'----'"---~---
OUTPUT DATA 0 x I DATA 1 

REGISTER '---1---1------

vv 
NOTES 
1 IN ASYNCHRONOUS MODE,STATE OF CS DOES NOT AFFECT OPERATION. 

SEE THE START CONVERSION TRUTH TABLE FOR DETAILS. 
2EOCEN =LOW; SEE FIGURE 2. IN SYNCHRONOUS MODE, EOC IS. A THREE· 
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 

'DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 

Figure 2. EOC Timing 

TEST Vep CouT 
ACCESS TIME HIGH Z TO LOGIC LOW 5V 100pF 
FLOAT TIME LOGIC HIGH TO HIGH Z ov 10pF 
ACCESS TIME HIGH Z TO LOGIC HIGH ov 100pF 
FLOAT TIME LOGIC LOW TO HIGH Z. 5V 10.J!_I' 

Yep 

Units 

ns 
µs 
µs 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Figure 3. Load Circuit for Bus Timing Specifications 
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AD678 
ABSOLUTE MAXIMUM RATINGS* With 

With 
Respect 

Respect 
Specification To Min Max Units 

Specification To Min Max Units Operating Temperature 

Vee AGND -0.3 +18 v 
VEE AGND -18 +0.3 v 
Vee VEE -0.3 +26.4 v 
VDD DGND 0 +7 v 
AGND DGND -I +I v 

AGND v 

J and K Grades 0 +70 oc 
A and B Grades -40 +8S oc 
S and T Grades -SS + 12S oc 

Storage Temperature -6S +ISO oc 
Lead Temperature 

(IO sec max) +300 oc 
AIN, REF,N VEE 
Digital Inputs DGND -0.S 
Digital Outputs DGND -0.S 
Max Junction 

Temperature 

Vee 
+7 
VDD +0.3 

17S 

v 
v 

oc 

*Stresses above those listed under "Absolute Maximum Ratmgs" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

ESDSENSITIVITY~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
The AD678 features input protection circuitry cons1stmg of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 30'iS.2 of MIL-STD-883C, the AD678 
has been classified as a Category I device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate .on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

ORDERING GUIDE 

Model1 Package Temperature Range Tested and Specified Package Option2 

REV.B 

AD678JN 28-Pin Plastic DIP 0°C to +70°C AC N-28 
AD678KN 28-Pin Plastic DIP 0°C to +70°C AC+ DC N-28 
AD678JD 28-Pin Ceramic DIP 0°C to +70°C AC D-28 
AD678KD 28-Pin Ceramic DIP 0°c to +70°C AC+ DC D-28 
AD678AD 28-Pin Ceramic DIP -40°C to + 8S°C AC D-28 
AD678BD 28-Pin Ceramic DIP -40°C to +8S°C AC+ DC D-28 
AD678AJ 44-Lead Ceramic JLCC -40°C to +8S°C AC J-44 
AD678BJ 44-Lead Ceramic JLCC -40°C to + 8S°C AC+ DC J-44 
AD678SD 28-Pin Ceramic DIP -SS°C to + 12s0 c AC D-28 
AD678TD 28-Pin Ceramic DIP -SS°C to + 12s0 c AC+ DC D-28 

NOTES 
1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military Products 
Databook or /883 data sheet. 

2N = Plastic DIP; D = Ceramic DIP; J = J-Leaded Ceramic Chip Carrier. For outline information see Package Information section. 

DIP Package 

Yoo 

EOC 

0811 

0810 

089 

088 

087 

085 

084 

083 

082 

D81(R/L) 

DBO(Hai) 

PIN CONFIGURATIONS 

NC 

v,. 
NC 

AIN 

AGND 

REFOUT 
NC 

REFIN 

81POFF 

NC 

Vee 

JLCC Package 

lili -
I~ I~ ~I~ ~ fa ~ ~ fa ~ ~ 

0810 

NC 

089 

088 

087 

086 

086 

NC 

084 

083 

NC 
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FEATURES 
AC and DC Characterized and Specified (K, B, T 

Grades) 
128k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB SIN+D (K, B, T Grades) 
Twos Complement Data Format (Bipolar. Mode) 
Straight B.inary Data Format (Unipolar Mode) 
10 Mn Input Impedance 
8-Bit Bus Interface (See AD779 for 16-Bit Interface) 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
Pin Compatible with AD678 12-Bit, 200 kSPS ADC 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD679 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage ref
erence and clock generation circuitry. 

The AD679 is specified for ac (or "dynamic") parameters such 
as SIN+ D ratio, THD and IMD which are'important in signal 
processing applications. In addition, the AD679K, B and T 
grades are fully specified for de parameters which are important 
in measurement applications. 

The 14 data bits are accessed in two read operations (8+6), with 
left justification. Data format is straight binary for unipolar 
mode and twos complement binary for bipolar mode. The input 
has a full-scale range of 10 V with a full power bandwidth of 
1 MHz and a full linear bandwidth of 500 kHz. High input 
impedance (10 M!1) allows direct connection. to unbuffered 
sources without signal degradation. Conversions can be initiated 
either under microprocessor control or by an external clock 
asynchronous to the system clock. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which incl11des error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD679 operates from + 5 V and ± 12 V supplies and dissi
pates 560 mW (typ.). 28-pin plastic DIP, ceramic° DIP and 44 
]-leaded ceramic surface mount packages are available. 

*Protected by U.S. Patent Nos. 4,804,960; 4,814,767;4,833,345; 4,250,445; 
4,808,908; RE 30,586 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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14-Bit 128 kSPS 
Complete Sampling ADC 

AD679* I 
FUNCTIONAL BLOCK DIAGRAM 

Cs SC OE EOCEN SYNC 12i8 EOC 

PRODUCT HIGHLIGHTS 

087 

DBD 

HBE 

Vee 
VEE 

Voo 

DGND 

DGND 

DGND 

I. COMPLETE INTEGRATION: The AD679 minimizes 
external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC; 5 V reference, clock 
and digital interface on a single chip. This provides a fully 
specified sampling AID function unattainable with discrete 
designs. 

2. SPECIFICATIONS: The AD679K, Band T grades provide 
fully specified and tested ac and de parameters. The 
AD679J, A and S grades are specified an.d tested for ac 
parameters; de accuracy specifications are. shown as typicals. 
DC specifications (such as INL, gain and offset) are impor
tant in control and measurement applications. AC specifica
tions (such as. SIN+ D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the two read output provides compatibility with 
8-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD679 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term reli
ability compared to multichip and hybrid designs. 

5. UPGRADE PATH: The AD679 provides the same pinout as 
the 12-bit, 200 kSPS AD678 ADC. 

6. The AD679 is available in versions compliant with MIL
STD-883. Refer to the. Analog Devices Military Products 
Databook or current AD679/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS AD679 

Ac SPECIFICATIONS (TMIN to TMAX• Vee= +12 V ±~%,VEE= -12 V ± 5%, V00 = +5 V ± 10%, fsAMPLE = 128 kSPS, 
f1N = 10.009 kHz unless otherwise noted) 1 

AD679J/A/S AD679K/Bff 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
-0.5 dB Input (Referred to -0 dB Input) 78 79 80 81 dB 
- 20 dB Input (Referred to - 20 dB Input) 58 59 60 61 dB 
-60 dB Input (Referred to -60 dB Input) 18 19 20 21 dB 

TOTAL HARMONIC DISTORTION (THD) 
@ +25'C -90 -84 -90 -84 dB 

0.003 0.006 0.003 0.006 % 
TMIN to TMAX -88 -82 -88 -82 dB 

0.004 0.008 0.004 0.008 % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 -90 -84 dB 

FULL POWER BANDWIDTH 1 1 MHz 

FULL LINEAR BANDWIDTH 500 500 kHz 

INTERMODULATION DISTORTION (IMD)2 

2nd Order Products -90 -84 -90 -84 dB 
3rd Order Products -90 -84 -90 -84 dB 

DIGITAL SPECIFICATIONS (All device types TMIN to TMAX• Vee = + 12 V ± 5%, VEE = -12 V ± 5%, V00 = +5 V ± 10%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
Vrn High Level Input Voltage 2.0 Voo v 
VIL Low Level Input Voltage 0 0.8 v 
Irn High Level Input Current VIN= 5 V -10 +10 µA 
IIL Low Level Input Current VIN= 0 v -10 +10 µA 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VoH High Level Output Voltage IoH = 0.1 mA 4.0 v 

IoH = 0.5 mA 2.4 v 
VoL Low Level Output Voltage IoL = 1.6 mA 0.4 v 
Ioz High Z Leakage Current VIN= 0 or 5 V -10 +10 µA 
Caz High Z Output Capacitance 10 pF 

NOTES 
1f1N amplitude = -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 

2fA = 9.08 kHz, fB = 9.58 kHz, with fsAMPLE = 100 kSPS. 
Specific;ations subject to change without notice. 
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AD679 

DC SPE·CIFICATION.S (TM1N t~ TM!"'• _Vee= .+12 V ± 5%, VEE= -12 v ± 5%, v00 = +5 v ± 10% unless 
otherwise md1cated) . 

Parameter 

TEMPERATURE RANGE 
J, K Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error1 (@ +25°C) 
Bipolar Zero Error1 (@ + 25°C) 
Gain Error'· 2 (@ +25°C) 
Temperature Drift 

Unipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Bipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain4 

], K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Mode 
Bipolar Mode 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output Voltage5 

External Load 
Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

Vee= +12V ± 5% 
VEE = -12 V ± 5% 
V00 = +5 V ± 10% 

Operating Current 

Ice 
IEE 
loo 

Power Consumption 

NOTES 
1 Adjustable to zero. 
2Includes internal voltage reference error. 
3Includes internal voltage reference drift. 
4Excludes internal voltage reference drift. 
'With maximum external load applied. 
*% FSR = percent of full-scale range. 

Min 

0 
-40 
-55 

14 

14 

0 
-5 

4.98 
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AD679J/A/S AD679K/B/T 
Typ Max Min Typ Max 

+70 0 +70 
+85 -40 +85 
+125 -55 +125 

14 
±2 ±1 ±2 

14 
0.08 0.05 O.o7 
0.08 0.05 0.07 
0.12 0.09 0.11 

0.04 0.04 0.05 
0.05 0.05 0.o7 
0.09 0.09 0.10 

0.02 0.02 0.04 
0.04 0.04 0.05 
0.08 0.08 0.09 

0.09 0.09 0.11 
0.10 0.10 0.16 
0.20 0.20 0.25 

0.04 0.04 0.05 
0.05 0.05 0.o7 
0.09 0.09 0.10 

+10 0 +10 
+5 -5 +5 

10 10 
10 10 

1.5 1.5 
10 10 
150 150 

5.02 4.98 5.Q2 

+ 1.5 + 1.5 
+0.5 +0.5 

±6 ±6 
±6 ±6 
±6 ±6 

18 20 18 20 
25 34 25 34 
8 12 8 12 
560 745 560 745 

Units 

oc 
oc 
oc 

Bits 
LSB 
Bits 
% FSR* 
o/oFSR 
o/oFSR 

o/oFSR 
o/oFSR 
o/oFSR 

o/oFSR 
% FSR 
o/oFSR 

o/oFSR 
%FSR 
o/oFSR 

o/oFSR 
o/oFSR 
o/oFSR 

v 
v 
MO 
pF 
µ,s 
ns 
ps 

v 

mA 
mA 

LSB 
LSB 
LSB 

mA 
mA 
mA 
mW 
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TIMING SPECIFICATIONS 
(All device types TMiN to TMAX• Vee = + 12 V ± 5%, VEE = -12 V 
± 5%, V00 = +5 V ± 10%) 

Parameter Symbol Min Max Units 

SC Delay tsc 50 ns 
Conversion Time tc 6.3 µs 
Conversion Rate 1 tcR 7.8 µs 
Convert Pulse Width tcr 0.097 3.0 µs 
Aperture Delay tAD 5 20 ns 
Status Delay tso 0 400 ns 
Access Time2 • 3 tBA 10 100 ns 

10 57• ns 
Float Delay' tpo 10 80 ns 
Output Delay too 0 ns 
Format Setup tps 100 ns 
OE Delay taE 20 ns 
Read Pulse Width tRP 195 ns 
Conversion Delay tco 400 ns 
EOCEN Delay tEo 50 ns 
NOTES 
1Includes Acquisition Time. 
'Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the 
data lines/EOC cross 2.0 V or 0.8 V. See Figure 4. 

'Con = 100 pF. 
•eon = so pF. 
5Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which the 
output voltage changes by 0.5. See Figure 4; CouT = 10 pF. 

Specifications subject to change without notice. 

ORDERING GUIDE' 

Tested 
Temperature and Package 

Model2 Package Range Specified Option3 

AD679JN 28-Pin Plastic DIP 0°C to +70°C AC N-28 
AD679KN 28-Pin Plastic DIP 0°C to +70°C AC+ DC N-28 
AD679JD 28-Pin Ceramic DIP 0°C to +70°C AC D-28 
AD679KD 28-Pin Ceramic DIP 0°C to +70°C AC+ DC D-28 
AD679AD 28-Pin Ceramic DIP -40°C to +85°C AC D-28 
AD679BD 28-Pin Ceramic DIP -40°C to +85°C AC+ DC D-28 
AD679SD 28-Pin Ceramic DIP -55°C to + 125°C AC D-28 
AD679TD 28-Pin Ceramic DIP -55°C to + 125°C AC+ DC D-28 
AD679AJ 44-Lead Ceramic JLCC -40°C to +85°C AC J-44 
AD679BJ 44-Lead Ceramic JLCC -40°C to +85°C AC+ DC J-44 
AD679SJ 44-Lead Ceramic JLCC -55°C to + 125°C AC J-44 
AD679TJ 44-Lead Ceramic JLCC -55°C to + 125°C AC+ DC J-44 

NOTES 
'For parallel read (14-Bits) interface to 16-bit buses, see AD779. 
2For details grade and package offerings screened in accordanoe with MIL
STD-883, refer to the Analog Devices Miliary Products Databook or current 
AD679/883B data sheet. 

'N =Plastic DIP; D = Ceramic DIP; J =I-Leaded Ceramic Chip Carrier. 
For outline information see Package Information section. 

REV.C 

AD679 

SHA TRACK I HOLD I TRACK I HOLD 

~'cl I 
-----~ ~---"'-------

e oc • ~ ~too I 
CONTENT OF r--'----'-------

R~~!~~~ _____ ._._ •• _. ___ _,X ... _-'-:--··-·-·-·I _____ _ 
\N 

NOTES 
1 IN ASYNCHRONOUS MODE, STATE OFCS DOES NOT AFFECT OPERATION. 
SEE THE START CONVERSION TRUTH TABLE FOR DETAILS. 

'EOCEN = LOW (SEE FIGURE 3). IN SYNCHRONOUS MODE, EOC IS A THREE
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT. 

'DATA SHOULD NOT BE ENABLED DURING A CONVERSION. 

Figure 1. Conversion Timing 

Figure 2. Output Timing 

NOTE 
'EOC IS A THREE-STATE OUTPUT IN SYNCHRONOUS 
MODE AND AN OPEN DRAIN OUTPUT IN ASYNCHRO
NOUS. ACCESS (le.) AND FLOAT (t,,,) TIMING SPECIFI
CATIONS DO NOT APPLY IN ASYNCHRONOUS MODE 
WHERE THEY ARE A FUNCTION THE TIME CONSTANT 
FORMED BY THE 10 pf OUTPUT CAPACITANCE AND 
THE PULL-UP RESISTOR. 

Figure 3. EOC Timing 

TEST V cP CouT 
ACCESS TIME HIGH Z TO LOGIC LOW 5 V 100 pf 
FLOAT .TIME.LOGIC HIGH TO HIGH Z O V 10 pf 
ACCESS TIME HIGH Z TO LOGIC HIGH 0 V 100 pf 
FLOAT TIME LOGIC LOW TO HIGH Z 5 V 10 pf 

Figure 4. Load Circuit for Bus Timing Specifications 
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AD679 
ABSOLUTE MAXIMUM RATINGS* 

With 
Respect 

Specification To Min Max Units 

With 
Respect 

Specification To Min Max Units 
Vee AGND ~o.3 +18 v 
VEE AGND -18 +0.3 v 
Vee (Note 1) VEE -0.3 +26.4 v 
Yoo DGND 0 +7 v 
AGND DGND -1 +l v 
AIN, REFIN AGND VEE Vee v 
Digital Inputs DGND -0.5 +7 v 
Digital Outputs DGND -0.5 Yoo +0.3 v 
Max Junction 

Operating 
Temperature 

J and K Grades 0 +70 oc 
A and B Grades -40 +85 oc 
S and T Grades -55 +125 oc 

Storage Temperature -65 +150 oc 
Lead Temperature 

(10 sec max) +300 oc 
Temperature 175 oc NOTES 

*Stresses above those listed under "Absolute Maximum Ratings" may cause perma· 
nent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods !Day affect device reliability. 

1The AD679 is not designed to operate from :::+:: 15 V supplies. 

ESDSENSITIVITY~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
The AD679 features input protection circuitry cons1stmg of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast~ 
low energy.pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD679 
has been classified as a Category 1 device. 

Proper ESD precautions are strongly recommended .to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

PIN DESIGNATIONS 

WARNING! 0 
~~EDEVICE 

DIP Package JLCC Package 

0 0 I~ 0 
c 0 

0 Iii 
EOCEN 1 VDD l!'l I~ I~ c 0 z z w z > w z c 

EO<': 

DB7 
NC DBS 

DB6 v •• 38 NC 
DB5 NC 37 DB5 

DB4 AIN 36 DB4 

AGND 7 DB3 AGND 35 DB3 

082 REFouT 34 DB2 

REF 1N 9 DB'1, NC DB1 

BIPOFF DBO REF1N NC 

Yee DGND BIPOFF 31 DBO 

DGND DGND NC NC 

SYNC DGND Vee NC 
18 19 20 21 22 23 24 25 26 27 28 

DGND HBE 

0 0 0 0 0 c o lw 0 0 0 z z z z z z Z ID z z z 
> " :i:: 
(/) c 

NC= NO CONNECT 
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FEATURES 
Monolithic 10-Bit 20 MSPS A/D Converter 
Low Power Dissipation: 1.0 W 
Signal-to-Noise Plus Distortion Ratio 

f1N = 1 MHz: 56 dB 
f1N = 10 MHz: 54 dB 

Guaranteed No Missing Codes 
On-Chip Track-and-Hold Amplifier 
100 MHz Full Power Bandwidth 
High Impedance Reference Input 
Out of Range Output 
Twos Complement and Binary Output Data 
Available in Commercial and Military Temperature 

Ranges (See Military/Aerospace Reference Manual 
for Specifications) 

PRODUCT DESCRIPTION 
The AD773A is a monolithic 10-bit, 20 Msps analog-to-digital 
converter incorporating an on-board, high performance track
and-hold amplifier (THA). The AD773A converts video band
width signals without the use of an external THA. The AD773A 
implements a multistage differential pipelined architecture with 
output error correction logic. The AD773A offers accurate per
formance and guarantees no missing codes over the full operat
ing temperature range. 

Output data is presented in binary and twos complement for
mat. An out of range (OTR) signal indicates the analog input 
voltage is beyond the specified input range. OTR can be 
decoded with the MSB/MSB pins to signal an underflow or 
overflow condition. The high impedance reference input allows 
multiple AD773As to be driven in parallel from a single 
reference. 

The combined de precision and dynamic performance of the 
AD773A is useful in a variety of applications. Typical applica
tions include: video enhancement, HDTV, ghost cancellation, 
ultrasound imaging, radar and high speed data acquisition. 

The AD773A was designed using Analog Devices' ABCMOS-1 
process which utilizes high speed bipolar and 2-micron CMOS 
transistors on a single chip. High speed, precision analog cir
cuits are now combined with high density logic circuits. Laser 
trimmed thin film resistors are used to optimize accuracy and 
temperature stability. 

The AD773A is packaged in a 28-pin ceramic DIP and is avail
able in commercial (0°C to + 70°C) and military (-55°C to 
+ 125°C) grades. 

REV.O 

10-Bit 20 MSPS 
Monolithic AID Converter 

AD773A I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. On-board THA 

OTR MSB BIT 1 BIT 10 
(MSB) (LSB) 

The high impedance differential input THA eliminates the 
need for external buffering or sample and hold amplifiers. 
The THA offers the choice of differential or single-ended 
inputs. Input current is typically 5 µA. 

2. High Impedance Reference Input 
The high impedance reference input (200 k!l) allows direct 
connection with standard +2.5 V references, such as the 
AD680, AD580 and REF43. 

3. Output Data Flexibility 
Output data is available in bipolar offset and bipolar twos 
complement binary format. 

4. Out of Range (OTR) 
The OTR output bit indicates when the input signal is 
beyond the AD773A's input range. 

5. Military Temperature Range 
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AD773A-SPECIFICATIONS 
DC SPECl·f.JCA. r1·0Ns·· (TMIN to TMAX with AVoo = +5 v ± 5%, AYss = -5 v ± 5%, DVoo = +5 v :± 5%, 

DRV00 = +5 V ± 5%, VREF = +2.500 V unless otherwise indicated) 

Parameter 

RESOLUTION 

DC ACCURACY 
Integral Nonlinearity 

TMIN toTMAx 
Differential Linearity Error 

TM1N to TMAX 
Zero Error 
Gain Error 
No Missing Codes 

ANALOG INPUT 
Input Range 
Input Current 
Input Capacitance 

REFERENCE INPUT 
Reference Input Resistance 
Reference Input 

LOGIC INPUT 
High Level Input Voltage 
Low Level Input Voltage 
High Level Input Current (VIN = DV00) 

Low Level Input Current (VIN = 0 V) 
Input Capacitance 

LOGIC OUTPUTS 
High Level Output Voltage (I0 H = 0.5 mA) 
Low Level Output Voltage (I0 L = 1.6 mA) 

POWER SUPPLIES 
Operating Voltages 

AVoo 
AVss 
DV00, DRVoo 

Operating Current 
IAV00 

IAVss 
IDV00 

IDRV00 
I 

POWER CONSUMPTION2 

POWER SUPPLY REJECTION 

TEMPERATURE RANGE 
Specified (J/K) 

NOTES 
'CL= IS pF. 
2100% production tested. 

AD773AJ 

Min Typ Max 

10 

±0.75 

±0.75 
0.5 
0.5 

1 
5 20 

10 

50 200 
2.5 

+3.5 
+0.5 

-10 +10 
-10 +10 

10 

+2.4 
+0.4 

+4.75 +5.25 
-5.25 -4.75 
+4.75 +5.25 

65 80 
-115 -140 
10 20 
10 15 

1.0 1.2 

10 18 

0 +70 

Specifications subject to change without notice. See Definition of Specifications for additional information. 
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AD773AK 

Min Typ 

10 

±0.75 

±0.75 
0.5 
0.5 

GUARANTEED 

1 
5 

50 200 
2.5 

+3.5 

-10 
-10 

10 

+2.4 

+4.75 
-5.25 
+4.75 

65 
-115 
10 
10 

1.0 

10 

0 

Max Units 

Bits 

LSB 
±2 LSB 

LSB 
±1 LSB 
3.5 %FSR 
3.0 %FSR 

Vp-p 
20 µA 
10 pF 

kn 
Volts 

v 
+0.5 v 
+10 µA 
+10 µA 

pF 

v 
+0.4 v 

+5.25 Volts 
-4.75 Volts 
+5.25 Volts 

80 mA 
-140 mA 
20 mA 
15 mA 

1.2 w 
18 mVN 

+70 oc 
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AD773A 
Ac Sp C C S (TMIN to TMAX with AV00 = +5 V ± 5%, AVss = -5 V ± 5%, DV00 = +5 V ± 5%, DRV00 = +5 V 

E lfl ATION ± 5%, VREF = +2.500 V unless otherwise indicated, fsAMPLE = 20 Msps, f1N amplitude = -0.5 dB) 

AD773AJ 

Parameter Min Typ Max 

DYNAMIC PERFORMANCE' 
Signal-to-Noise plus Distortion 

(SIN+ D) Ratio 
fIN = 1 MHz 52 56 
f1N = 10 MHz 50 54 

Effective Number of Bits (ENOB) 
f1N = 1 MHz 9.0 
f1N = 10 MHz 8.7 

Total Harmonic Distortion (THD) 
fIN = 1 MHz -67 -57 
fIN = 10 MHz -65 -54 

Spurious Free Dynamic Range2 70 
Full Power Bandwidth 100 
Intermodulation Distortion (IMD)3 

Second Order Products -69 
Third Order Products -64 

Differential Phase 0.2 
Differential Gain 0.5 
Transient Response 25 
Overvoltage Recovery Time 25 

NOTES 
1For typical dynamic performance curves at fsAMPLE = 20 Msps see Figures 2 through 7. 
2f1N =I MHz. 
3fa = 1.0 MHz, lb = 1.05 MHz. 

Specifications subject to change without notice. 

AD773AK 

Min Typ Max Units 

54 56 dB 
51 54 dB 

9.0 Bits 
8.7 Bits 

-67 -59 dB 
-65 -55 dB 
70 dB 
100 MHz 

-69 dB 
-64 dB 
0.2 Degree 
0.5 % 
25 ns 
25 ns 

(for all grades TMIN to TMAX with AV00 = +5 V ± 5%, AVss = -5 V ± 5%, DV00 = +5 V ± 5%, 
TIMING SPECIFICATIONS DRV00 = +5 V ± 5%, VREF = +2.500 V unless otherwise indicated, fsAMPt~ = 20 Msps) 

Conversion Rate 
Clock Period 
Clock High 
Clock Low 
Output Delay 
Aperture Delay 
Aperture Jitter 
Pipeline Delay (Latency) 

REV.O 

VIN 

CLOCK 

BIT 1-10 
MSB,OTR 

Symbol Min Typ Max Units 

20 Msps 

lcLK 50 ns 
tcH 24.5 ns 
tcL 24.5 ns 
too 20 ns 

7 ns 
9 ps 

4 Clock Cycles 

N 
N+1 

ltcH I tcL ~ too 
.-----'"--.. ,.-----.. r-----.. r-----.. DATA DATA 

N ___!!!!..._ 

Figure 1. AD773A Timing Diagram 
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AD773A 
CAUTION~~~~....,.-~~..--~~~~~~~~~~~~~~~~-'-
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human · body and test equipment and can discharge without detection. 
Although the AD773A features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! ~ 

~~EDEVICE 
ABSOLUTE MAXIMUM RATINGS* 

Parameter With Respect to Min Max Units 

AVoo AGND -0.5 +6.5 v 
AVss AGND -6.5 +0.5 v 
VINA> VINB AGND -6.5 +6.5 v 
DVoo> DRYoo DGND,DRGND -0.5 +6.5 v 
AGND DGND,DRGND -1.0 +1.0 v 
AVoo DV00, DRV0o -6.5 +0.5 v 
CLK DV00,DRV00 -6.5 +0.5 v 
RE FIN REFGND, AGND -0.5 +6.5 v 
Junction Temperature +150 ·c 
Storage Temperature -65 +150 ·c 
Lead Temperature 

(10 sec) +300 ·c 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods may affect device reliability. 

ORDERING GUIDE' 

Temperature Package 
Model Range Description Option2 

AD773AJD 0°c to +70°c 28-Pin Ceramic DIP D,28 
AD773AKD o·c to +70°c 28-Pin Ceramic DIP D-28 

NOTES 
1See Military/Aerospace Reference Manual for AD773ASD/883B 
specifications. 

20 =Ceramic DIP. For outline information see Package Information section. 

PIN DESCRIPTION 

Symbol Pin No. Type Name and Function 

AGND 5, 28 p Analog Ground. 
AVoo 4 p +5 V Analog Supply. 
AVss 3, 25 p -5 V Analog Supply. 

PIN CONFIGURATION 

BIT9 

BITS 

BIT7 

BIT6 

BITS 

MSB 19 DO Inverted Most Significant Bit. Provides twos complement output data format. 

AGND 

VINB 

VINA 

AVss 

DVoo 

CLK 

DRVoo 

DRGND 

OTA 

MSB 

BIT1 (MSB) 

BIT2 

BIT3 

BIT4 

OTR 20 DO Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023. 
See Output Data Format Table II. 

BIT I (MSB) 18 DO Most Significant Bit. 
BIT 2-BIT 9 17-10 DO Data Bit 2 through Data Bit 9. 
BIT 10 (LSB) 9 DO Least Significant Bit. 
CLK 23 DI Clock Input. The AD773A will initiate a conversion on the falling edge of the clock input. See the 

Timing Diagram for details. 
DVoo 24 p + 5 V Digital Supply. 
DRV00 7, 22 p + 5 V Digital Supply for the output drivers. 
DGND 6 p Digital Ground. 
DRGND 8, 21 p Digital Ground for the output drivers. 
REFGND I AI REFGND is connected to the ground of the external reference. 
REFIN 2 AI REFIN is the external 2.5 V reference input, taken with respect to REFGND. 
VINA 26 AI ( +) Analog input signal to the differential input THA. 
VINB 27 AI ( - ) Analog input signal to the differential input THA. 

Type: Al = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 
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INTEGRAL NONLINEARITY (INL) 
Linearity, error refers to the deviation of each individual code 
from a line drawn from "zero" through "full scale." The point 
used as "zero" occurs 1/2 LSB before the first code transition. 
"Full scale" is defined as a level I 1/2 LSB beyond the last code 
transition. The deviation is measured from the center of each 
particular code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. 

ZERO EROR 
The major carry transition should occur for an analog value 1/2 
LSB below analog common. Zero error is defined as the devia
tion of the actual transition from that point. 

GAIN ERROR 
The first code transition should occur for an analog value 1/2 
LSB above nominal negative full scale. The last transition 
should occur 1 112 LSB below the nominal positive full scale. 
Gain error is the deviation of the actual difference between first 
and last code transitions and the ideal difference between first 
and last code transitions. 

POWER SUPPLY REJECTION 
One of the effects of power supply variation on the performance 
of the device will be a change in gain error. The specification 
shows the maximum gain error deviation as the supplies are var
ied from their nominal values to their specified limits. 

SIGNAL-TO-NOISE PLUS DISTORTION (SIN+D) 
RATIO 
SIN+ D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components including 
harmonics but excluding de. The value for SIN+ D is expressed 
in decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the following expression: 

SIN+ D = 6.02N + 1. 76, where N is equal to the effective 
number of bits. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

SPURIOUS FREE DYNAMIC RANGE 
The peak spurious or peak harmonic component is the largest 
spectral component excluding the input signal and de. This 
value is expressed in decibels relative to the rms value of a full
scale input signal. 

REV. 0 

Definitions of Specifications-AD773A 
INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m+n), at sum and difference frequencies of mfa±nfb, 
where m, n = 0, 1, 2, 3 .... Intermodulation terms are those 
for which m or n is not equal to zero. For example, the second 
order terms are (fa+ fb) and (fa -fb) and the third order terms 
are (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). The IMD prod- Ill 
ucts are expressed as the decibel ratio of the rms sum of the 
measured input signals to the rms sum of the distortion terms. 
The two signals are of equal amplitude and the peak value of 
their sums is -0.5 dB from full scale. The IMD products are 
normalized to a 0 dB input signal. 

DIFFERENTIAL GAIN 
The percentage difference between the output amplitudes of a 
small high frequency sine wave at two stated levels of a low fre
quency signal on which it is superimposed. 

DIFFERENTIAL PHASE 
The difference in the output phase of a small high frequency 
sine wave at two stated levels of a low frequency signal on which 
it is superimposed. 

TRANSIENT RESPONSE 
The time required for the AD773A to achieve its rated accuracy 
after a full-scale step function is applied to its input. 

OVERVOLTAGE RECOVERY TIME 
The time required for the ADC to recover to full accuracy after 
an analog input signal 150% of full scale is reduced to 50% of 
the full-scale value. 

APERTURE DELAY 
The difference between the switch delay and the analog delay of 
the THA. This effective delay represents the point in time, rela
tive to the falling edge of the CLOCK input, that the analog 
input is sampled. 

APERTURE JITTER 
The variations in aperture delay for successive samples. 

PIPELINE DELAY (LATENCY) 
The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 

FULL POWER BANDWIDTH 
The input frequency at which the amplitude of the recon
structed fundamental is reduced by 3 dB for a full-scale input. 
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AD773A-Dynamic Characteristics 
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Figure 2. S!N+D vs. Input Frequency, fcLK = 20 MSPS 
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Figure 3. CMR vs. Input Frequency, fcLK = 20 MSPS 
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Figure 4. Harmonic Distortion vs. Input Frequency, 
fcLK = 20 MSPS: Full Power 
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Figure 5. Harmonic Distortion vs. Input Frequency, 
fcLK = 20 MSPS: Small Signal 
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Figure 6. Typical FFT Plot of AD773A, fcLK = 20 MSPS, 
f,N = 1 MHz at 1 V p-p 
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Figure 7. Typical FFT Plot of AD773A, fcLK = 20 MSPS, 
f,N = 9.9 MHz at 1 v p-p 
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Theory of Operation 
The AD773A uses a pipelined multistage architecture with a 
differential input, fast settling track-and-hold amplifier (THA). 
Traditionally, high speed ADCs have used parallel, or flash 
architectures. When compared to flash converters, multistage 
architectures reduce the power dissipation and die size by reduc
ing the number of comparators. For example, the AD7T3A uses 
48 comparators compared to 1023 comparators for a 10-bit flash 
architecture. 

The AD773A's main signal path transmits differential current 
mode signals. Low impedance current summing techniques are 
employed, increasing speed by reducing sensitivity to parasitic 
capacitances. Pipelining allows the stages to operate concurrently 
and maximizes system throughput. 

The input THA is followed by three 4-bit conversion stages. At 
any given time, the first stage operates on the most recent sam
ple, while the second stage operates on a signal dependent on 
the previous sample. This process continues throughout all three 
stages. The twelve digital bits provided by the three 4-bit stages 
are combined in the correction logic to produce a 10-bit repre
sentation of the sampled analog input. 

Pipeline delay, or latency, is four clock cycles. New output data 
is provided every clock cycle and is provided in both binary and 
twos complement format. The AD773A will flag an out-of-range 
condition when the analog input exceeds the specified analog 
input range. 

Applying the A0773A 
DRIVING THE AD773A INPUT 
The AD773A may be driven in a single-ended or differential 
fashion. VINA is the positive input, and V1N8 is the negative 
input. In the single-ended configuration either VINA or V INB is 
connected to Analog Ground (AGND) while the other input is 
driven with a full-scale input of ±500 mV p--p. An inverted 
mode of operation can be achieved by simply interchanging the 
input connections. 

Both inputs of the AD773A, VINA and VINB• are high imped
ance and do not need to be driven by a low. impedance source. 
Note, however, that as the source impedance increases, the 
input node becomes more susceptible to noise. The increased 
noise at the input will degrade performance. A 10 pF capacitor 
across VINA and V1N8 as shown in Figure 8 is recommended to 
bypass high frequency noise. 

±500mV 
VINA 

AD773A 

~INB 

Figure 8. AD773A Single-Ended Input Connection 
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AD773A 
INPUT CONDITIONING 
In some cases, it may be appropriate to buffer the input source, 
add de offset, or otherwise condition the input signal of the 
AD773A. Choosing an appropriate op amp will vary with system 
requirements and the desired level of performance. Some sug
gested op amps are the AD9617, AD842, and AD827. 

Figure 9 shows a typical application where a unipolar signal is 
level shifted to the bipolar input range of the AD773A. Note 
that the reference used with the AD773A can also provide a 
noise-free voltage source to generate the de offset. 

2.49kQ 499Q 

Figure 9. Unipolar to Bipolar Input Connection 

DIFFERENTIAL INPUT CONNECTIONS 
Operating the AD773A with fully differential inputs offers the 
advantage of rejecting common-mode signals. present on both 
VINA and ViNB· The full-scale input range of VINA and V1Ne 
when driven differentially is ±250 mV p--p as shown in Table I. 

Table I. AD773A's Maximum Differential Input Voltage 

+250 mV 
-250 mV 

VINB 

-250 mV 
+250 mV 

+500 mV 
-500 mV 

In some applications it may be desirable to convert a single
ended signal to a differential signal before being applied to the 
AD773A. Figure 10 shows a single-ended to differential video 
line driver capable of driving doubly terminated cables. 

ANALOG 
INPUT 

(±500mV) 

510Q 

510Q 

Figure 10. Single-Ended to Differential Connection 
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AD773A 
REFERENCE INPUT 
The AD773A's high impedance reference input allows direct 
connection with standard voltage references. Unlike the resistor 
ladder requirements of a flash converter the AD773A's single 
pin, high impedance input can be driven from one low cost, low 
power reference. The high impedance input allows multiple 
AD773A's to be driven from one reference thus minimizing drift 
errors. 

Figure II shows the AD773A connected to the AD680, The 
AD680 is a single supply, low power, low cost 2.5 V reference 
with performance specifications ideally suited for the AD773A. 
The low pass filter minimizes the AD680's wideband noise. 
Other recommended 2.5 V references are the AD580 and 
REF43. 

Figure 11. Recommended AD773A to AD680 Connection 

CLOCK INPUT 
The AD773A's pipelined architecture operates on both the ris
ing and falling edges of the clock input. A low jitter, symmetri
cal clock will provide the highest level of performance. The 
recommended logic family to drive the clock input is HC. The 
AD773A's minimum clock half cycle may ne<;essitate the use 
of an external divide-by-two circuit as shown in Figure 12. 
Power dissipation will vary with input clock frequency as shown 
in FigUre 13. 

+5V 

D 

74XX74 
40MHz 

Q CLK 

+5V 

Figure 12. Divide-by-Two Clock Circuit 
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1.04 
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Figure 13. Power Dissipation vs. Sample Frequency 

EQUIVALENT ANALOG INPUT CIRCUIT · 
The AD773A equivalent analog input circuit is shown in Fig
ure 14. The typical input bias current is 5 µA, while input 
capacitance is typically 5 pF. In the single•ended input configu
ration one input is connected to AGND while.the second input 
is driven to full scale (±500 mV). Under nominal conditions the 
collector of the" input transistor is at + 1.15 V. This allows sigc 
nals to be offset by up to +0.65 V without significantly degrad: 
ing performance. In the negative direction, the emitter of the 
input transistor should not drop below -1.25 V. Therefore, sig
nals can be offset by -0.65 V without significant performance 
degradation. Figure 15 shows signal-to-noise ratio vs. common
mode input voltage. 

+SV 

+1.15V 

-SV 

Figure 14. Equivalent Analog Input Circuit 

60 
AIN =--0.3dB 

~-
. -

~ 
AIN = -6dB I\ 

so 

40 

30 

20 

10 

-1.4 -1.2 -1.0 --0.8 --0.6 --0.4 --0.2 0.0 . 0.2 0.4 0.6 0.8 1.0 

COMMON MODE INPUT VOLT AGE - V 

Figure 15. S!N+D vs. Common-Mode Input Voltage, 
fcLK = 20 MSPS 
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EQUIVALENT REFERENCE INPUT CIRCUIT 
The AD773A is designed to have a reference to analog input 
voltage ratio of 2.5:1. When the AD773A is configured for 
single-ended operation a 2. 5 volt reference input establishes a 
full-scale analog input voltage of I V p-p (±500 mV with 
respect to V,NB). Although the AD773A is specified and tested 
with VREF equal to 2.5 V and VIN equal to ±500 mV the refer
ence input voltage and analog input voltages can be changed. To 
optimize the AD773A 's performance the 2. 5: I ratio should be 
maintained. The simpiified model of the AD773A's reference 
input circuit is shown in Figure 16. 

REFIN 

REFGND 

-5111 

Figure 16. Typical Reference Input Circuit 

The 2.5 V external reference is applied across resistor RI pro
ducing a current which in turn generates a voltage V BIAS· Multi
ple reference currents are generated from V BIAS and are used 
throughout the converter. R3 is used to cancel errors induced by 
the input bias current of the REFGND buffer. Figure 17 shows 
the SNR performance as the reference voltage is varied from its 
nominal value of 2.5 V. The input full-scale voltage is defined 
by the following equation, 

Reference Voltage 
Input Full-Scale Voltage = 2_5 

The power dissipation is modulated by variations in the refer
ence voltage. Figure 18 shows the variation in power dissipation 
versus reference voltage. 
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~ 45 

~ 
40 

35 
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REFERENCE INPUT VOLTAGE - V 

3.8 

Figure 17. SIN+D vs. Reference Input Voltage, 
fcLK = 20 MSPS, f,N = 1 MHz 

AD773A 
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Figure 18. Power Dissipation vs. Reference Input Voltage, 
fcwcK = 20 MSPS 

TRANSIENT RESPONSE 
The fast settling input THA accurately converts full-scale input 
voltage swings in under one clock cycle. The THA's high 
impedance, fast slewing performance is critical in multiplexed or 
de stepped (charge coupled devices, infrared detectors) systems. 
Figure 19 show the AD773A's settling performance with an 
input signal stepped from -500 mV to 0 V. As can be seen, the 
output code settles to its final value in under one clock cycle. 
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Figure 19. Typical AD773A Settling Time 
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AD773A 
OUTPUT DATA FORMAT 
The AD773A provides both MSB and MSB outputs, delivering 
positive true offset binary and twos complement output data. 
Table II shows the AD773A's output data format. 

Table Il. Output Data Format 

Analog Input Digital Output 

Offset Twos 
VINA-VIND Binary Complement OTR 
?:499.5 mV 11 1111 lll l 01 1111 1111 l 
499mV 11 1111 lll l 01 1111 1111 0 
OmV 10 0000 0000 00 0000 0000 0 
-500 mV 00 0000 0000 10 0000 0000 0 
s-500.5 mV 00 0000 0000 10 0000 0000 l 

OUT OF RANGE 
An out-of-range condition exists when the analog input voltage 
is beyond the input range (±500 mV) of the converter. [Note 
the AD773A has a 4 clock cycle latency.] OTR (Pin 20) is set 
low when the analog input voltage is within the analog input 
range. OTR is set HIGH and will remain HIGH when the ana
log input voltage exceeds the input range by 112 LSB from the 
center of the.± foll-scale output codes .. OTR will remain HIGH 
until the analog input is within the input range. Note that if the 
input is driven beyond + j .S V, the digital outputs may not stay 
at + FS, but may actually fold back t0 midscale. By logical 
ANDing OTR with the MSB and its complement, overrange 
high or underrange low conditions can be detected: Table III is 
a truth table for the over/under range circuit in Figure 20. Sys
tems requiring programmable gain conditioning prior to the 
AD773A can immediately detect an out of range condition, thus 
eliminating gain selection iterations. 

MSB]g OVER= "1" 

= ,_,_,. MSB 
Figure 20. Overrange or Underrange Logic 

Table III. Out-of-Range Truth Table 

OTR MSB ANALOG INPUT IS 

0 0 In Range 
0 l In Range 
l 0 Underrange 
1 l Overrange 
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GROUNDING;l\ND LAYOUT RULES 
As is the case for any high performance device, proper ground
ing and layout techniques are essential in achieving optimal per
formance •. (Note~ Figures 22-26 are.not to scale.) The analog 
and digital grounds on the AD773A have been separated to opti
mize the management of return currents in. a system. It is rec
ommended that aA-layer printed circuit board (PCB) which 
employs ground planes ~d power planes be used with the 
AD773A. T)le use of grounc\ and power planes offers distinct 
advantages: 

l. The minimization of the loop area encompassed by a signal 
and its return path. 

2. The minimization of the impedance associated with ground 
and power paths. 

3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 

These characteristics result in both a reduction of electro
magnetic interference (EMI) and art overall improvement in 
performance. 

It is important to design a layout which prevents noise from 
coupling onto the input signal. The wide input bandwidth of the 
AD773A permits noise' outside the desired Nyquist bandwidth 
to be sampled along with the desired signal. This can result in a 
·higher overall level of spurious noise in the digitized output. 
Digital signals should not be run in parallel with the circuitry. It 
is also suggested that the traces associated with VINA and VINB 
be the same length. 

Separate analog and digital grounds should be joined together 
directly under the AD773A (see Figure 24). A solid ground 
plane under the AD773A is also acceptable if care is taken in 
the management of the power and ground return currents. A 
general "rule-of-thumb" for mixed signal layouts dictates that 
the return currents from digital circuitry should not pass 
through critical analog circuitry. 

POWER SUPPLY DECOUPLING 
The analog and digital supplies of the AD773A have been sepa
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supplies (AV DD• 
AV ss). Each analog power supply pin should be decoupled with 
a 0.1 µF capacitor .located as close to the pin as possible. Addi
tionally, 0.22 µFcapacitors for the. DRVDD and DVDD supplies 
are required to adequately suppress high frequency noise. For 
optimal performance, surface-mount capacitors are recom
mended. The inductance associated with the leads of through
hole ceramic ·capacitors typically render them ineffective at 
higher frequencies. A complete system will also incorporate tanta
lum capacitors in the 10-100 µF range to decouple low fre
quency rtoise a11d ferrite beads to limit high frequency noise. 

The digital supplies have also been separated into DRVDD and 
DVDD· The DRVDD pins provide power for the digital output 
drivers of the AD773A and are likely to contain high energy 
transients. Pin 22 should be decoupled directly to Pin 21 
(DRGND) and Pin 7 should be decoupled directly to Pin 8 
(DRGND) to minimize the length of the return path for these 
transients. A single + 5 V supply is all that is required for 
DRVDD and DVDD• but decoup!i!lg DVDD with an RC filter 
network is suggested (see Figure 21). 
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Figure 21. AD773A Evaluation Board Schematic 

Table IV. Components List 

Reference Designator 

R2, R4 
RS, R6, Rll-R22 
R7,R8 
R9 
P..10 
Cl, C3-C8, Cll, C!4, Cl7-C21 
C2 
C9, Cl2, CIS 
ClO, CB, Cl6 
Ul 
U2 
U3 
U4 
us 
FBl-FB3 

Description 

Resistor, 1%, 49.9 0 
Resistor, 5%, 22 o 
Resistor, 5%, 39 0 
Resistor' 5%, 75 n 
Resistor, 5%, 560 0. 

Quantity 

2 
14 
2 
I 
I 

Chip Cap, 0.1 flof 14 
Capacitor, Tantalum, 10 fl.F I 
Chip Cap, 0.01 flof . . . 3 
Capacitor, Tantalum, 22 fl.F 3 
AD773A 
ADV7122 
AD680 
AD589 
74AS04 
Ferrite Bead 

I 
I 
I 
I 
I 
3 

U4 
AD589 

AD773A 
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Figure 22. Component Side PCB Layout 
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Figure 23. Solder Side PCB Layout 
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Figure 26. Silkscreen Layer PCB Layout 
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FEATURES 
CMOS 8-Bit 20 MSPS Sampling A/D Converter 
Low Power Dissipation: 60 mW 
+5 V Single Supply Operation 
Differential Nonlinearity: 0.3 LSB 
Differential Gain: 1% 
Differential Phase: 0.5 Degrees 
Three-State Outputs 
On-Chip Reference Bias Resistors 
Adjustable Reference Input 
Video Industry Standard Pinout 
Small Packages: 

24-Pin, 300 Mil SOIC Surface Mount 
24-Pin, 400 Mil Plastic DIP 

PRODUCT DESCRIPTION 
The AD775 is a CMOS, low power, 8-bit, 20 Msps sampling 
analog-to-digital converter (ADC). The AD775 features a built
in sampling function and on-chip reference bias resistors to pro
vide a complete 8-bit ADC solution. The AD775 utilizes a 
pipelined/ping pong two-step flash architecture to provide high 
sampling rates (up to 35 MHz) while maintaining very low 
power consumption (60 mW). 

Its combination of excellent DNL, fast sampling rate, low dif
ferential gain and phase errors, extremely low power dissipation, 
and single + 5 V supply operation make it ideally suited for a 
variety of video and image acquisition applications, including 
portable equipment. The AD77S's reference ladder may be con
nected in a variety of configurations to accommodate different 
input ranges. The low input capacitance (11 pF typical) provides 
an easy-to-drive input load compared to conventional flash 
conveners. 

The AD775 is offered in both 300 mil SOIC and 400 mil DIP 
plastic packages, and is designed to operate over an extended 
commercial temperature range (-20°C to +75°C). 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.O 

8-Bit 20 MSPS, 60 mW 
Sampling AID Converter 

AD775 I 
FUNCTIONAL BLOCK DIAGRAM 

AVss CLK DVss 

PRODUCT HIGHLIGHTS 
Low Power: The AD775 has a typical supply current of 12 mA, 
for a power consumption of 60 mW. Reference ladder currf!nt· 
is also low: 6.6 mA typical, minimizing the reference power 
consumption. 

Complete Solution: The AD77S's switched capacitor design fea~ 
tures an inherent sample/hold function: no external SHA is 
required. On-chip reference bias resistors are included to allow a 
supply-based reference to be generated without any external 
resistors. 

Excellent Differential Nonlinearity: The AD775 features a typi
cal DNL of 0.3 LSBs, with a maximum limit of 0.5 LSBs. No 
missing codes is guaranteed. 

Single +5 V Supply Operation: The AD775 is designed to oper
ate on a single + 5 V supply, and the reference ladder may be 
configured to accommodate analog inputs inclusive of ground. 

Low Input Capacitance: The 11 pF input capacitance of the 
AD775 can significantly decrease the cost and complexity of 
input driving circuitry, compared with conventional 8-bit flash 
ADCs. 
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AD775-SPECIFICAJIO·NS (T, = +25°C, AYan• DYaa = +5:0 v. AYss. DVss = 0 v. VRT = 2:6 v. Yu= o.~ v .. 
. .·. . ..· . . . · . · .. CLOCK = 20 MHz, unless otheiw1se noted) · · ·· .. ·. · , 
_c_:'' 

~eter 
~ 

RESOLUTION 

·DC ACCURACY 
Integral Nonlinearity (INL) 
Differential Nonlinearity CJ:)NL) 
No Missing Codes 
Offset 

To Top of Ladder VRT 
To Bottom of Ladder V RB 

VIDEO ACCURACY1 

Differential Gain Error 
Differential Phase Error 

ANALQGINPUT 
Input Range CVRrVRB) 
Input Capacitance 

AC SPECIFICATIONS2 '. 

Signal-to-Noise and Distortion (S/(N + D)) 
fJN =.l MHz 
fii.J = SMHz· 

Total Harmonic Distortion (THD) 
flN = 1 MHz 
f1N = 5 MHz 

REFERENCE INPUT 
Reference Input Resistance (RREF) 
Case 1: VRT = ;yR.Ts• VRB = VRBs 
Reference Bottom Voltage (V Re) 
Reference Span (VRT-VRe) 
Referenci: Ladder Current (IREF) 
Case 2: VRT '= VRTs• VRB = AVss 
Reference Span CVRrVRe) 
Reference Ladder Current (IREF) 

POWER SUPPLIES 
Operating Voltages 

AVnn 
DVnn 

Operating Current' 
IAV00 

1DV00 

IAV00 + IDV00 

POWER CONSUMPTION 

TEMPERATURE RANGE 
Operating 

NOTES 
1NSTC 40 IRE modulation ramp, CLOCK = 14.3 Msps. 
2f1N amplitude = -0.3 dB full scale. 

AD775J 
Min Typ 

8 

I +0.5 
±0.3 
GUARANTEED 

-10 -35 
0 +15 

1.0 
0.5 

2.0 
11 

47 
41 

-51 
-42 

230 300 

0.60 0.64 
1.96 2.09 
4.4 1:0 

2.25 2.39 
5 8 

+4.75 
+4.75 

9.5 
2.5 
12 

60 

-20 

Specifications subject to change without notice. See Definition of Specifications for additional information. 
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.Max ., '· uDits 
Bits 

1.3 LSB 
±0.5 LSB 

-60 mV 
+45 mV 

% 
Degrees 

Vp-p 
pF 

~ 

dB 
dB 

dB 
dB 

450 n 

0.68 v 
2.21 v 
9.6 

' 

~ 

2.53 v 
11 mA 

+5.25 ·Volts 
+5.25 Volts 

mA 
mA 

17 mA 

85 mW 

+75 °C 
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AD775 
DIGITAL SPECIFICA'JIONS n. = +25°C with AYoo• DYoo = +5 V, AYss. DYss = 0 v, VRT = 2.6 v, YRa = +D.6 v, 

K CLOCK = 20 MHz unless otherwise noted} 

AD775J 
Parameter Symbol DVnn Min Typ Max Units 

LOGIC INPUT 
High Level Input Voltage V1H 5.0 4.0 v 
Low Level Input Voltage VIL 5.0 1.0 v 
High Level Input Current -(Vm = DV00) Im 5.25 5 µA 
Low Level Input Current 

CV1L = 0 V) I1L 5.25 -5 µA 
Logic Input Capacitance CIN 5 pF 

LOGIC OUTPUTS 
High Level Output Current 

OE= DV55, VoH = DV00-0.5 V loH 4.75 -1.1 mA 
OE= DVno• VoH = DVoo loz 5.25 16 µA 

Low Level Output Current 
OE= DV55, VoL = 0.4 V loL 4.75 3.7 mA 
OE = DV 00, V 0L = 0 V loz 5.25 16 µA 

TIMING SPECIFICATIONS 
Symbol Min Typ Max Units 

Maximum Conversion Rate 20 35 MHz 
QockPeriod tc 50 ns 
QockHigh fcH 25 ns 
QockLow fcL 25 ns 
Output Delay too 18 30 ns 
Pipeline Delay (Latency) 2.5 Qock Cycles 
Sampling Delay tos 4 ns 
Aperture Jitter 30 ps 

Specifications subject to change without notice. 

---....,.--~~~----SA~MP~~~N~+l~--SA==M~PL>E~N=~=----------~ SAMPLEN 
VIN 

j+-tos 
tcH tcL 

CLK 

OUT x DATA N-3 x DATA N-2 x DATA N-1 

Figure 1. AD775 Timing Diagram 
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AD775 
PIN DESCRIPTION 

Pin No. Symbol Type Name and Function 

1 OE DI OE= Low OE= High 
Normal Operating Mode. High Impedance Outputs. 

2, 24 DVss p Digital Ground. Note: DV ss and AV ss pins should share a common ground plane on the circuit board. 

3 DO (LSB) DO Least Significant Bit, Data Bit 0. 

4-9 Dl-D6 DO Data Bits I Through 6. 

10 D7 (MSB) DO Most Significant Bit, Data Bit 7. 

II, 13 DVDD p + 5 V Digital Supply. Note: DV DD and AV DD pins should share a common supply on the circuit board. 

12 CLK DI Clock Input. 

16 VRTS AI Reference Top Bias. Short to V RT for Self Bias. 

17 VRT Al Reference Ladder Top. 

23 VRB AI Reference Ladder Bottom. 

22 VRBS AI Reference Bottom Bias. Short to V Rs for Self Bias. 

14, 15, 18 AVDD p +S V Analog Supply. Note: DVDD and AVDD pins should share a common supply.within 0.5 inches 
of the AD775. 

19 VIN AI Analog Input. Input Span= VRT-VRs· 

20, 21 AVss p Analog Ground. Note: DV ss and AV ss pins should share a common ground within 0.5 inches 'of the 
AD775. 

NOTE 
Type: AI = Analog Input; DI = Digital Input; DO = Digital Output; P = Power. 

PIN CONFIGURATION 
(DIP and SOIC) 

07(MSB) 

DVoo 

CLK 

MAXIMUM RATINGS* 
Supply Voltage (AVDD' DVDD) .................. 7 V 
Supply Difference (AVDD-DVDD) ................ 0 V 
Ground Difference (AV ss-DV ss) ................. 0 V 
Reference Voltage (VRn VR8 ) ....•.••..•... VDo to Vss 
Analog Input Voltage (V1N) ............... VoD to Vss 
Digital Input Voltage (CLK) ............... VDD to Vss 
Digital Output Voltage (V OH, V oL) • . . •..••..• V DD to V ss 
Storage Temperature ................ -55°C to + IS0°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operaticinal sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD77SJN -.20°c to +7S°C 24-Pin 400 Mil Plastic DIP N-24B 
AD775JR - 20°C to + 75°C 24-Pin 300 Mil SOIC R-24A 

*For outline information see Package Information section. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD775 features ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions 
are recommended to avoid performance degradation or loss of functionality. 
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Figure 2. Sl(N-tD) vs. Input Frequency at 20 MSPS Clock 
Rate (V1N = -0.3 dB) 
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(V1N = -0.5 dB) 

-0.4'--..__..__..__.._~..__..__..___, 

~LLSCALE +FULLSCALE 

Figure 4. TypicatDiffer't,ntial Nonlinearity (DNLJ 

REV.O 

AD775 

--36 l----+----J--1--1-1----+----l--l--l-I 

-54 ,__ _ _._ _ __,_....._....._.._ _ _._ _ __,_....._...._. 

0.1 10 

t1N-MHz 
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AD775 
DEFINITIONS OF SPECIFICATIONS 
Integral Nonlinearity (INL) 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn ·from "zero" through "full scale." The 
point used as "zero" occurs 112 LSB before the first code transi
tion. "Full .scale" is def'.med as a level 1 112 LSB beyond the last 
code transition. The deviation is measured .from the center of 
each particular code to the true straight line. 

Differential Nonlinearity (DNL, No Missing Codes) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation·from this ideal value. It is often 
specified in terms of the resolution for which no missing codes 
(NMC) is guaranteed. 

Offset Error 
The first code transition should occur at a level 112 LSB above 
nominal negative full scale. Offset referred to the Bottom of 
Ladder V RB is defmed as the deviation from this ideal. The last 
code transition should occur 1 112 LSB below the nominal posi
tive full scale. Offset. referred to the Top of Ladder V RT is 
defmed as the deviatfon from this ideal,. 

Differential Gain 
The percentage difference between the output amplitudes of a 
small high frequency sine wave at two .stated levels of a low fre
quenC)'. signal on which it is superimposed. 

THEORYOF OPERATION 
The AD775 uses a pipelined two-step (subranging) flash archi
tecture 'to a~hieve ,s~cantly lower power and lower input 
capacitance than conventional full flash converters whiie still 
maintaining high throughput. The analog input is i;ampled by 
the switched capacitor comparators on the falling edge of the 
input clock: no external sample and hold is required. The coarse 
comparators determine the top four bits (MSBs), and select the 
appropriate reference ladder taps. for the fme .comparators. With 
the next falling edge of the clock, the fme comparators deter
mine the bottom four bits (LSBs). Since the LSB comparators 
require a full clock cycle between their sampling instant and 
their decision, the converter alternates between rlvo sets of fine 
comparators' in a "ping-pong'' fashion. This multiplexing allows 
a new input sample to be taken on every- falling clock edge, 
thereby providing 20 Msps operation .. TM data is accumulated 
in the correction logic and output through a tl!.ree-state output 
latch on the rising edge of the clock. The latericy bi:~een input 
sampling and the corresponding eonverted output is i:5 clock 
cycles. ' · 

All three comparator banks utilize the same resistive ladder for 
their reference input. The analog input range is determined by 
the voltages applied to the bottom and top of. the ladder, and 
the AD775 can digitize inputs down to 0 V using a single sup
ply. On-chip application·resistors are provided ti> allow the lad
der to be conveniently biased by the supply voltage. 

The AD775 uses switched capacitor auto-zeroing teehniques to 
cancel the comparators' offsets and achieve excellent differential 
nonlinearity performance: typically ±0.3. LSB. The integral 
nonlinearity .is determined by the linearity of the reference Jade 
der and is typically +0.5 LSB. 
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Differential Phase 
The difference in the output phase of a small high frequency 
sine wave at two stated levels of'il low frequency signal on which 
it is superimposed. 

Pipeline Delay (Latency) 
The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 

Signal-to-Noise Plus Distortion Ratio (SIN+D) 
SIN+ D is th.e ratio of the rms value .of the measured input sig
nal to the rms sum of all other spectral components including 
harmonics but excluding de. The value for SIN+ D is expressed 
in decibels. 

Total Harmonic Distortion (THD) 
THD is the .ratio of the rms sum of the first six harinonic com
ponents to ·the rms value of the measured input signal and is 
expressed as a percentage .or in decibels. 

APPL YING THE AD775 
REFERENCE INPUT 
The AD775 features a resistive reference .ladder similar.-to that 
found in mo~t conventional flash converters. The analog input 
range of the converter fal,ls betweep the top (V RT) and bottom 
(VRB) voltages of this ladder. The nominal resistance of the lad
der is 300 ohms,' though tl)is may vary from 230 ohms to 450 
ohms. The minimum recommended voltage for VRB is 0 V; the 
linearity performance of the converter may deteriorate for input 
spans (VR8 -VRB) below 1.8 V. While 2.8 Vis the recomniended 
maximum ladder top voltage (VRT), the top of the ladder may 
be as high as the positive supply voltage (AV00) with minimal 
linearity degradation. 

ADn5 

'VALUES FOR 
RESISTANCE 
A~ETYPICAL 

Figure 8. Reference Configuration: 0.64 V to 2.73 V 

To simplify biasing of the AD775, on-chip reference bias resis
tors are provided on Pins 16 and 22. The two recommended 
configurations for these resistors are shown in Figures 8 and 9. 
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In the topology shown in Figure 8, the top of the ladder (V RT) 
is shorted to the top bias resistor (V RTS) (Pin 17 shorted to Pin 
16), while the bottom of the ladder (V RB) is shorted to the bot
tom bias resistor (V RBs) (Pin 23 shorted to Pin 22). This creates 
a resistive path (nominally 725 ohms) between AV00 and AVss· 
For nominal supply voltages (5 V and 0 V respectively), this 
creates an input range of 0.64 V to 2.73 V. 

Both top and bottom of the reference ladder should be decou
pled, preferably with a chip capacitor to ground to minimize 
reference noise. 

The topology shown in Figure 9 provides a ground-inclusive 
input range. The bottom of the ladder (V RB) is shorted to AV ss. 
(0 V), while the top of the ladder (V Kr) is connected to the 
on-board bias resistor (V RTS). This provides a nominal input 
range of 0 V to +2.4 V for AV00 of 5 V. The VRBs pin may be 
left floating, or shorted to AV ss· 

AVoo 
325<1 

300<1 

90Q 

AVss 

AD775 

'VALUES FOR 
RESISTANCE 
ARE TYPICAL 

Figure 9. Reference Configuration: 0 V to +2.4 V 

More elaborate topologies can be used for those wishing to pro
vide an input span based on an external reference voltage. The 
circuit in Figure I 0 uses the AD780 2. 5 V reference to drive the 
top of the ladder (V RT), with the bottom (V RB) of the ladder 
grounded to provide an input span of 0 V to + 2.5 V. This is 
modified in Figure .II to shift the 2.5 V span up 700 mV. 

AD775 

Figure 10. Reference Configuration: 0 V to 2.5V 

The AD775 can accommodate dynamic changes in the reference 
voltage for gain or offset adjustment. However, conversions that 
are in progress, including those in the converter pipeline, while 
the reference voltages are changing will be invalid. 

REV. 0 

AD775 

Figure 11. Reference Configuration: 0.7 V to 3.2 V 

ANALOG INPUT 
The impedance looking into the analog input is essentially 
capacitive, as shown in the equivalent circuit of Figure 12, typi
cally totalling around 11 pF. A portion of this capacitance is 
parasitic; the remainder is part of the switched capacitor struc
ture of the comparator arrays. The switches close on the rising 
edge of the clock, acquire the input voltage, and open on the 
clock's falling edge (the sampling instant). The charge that must 
be moved onto the capacitors during acquisition will be a func
tion of the converter's previous two samples, but there should 
be no sample-to-sample crosstalk so long as ample driving 
impedance and acquisition time are provided. 

AVoo 
( 

SWITCHES EACH 
CLOCK CYCLE 

(
SWITCHES ON ALTERNATE 
CLOCK CYCLES 

-iC3 
AV55 T 

C1+C2+C3 ... 11pF \j AD775 

Figure 12. Equivalent Analog Input Circuit (V1N) 

For example, to ensure accurate acquisition (to 114 bit accuracy) 
of a full-scale input step in less than 20 ns, a source impedance 
of less than 100 ohms is recommended. Figure 13 shows one 
option of input buffer circuitry using the AD817. The AD817 
acts as both an inverting buffer and level shifting circuit. In 
order to level shift the ground-based input signal to the de level 
required by the input of the AD775, the supply voltage is resis
tively divided to produce the appropriate voltage at the nonin
verting input of the AD817. For most applications, the AD817 
provides a low cost, high performance level shifter. The AD811 
is recommended for systems which require faster settling times. 
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Figure 13. Level Shifting Input Buffer 

The analog input range is set by the voltage at the top and bot· 
tom of the reference ladder. In general, the larger the span 
(V RT-V RB), the better the differential nonlinearity (DNL) of the 
converter; a 1.8 V span is suggested as a minimum to realize 
goo'd linearity performance. As the input voltage exceeds 2.8 V 
(for AV 00 = 4. 75 V), the input circuitry may start to slightly 
degrade the acquisition performance. 

CLOCK INPUT 
The AD775's internal control circuitry makes use of both clock 
edges to generate on-chip timing signals. To ensure proper 
settling and linearity performance, both tcH and tcL times 
should be 25 ns or greater .. For sampling frequencies at or near . 
20 Msps, a 50% duty cycle c.lock is recommended. For slower 
sampling applications, ·the AD775 can accommodate a wider 
range of duty cycles, provided each clock phase is as least 25 ns. 

Under certain conditions, the AD775 can be operated at sam
pling rates above 20 Msps. Figure 14 shows the signal-to-noise 
plus distortion (S/(N+ D)) performance of a typical AD775 ver
sus clock frequency. It is extremely important to note that the 
maximum clock rate will be a strong function of both temperature 
and supply voltage. In general, the part slows down with increas
ing temperature and decreasing supply voltage. 

m .., 
I 

Cl 
+ 

~ 
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40 

30 

20 

10 

0 
0.1 

i 

I' 
10 

C:LOCK FREQUENCY - MHz 

\ 

100 

Figure ·14, S(N+D) vs. Clock Frequency (Temperature = 
+25°C) 

A significant portion of the AD775's power dissipation is pro
portional t() the clock frequency: Figure 15 illUstl'l!tes this trade
off for a typical part. 
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Figure 15. Power Dissipation vs. Clock Frequency 

In applications sensitive to aperture jitter, the clock signal 
should have a fall time of less than 3 ns. High speed CMOS 
logic families (HC/HCT) are recommended for their symmetrical 
swing and fast rise/fall times. Care should be. taken to minimize 
the fanout and capacitive loading of the clock input line. 

DIGITAL INPUTS AND OUTPUTS 
The AD775's digital interface uses standard CMOS, with logic 
thresholds roughly midway between, the supplies (DV ss, 
DV 00). The digital output is presented in straight binary for
mat, with full scale (1111 1111) corresponding to VIN= VRn 
and zero (0000 0000) corresponding to VIN = V RB· Excessive 
capacitive loading of the digital output lines will increase the 
dynamic power dissipation as well as the on-chip digital noise. 
Logic fanout and parasitic capacitance on these lines should be 
minimized for optimum noise performance. 

The data output lines may be placed in a high 'output impedance 
stateby bringing OE (Pin 1) to a logic high. Figure 16 indicates 
typical timing for access and float delay times (tHL and t00 

respectively). Note that even when the outputs. are in a high 
impedance state, activity on the digital bus can couple back co 
the sensitive analog portions of the AD775 and corrupt conver~ 
sions in progress. 

DATA 
OUTPUT 

~tool 
THREE·STATE ( 
;HIGH IMPEDANCE; 

l-.~ 
DATA ACTIVE ·. )~....._.'----

100 = 18ns TYPICAL IHL = 12ns TYPICAL 

Figure 16. High Impedance Output Timing 
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FEATURES 
Monolithic 16-Bit Sigma-Delta ADC 
Third-Order Noise Shaping 
96 dB Dynamic Range 
90 dB SNR 
16-Bit 100 kHz Output from FIR Filter 
12-Bit 400 kHz Output from Comb Filter 
No Missing Codes 
<0.001 dB In-Band Ripple 

APPLICATIONS 
Digital Audio Disk/Tape 
Voice Bandwidth Communications 
ADC Support for ADSP-21XX 
High Accuracy Measurement Systems 

PRODUCT DESCRIPTION 
The AD776 is a 16-bit sigma-delta oversampled ADC, incorpo
rating a I-bit third-order modulator and digital decimation filter. 
An on-chip voltage reference circuit is also included. 

The AD776 does not generally require the use of sample-hold 
circuits or complex antialiasing filters as a result of its sigma
delta architecture. The output is available both before and after 
the final Finite Impulse Response (FIR) decimation filter. This 
provides the flexibility of optimizing conversion speed or dy
namic range: 12-bit/400 kHz (from the comb filter) or 16-bn/ 
JOO kHz (from the FIR filter). The serial port provides easy 
interface with a variety of standard processors including the 
ADSP-21XX. 

The AD776 is specified for ac (or "dynamic") parameters such 
as SNR, THD and IMD which are important in signal process
ing and audio applications. Third order noise shaping is 
employed using 64 times oversampling to provide 90 dB SNR 
and -100 dB peak spurious component for signal bandwidths 
up to 45 kHz. 

The AD776 operates from a single +5 V supply and typically 
consumes 350 mW during conversion. The device is packaged 
in 20-pin ceramic DIP (cerdip) and is offered in an industrial 
temperature grade (-40°C to + 85°C). 
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REFOUT 

REFIN 

AIN+ 

16-Bit 100 kSPS 
Oversampling ADC 

AD776 I 
FUNCTIONAL BLOCK DIAGRAM 

AVoo ' DVoo FSEL 

• 
AD776 

DOE 

AGND DGND 

PRODUCT HIGHLIGHTS 
1. Analog Front End. The analog input is differential providing 

increased signal swing, increased power supply rejection 
ratio and reduced sensitivity to clock jitter. Since the input 
sign;! is oversampled by a factor of 64, a complex anti
aliasing filter is not needed. 

2. Flexible Digital Interface. The AD776 has three output pins 
for the serial interface: 1) serial data out (DOUT), 2) frame 
sync out (FSO), and 3) serial clock out (DOUT CLOCK). 
The serial port can interface with general purpose DSPs such 
as the ADSP-21XX, TMS320XX, and DSP56001/2 without 
additional "glue" logic. 

3. Inherently Self-Sampling. The AD776 needs no external 
sample-and-hold amplifier to capture and freeze the analog 
input while the conversion takes place. 

4. Speed/Performance Options. In addition to the standard 
16-bit resolution at 100 kHz, the output of the comb filter 
can be accessed to provide 12-bit resolution at 400 kHz. 
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ADJJ6-SPEClflCAJIQNS (TMIN to TMAX; AV00, DV00 = +5 V, FIR filter output mode unless othJ1rwise noted) 

Parameter 

RESOLUTlON ', 

TEMPERATURE RANGE 

TOTAL HARMONIC DISTORTION (THD)'· 2 • 3 

SIGNAL-TO-NOISE RATIO (SNR)1. 2, f5 = 48 ksps 
Signal to Noise Ratio (SNR) 1• 2, f,;,'= 100 ksps 
Comb Filter Mode, CLKIN = 12.8 MHz 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 

INTERMODULATION DISTORTION (!MD)' 
2nd Order Products 
3rd Order Products 

VOLTAGE REFERENCE OUTPUT (VREF) 

MAXIMUM ANALOG INPUT RANGE' 

MAXIMUM INPUT SIGNAL6 

DC ACCURACY' 
Differential Nonlinearity 
!NL 
Gain Error 
Midscale Error 

DIGIT AL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 

POWER SUPPLY REQUIREMENTS'. 
Analog Supply Voltage (AV Do) 
Digital Supply Voltage (DV 00) 

Analog Supply Current 
Digital Supply Current 
Power Consumption8 

Power Supply Rejection9 

DIGITAL SPECIFICATIONS 
Parameter 
LOGIC INPUTS 

VIH 
VIL 
Im 
I1L 
CIN 
lz 

LOGIC OUTPUTS 
VoH 
VoL 

NOTES 
'At +25'C. 

High Level Input Voltage 
Low Level lnpilt Voltage 
High Level Input Current 
Low Level Input Current 
Input Capacitance 
Hi-Z Input Current for SDO 

High Level Output Voltage 
Low Level Output Voltage 

Min 

16 

-40 

-80 
0.01 

88 

(AVoo X 0.4) - 4% 

4.5 
4.5 

Test Conditions 

Vm = Voo 
VIL= 0 V 

loH = 0.4 mA 
loL = 2.0 mA 

2Analog Input= 1.2 V rms (i1 10 kHz, VcoMMON MODE= 2.5 V, CLKIN = 6.4 MHz. 

Typ ,Max 

+85 

-83 
0.003 ,, 
90 
86 
72 

-100 

-102 
-98 

AVDD x 0.4 v (AV00 X 0.4) + 4% 

2 x VREF - 0.5 

±0.5 VREF 

±0.5 
2 
1.0 
0.5 

0.001 
-96 

5.0 5.5 
AVoo 

20 
20 
300 400 
70 

Min Typ Max 

LO Voo 
-0.5 0.8 

1 
1 
10 

10 

2.4 
0.5 

3THD performance can be improved, depending upon the application, by making slight adjustments to the de common mode voltage at the analog inpllts. 
4IMD measured at fs = 48 kHz and using 61.6 Hz and 986.4 Hz as the input tones (sum of the two peaks added to be -3 dB FS). 
5 Applied differentially between AIN + and AIN ~. 

Units 

Bits 

'C 

dB 
% 

dB 
dB 
dB 

dB 

dB 
dB 

v 
v p-p 

Vp-p 

LSB 
LSB 
% 
% 

dB 
dB 

v 
v 
mA 
mA 
mW 

I dB 

Units 

v 
v 
µA 
µA 
pF 
µA 

v 
v 

6The input signal may be centered at any choice of de offset voltage as long as peak values are bounded by the Maximum Analog Input Range value. Performance may be 
improved by reducing the maximum input signal by 3 dB. For nominal operation, 2.5 V de offset is recommended. 

7The AD776 may be operated from a single + 5 V supply. 
8AV00, DV00 ~ 5.5 V; f ~ 12.8 MHz; TA~ +85'C. 
9With external voltage reference. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS (AV00, DV00 +5 V ± 10%, TMiH to TMAxl - see Figures 14 through 18. 

Symbol 

f 
tcLK 

to 
tcL 

tcH 

tR 
tp 
tFSS 

tFSH 

tFSIL 

loon 
tooP 

tpsosc 
tFSOHC 

tpsosn 
tFSOHD 

tm 

I tosu 

foH 

too 
tDF 

NOTES 
'CLKIN = 12.8 MHz. 
2CLKIN = I MHz. 

Parameter 

Clock in Frequency 
Clock in Period(= l/f) 
Duty Cycle 
Clock LOW 

Clock HIGH 

Rise Time 
Fall Time 
Frame Sync Input Setup Time 
Frame Sync Input Hold Time 
Frame Sync Input LOW 
Data Output Clock Delay 
Data Output Clock Period 

FSO Setup Time Before CLKIN 
FSO Hold Time After CLKIN 
FSO Setup Time Before DOUT CLK 
FSO HIGH to DOUT CLK Rising Edge 
FSI to FSO Delay 

Data Output Setup Time 

Data Output Hold Time 

Data Delay Time 
Data Float Time 

3FSI must be deasserted for at least two CLKIN periods prior to being asserted . 
.i.comb Filter mode. 
5FIR Filter mode. 

Specifications subject to change without notice. 

Min Max Units 

I 12.8 MHz 
78 1000 ns 
0.475 tcLK 0.525 tcLK ns 
37 41 ns 1 

475 525 ns2 

37 41 ns 1 

475 525 ns2 

5 ns 
5 ns 
20 78 ns 
20 - 3 ns 
2 tCLK 

25 75 ns 
156 ns1, 4 

312 n~1, s 

130 ns5 

130 ns5 

110 ns5 

110 ns5 

I tcLK 4 

5 tcLK 
s 

40 ns4 

130 ns5 

40 ns4 

130 ns5 

0 20 ns 
0 20 ns 

ABSOLUTE MAXIMUM RATINGS* 
AV00 to AGND . . . . . . . . . . . . . . . . . -0.3 V to +7.0 V 
DV00 to DGND . . . . . . . . . . . . . . . . . -0.3 V to +7.0 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ............. -0.3 V to DV00 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Analog Inputs to AGND .............. -0.3 V to AV 00 

REFIN to AGND ................. -0.3 V to +2.5 V 
Soldering (10 sec) . . . . . . . . . . . . . . . . . . . . . . . . . + 300°C 
Storage Temperature ................ -55°C to + 150°C 

CAUTION 
The AD776 features input protection circuitry consisting of large "distributed" diodes and polysili
con series resistors to dissipate both high energy discharges (Human Body Model) and fast, low 
energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD776 has been 
classified as a Category 1 Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, 
and the foam discharged to the destination socket before devices are removed. For further informa
tion on ESD precaution, refer to Analog Devices' ESD Prevention Manual. 

WARNING! QJ 
~~EDEVICE 
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AD776 
AD776 PIN DESCRIPTION 

Symbol Pin Number Type Name and Function 

AGND 1 Analog Ground. Return current for analog front end. No internal connection to DGND. 

AIN+ 2 I Analog Signal Input. Noninverting terminal. 
AIN- 3 I Analog Signal Input. Inverting terminal. 

CL KIN 4 I Clock In. This TTL compatible input accepts clock frequencies in the range of 
1.0 MHz-12.8 MHz, with the output sample rate of the AD776 equal to CLKIN 
divided by 128 in FIR filter mode and 32 in comb filter mode. 

FSI 5 I Frame Sync Input. PSI is an optional control pin used to synchronize internal 
circuits and to start or reset the serial output data. If PSI is grounded, frame syncs 
will be automatically generated internally. When PSI is brought HIGH, serial data 
is presented at the output (DOUT-Pin 11). The purpose of PSI is to control 
externally the phasing of the ND conversion process. PSI should be a periodic 
signal occurring every 16 DOUT CLK clock cycles in the 12-bit/400 kHz mode and 
every 32 DOUT CLK clock cycles in the 16-bit/ 100 kHz mode. When utilized, 
PSI must be synchronized to CLKIN as defined in the timing specification (see 
Figure 17). PSI allows multiple AD776s to be synchronized using a common frame 
sync source, requiring a common CLKIN signal. 

FSEL 6 I Filter Select. FSEL = "O" selects FIR output. FSEL = "I" selects comb filter output. 
SF 7 I Serial Format. Selects output format of DOUT and FSO when FSEL = "O." 

See Figures 14b and !Sb. 

DVno 8 +5 V ±10%. Digital Power Supply. 
FSO 9 0 Frame Sync Output. Indicates beginning of serial data transmission on DOUT. 

See Timing Diagrams. 

DOUTCLK IO 0 Serial Data Clock. See Figures 14a and 14b. In the FIR filter output mode 
(FSEL = 0), DOUT CLK is CLKIN divided by four; in the comb filter output 
mode (FSEL = I), DOUT CLK is CLKIN divided by two. 

DOUT II 0 Data Output. Serial data is transmitted MSB first, twos complement format, 
once per FSO cycle with the data synchronous with DOUT CLK. 

DOE 12 I Data Output Enable. Serial data (Pin 11) is an active output when DOE = "O." 
Serial data is three stated when DOE = "I." 

DGND 13 Digital Ground. Return current for digital circuitry and pad drivers. 
TP3, TP2, TPl, TPO 14, 15, 16, 17 Test Points. These pins must be connected to DGND. 

AVDD 18 +5 V ±10%. Analog Power Supply. 
REFOUT 19 0 Internal Reference Output. Nominally +2 V with AVnn = +5.0 V. 
RE FIN 20 I Reference Input. + 2 V maximum. 

I ~ Input 
0 =Output 

PIN CONFIGURATION ORDERING GUIDE 

Temperature Package Package 
REFIN Model Range Description Option* 

RE FOUT AD776AQ -40°C to +85°C 20-Pin Cerdip Q-20 
AV co 

*For outline information see Package Information section. 
TPO 

TP1 

TP2 

TP3 

DGND 

DOE 

DOUT 
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TOTAL HARMONIC DISTORTION 
Total Harmonic Distortion (THD) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). 

SIGNAL-TO-NOISE RATIO (SNR) 
Signal-to-Noise Ratio (SNR) is defined to be the ratio of the rms 
value of the measured input signal to the rms sum of all other 
spectral components below the passband. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m +n), at sum and difference frequencies of 
mfa:t nfb, where m, n = 0, I, 2, 3 .... Intermodulation terms 
are those for which morn is not equal to zero. For example, 
the second order terms are (fa+fb) and (fa-fb), and the third 
order terms are (2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). The 
IMD products are expressed as the decibel ratio of the rms sum 
of the measured input signals to the rms sum of the distortion 
terms. The two signals applied to the converter are of equal 
amplitude and the IMD products are normalized to a 0 dB input 
signal. 

DIFFERENTIAL NONLINEARITY (DNL) 
In an ideal ADC, code transitions are one LSB apart. Differen
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 

INTEGRAL NONLINEARITY (INL) 
The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" 
occurs 1/2 LSB before the most negative code transition. "Full 
scale" is defined as a level I 1/2 LSB beyond the most positive 
code transition. INL is the worst-case deviation of a code center 
average from the straight line. 

GAIN ERROR 
The last transition should ideally occur at an analog value 
1.5 LSB below the nominal full scale. The gain error is the 
deviation of the actual difference between the first and last code 
transition from the ideal difference between the first and last 
code transition. 

GENERAL OVERVIEW 
The AD776 is a single supply ( + 5 V) ADC providing simple 
analog and digital interface requirements. A minimal number of 
external connections are required to achieve the specified 
performance: 

I. POWER 
2. GROUNDS 
3. CLOCKING 
4. INPUT BUFFER CIRCUIT 

These points will be further explored in the Application Infor
mation section. 

THEORY OF OPERATION 
The AD776 differs from traditional multi-bit ADCs through its 
use of sigma-delta conversion architecture. A I-bit analog-to-
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MIDSCALE ERROR 
Midscale error is the difference between the ideal midscale ana
log input voltage and the actual voltage producing the midscale 
output code. 

PASSBAND 
The passband is the region of the frequency spectrum unaf
fected by the attenuation of the decimation filter. In the case of 
the AD776, the passband is a function of the CLKIN frequency 
(see Table I). 

PASSBAND RIPPLE 
Passband ripple is defined as the variation in the amplitude 
response of the converter for input signal frequencies within the 
passband. 

STOPBAND 
The stopband is the region of the frequency spectrum in which 
the amplitude response is fully attenuated by the digital filter. 
In the case of the AD776, the stopband is a function of the 
CLKIN frequency (see Table I). 

STOPBAND ATTENUATION 
Stopband attenuation is defined to be the amount by which 
spectral components in the stopband are attenuated by the digi
tal filter relative to the full-scale input range of the converter. 

POWER SUPPLY REJECTION 
DC variations in the power supply voltage will affect the mid
scale transition point, resulting in offset error. Power supply 
rejection is the maximum change in the midscale transition point 
due to a change in power-supply voltage from the nominal 
value. Additionally, there is another power supply variation to 
consider. AC ripple on the power supplies can couple noise into 
the ADC, resulting in degradation of dynamic performance. 

digital conversion is performed at a very high rate, which redis
tributes quantization noise to beyond the frequency band of 
interest (see Figure I). The frequency band of interest is 
denoted by fc, and fs is the sample frequency; fs/2 is the 
expanded noise spectrum resulting from oversampling. The total 
noise energy remains constant, but by spreading it over a wider 
spectrum, the amount in the frequency band of interest is 
reduced. Noise shaping, performed by the modulator, attenuates 
noise in the signal passband and pushes out the noise energy 
into the higher frequency range (Figure 2). The oversampled 
signal is presented to the digital filter circuitry for: 
- sophisticated averaging (filtering). 
- removing high frequency noise (quantization noise removal). 
- reducing sampling rate (decimation). 
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The resulting output data stream is presented in a fol'Jllat equiv~ 
alent to a tr;,1dition.al AI?C at a .much rj:duced output·.sample . 
rate. 

FREQUENCY BAND 

l•-OF_IN..;..TE--'R.""ES'-T~ .. : 
I 
I 
I 

SIGNAL : 
SPECTRUM I 

I 
I 
I 
I 
I 
I 
I 

QUANTIZATION 
NOISE 

le FREQUENCY 

Figure 1. Noise Spectrum from Oversampling 

FREQUENCY.BAND 
OF INTEREST . . 

1-------· I 
SIGNAL : 
SPECTRUM I 

'c 

·TRANSFER FUNCTION OF 
DIGITAL LOW·PASS FILTER 

SHAPED 
QUANTIZATION 
NOISE 

FREQU~NCY 

Figure 2. Noise Shaping 

Figure 3 provides a block diagram of the various sections of the 
AD776. The Analog Front End is comprised of three differen
tial switched-capacitor linear integrators which perform the 
noise-shaping function. Digiti!l filter complexity of the AD776 is 
reduced by performing the filtering and decimation in two 
stages. The first sec.tion conti!ins a 16: 1 decimating comb filter 
stage with the output pre~nted to a 4: 1 decimating low-pass/ 
compensation FIR. filter, resulting in a finiU decimation ratio of 
64: 1. The decimation function is described· in detail in the DEC
IMATION paragraph. The output data is presented in twos 
complement, JIASB first serial data format, 'providing serial com
munication to ~ host process0r. · 

This interface uses three dedicated pins: serial data output·· , 
(DOUT),Jrame sync output (FSO), .and serial clock output 
(DOUTCLK). The serial interface format of operation is pin 
selectable. The timing diagrams for·the serial interface are 
described in the DIGlT AL TIMING section. 
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Figure 3. Block Diagram . 

ANALOG FRONT-END 
The integrators of the third-order modulator front-end form a 
differential switched-capacitor network which results in 
increased signal swing, increased power supply rejection, and 
reduced sensitivity to clock jitter. Due to the nature of 
switched-capacitor circuit'S, the input impedance of AIN +, 
AIN - , and REFIN will vary with clock frequency. More infor
mation about these inputs is given in Table II and Table ill. 

The AD776 modulator is a third~order noise shaper which .. 
reduces quantization noise in the passband to the 16-bit level. 
The input signal is sampled at the rate of CLKIN/4. Since the. 
input signal is oversampled by .a factor of 64, a complex anti
aliasing filter is not needed; a single-pole RC filter will generally 
be sufficient. High quality polystyrene or NPO ceramic capaci, 
tors should be used for this filter. 

DIGITAL FILTER OVERVIEW 
The digital filters of the AD776 have 'two functions: high perfor
mance low-pass filtering and digital decimation. The siiaped 
quantization noise from the output of the·modulator is low-pass 
filtered to reduce the out-of-band noise components to a level 
which will not alias into the passband during the decimatioi;; 
process. Deeimation then reduces the data rate to a manageabie 
level. 

DECIMATION 
The comb filter performs the first-stage filtering of the analog. 
front-end's quantized and noise-shaped output and decimates 
the input sample rate by a factor of 16: L The z-domain transfer 
function for the comb filter is expressed by · 

(1 _ 8 -16)4 

His) = (l _ z 1)4 

The frequency domi!in equivalent transfer function is 

where T = llfs 

[ 
1 sin (16 'II' fI)]4 

H(f) = . T6 sin ('11' fr) 

fs = the input sample rate for the Analog Front End 
(maximum 6.4 MHz). 
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The attenuation characteristics of the comb filter are shown in 
Figure 4. As illustrated, the frequency response in the passband 
region exhibits a nonflat behavior. In the 400 kHz mode, the 
output of the comb filter provides conversion data. The dynamic 
range is equivalent to approximately 72 dB, or 12 bits, in this 
mode. In the 16-bit/100 kHz mode, the comb filter serves as the 
input to the FIR filter. The FIR filter compensates for the pass
band roll-off of the comb filter and provides the final sharp cut
off required for stopband attenuation, removing the out-of-band 
noise components while partially serving as the system anti
aliasing filter. 
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Figure 4. Comb Filter Response 

Figure 5 illustrates the low-pass response of the FIR filter and 
Figure 6 shows the compensation function of the filter. The 
255-tap FIR filter is low-pass with 9% transition-band, and with 
a CLKIN frequency of 12.8 MHz has a 45.5 kHz passband cut
off frequency, 50 kHz stop band frequency, 0.001 dB passband 
ripple, and a stopband ripple of -96 dB. 

m .,, 
I 

-24 

~ -48 
::i 
t: 
z 

~ -72 

" 0 
..J 

-96 

-120 
0 40 

I~ 
~ 1:.. 

~~i0.001dB 
_1 PASSBAND RIPPLE 

0 45.5kHz 

11\i~~~,rk, 
80 120 160 200 

FREQUENCY - kHz 

Figure 5. FIR Filter, Low-Pass Response 
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Figure 6. FIR Filter, Compensation Function 

The passband and stopband frequencies of both the comb and 
FIR filters scale linearly with the CLKIN frequency, as shown 
in Table I. 

Table I. FIR and Comb Filter Characteristics 

CL KIN Passband Stopband 
(MHz) (kHz) (kHz) 

12.8 45.S 50 
12.288 43.7 48 
1 i°.2896 40.l 44.1 
10.0 35.S 39.1 
6.4 24.6 27.1 

ANALOG INPUT 
The input to the AD776, as previously described in the discus
sion of the analog front end, uses a switched-capacitor structure. 
As a result, the input impedance of AIN + and AIN- will vary 
with clock frequency. Table II gives the typical analog input 
impedance for some common CLKIN frequencies. The input 
impedance is equal to = 1012/3fcLKIN' where fcLKIN is the input 
clock rate. 

Input 
Clock Rate 
(MHz) 

12.8 
6.4 
6.144 
5.6448 

Table II. Analog Input Impedance 

Output 
Sample 
Rate (kHz) 
(FIR Filter Mode) 

100 
so 
48 
44.1 

Analog 
Input 
Impedance 
(kfi) 

26 
52 
54.3 
59 

The AD776 is designed to accept input signals of (2 x V REF) 

-0.S V which can be centered at various de offsets (common
mode inputs) as long as the signal peaks are bounded by +4.0 V 
and 0 V. Signal peaks outside this range will result in signal 
clipping and increased distortion products. 

Capacitive coupling between the CLKIN and AIN pins can 
cause degradation to dynamic performance. Special care should 
be taken with respect to the layout of the clock and analog 
inputs. 
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ADJ76 
In consideration of the dynamic characteristics of the analog 
input, an external op amP is generally required to provide a low 
impedance drive. Cilre should be taken with op amp selection; 
even with modest loading conditions, most available op.amps do 
not meet the low distortion requirements necessary to match the 
performance capabilities of the ADii6. The AD7I2 op amp is a 
good choice for Jo~ noise and loW distortion. 

SINGLE-ENDED INPUT CONFIGURATIONS 
The differential input of the AD776 provides a choice of several 
different input connections. Figure 7 shows a simple configura
tion for a single-ended input. AIN - is nominally biased at 
+2.5 V by resistively dividing the +5 V power supply (AVDD). 
Since the analog input impedance is a function of the input 
clock rate, determination of bias resistor values to achieve a par
ticular bias voltage will vary with clock rate and AV DD· 

The circuit shown in Figure 7 is a low cost, minimal component 
solution, but may suffer from poor power supply rejection as 
noise present on the power supply could be coupled directly into 
the AIN- pin. An improved .input circuit is shown in Figure 8, 
where the offset voltage is derived from the AD680 voltage ref
erence. The AD680 has 40 µVN line regulation which results in 
only a 20 ·µ V error due to J 0% supply fluctuation. This 
improves power supply rejection of AIN - input to approxi
mately 88 dB. 

+SV 

Figure 7. Simple Single-Ended Input Circuit 

47µF·T 

\l 47k0 

<2xVREFp-0. ~t-----'1NI,_._ p v 22µF 

Figure 8. Single-Ended Input Circuit for, Improved PSRR 

For optimal performance 'in single:ended input applications, 
the circuit in Figure '9 may be used to convert• the input to a 
differential signal. 
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Figure 9. Single-Ended Input to Differential Circuit 

REFERENCE INPUT 
The AD776 has an on-chip 0.4 VDD reference voltage circilit 
which can be used to drive REFIN, as·shown in Figure 10. 
Alternately, an external voltage reference may be used to supply 
the required 2 V .. REFIN exhibits characteristics similar to the 
Analog Input in that the input impedance is a function of the 
clock rate. This is illustrated. in Table III. The minimum refer
ence impedance is equal to 1012/2.5 fcLK• where fcLK is the 
input clock rate. 

Input 
Clock Rate 
(MHz) 

12.8 
6.4 
6.144 
5.6448 

Table III. Refe~nce lilput Impedance 

Output 
Sample 
Rate (kHz} 

JOO 
50 
48 
44.1 

. . 

Reference 
Input 
Impedance 
(kfi niin) 

31.3 
62.5 
65.1 
70.9 

Figure 10. Simple Reference Voltage Circuit 

While the internal. reference will be adequate for most applica
tions, power supply rejection and overall regulation may be 
improved through the use of an external reference. The process 
of seleeting an external voltage reference should include consid
eration of drive capability, initial error, noise, and drift charac
teristics. A .suitable choice would be the AD680 11s shown in 
Figure 11. 
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Figure 11. External Voltage Reference Circuit 

MULTIPLEXING 
The AD776 can also be used with an input multiplexer when 
the comb filter output is selected by setting FSEL = I. If fcLK 
= 12.8 MHz, the minimum multiplex intervals are (including 
the time to shift the data out from the serial interface): 

15 µs (if the FSI and mux are perfectly synchronized) 
17 .5 µs (if the FSI and mux are not synchronized). 

CLOCK GENERATION 
With sigma-delta converters, it is critical that clock jitter be 
minimized in order to achieve optimal performance. Figure 12 
illustrates a simple circuit used to derive a clock source for the 
AD776. An alternative would be to use an oscillator such as the 
CKllOO series from Cardinal Components (Montclair, NJ) or 
the FllOO from Fox Electronics. Compared with performance 
obtained with a typical crystal, use of an oscillator improves 
SNR by approximately 4 dB. 

Figure 12. Basic Clock Circuit 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant issue. 
A 1.22 mA current through a 0.5 !1 trace will develop a voltage 
drop of 0.6 mV, which is 20 LSBs at the 16 bit level for a 2 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when 
high accuracy analog signals share the same board with digital 
signals. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. Using this approach, signal loops 
enclose a small area, minimizing the inductive coupling of noise. 
Wide PC tracks, large gauge wire, and ground planes are highly 
recommended to provide low impedance signal paths. Separate 
analog and digital ground planes are also desirable, with a single 
interconnection point at (or under) the part to minimize ground 
loops. This is preferred to interconnecting the grounds at the 
supplies. 
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Analog signals should be routed as far as possible from digital 
signals and should cross them, if at all, only at right angles. The 
AD776 may be treated as an analog component, with both 
AGND and DGND connected to a single analog ground plane. 
This helps to isolate the AD776 from large digital ground cur
rents. For these reasons, the use of wire wrap circuit construc
tion will not provide adequate performance; careful printed 
circuit board construction is preferred. IJI 
POWER SUPPLIES AND DECOUPLING 
With high performance linear circuits, changes in the power 
supplies can produce undesired changes in the performance of 
the circuit. Optimally, well regulated power supplies with less 
than 1 % ripple should be selected. The ac output impedance of 
a power supply is a complex function of frequency, but in gen
eral will increase with frequency. High frequency switching such 
as that encountered with digital circuitry requires fast transient 
currents which most power supplies cannot adequately provide. 
This results in voltage spikes on the supplies. To compensate 
for the finite ac output impedance of the supplies, it is necessary 
to store "reserves" of charge in bypass capacitors. These capaci
tors can effectively lower the ac impedance presented to the 
AD776 power inputs which in turn will significantly reduce the 
magnitude of the voltage spikes. Decoupling capacitors, typi
cally 0.1 µF, should be placed as close as possible to each power 
supply pin of the AD776. It is essential that these capacitors be 
placed physically close to the AD776 to minimize the inductance 
of the PCB trace between the capacitor and the supply pin. 

Additionally, it is beneficial to have large capacitors (>47 µF) 
located at the point where the power connects to the PCB with 
10 µF capacitors located in the vicinity of the ADC to further 
reduce low frequency ripple. 

The AD776 may be operated from a single +5 V supply. How
ever, performance is optimized by using separate analog (AV 00) 

and digital (DV 00) supplies. Separate supplies enable isolation 
of digital noise from the analog circuitry. When separate sup
plies are used, AV no should be decoupled to analog ground 
(AGND) and DV nn should be decoupled to digital ground 
(DGND) with decoupling capacitors. 

When a single + 5 V supply is used, the circuit shown in Fig
ure 13 provides adequate decoupling. 

+sv-t.,_ ________ ..__--1Av00 

0.1µF~ 
AD776 

FERRITE 
10Q BEAD 

Figure 13. Single Supply Decoupling 
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DIGITAL TIMING 
The CLKIN frequency and the choice of output filter mode 
(FIR or Comb) determine the output sample rate of the AD776. 
With FSEL LOW, the FIR filter output is selected and the out·· 
put rate is equal to CLKIN divided by 128. When FSEL is 
HIGH, the Comb filter is selected and the output sample rate is 
equal to CLKIN divided by 32. The input sample rate (or mod· 
ulator frequency) is always the CLKIN frequency divided by 2. 

The flexible serial data output interface of the AD776 may be 
configured in one of three modes: MODE A and MODE Bare 
used when the FIR filter output is desired. MODE C should be 
selected when output from the comb filter is used. Output data 
is always transmitted as 16·bit, twos complement, MSB first, 
serial words. lri all modes, the PSI pin may be asserted to reset 
the serial data output and synchronize internal circuits. A DOE 
pin is available to place the DOUT pin in a high impedance 
state. 

Configuring the appropriate timing mode is controlled by the 
FSEL and SF pins. The truth table is shown in Table IV. 

CLKIN 

FSI 

DOUTCLK 

FSO 

DOUT 

MODE A 

Table IV. Timing Mode Truth Table 

FSEL SF Output Mode 

0 0 A 

0 B 

0 c 

The timing diagrams for MODE A are shown in Figures 14a 
and 14b. If MODE A is selected, an internal multiplexer routes 
serial data from the output of the FIR filter to the DOUT pin. 
The output sample rate is a function of the clock present at the 
CLKIN pin where: 

Output Sample Rate = CLKIN/128 

A continuous serial output clock, DOUT CLK, is available with 
the bit rate determined by: 

DOUT Cf.,K = CLKIN/4. 

Serial data from the DOUT pin is valid on the falling edges of 
DOUT CLK. A framing signal, FSO, occurs with. a period 
equal to the output sample rate (Figure 14b). The FSO signal is· 
HIGH during the falling edge of DOUT CLK prior to the 
beginning of a new output. data word. 

Figure 14a. Mode A Timing 

CLKIN 

POUTCLK 

FSO 

DOUT VALID FOR FIRST 16 DOUT ~ ZERO FOR LAST 16 DOUT I VALID 

Figure 14b. Mode A Timing 

2-112 ANALOG·TO-D/GlTAL CONVERTERS REV.A 



MODEB 
The timing diagrams for MODE Bare shown in Figures !Sa 
and !Sb. If Mode B is selected, the internal multiplexer routes 
serial data from the output of the FIR filter to the DOUT pin 
similar to MODE A. The output sample rate is a function of the 
clock present at the CLKIN pin where: 

Output Sample Rate = CLKIN/128. 

A continuous serial output clock, DOUT CLK, is available with 

DOUTCLK 

FSO 

VALID FOR FIRST 16 DOUT CLK CYCLES 

DOUT 

AD776 
the bit rate determined by: 

DOUT CLK = CLKIN/4. 

Note that serial data present at the DOUT pin is valid on the 
rising edges of DOUT CLK. The framing signal, FSO, occurs 
with a period equal to the output sample rate. In MODE B, the 
FSO signal goes LOW at the beginning of the output data word 
and remains LOW until the entire word is transmitted. 

ZERO FOR LAST 18 DOUT CLK CYCLES VALID 

Figure 15b. Mode 8 Timing 

MODEC 
The timing diagrams for MODE Care shown in Figure 16. If 
Mode C is selected, the internal multiplexer routes serial data 
from the output of the COMB filter to the DOUT pin, bypass
ing the FIR filter. The output sample rate is a function of the 
clock present at the CLKIN pin where: 

Output Sample Rate = CLKIN/32. 

A continuous serial output clock, DOUT CLK, is available with 

CLKIN 

FSI 

DOUTCLK 

FSO 

DOUT 

the bit rate determined by: 
DOUTCLK = CLKIN/2. 

Serial output data is valid on the falling edges of DOUT CLK. 
The framing signal, FSO, occurs with a period equal to the out
put sample rate. The FSO signal is HIGH during the falling 
edge of DOUT CLK prior to transmission of the next output 
data word. Note that in MODE C, this is also when the LSB, 
(DO), of the previous data word is valid. 

Figure 16. Mode C Timing 
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FSI Operation 
A frame sync input is available to the user on the FSI pin to 
reset the serial data output and synchronize internal circuits. 

Referring to Figure 17, the FSI pin is sampled on the falling 
edge of CLKIN. The FSI pin must adhere to several conditions 
depending on which mode is being used as follows: 

FSI in MODE A, MODE B 
1. FSI should be a periodic signal occurring every 32 DOUT 

CLK periods. 

2. FSI must be deasserted for at least 2 CL KIN periods prior to 
being asserted. 

3. FSI must be synchronized to CLKIN to meet the timing 
requirements outlined in Figure 17. 

FSI inMODEC 
I. FSI should be a periodic signal occurring every 16 DOUT 

CLK periods. 

2. FSI must be deasserted for at least 2 CLKIN periods prior to 
being asserted. 

3. FSI must be synchronized to CLKIN to meet the timing 
requirements outlined in Figure 17. · 

CLKIN 

FSI 

DOUTCLK 

Figure 17. Frame Sync Input (FSI) Timing {FIR Filter 
Output Mode) 

Synchronizing Two Channels 
The FSI pin is useful when multiple AD776s are used together 
and must be synchronized. In such a case, a single pulse may be 
applied to FSI inputs of the converters. This causes the internal 
"state-machine" of the AD776 to be reset. Thus, the internal 
clocking for both the analog and digital circuitry of each individ
ual converter is synchronized and in-phase. In the case of a sin
gle FSI pulse, it must still adhere to the timing outlined in 
Figure 17. 
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Three-Stating th.e DOUT Pin (DOE) 
In all modes DOUT may be three-stated using the DOE pin. 
Operation of the DOE input is shown in Figure 18. When the 
DOE input is HIGH, serial data will be present and active at 
the DOUT pin. When DOE is brought LOW, the DOUT pin 
is placed in a high-impedance state. DOE is completely asyn
chronous and independent of input and output clocks. DOUT 
loading will affect actual performance. 

Figure 18. Data Output Timing 

INTERFACING THE AD776 
The AD776 is designed for ease of interface with a variety of 
popular processors. The following diagrams illustrate typical 
configurations: 

AD776 
FSO RFSO 

DOUT DAO 

DOUTCLK SCLKO 

- ADSP·21XX 
SF DOE 

I T 
LOGIC 0 ""=" 

AD776 
FSO PCS/FSA 

DOUT PC7/SRD 

DOUTCLK PC6/SCK 

- DSP56001 
SF DOE 

I T 
LOGICO 

AD776 
FSO FSA 

DOUT DR 

DOUTCbK CLKR 

- TMS320C25 
SF DOE 

r .I 
LOGIC 0 ""=" 

Figure 19. 
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WDEVICES 

FEATURES 
AC and DC Characterized and Specified (K, B, T 

Grades) 
128k Conversions per Second 
1 MHz Full Power Bandwidth 
500 kHz Full Linear Bandwidth 
80 dB S/N+D (K, B, T Grades) 
Twos Complement Data Format (Bipolar Mode) 
Straight Binary Data Format (Unipolar Mode) 
10 Mil Input Impedance 
16-Bit Bus Interface (See AD679 for 8-Bit Interface) 
On-Board Reference and Clock 
10 V Unipolar or Bipolar Input Range 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD779 is a complete, multipurpose 14-bit monolithic 
analog-to-digital converter, consisting of a sample-hold amplifier 
(SHA), a microprocessor compatible bus interface, a voltage 
reference and clock generation circuitry. 

The AD779 is specified for ac (or "dynamic") parameters such 
as SIN+ D ratio, THD and IMD which are important in signal 
processing applications. In addition, the AD779K, B and T 
grades are fully specified for de parameters which are important 
in measurement applications. 

The 14 data bits are accessed by a 16-bit bus in a single read 
operation. Data format is straight binary for unipolar mode and 
twos complement binary for bipolar mode. The input has a full
scale range of 10 V with a full power bandwidth of l MHz and 
a full linear bandwidth of 500 kHz. High input impedance 
(10 MO) allows direct connection to unbuffered sources without 
signal degradation. 

This product is fabricated on Analog Devices' BiMOS process, 
combining low power CMOS logic with high precision, low 
noise bipolar circuits; laser-trimmed thin-film resistors provide 
high accuracy. The converter utilizes a recursive subranging 
algorithm which includes error correction and flash converter 
circuitry to achieve high speed and resolution. 

The AD779 operates from + 5 V and ± 12 V supplies and dissi
pates 560 mW (typ). Twenty-eight-pin plastic DIP and ceramic 
DIP packages are available. 

*Protected by U.S. Patent Numbers 4,804,960; 4,814,767; 4,833,345; 
4,250,445; 4,808,908; RE30,586. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 

REV.B 

14-Bit 128 kSPS 
Complete Sampling ADC 

AD779* I 
FUNCTIONAL BLOCK DIAGRAM 

DB13 

OBD 

PRODUCT HIGHLIGHTS 
1. COMPLETE INTEGRATION: The AD779 minimizes 

external component requirements by combining a high speed 
sample-hold amplifier (SHA), ADC, 5 V reference, clock and 
digital interface on a single chip. This provides a fully speci
fied sampling AID function unattainable with discrete 
designs. 

2. SPECIFICATIONS: The AD779K, Band T grades pro
vide fully specified and tested ac and de parameters. The 
AD779J, A and S grades are specified and tested for ac 
parameters; de accuracy specifications are shown as typicals. 
DC specifications (such as INL, gain and offset) are impor· 
tant in control and measurement applications. AC specifica
tions (such as SIN+ D ratio, THD and IMD) are of value in 
signal processing applications. 

3. EASE OF USE: The pinout is designed for easy board lay
out, and the single cycle read output provides compatibility 
with 16-bit buses. Factory trimming eliminates the need for 
calibration modes or external trimming to achieve rated 
performance. 

4. RELIABILITY: The AD779 utilizes Analog Devices' 
monolithic BiMOS technology. This ensures long term 
reliability compared to multichip and hybrid designs. 

5. The AD779 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD779/883B data sheet for detailed 
specifications. 
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AD779~$PECIFICATIONS 

Ac SPEC,lflCA'JIQNS CTm;n to Tma., Yee = +12 V ± ~%,VEE= -12 V ± 5%, V00 = +5 V ± 10%, fsAMPLE = 128 kSPS, 
K f1N = 10.009 kHz unless otherwise noted)1 

AD779J/A/S AD779K/B/T 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
-0.5 dB Input (Referred to -0 dB Input) 78 79 80 81 dB 
- 20 dB Input (Referred to - 20 dB Input) 58 59 60 61 dB 
-60 dB Input (Referred to -60 dB Input) 18 19 20 21 dB 

TOTAL HARMONIC DISTORTION (THD) 
@ +25°C -90 -84 -90 -84 dB 

0.003 0.006 0.003 0.006 % 
Tm;n to Tmax -88 -82 -88 -82 dB 

0.004 0.008 0.004 0.008 % 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 -90 -84 dB 

FULL POWER BANDWIDTH 1 1 MHz 

FULL LINEAR BANDWIDTH 500 500 kHz 

INTERMODULATION DISTORTION (IMD)2 

2nd Order Products -90 -84 -90 -84 dB 
3rd Order Products -90 -84 -90 -84 dB 

DIGITAL SPECIFICATIONS (All device types Tmin to Tm • ., Yee = + 12 V ± 5%, VEE = -12 V ± 5%, V00 = +5 V ± 10%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
VIH High Level Input Voltage 2.0 Voo v 
VIL · Low Level Input Voltage 0 0.8 v 
Im High Level Input Current VIN= Voo -10 +10 µA 
IIL Low Level Input Current VIN= ov -10 +10 µA 
CIN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VoH High Level Output Voltage loH = 0.1 mA 4.0 v 

loH = 0.5 mA 2.4 v 
VoL Low Level Output Voltage loL = 1.6 mA 0.4 v 
Ioz High Z Leakage Current VIN= Voo -10 +10 µA 
Coz High Z Output Capacitance 10 pF 

NOTES 
1f1N amplitude= -0.S dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a -0 dB (9.997 V p-p) input signal 
unless otherwise noted. 
2fA = 9.08 kHz, fB = 9.58 kHz, with fsAMPLE = 128 kSPS. 
Specifications subject to change withoµt notice. 
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DC SPECIFICATIONS CTmin to Tm.., Vee= +12 V ± 5%, VEE= -12 V ± 5%, V00 = +5 V ± 10% unless 
otherwise indicated) 

Parameter 

TEMPERATURE RANGE 
J, K Grades 
A, B Grades 
S, T Grades 

ACCURACY 
Resolution 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
Unipolar Zero Error' (@ + 25°C) 
Bipolar Zero Error' (@ + 25°C) 
Gain Error'· 2 (@ +25°C) 
Temperature Drift 

Unipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Bipolar Zero3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain3 

J, K Grades 
A, B Grades 
S, T Grades 

Gain4 

J, K Grades 
A, B Grades 
S, T Grades 

ANALOG INPUT 
Input Ranges 

Unipolar Mode 
Bipolar Mode 

Input Resistance 
Input Capacitance 
Input Settling Time 
Aperture Delay 
Aperture Jitter 

INTERNAL VOLTAGE REFERENCE 
Output Voltage5 

External Load 
Unipolar Mode 
Bipolar Mode 

POWER SUPPLIES 
Power Supply Rejection 

Vcc=+l2V±5% 
VEE= -12 v ± 5% 
V00 = +5 V ± JO% 

Operating Current 
Ice 
IEE 
loo 

Power Consumption 

NOTES 
1 Adjustable to zero. 
2Includes internal voltage reference error. 
3 lncludes internal voltage reference drift. 
4Excludes internal voltage reference drift. 
'With maximum external load applied. 
*% FSR = percent of full-scale range. 

Specifications subject to change without notice. 

Min 

0 
-40 
-55 

14 

14 

0 
-5 

4.98 

AD779J/AJS AD779K/Btr 
Typ Max Min Typ Max 

+70 0 +70 
+85 -40 +85 
+125 -55 +125 

14 
±2 ±I ±2 

14 
0.08 0.05 0.o7 
0.08 0.05 0.o7 
0.12 0.09 0.11 

0.04 0.04 0.05 
0.05 0.05 0.o7 
0.09 0.09 O.JO 

0.02 0.02 0.04 
0.04 0.04 0.06 
0.08 0.08 0.09 

0.09 0.09 0.11 
O.JO O.JO 0.16 
0.20 0.20 0.25 

0.04 0.04 0.05 
0.05 0.05 0.o7 
0.09 0.09 O.JO 

+JO 0 +JO 
+5 -5 +5 

JO IO 
JO JO 

1.5 1.5 
JO JO 
150 150 

5.02 4.98 5.02 

+ 1.5 + 1.5 
+0.5 +0.5 

±6 ±6 
±6 ±6 
±6 ±6 

18 20 18 20 
25 34 25 34 
8 12 8 12 
560 745 560 745 

AD779 

Units 

oc 
oc 
oc 

Bits 
LSB 
Bits 
% FSR* 
%FSR 
%FSR 

'jloFSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

%FSR 
%FSR 
%FSR 

v 
v 
M!1 
pF 
µs 
ns 
ps 

v 

mA 
mA 

LSB 
LSB 
LSB 

mA 
mA 
mA 
mW 
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AD779 
TIMING SPECIFICATIONS 
(All device types Tmin to Tmax• Vee= +12 V ± 5%, VEE= -12 V 
± 5%, V00 = +5 V ± 10%) 

Parameter Symbol Min Max Units 

Conversion Rate1 lcR 7.8 µs 
Convert Pulse Width lcP 0.097 3.0 µs 
Aperture Delay tAD 5 20 ns 
Conversion Time tc 6.3 µs 
Status Delay tso 0 400 ns 
Access Timei. 3 tJiA 10 100 ns 

10 57• ns 
Float Delay5 tpo 10 80 ns 
Output Delay too 0 ns 
OE Delay toE 20 ns 
Read Pulse Width tRP 100 ns 
Conversion Delay tco 400 ns 

NOTES 
'Includes Acquisition Time. 
'Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which 
the data lineslEOC cross 2.0 V or 0.8 V. See Figure 4. 

'Con = 100 pF. 
"CocT = 50 pF. 
'Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which 
the.output voltage changes by 0.5 V. See Figure 4; Con = 10 pF. 

Specifications subject to change without notic~. 

SHA TRACK I HOU> TRACK HOLD 

t··~ 1--
~t .. 1 te !_.,......._---;---

'--, -~~ 
CONTENT OF---------.,.---~--~----

OUTPUT OATA 0 x DATA 1 
REGISTER --------..1. · 
~~~~--u~I ~-iiE' 

EOC' 

NOTES 
'EOCEN = LOW. 
'OATA SHOULO NOT BE ENABLEO OURING A CONVERSION. 

Figure 1. Conversion Timing 

Figure 2. Output Timing 
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Figure 3. EOC Timing 

TEST 
ACCESS TIME HIGH Z TO LOGIC LOW 
FLOAT TIME LOGIC HIGH TO HIGH Z 
ACCESS TIME HIGH Z TO LOGIC HIGH 
FLOAT TIME LOGIC LOW TO HIGH Z 

v •• c,,.,,. 
5V 100pf 
0 v 10 pf 
ov 100pf 
5 v 10 pf 

v .. 

Figure 4. Load Circuit for Bus Timing Specifications 
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ABSOLUTE MAXIMUM RATINGS' 

With 
Respect 

Specification To Min Max Units 

Vee AGND -0.3 +18 v 
VEE AGND -18 +0.3 v 
V cc (Note 2) VEE -0.3 +26.4 v 
Vnn DGND 0 +7 v 
AGND DGND -1 +l v 
AIN, REF1N AGND VEE Vee v 
Digital Inputs DGND -0.5 +7 v 
Digital Outputs DGND -0.5 V00 +0.3 v 
Max Junction 

Temperature 175 oc 
Operating Temperature 

J and K Grades 0 +70 oc 
A and B Grades -40 +85 oc 
S and T Grades -55 +125 oc 

Storage Temperature -65 +150 oc 
Lead Temperature 

(10 sec max) +300 oc 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation· of the device. at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2The AD779 is not designed to operate from ± 15 V supplies. 

AD779 

ESD SENSITlVITY -----------~---------------------
The AD779 features input protection circuitry cons1stmg of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD779 has 
been classified as a Category 1 device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination socket before devices are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

ORDERING GUIDE' 

Mode!2 Package Temperature Range Tested and Specified 

AD779JN 28-Pin Plastic DIP Oto +70°C AC 
AD779KN 28-Pin Plastic DIP Oto +70°C AC+ DC 
AD779JD 28-Pin Ceramic DIP Oto +70°C AC 
AD779KD 28-Pin Ceramic DIP Oto +70°C AC+ DC 
AD779AD 28-Pin Ceramic DIP -40°C to +85°C AC 
AD779BD 28-Pin Ceramic DIP -40°C to +85°C AC+ DC 
AD779SD 28-Pin Ceramic DIP -55°C to + 125°C AC 
AD779TD 28-Pin Ceramic DIP -55°C to + 125°C AC+ DC 

NOTES 
1For two cycle read (8+ 16 bits) interface to 8-bit buses, see AD679. 

Package Option3 

N-28 
N-28 
D-28 
D-28 
D-28 
D-28 
D-28 
D-28 

2For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military Products Databook or current 
AD779/883B data sheet. 

'D = Ceramic DIP; N = Plastic DIP. For outline information see Package Information section. 
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AD779 
AD779 PIN DESCRIPTION 

28-Pin DIP 

Symbol Pin No. 

AGND 7 

AIN 6 

BIPOFF 10 

cs 12 

DGND 14 

DB13-DBO 28-15 

EOC 2 

EOCEN 13 

OE 3 

REF1N 9 

REF our 8 

SC 4 

Vee 11 

VEE 5 

Voo 1 

Type: AI = Analog Input. 
AO = Analog Output. 
DI = ,Digital Input. 

44-Lead JLCC 

Pin No, 

11 

10 

15 

19 

23 

43, 42, 40, 39, 37, 
36, 35, 34, 33, 31, 
30, 27' 26, 25 

3 

21 

5 

14 

12 

6 

17 

8 

1 

Type Name and Function 

p Analog Ground. This is the ground return for AIN only. 

AI Analog Signal Input. 

AI Bipolar Offset. Connect to AGND for + 10 V input unipolar mode and straight 
binary output coding. Connect to REFour for ±5 V input bipolar mode 
and twos-complement binary output coding. 

DI Chip Select. Active LOW. 
p Digital Ground 

DO Data Bits. These pins provide all 14 bits in one 14 bit parallel output. 
Active HIGH 

DO End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH 
when the conversion is finished. EOC is a three-state output. See EOCEN 
pin for information on EOC gating. 

DI End-of-Convert Enable. Enables EOC pin. Active LOW. 

DI Output Enable. A down-going transition on OE enables data bits. Active LOW. 

AI Reference Input. +5 V input gives 10 V full scale range. 

AO +5 V Reference Output. Tied to REF1N for normal operation. 

DI Start Convert. Active LOW. 

p + 12 V Analog Power. 
p -12 V Analog Power. 

p +5 V Digital Power. 

DO= Digital Output. All DO pins are three-state drivers. 
P =Power. 

2~120 ANALOG-TO-DIGITAL CONVERTERS 

PIN CONFIGURATION 

DIP Package 
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WDEVICES 

FEATURES 
Monolithic 12-Bit 5 MSPS A/D Converter 
Low Noise: 0.17 LSB RMS Referred to Input 
No Missing Codes Guaranteed 
Differential Nonlinearity Error: 0.5 LSB 
Signal-to-Noise and Distortion Ratio: 68 dB 
Spurious-Free Dynamic Range: 73 dB 
Power Dissipation: 1.03 W 
Complete: On-Chip Track-and-Hold Amplifier and 

Voltage Reference 
Pin Compatible with the AD872 
Twos Complement Binary Output Data 
Out of Range Indicator 
28-Pin Ceramic DIP or 44-Pin Surface Mount Package 

PRODUCT DESCRIPTION 
The AD871 is a monolithic 12-bit, 5 Msps analog to digital 
converter with an on-chip, high performance track-and-hold 
amplifier and voltage reference. The AD871 uses a multistage 
differential pipelined architecture with error correction logic to 
provide 12-bit accuracy at 5 Msps data rates and guarantees no 
missing codes over the full operating temperature range. The 
AD871 is a redesigned variation of the AD872 12-bit, 10 Msps 
ADC, optimized for lower noise in applications requiring sam
pling rates of 5 Msps or less. The AD871 is pin compatible with 
the AD872, allowing the parts to be used interchangeably as 
system requirements change. 

The low-noise input track-and-hold (T/H) of the AD871 is ide
ally suited for high-end imaging applications. In addition, the 
T/H's high input impedance and fast settling characteristics 
allow the AD87 l to easily interface with multiplexed systems 
that switch multiple signals through a single AID converter. The 
dynamic performance of the input T/H also renders the AD871 
suitable for sampling single channel inputs at frequencies up to 
and.beyond the Nyquist rate. The AD871 provides both refer
ence output and reference input pins, allowing the on-board ref
erence to serve as a system reference. An external reference can 
also be chosen to suit the de accuracy and temperature drift 
requirements of the application. A single clock input is used to 
control all internal conversion cycles. The digital output data is 
presented in twos complement binary output format. An out-of
range signal indicates an overflow condition, and can be used 
with the most significant bit to determine low or high 
overflow. 

REV. 0 

VINA 

VINB 

CLOCK 

REFIN 

REF OUT 

Complete 12-Bit 5 MSPS 
Monolithic AID Converter 

AD871 I 
FUNCTIONAL BLOCK DIAGRAM 

AVoo AGND AVss DV00 DGND *DRV00 *ORGND 

AD871 

REF GND *OUTPUT OTR *MSB MSB-BIT 12 (LSB) 
ENABLE 

*ONLY AVAILABLE ON 44·PIN SURFACE MOUNT PACKAGE. 

The AD871 is fabricated on Analog Devices ABCMOS-1 process 
which utilizes high speed bipolar and CMOS transistors on a 
single chip. High speed, precision analog circuits are now com
bined with high denoity logic circuits. 

The AD871 is packaged in a 28-pin ceramic DIP and a 44-pin 
leadless ceramic surface mount package and is specified for 
operation from 0°C to + 70°C and -55°C to + 125°C. 

PRODUCT HIGHLIGHTS 
The AD871 offers a complete single-chip sampling 12-bit, 
5 Msps analog-to-digital conversion function in a 28-pin DIP or 
44-pin leadless ceramic surface mount package (LCC). 

Low Noise- The AD871 features 0.17 LSB referred-to-input 
noise, producing essentially a "1 code wide" histogram for a 
code-centered de input. 

Low Power-The AD871 at 1.03 W consumes a fraction of the 
power of presently available hybrids. 

On-Chip Track-and-Hold (TIH)-The low noise, high impedance 
T/H input eliminates the need for external buffers and can be 
configured for single ended or differential inputs. 

Ease of Use- The AD871 is complete with TIH and voltage 
reference and is pin-compatible with the AD872 (12-bit, 10 
Msps monolithic ADC). 

Out of Range (OTR)-The OTR output bit indicates when the 
input signal is beyond the AD87l's input range. 
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AD871-SPECIFICATIONS 
D. ·c .S· .. PECIFl.CATIONS nM1N t~ T"'~ ~ith AVuu = +5 V, DVou = +5 V, DRV00 = +5 V, AVss = -5 v, fsAMPLE = 5.MHz unless 

otherwise md1cated) 

Parameter J Grade' 

RESOLUTION 12 

MAX CONVERSION RATE 5 

INPUT REFERRED NOISE 0.17 

ACCURACY 
Integral Nonlinearity (INL) ±1.5 
Differential Nonlinearity (DNL) ±0.5 
No Missing Codes 12 
Zero Error(@ + 25°C)2 ±0.75 
Gain Error(@ + 25°C)2 ±1.25 

TEMPERATURE DRIFT3 

Zero Error ±0.15 
Gain Error3• 4 ±0.80 
Gain Error3 • 5 ±0.25 

POWER SUPPLY REJECTION6 

AVDD' DVDD (+5 v ± 0.25 V) ±0.125 
AVss (-5 V ± 0.25 V) ±0.125 

ANALOG INPUT 
Ihput Range ±1 
Input Resistance 50 
Input Capacitance 10 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 2.5 
Output Voltage Tolerance ±20 
Output Current (Available for External ,Loads) 2.0 

(External load should not change during conversion.) 

REFERENCE INPUT RESISTANCE 5 

POWER SUPPLIES 
Supply Voltages 

AVDD +5 
AVss -5 
DVnn +5 
DRV00 

7 +5 
Supply Current 

IAV00 87 
IAV55 147 
IDV00 20 
IDRV00 

7 2 

POWER CONSUMPTION 1.03 
1.25 

NOTES 
'Temperature ranges are as follows: J Grade: 0°C to + 70°C, S Grade: -55°C to + 125°C. 
'Adjustable to zero with external potentiometers (see Zero and Gain Error Calibration section). 
3 + 25°C to T MIN and + 25°C to T MAX. 

4Includes internal voltage reference error. 
5Excludes internal reference drift. 

S Grade' 

12 

5 

0.17 

±LS 
±0.5 
12 
±0.75 
±1.25 

±0.3 
±1.75 
±0.50 

±0.125 
±0.125 

±1 
50 
10 

2.5 
±40 
2.0 

5 

+5 
-5 
+5 
+5 

88 
150 
21 
2 

1.03 
1.3 

6Change in Gain Error as a function of the de supply voltage (V nominal to V min, V nominal to V max). 
7LCC package only. 
Specifications subject to change without notice. 
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Units 

Bits min 

MHz min 

LSB rms typ 

LSB typ 
· LSB typ 

Bits Guaranteed 
% FSRmax 
% FSRmax 

% FSR max 
% FSRmax 
% FSRmax 

% FSR max 
% FSR ml!X 

Volts ml!X 
kn typ 
pF typ 

Volts typ 
mV ml!X 
mAtyp 

kn typ 

V (±5% AV00 Operating) 
V (±5% AV55 Operating) 
V (±5% DV00 Operating) 
V (±5% DRV00 Operating) 

mA max (82 mA typ) 
mA max (l15 mA typ) 
mA max (7 mA typ) 
mAmax 

Wtyp 
w.max 
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AD871 

Ac SPECIFICA'JIQNS <Tt.11N to TMAX ~ith AYoo = +5 V, DYoo = +5 V, DRV00 = +5 V, AYss = -5 V, fsAMPLE = 5 Msps, 
" unless otherwise notedl1 

J Grade S Grade Units 

SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 
fINPUT = 750 kHz 68 68 dB typ 
fINPUT = 1 MHz 66 66 dB typ 

63 62 dB min 
fINPUT = 2.49 MHz 60 60 dB typ 

TOTAL HARMONIC DISTORTION (THD) 
fINPUT = 750 kHz -72 -72 dB typ 
fINPUT = 1 MHz -69 -69 dB typ 

-64 -63 dB max 
fINPUT = 2.49 MHz -62 -62 dB typ 

SPURIOUS FREE DYNAMIC RANGE (SFDR) 
fINPUT = 750 kHz 73 73 dB typ 
fINPUT = 1 MHz 70 70 dB typ 
fINPUT = 2.49 MHz 62 62 dB typ 

INTERMODULATION DISTORTION (IMD)2 
Second Order Products -80 -80 dB typ 
Third Order Products -73 -73 dB typ 

FULL POWER BANDWIDTH 15 15 MHztyp 

SMALL SIGNAL BANDWIDTH 15 15 MHztyp 

APERTURE DELAY 6 6 nstyp 

APERTURE JITTER 16 16 ps rms typ 

ACQUISITION TO FULL-SCALE STEP 80 80 nstyp 

OVERVOLTAGE RECOVERY TIME 80 80 nstyp 

NOTES 
1f1N amplitude= -0.S dB full scale unless otherwise indicated. All measurements referred to a 0 dB (l V pk) input signal unless otherwise indicated. 
'fa = 1.0 MHz, fb = 0. 95 MHz with fsAMPLE = S MHz. 

Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (TMIN to TMAX with AV00 = +5 V, DV00 = +5 V, AV88 = -5 V unless otherwise noted) 

Parameter Symbol j, S Grades Units 

LOGIC INPUTS 
High Level Input Voltage Vm +2.0 Vmin 
Low Level Input Voltage VIL +0.8 Vmax 
High Level Input Current (VIN= DV00) Im ±10 µ,Amax 
Low Level Input Current (VIN = 0 V) IIL ±10 µAmax 
Input Capacitance CIN 5 pFtyp 

LOGIC OUTPUTS 
High Level Output Voltage CloH = 0.5 mA) VoH +2.4 Vmin 
Low Level Output Voltage (10 L = 1.6 mA) VoL +0.4 Vmax 
Output Capacitance CouT 5 pFtyp 
Leakage (Three-State, LCC Only) IZ ±10 µAmax 

Specifications subject to change without notice. 

REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-123 

IJI 



AD871 

SWITCHING SPECIFICA'JIQN. ·5 CT.,~to TMAX with !Yoo = +5 V, D~0 = +5 V, DRV00 = +5 V, AYss = -5 V; Yit = 0.8 V, 
. " v,H ...,. 2.0 V, VOL - 0.4 Yand YOH - 2.4 V) 

Parameter Symbol 

Qock Period1 tc 
CLOCK Pulse Width High ta! 
CLOCK Pulse Width Low tcr. 
Oock Duty Cycle2 

Output Delay loo 
Pipeline Delay (Latency) 
Data Aq:ess Time (LCC Package Only)3 loo 
Output Float Delay (LCC Package Only)3 tHL 

NOTES 
'Conversion rate is operational down ro IO kHz without degradation in specified performance. 
2For clock periods of 200 os or greater, see Clock Input Section. 
3See Sectioo on Three-State Outputs for timing diagrams and application information. 

Specifications subject ro change without notice. 

VIN 

BITZ...12 
MSB,OTR 

N 

Figure 1. Timing Diagram 

ABSOLUTE MAXIMUM RATINGS1 

Parameter With Respect to Min 

AVoo AGND -0.5 
AVss AGND -6.5 
DVor» DRV0 o DGND,DRGND -0.5 
DRV002 DVo.o -6.5 
DRGND2 DGND -0.3 
AGND DGND -1,0 
AVoo DVoo -6.5 
Oock Input, OEN DGND -0.5 
Digital Outputs DGND -0.5 
VINA> VINB REF IN AGND -6.5 
REF IN AGND AVss 
Junction Temperature 
Storage Temperature -65 
Lead Temperature (IO sec) 

NOTES 

J, S Grades Units 

200 nsmin 
95 nsmin 
95 nsmin 
40 % min (50% typ) 
60 %max .. 
IO ns min (20 ns typ) 
3 OockCycles 
50 ns typ (100 pF Load) 
50 ns typ (IO pF Load) 

Max Units 

+6.5 Volts 
+0.5 Volts 
+6.5 Volts 
+6.5 Volts 
+0.3 Volts 
+1.0 Volts 
+6.5 Volts 
DV00 + 0.5 Volts 
DV00 + 0.3 Volts 
+6.5 Volts 
AVoo Volts. 
+150 "C 
+l5D •c 
+300 ·c 

'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure ro absolute maximum 
ratings for extended periods may affect device reliability. 

2LCC Package Only. 
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DIP LCC 
Symbol Pin No. Pin No. 

AGND 5, 24 9, 36 

AVnn 4 6, 38 

AVss 3, 25 5, 40 
MSB 19 29 

MSB NIA 27 
BIT 2-BIT 11 18-9 26-17 
BIT 12 (LSB) 8 16 

CLK 21 31 

DVnn 7, 22 33 

DGND 6, 23 10 

DRV00 NIA 12, 32 
DRGND NIA 11, 34 

OTR 20 30 

OEN NIA 13 
REFGND 27 42 

REF IN 28 43 
REF OUT 26 41 

VINA l l 

VINB 2 2 

NC NIA 3, 4, 7, 8, 14, 15, 
28, 35, 37, 39, 44 

AD871 
PIN DESCRIPTION 

Type 

p 
p 
p 

DO 

DO 
DO 
DO 
DI 

p 
p 
p 
p 

DO 

DI 
AI 
AI 
AO 
AI 
AI 

--

Name and Function 
--- .. 

Analog Ground. 
+5 V Analog Supply. 
-5 V Analog Supply. 
Inverted Most Significant Bit. Provides twos com plement output 
data format. 
Most Significant Bit. 
Data Bits 2 through 11. 
Least Significant Bit. 
Clock Input. The AD871 will initiate a conversio n on the rising 

for details. edge of the clock input. See the Timing Diagram 
+5 V Digital Supply. 
Digital Ground. 
+ 5 V Digital Supply for the output drivers. 
Digital Ground for the output drivers. 
(See section on Power Supply Decoupling for det ails on 
DRV00 and DRGND.) 
Out of Range is Active HIGH on the leading edg e of code 0 or 

Format Table III. the trailing edge of code 4096. See Output Data 
Output Enable. See the Three State Output Timi ng Diagram for details. 
Reference Ground. 
Reference Input. + 2.5 V input gives ±I V full-sc ale range. 
+2.5 V Reference Output. Tie to REF IN for no 
( +) Analog Input Signal on the differential input 
( - ) Analog Input Signal on the differential input 
No Connect. 

rmal operation. 
amplifier. 
amplifier. 

TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; NIA = Not Available on 28-pin DIP. Only avail-
able on 44-pin surface mount package. 

PIN CONFIGURATIONS 

28-Pin Ceramic DIP 44-Pin LCC 

0 5 z z 
} " 0 

v, .. REFIN ,: 
" ,! ~ 

" 
~ ~ ~ ~'/), l;l w il! w .. .. z >" z "' "' REFGND 

REF OUT 
NC 

AYss 

AGND 
NC 

DGND 
DGND AGND 

DVuo NC 

CLK DRGND 

OTR DVoo 

BIT10 MSB 
DRV00 

BITS BIT2 

BITS BIT3 
MSB 

BIT7 BIT4 

BIT& BIT5 
:= m = ~ = ~ " M iii " i ~ t:: " i t:: i t:: i "' 

z 
m m m m ~ 

NC = NO CONNECT t:: 
m 
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AD871 
DEFINITIONS OF SPECIFICATIONS 
LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "negative full scale" through "positive 
full scale." The point used as "negative full scale" occurs 
1/2 LSB before the first code transition. "Positive full scale" is 
defined as a level l 112 LSB beyond the last code transition. 
The deviation is· measured from the middle of each particular 
code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. Guaranteed 
no missing codes to 12-bit resolution indicates that all 4096 
codes must be present over all operating ranges. 

ZERO ERROR 
The major carry transition should occur for an analog value 
1/2 LSB below analog common. Zero error is defined as the 
deviation of the actual transition from that point. The zero error 
and temperature drift specify the initial deviation and maximum 
change in the zero error over temperature. 

GAIN ERROR 
The first code transition should occur for an analog value 112 
LSB above nominal negative full scale. The last transition 
should occur for an analog value 1 1/2 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif
ference between first and last code transitions and the ideal dif
ference between first and last code transitions. 

TEMPERATURE DRIFT 
The temperature drift for zero error and gain error specifies the 
maximum change from the initial (25°C) value to the value at 
TMIN or TMAx· 

POWER SUPPLY REJECTION 
The specifications show the maximum change in the converter's 
full-scale as the supplies are varied from nominal to minimax 
values. 

APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 

APERTURE DELAY 
Aperture delay is a measure of the Track-and-Hold Amplifier 
(THA) performance and is measured from the rising edge of the 
clock input to when the input signal is held for conversion. 

2-126 ANALOG-TO-DIGITAL CONVERTERS 

OVERVOLTAGE RECOVERY TIME 
Overvoltage recovery time is defined as that amount of time 
required for the ADC to achieve a specified accuracy after an 
overvoltage (50% greater than full-scale range), measured from 
the time the overvoltage signal reenters the converter's range. 

DYNAMIC SPECIFICATIONS 
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
SIN+ D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding de. The 
value for SIN+ D is expressed in decibels. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of 
mfa ± nfb, where m, n = 0, 1, 2, 3 · .... Intermodulation 
terms are those for which m or n is not equal to zero. For exam
ple, the second order terms are (fa + fb) and (fa - fb), and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(2 fb - fa) .. The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals are of equal ampli
tude and the peak value of their sums is -0. 5 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

FULL-POWER BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

SPURIOUS FREE DYNAMIC RANGE 
The difference, in dB, between the rms amplitude of the input 
signal and the peak spurious signal. 

ORDERING GUIDE 

Model Temperature Range Package Option'' 2 

AD871JD 
AD871JE 
AD871SD3 

AD871SE3 

NOTES 

0°c to +70°C 
0°c to +70°C 
-55°C to + 125°C 
-ss0 c to + 125°C 

D-28 
E-44A 
D-28 
E-44A 

1D =Ceramic DIP, E = Leadless Ceramic Chip Carrier. 
2For outline information see Package Information section. 
'MIL-STD-883 version will be available; contact factory. 
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THEORY OF OPERATION 
The AD871 is implemented using a 4-stage pipelined multiple 
flash architecture. A differential input track-and-hold amplifier 
(THA) acquires the input and converts the input voltage into a 
differential current. A 4-bit approximation of the input is made 
by the first flash converter, and an accurate ·analog representa
tion of this 4-bit guess is generated by a digital-to-analog con
verter. This approximation is subtracted from the THA output 
to produce a remainder, or residue. This residue is then sam
pled and held by the second THA, and a 4-bit approximation is 
generated and subtracted by the second stage. Once the second 
THA goes into hold, the first stage goes back into track to 
acquire a new input signal. The third stage provides a 3-bit 
approximation/subtraction operation, and produces the final resi
due, which is passed to a final 4-bit flash converter. The 15 out
put bits from the 4 flash converters are accumulated in the 
correction logic block, which adds the bits together using the 
appropriate correction algorithm, to produce the 12-bit output 
word. The digital output, together with overrange indicator, is 
latched into an output buffer to drive the output pins. 

The additional THA inserted in each stage of the AD871 archi
tecture allows pipelining of the conversion. In essence, the con
verter is converting multiple inputs simultaneously, processing 
them through the converter chain serially. This means that 
while the converter is capable of capturing a new input sample 
every clock cycle, it actually takes three clock cycles for the con
version to be fully processed and appear at the output. This 
"pipeline delay" is often referred to as latency, and is not a con
cern in most applications, however there are some cases where it 
may be a consideration. For example, some applications call for 
the AID converter to be placed in a high speed feedback loop, 
where its input is servoed to provide a desired result at the digi
tal output (e.g., offset calibration or zero restoration in video 
applications). In these cases the 3 clock cycle delay through the 
pipeline must be accounted for in the loop stability calculations. 
Also, because the converter is working on three conversions 
simultaneously, major disruptions to the part (such as a large 
glitch on the supplies or reference) may corrupt three data sam
ples. Finally, there will be a minimum clock rate below which 
the THA droop corrupts the signal in the pipeline. In the case 
of the AD871, this minimum clock rate is 10 kHz. 

The high impedance differential inputs of the AD871 allow a 
variety of input configurations (see APPL YING THE AD871). 
The AD871 converts the voltage difference between the VINA 
and VINB pins. For single-ended applications, one input pin 
(VINA or VIN8 ) may be grounded, but even in this case the dif
ferential input can provide a performance boost: for example, 
for an input coming from a coaxial cable, VINs can be tied to 
the shield ground, allowing the AD871 to reject shield noise as 
common mode. The high input impedance of the device mini
mizes external driving requirements and allows the user to exter
nally select the appropriate termination impedance for the 
application. 

The AD871 clock circuitry uses both edges of the clock in its 
internal timing circuitry (see spec page for exact timing require
ments.) The AD871 samples the analog input on the rising edge 
of the clock input. During the clock low time (between the fall
ing edge and rising edge of the c;l~k) the input THA is in track 
mode; during the clock high time it is in hold. System distur
bances just prior to the rising edge of the clock may cause the 
part to acquire the wrong value, and should be minimized. 
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While the part uses both clock edges for its timing, jitter is only 
a significant issue for the rising edge of the clock (see CLOCK 
INPUT section). 

APPLYING THE AD871 
ANALOG INPUTS 
The AD871 features a high impedance differential input that 
can readily operate on either single-ended or differential input 
signals. Table I summarizes the nominal input voltage span for 
both single-ended and differential modes, assuming a 2.5 V ref
erence input. 

Table I. Input Voltage Span 

VINA VINB VINA-VIND 

Single-Ended +IV GND + 1 V (Positive Full Scale) 
-IV GND -1 V (Negative Full Scale) 

Differential +0.5 v -0.5 v + 1 V (Positive Full Scale) 
-0.5 v +o.sv -1 V (Negative Full Scale) 

Figure 10 shows an approximate model for the analog input cir
cuit. As this model indicates, when the input exceeds 1.6 V 
(with respect to AGND), the input device may saturate, causing 
the input impedance to drop substantially and significantly 
reducing the performance of the part. Input compliance in the 
negative direction is somewhat larger, showing virtually no deg
radation in performance for inputs as low as -1.9 V. 

+1.6V 

VINA ORV1Ne 
±1V o----1 

Figure 10. AD871 Equivalent Analog Input Circuit 

Figure 11 illustrates the effect of varying the common-mode 
voltage of a -0.5 dB input signal on total harmonic distortion. 

-10 

-20 

-30 

"'-40 .. 
~ -50 

~ -60 

-70 

-80 

-100 

~ 
:"S: 
l 
'-

-1 

L 
L v 

CM INPUT VOLTAGE - Volta 

Figure 11. AD871 Total Harmonic Distortion vs. CM Input 
Voltage, f,N = 1 MHz, FS = 5 MSPS 
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AD871 
Figure 12 shows the common-mode rejection performance vs. 
frequency for a I V p-p common mode input. This excellent 
common-mode rejection over a wide bandwidth affords the user 
the opportunity to eliminate many potential sources of input 
noise as common mode by using the differential input structure 
of the AD871. 

-SOf--f--+-+++--+--f-f-iH-..,,..ol"".....-1==-f--f-H 

~ 
-801---t----t--+-++~+-~k".t<-+-t-t~+---+-t-H 
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-100 ,____._......_/......_ ....... L_....__.._ ....... ....__..___.__.-U 
10k 100k 1M 

INPUT FREQUENCY - Hz 
10M 

Figure 12. Comm.on-Mode R~jection vs. Input Frequency, 
1 V p-p Input · 

Figures 13 and 14 illustrate typical input connections for single
ended inputs. 

AD871 

Figure 13. AD871 Single-Ended Input Connection 

AD871 

Figure 14. AD871 Single-Ended Input Connection Using a 
Shielded Cable 

The cable shield is used as the ground connection for the V INB 

input, providing the best possible rejection of the cable noise 
from the input signal.. Note also that the high input impedance 
of the AD871 allows. the user to select the termination imped
ance, be it 50 ohms, 75 ohms, or some other value. Further
more, unlike many flash converters, most AD871 applications 
will not require an external buffer amplifier. If such an amplifier 
is required, we suggest either. the AD8ll or AD9617. 

Figure IS illustrates how external amplifiers may be used to 
convert a single-ended input into a differential signal. The resis
tor values of 536 n and 562 n were selected to provide opti
mum phase matching between Ul and U2. 
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Figure 15. Single-Ended to Differential Connections; 
U1, U2 = AD811 or AD9617 

The use of the differential input signal can help to minimize 
even-order distortion from the input THA where performance 
beyond - 70 dB is desired. 

Figure 16 shows the AD871 large signal (-0.S dB) and small 
signal ( -20 dB) frequency response. 
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Figure 16. Full Power (-0.5 dB) and Small Signal 
Response (-20 dB) vs. Input Frequency 

The AD871 's wide input bandwidth facilitates rapid acquisition 
of transient input signals: the input THA can typically settle to 
12-bit accuracy from a full-scale input step in less than 80 ns. 
Figure 17 illustrates the typical acquisition of a full-scale input 
step. 
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Figure 17. Typical AD871 Settling Time 

REV.O 



The wide input bandwidth and superior dynamic performance 
of the input THA make the AD871 suitable for sampling inpP 
at frequencies up to the Nyquist Rate. The input THA is 
designed to recover rapidly from input overdrive conditions, 
returning from a 50% overdrive in less than 100 ns. 

Because of the THA's exceptionally wide input bandwidth, 
some users may find the AD871 is sensitive to noise at frequen
cies from 10 MHz to 50 MHz that other converters are incapa
ble of responding to. This sensitivity can be mitigated by careful 
use of the differential inputs (see previous paragraphs). Addi
tionally, Figure 18 shows how a small capacitor (I 0 pF-20 pF 
for 50 0 terminated inputs) may be placed between VINA and 
V INB to help reduce high frequency noise in applications where 
limiting the input bandwidth is acceptable. 

AD871 

Figure 18. Optional High Frequency Noise Reduction 

The AD871 will contribute its own wideband thermal noise. As 
a result of the integrated wideband noise (0.17 LSB rms, 
referred-to-input), applying a de analog input,may produce more 
than one code at the output. A histogram of the ADC output 
codes, for a de input voltage, will be between 1 and 3 codes 
wide, depending on how well the input is centered on a given 
code and how many samples are taken. Figure 8 shows a typical 
AD871 code histogram, and Figure 9 illustrates the AD871 's 
transition noise. 

REFERENCE INPUT 
The nominal reference input should be 2.5 V, taken with 
respect to REFERENCE GROUND (REF GND). Figure 19 
illustrates the equivalent model for the reference input: there 
is no clock or signal-dependent activity associated with the 
reference input circuitry, therefore, no "kickback" into the 
reference. 

Figure 19. Equivalent Reference Input Circuit 

However, in order to reaJize the lowest noise performance of the 
AD871, care should be taken to minimize noise at the reference 
input. 
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The AD87l's reference input impedance is equal to 5 kO 
(±20%), and its effective noise bandwidth is 10 MHz, with a 
referred-to-input noise gain of 0.8. For example, the internal 
reference, with an rms noise of 28 µ V (using an external 1 µF 
capacitor), contributes 24 µ V (0.05 LSB) of noise to the transfer 
function of the AD87 l. 

The full-scale peak-to-peak input voltage is a function of the 
reference voltage, according to the equation: 

(VINA - VIN8 ) Full Scale = 0.8*(V REF - REF GND) 

Note that the AD87l's performance was optimized for a 2.5 V 
reference input: performance may degrade somewhat for other 
reference voltages. Figure 20 illustrates the S/(N + D) perfor
mance vs. reference voltage for a 1 MHz, -0.5 dB input signal. 
Note also that if the reference is changed during a conversion, 
all three conversions in the pipeline will be invalidated. 
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Figure 20. S!(N+D) vs. Reference Input Voltage, 
f/N = 1 MHz, FS = 5 MHz 

Table II summarizes various 2.5 V references suitable for use 
with the AD871, including the onboard bandgap reference (see 
REFERENCE OUTPUT section). 

REF-43B 
AD680JN 
Internal 

Table II. Suitable 2.5 V References 

Drift (PPM/°C) 

6 (max) 
10 (max) 
30 (typ) 

Initial Accuracy % 

0.2 
0.4 
0.4 

If an external reference is connected to REF IN, REF OUT 
must be connected to + 5 V. This should lower the current in 
REF GND to less than 350 µA and eliminate the need for a 
1 µF capacitor, although decoupling the reference for noise 
reduction purposes is recommended. 

Alternatively, Figure 21 shows how the AD871 may be driven 
from other references by use of an external resistor. The exter
nal resistor forms a resistor divider with the on-chip 5 kO resis
tor to realize 2.5 V at the reference input pin (REF IN). A trim 
potentiometer is needed to accommodate the tolerance of the 
AD87l's 5 kO resistor. 
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AD871 

5k0 

Figure 21. Optional +5 V Reference Input Circuit 

REFERENCE GROUND 
The REF GND pin provides the reference point for both the 
reference input, and the reference output. When the internal 
reference is operating, it will draw approximately 500 µA of cur
rent through the reference ground, so a low impedance path to 
the external common is desirable. The AD871 can tolerate a 
fairly large difference between REF GND and AGND, up to 
± 1 V, without any performance degradation. 

REFERENCE OUTPUT 
The AD871 features an onboard, curvature compensated 
bandgap reference that has been laser trimmed for both absolute 
value and temperature drift. The output stage of the reference 
was designed to allow the use of an external capacitor to limit 
the wideband noise. As Figure 22 illustrates, a I µF capacitor on 
the reference output is required for stability of the reference output 
buffer. Note: If used, an external reference may become unstable 
with this capacitor in place. 

REFIN 

AD871 

REFGND 

REF OUT 

Figure 22. Typical Reference Decoupling Connection 

With this capacitor in place, the noise on the reference output is 
approximately 28 µ V rms at rooni temperature. Figure 23 shows 
the typical temperature drift performance of the reference, while 
Figure 24 illustrates the variation in reference voltage with load 
currents. 
The output stage is designed to provide at least 2 mA of output 
current, allowing a single reference to drive up to four AD871s, 
or other external loads. The power supply rejection of the refer
ence is better than 54 dB at de. 
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Figure 24. Reference Output Voltage vs. Output Load 

DIGITAL OUTPUTS 
In 28-pin packages, the AD871 output data is presented in twos 
complement format. Table III indicates offset binary and twos 
complement output for various analog inputs. 

Table III. Output Data Format 

Analog Input Digital Output 

VINA-VINB Offset Binary Twos Complement OTR 

2:0.999756 v 1111 1111 1111 Olll 1111 1111 1 
0.999268 v 1111 1111 1 lll Olll 1111 l lll 0 
ov 1000 0000 0000 0000 0000 0000 0 
-IV 0000 0000 0000 1000 0000 0000 0 
-1.000244 v 0000 0000 0000 1000 0000 0000 1 

Users requiring offset binary encoding may simply invert the 
MSB pin. In the 44-pin surface mount packages, both MSB and 
MSB bits are provided. 

The AD871 features a digital out-of-range (OTR) bit that goes 
high when the input exceeds positive full scale or falls below 
negative full scale. As Table III indicates, the output bits will be 
set appropriately according to whether it is an out-of-range high 
condition or an out-of-range low condition. Note that if the 
input is driven beyond + 1.5 V, the digital outputs may not stay 
at + FS, but may actually fold back to midscale. 
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The AD871's CMOS digital output drivers are sized to provide 
sufficient output current to drive a wide variety of logic families. 
However, large drive currents tend to cause glitches on the sup
plies and may affect S/(N + D) performance. Applications requir
ing the AD871 to drive large capacitive loads or large fanout 
may require additional decoupling capacitors on DRV DD and 
DV DD· In extreme cases, external buffers or latches could be 
used. 

THREE-STATE OUTPUTS 
The 44-pin surface mount AD871 offers three-state outputs. 
The digital outputs can be placed into a three-state mode by 
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that 
this function is not intended to be used to pull the AD87 l on 
and off a bus at 5 MHz. Rather, it is intended to allow the ADC 
to be pulled off the bus for evaluation or test modes. Also, to 
avoid corruption of the sampled analog signal during conversion 
(3 clock cycles), it is highly recommended that the AD871 be 
placed on the bus prior to the first sampling. 

OEN 

~loo~ ~k-.j 
DATA 

OUTPUT <
r---A-CT~IV_E ____ >--

THREE·STATE . . 

Figure 25. Three-State Output Timing Diagram 

For timing budgetary purposes, the typical access and float 
delay times for the AD871 are 50 ns. 

CLOCK INPUT 
The AD871 internal timing control uses the two edges of the 
clock input to generate a variety of internal timing signals. The 
optimal clock input should have a 50% duty cycle; however, 
sensitivity to duty cycle is significantly reduced for clock rates of 
less than 5 megasamples per second. 

+5V 

ii 
D Q 

74XX74 

10MHz Q CLK 
s 

+5V 

Figure 26. Divide-by-Two Clock Circuit 

Due to the nature of on-chip compensation circuitry, the duty 
cycle should be maintained between 40% and 60% even for 
clock rates less than 5 Msps. One way to realize a 50% duty 
cycle clock is to divide down a dock of higher frequency; as 
shown in Figure 26. 

In this case, a IO MHz clock is divided by 2 to produce the 
5 MHz clock input for the AD871. In this configuration, the 
duty cycle of the 10 MHz clock is irrelevant. 

REV.O 

AD871 
The input circuitry for the CLKIN pin is designed to accom
modate both TTL and CMOS inputs. The quality of the logic 
input, particularly the rising edge, is critical in realizing the best 
possible jitter performance for the part: the faster the rising 
edge, the better the jitter performance. 

As a result, careful selection of the logic family for the clock 
driver, as well as the fanout and capacitive load on the clock 
line, is important. Jitter-induced errors become more pro
nounced at higher frequency, large amplitude inputs, where the 
input slew rate is greatest. 

The AD871 is designed to support a sampling rate of 5 Msps; 
running at slightly faster clock rates may be possible, although 
at reduced performance levels. Conversely, some slight perfor
mance improvements might be realized by clocking the AD871 
at slower clock rates. Figure 27 presents the S/(N + D) vs. clock 
frequency for a 1 MHz analog input. 
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Figure 27. Typical S!(N+D) vs. Clock Frequency 
f1N = 1 MHz, Full-Scale Input 

The power dissipated by the correction logic and output buffers 
is largely proportional to the clock frequency; running at 
reduced clock rates provides a slight reduction in power con
sumption. Figure 28 illustrates this tradeoff. 

~ 
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Figure 28. Typical Power Dissipation vs. Clock Frequency 

ANALOG SUPPLIES AND GROUNDS 
The AD871 features separate analog and digital supply and 
ground pins, helping to minimize digital corruption of sensitive 
analog signals. In general, AV ss and AV DD• the analog supplies, 
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should be decoupled to AGND, the analog .comnion; as close to 
the chip as physically possible:i: Care has been· taken to mininrize 
the. signal deP!lJ'ldence of the power s11pply currents; however, 
the analog supply currents will be proportional to the>reference 
input. With REFIN at 2.5 V, the .typical current into AV DD is' 
82 mA, while the cypjcaJ current out of AV58 isJ15 mA. 'J;'ypi-
cally, 33.mA will flow into.the A(iND pin. • 

Careful design and the use of differential circiiitrY provide the 
AD87l with .excellent rejection of power supply· noise over a · 
wide range of frequencies, as illustrated in Figure 29. 
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Figure 29. Power Supply Rejection vs. Frequency, 
100 mV p-p Signal on Power Supplies 

Figure 30 shows the degradation in SNR resulting from 100 mV 
of power supply ripple at various frequencies. As Figure 30 
shows, careful decoupling is required to realize the specified 
dynamic perfonnapce. i;'igure 34 demonstrates.the recom
mended decoupliiig strategy for the ·supply pins, Note that in 
extremely noisy environments, a more elaborate supply filtering 
scheme may be necessary. 
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Figure 30 . . SNR vs. Supply,Noise Frequency 
(f,N = 1 MHz) 

DIGITAL SUPPLIES AND GROUNDS 

. 1011 

The digital activity on the AD871 chip falls irito two general 
categOries: CMOS correciioi.'l logic, and CMdS output dr!vd-s. 
The .internal Correction togic draws relatively Small surges of 
current, mainly during 'the cll>Ck trilnSitions; in the 44-pin pack
age, these cilrrcnts flow througlfpins DGND ·and DV DD· The 
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output drivers draw large current impulses while die output'bits! 
are changing. The size and .duration .of these eurrents is a fun~
tion of the load on the output bits: large capacitive· loads are to· 
be avoided. In the 44-pin· package, the output drivers are sup-· 
plied through dedicated pins DRGND and DRVDD· Pin 'coiint 
constraints in the 28-pin packages require that the digital and 
driver supplies share package pins (althmigh they have separate 
bond wires and on-chip routing). The decoupling shown in Fig
ure 34 is appropriate for a reasonable. capacitive load on the ·digi·' 
tal outputs (typically 20 pF on each pin). Applications involving 
greater digital loads sl;lould consider. increasing the digital decou" 
piing proportionim:ly, and/or using ex~rnal bufferS!iatches. 

"'PLl~ATION$ . 
. OPTIONAL,,ZERO .AND GAIN TRIM , , 
The AD87l is factory trimmed to ·minimize zero er:tor, gain 
error and linearity errors.Jn .some applications the. zero and gain 
errors of the AD871 need to be externally adjusted to zero. If 
required, both zero error and gain error.c.an be trimmed with 
external potentiometers as shown in Figure 31. Note that gain 
error.adjustments must be made with an external reference. 

Zero trim should be adjusted first. Co.nnect VINA to ground and 
adjust the 10 kO potentiometer such that a nominal digital out
put code of 0000 0000 0000 (two~.complement output) exists. 
Note that the zero tr~ should lie decoupled. and that the accu
racy of the ±2.5 V reference signals will directly affect the offset. 

Gain error may tlien i;;; ~alibrated by a~j~~t~ the REF IN 
voltage •. The REF IN voltage should be adjusted such that a 
+ l V input on VINA results in the digital output code 01 lll 
ll ll ll ll (twos complement output). 

+:i.sv: . ' AD$71 

·-1-ir·· ·-
(a) ZERO TRIM (b) GAIN TRIM 

Figure 31. Zero and Gaih.Error Trims 

DIGITAL OFFSET CORRECTION· . 
The AD871 provides differential inputs that may be used to cor

. rect for any offset voltages on the analog input. For applications 
where the input signal contains a de offset, it may be advanta
geous to apply a nulling voltage to the VINB input. Applying a 
voltage equal to the de offset will maximize the full-scale input 
range and therefore the dynamic range. Offsets rariging from 
-0.7 V to +0.5 V can be corrected . 

Figure 32 shows how a de offset can be applied using the 
AD568 12-l?it, high speed digital-to-analog converter (DAC). 
ThiS dfcuit can be. used for applicatjons ~ulririg ·offset aqjust
ments, on FVei;Y clock cycle. The AD568 ~nnection sch~e is . 
used to provide a -0.512 V to +0.512 V output range. The off
set volta~· ~ust be ·stable on the rising 'edge of the AD871 clock 
input. 
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IBPO ~-->( 
IOUT 

RL 
ACOM 
LCOM 

REF COM 

AD871 

Figure 32. Offset Correction Using the AD568 

UNDERSAMPLING USING THE AD871 AND AD9100 
The AD871's on-chip THA optimizes transient response while 
maintaining low noise performance. For super-Nyquist (under
sampling) applications it may be necessary to use an external 
THA with fast track-mode slew rate and hold mode settling 
time. An excellent choice for this application is the AD9100, 
an ultrahigh speed track-and-hold amplifier. 

In order to maximize the spurious free dynamic range of the 
circuit in Figure 33 it is advantageous to present a small signal 
to the input of the AD9100 and then amplify the output to the 
AD871's full-scale input range. This can be accomplished with a 
low distortion, wide bandwidth amplifier such as the AD9617. 
The circuit uses a gain of 3.5 to optimize S/(N + D). 

+Vs= 5.0V 

-Vs= -S.2V 

* OPTIONAL, SEE 
AD9617 DATASHEET 

ALL CAPACITORS ARE 0.01µF 
(LOW INDUCTANCE - DECOUPLING) 
UNLESS OTHERWISE NOTED. 

AD9100 

19 

18 

AD871 

The peak performance of this circuit is obtained by driving the 
AD871 + AD9100 combination with a full-scale input. For 
small scale input signals ( -20dB, -40 dB), the AD871 performs 
better without the track-and-hold because slew-limiting effects 
are no longer dominant. To gain the advantages of the added 
track-and-hold, it is important to give the AD871 a full-scale 
input. 

An alternative to the configuration presented above is to use the 
AD9101 track-and-hold amplifier. The AD9101 provides a built
in post amplifier with a gain of 4, providing excellent ac charac
teristics in conjunction with a high level of integration. 

As illustrated in Figure 33, it is necessary to skew the AD871 
sample clock and the AD9100 sample/hold control. Clock skew 
(ts) is defined as the time starting at the AD9100's transition 
into hold mode and ending at the moment the AD871 samples. 
The AD871 samples on the rising edge of the sample clock, and 
the AD9100 samples on the falling edge of the sample/hold con
trol. The choice of ts is primarily determined by the settling 
time of the AD9100. The droop rate of the AD9100 must also 
be taken into consideration. Using these values, the ideal ts is 
17 ns. When choosing clock sources, it is extremely important 
that the front end track-and-hold sample/hold control is given a 
very low jitter clock source. This is not as crucial for the AD871 
sample clock, because it is sampling a de signal. 

+SV 3.3µF 

T=200ns 

CLOCK2 
IN 

AD871 
EB 

+SV 

ov 

+1V 

-1V 

Figure 33. Undersampling Using the ADB71 and AD9100 
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AD871 

+5A +SD 

JP3 
DV0[r 

C12 DGND 
0.1 

s 
AGND DflV00 ANALOG IN 

J1 
DGND 

VINA 
AD871 

CU< 
OTR 

v,.. MsB 
REFGND 

BIT2 
BIT3 

C7 BIT4 10µF 
BITS 

REFIN 
BIT6 
BIT7 
BITS 

REF OUT 
BIT9 

BIT10 
BIT 11 
BIT12 

AGND 

TP4 

0 

0 0 

0 0 

TP7 

Figure 34. AD8721AD871 Evaluation Board Schematic 
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FEATURES 
Monolithic 12-Bit 10 MSPS A/D Converter 
Low Power Dissipation: 1.15 W 
No Missing Codes Guaranteed 
Differential Nonlinearity Error: 0.5 LSB 
Complete: On-Chip Track-and-Hold Amplifier and 

Voltage Reference 
Signal-to-Noise and Distortion Ratio: 65 dB 
Spurious-Free Dynamic Range: 72 dB 
Out of Range Indicator 
Twos Complement Binary Output Data 
28-Pin Ceramic DIP or 44-Pin Surface Mount Package 

PRODUCT DESCRIPTION 
The AD872 is a monolithic 12-bit, 10 Msps analog to digital 
converter with an on-chip, high performance track-and-hold 
amplifier and voltage reference. The AD872 uses a multistage 
differential pipelined architecture with output error correction 
logic to provide 12-bit accuracy at 10 Msps data rates and guar
antees no missing codes over the full operating temperature 
range. The AD872 combines a merged high speed bipolar/ 
CMOS process and a novel architecture to achieve the resolution 
and speed of hybrid implementations at a fraction of the power 
consumption. Additionally, the greater reliability of monolithic 
construction offers improved system reliability and lower costs 
than hybrid designs. 

The high input impedance, fast-settling input track-and-hold 
(T/H) amplifier is equally suited for both multiplexed systems 
that switch negative to positive full-scale voltage levels in succes
sive channels and sampling single-channel inputs at frequencies 
up to and beyond the Nyquist rate. The AD872's wideband 
input combined with the power and cost savings over previously 
available hybrids will allow new design opportunities in commu
nications, imaging and medical applications. The AD872 pro
vides both reference output and reference input pins, allowing 
the onboard reference to serve as a system reference. An exter
nal reference can also be chosen to suit the de accuracy and tem
perature drift requirements of the application. A single clock 
input is used to control all internal conversion cycles. The digi
tal output data is presented in twos complement binary output 
format. An out-of-range signal indicates an overflow condition. 
It can be used with the most significant bit to determine low or 
high overflow. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CLOCK 

REFIN 

REF OUT 

Complete 12-Bit 10 MSPS 
Monolithic AID Converter 

AD872 I 
FUNCTIONAL BLOCK DIAGRAM 

AV00 AGNO AVss DVoo DGND •oRVoo •oRGND • 

AD872 

REFGND ·~~;:~: OTR •MSB MSB-BIT 12 (LSB) 

•ONLY AVAILABLE ON 44 PIN SURFACE MOUNT PACKAGE. 

The AD872 is fabricated on Analog Devices ABCMOS-I process 
which utilizes high speed bipolar and CMOS transistors on a 
single chip. High speed, precision analog circuits are now com
bi1!ed with high density logic circuits. 

The AD872 is packaged in a 28-pin ceramic DIP and a 44-pin 
leadless ceramic surface mount package and is specified for 
operation from 0°C to + 70°C and -55°C to + 125°C. 

PRODUCT HIGHLIGHTS 
The AD872 offers a complete single-chip sampling 12-bit, 
10 Msps analog-to-digital conversion function in a 28-pin DIP or 
44-pin leadless ceramic surface mount package (LCC). 

Low Power-The AD872 at 1.15 W consumes a fraction of the 
power of presently available hybrids. 

Onboard Track-and-Hold (TIH)-The high impedance T/H input 
eliminates the need for external buffers and can be configured 
for single ended or differential inputs. 

Out of Range (OTR)-The OTR output bit indicates when the 
input signal is beyond the AD872's input range. 

Ease-of-Use-The AD872 is complete with T/H and voltage 
reference. 
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AD872-SPECIFICATIONS 
DC SPECIFICATIONS :!:ii~a~~JiAX with AYuo = +5 V, DYuu = +5 v, AYss = -5 V, fsAMPLE = 10 MHz unless otherwise 

Parameter J Grade' 

RESOLUTION 12 

MAX CONVERSION RATE 10 

ACCURACY 
Integral Nonlinearity (INL) ±2.S 
Differential Nonlinearity (DNL) ±0.S 
No Missing Codes 12 
Zero Error ((<1 + 2S 0 C)2 ±0.7S 
Gain Error ((<I + 2S0 C)2 ±l.2S 

TEMPERATURE DRIFT' 
Zero Error ±0.lS 
Gain Error'· " ±0.80 
Gain Error'· 5 ±0.2S 

POWER SUPPLY REJECTION6 

AVom DV00 (+S V ± 0.2S V) ±0.12S 
AVss (-S V ± 0.2S V) ±0.12S 

ANALOG INPUT 
Input Range ±1 
Input Resistance so 
Input Capacitance 10 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 2.S 
Output Voltage Tolerance ±20 
Output Current (Available for External Loads) 2.0 

(External load should not change during conversion.) 

REFERENCE INPUT RESISTANCE s 

POWER SUPPLIES 
Supply Voltages 

AVoo +s 
AVss -s 
DVoo +s 

Supply Current 
IAV00 87 
IAV55 147 
IDV00 20 

POWER CONSUMPTION l.IS 
1.25 

NOTES 
'Temperature ranges are as follows: J Grade: 0°C to + 70°C, S Grade: -SS'C to + 125°C. 
2 Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section). 
3+25°C to TMiN and- +25°C to TMAx· 
4lncludes internal voltage reference error. 
5Excludes internal reference drift. 
6change in Gain Error as a function of the de supply voltage. 
Specifications subject to change without notice. 
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S Grade' Units 

12 Bits min 

10 MHz min 

±2.S LSB typ 
±0.S LSB typ 
12 Bits Guaranteed 
±0.7S % FSR max 
±l.2S % FSRmax 

±0.30 % FSRmax 
±l.7S % FSRmax 
±0.SO % FSR max 

±0.12S % FSR max 
±0.12S % FSR max 

±1 Volts max 
so kn typ 
10 pF typ 

2.S Volts typ 
±40 mVmax 
2.0 mA typ 

s kn typ 

+S V (±5% AV00 Operating) 
-5 V (±S% AV55 Operating) 
+S V (±S% DV00 Operating) 

88 mA max (78 mA typ) 
lSO mA max (134 mA typ) 
21 mA max (IS mA typ) 

1.IS Wtyp 
1.3 Wmax 
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AD872 
AC SPECIFICATIONS ~To~:d;~ TMAX with AYoo = +5 V, DYoo = +5 V, AYss = -5 V, fsAMPLE = 10 Msps, unless otherwise 

J Grade S Grade Units 

SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 
f1NrUT = I MHz 65 64 dB typ 

61 61 dB min 
f1NruT = 4. 99 MHz 63 63 dB typ 

TOTAL HARMONIC DISTORTION (THD) 
f1NrvT = I MHz -70 -68 dB typ 

-63 -62 dB max 
f1NPVT = 4.99 MHz -66 -65 dB cyp 

SPURIOUS FREE DYNAMIC RANGE 
f1NPVT = 1 MHz 72 72 dB typ 
f1NPL'T = 4.99 MHz 70 70 dB typ 

INTERMODULATION DISTORTION (IMD)2 70 70 dB typ 

FULL POWER BANDWIDTH 70 70 MHz typ 

SMALL SIGNAL BANDWIDTH 70 70 MHz typ 

APERTURE DELAY 8 8 ns typ 

APERTURE JITTER 10 10 psnns typ 

ACQUISITION TO FULL-SCALE STEP 40 40 ns typ 

OVERVOLTAGE RECOVERY TIME 40 40 ns typ 

NOTES 
1f1,., amplitude = -0.S dB full scale unless otherwise indicated. All measurements referred to a 0 dB (I V pk) input signal unless otherwise indicated. 
'fa = 1.0 MHz, lb = 0.95 MHz with fsAMPLE = 10 MHz, typical value for second and third order products. 

Specifications subject to change without notice. 

DIGITAL SPECIFICATIONS (TMiN to TMAX with AV00 = +5 V, DV00 = +5 V, AYss = -5 V unless otherwise noted) 

Parameter Symbol J, S Grades Units 

LOGIC INPUTS 
High Level Input Voltage VIH +2.0 Vmin 
Low Level Input Voltage VIL +0.8 Vmax 
High Level Input Current (VIN = DV00) Im ±10 µAmax 
Low Level Input Current (VIN = 0 V) IIL ±10 µAmax 
Input Capacitance CIN 5 pF typ 

LOGIC OUTPUTS 
High Level Output Voltage (IoH = 0.5 mA) VoH +2.4 Vmin 
Low Level Output Voltage CioL = 1.6 mA) VoL +0.4 Vmax 
Output Capacitance Co UT 5 pFtyp 
Leakage (Three-State, LCC Only) IZ ±10 µAmax 

Specifications subject to change without notice. 
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AD872 

SWITCHING SPECIFICATIONS ~:1~oo1v :~h v~~o~ ~.::iv, DVoo = +5 v, AYss = -5 V; v,L = o.s v, v," = 2.0 v, 

Parameter Symbol 

Clock Period 1 tc 
CLOCK ·Pulse Width High lcH 
CLOCK Pulse Width Low tcL 
Clock Duty Cycle2 

Output Delay too 
Pipeline Delay (Latency) 
Data Access Time (LCC Package Only)3 too 
Output Float Delay (LCC Package Only)3 tHL 

NOTES 
1Conversion rate is operational down to 10 kHz without degradation in specified performance. 
2For clock periods of 200 ns or greater, see Clock Input Section. 
3See Section on Three-State Outputs for timing diagrams and application information. 

Specifications subject to change without notice. 

VIN 

CLOCK 

BIT2-12 
MSB,OTR 

N 

Figure 1. Timing Diagram 

ABSOLUTE MAXIMUM RATINGS1 

Parameter Witb Respect to Min 

AVoo AGND -0.5 
AVss AGND -6.5 
DV0 rn DRV00 

2 DGND,DRGND -0.5 
DRV00 

2 DVoo -6.5 
DRGND2 DGND -0.3 
AGND DGND -1.0 
AVoo DVoo -6.5 
Clock Input, OEN DGND -0.5 
Digital Outputs DGND -0.5 
VINA> VINB REF IN AGND -6.5 
REF IN AGND AVss 
Junction Temperature 
Storage Temperature -65 
Lead Temperature (10 sec) 

NOTES 

J, S Grades Units 

100 nsmin 
45 nsmin 
45 ns min 
40 % min (50% typ) 
60 %max 
10 ns min (20 ns typ) 
3 Clock Cycles max 
50 ns typ (100 pF Load) 
50 ns typ (10 pF Load) 

Max Units 

+6.5 Volts 
+0.5 Volts 
+6.5 Volts 
+6.5 Volts 
+0.3 Volts 
+1.0 Volts 
+6.5 Volts 
DV00 + 0.5 Volts 
DV00 + 0.3 Volts 
+6.5 Volts 
AVoo Volts 
+ISO oc 
+150 oc 
+300 oc 

1Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 

2LCC Package Only. 
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AD872 
PIN DESCRIPTION 

DIP LCC 
Symbol Pin No. Pin No. Type Name and Function 

AGND 5, 24 9, 36 p Analog Ground. 

AVnn 4 6, 38 p + 5 V Analog Supply. 

AVss 3, 25 5, 40 p - 5 V Analog Supply. 

MSB 19 29 DO Inverted Most Significant Bit. Provides twos complement output 
data format. 

MSB NIA 27 DO Most Significant Bit. 
BIT 2-BIT 11 18-9 26-17 DO Data Bits 2 through 11. 
BIT 12 (LSB) 8 16 DO Least Significant Bit. 

CLK 21 31 DI Clock Input. The AD872 will initiate a conversion on the rising 
edge of the clock input. See the Timing Diagram for details. 

DVnn 7, 22 33 p + 5 V Digital Supply. 

DGND 6, 23 10 p Digital Ground. 

DRV00 NIA 12, 32 p +5 V Digital Supply for the output drivers. 

DRGND NIA 11, 34 p Digital Ground for the output drivers. 
(See section on Power Supply Decoupling for details on 
DRV00 and DRGND.) 

OTR 20 30 DO Out of Range is Active HIGH on the leading edge of code 0 or 
the trailing edge of code 4096. See Output Data Format Table III. 

OEN NIA 13 DI Output Enable. See the Three State Output Timing Diagram for details. 
REFGND 27 42 AI Reference Ground. 

REFIN 28 43 AI Referel).ce Input. +2.5 V input gives ±1 V full-scale range. 
REF OUT 26 41 AO +2.5 V Reference Output. Tie to REF IN for normal operation. 

VINA 1 1 AI ( +) Analog Input Signal on the differential input amplifier. 

VINB 2 2 AI ( - ) Analog Input Signal on the differential input amplifier. 

NC NIA 3, 4, 7, 8, 14, 15 No Connect. 
28, 35, 37, 39, 44 

TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; NIA = Not Available on 28-pin DIP. Only avail-
able on 44-pin surface mount package. 

PIN CONFIGURATIONS 

28-Pin Ceramic DIP 44-Pin LCC 

0 '5 
a! 

z 
8 " 0 

VINA REFIN >~ ~ ill ~ ill 'l !il !I >" !I a: a: 
REFGND 

REF OUT 
NC 

AVss 
AV00 

AGND 
NC 

DGND OGND AGND 

DVoo NC 

CLK DRGND 

OTA OEN DV00 

BIT10 MSB 
DRV00 

BIT9 BIT2 
BIT 12 (LSB) OTR 

BITS BIT3 
BIT11 MSB 

BIT7 BIT4 

BIT& BITS 
~ Q m ~ m ~ ~ ... 

~ ;;;: !il I:: I:: I:: I:: I:: I:: I:: 
~ I:: " " " " " " " " " ~ 
" NC = NO CONNECT 
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ADB72 
DEFINITIONS OF SPECIFICATIONS 
LINEARITY ERROR 
Linearity error refers to the deviation of each individual code 
from a line drawn from "negative full scale" through "positive 
full scale." The point used as "negative full scale" occurs 
112 LSB before the first code transition. "Positive full scale" is 
defined as a level 1 112 LSB beyond the last code transition. 
The deviation is measured from the middle of each particular 
code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (DNL, NO 
MISSING CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from this ideal value. Guaranteed 
no missing codes to 12-bit resolution indicates that all 4096 
codes must be present over all operating ranges. 

ZERO ERROR 
The major carry transition should occur for an analog value 
112 LSB below analog common. Zero error is defined as the 
deviation of the actual transition from that point. The zero error 
and temperature drift specify the initial deviation and maii:imum 
change in the zero error over temperature. 

GAIN ERROR 
The first code transition should occur for an analog value 112 
LSB above nominal negative full scale. The last transition 
should occur for an analog value 1 112 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif
ference between first and last code transitions and the ideal dif
ference between first and last code transitions. 

TEMPERATURE DRIFT 
The temperature drift for zero error and gain error specifies the 
marimum change from the initial (25°C) value to the value at 
TMIN or TMAx· 

POWER SUPPLY REJECTION 
The specifications show the maii:imum change in the converter's 
full scale as the supplies are varied from nominal to minimax 
values. 

APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples and is manifested as noise on the input to the AID. 

APERTURE DELAY 
Aperture delay is a measure of rpe Track-and-Hold Amplifier 
(THA) performance and is measured from the rising edge of the 
clock input to when the input signal is held for conversion. 
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OVERVOLTAGE RECOVERY TIME 
Overvoltage recovery time is defined as that amount of time 
required for the ADC to achieve a specified accuracy after an 
overvoltage (50% greater than full-scale ninge), measured fr-0m 
the time the overvoltage signal reenters the converter's range. 

DYNAMIC SPECIFICATIONS 
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO 
SIN+ D is· the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components below the 
Nyquist frequency, including harmonics but excluding de. The 
value for SIN+ D is expressed in decibels. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of 
mfa ± nfb, where m, n = 0, 1, 2, 3 .... Intermodulation 
terms are those for which m or n is not equal to zero. For exam
ple, the second order terms are (fa + fb) and (fa - fb ), and the 
third order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(2 fb - fa). The IMD products are expressed as the decibel 
ratio of the rms sum of the measured input signals to the rms 
sum of the distortion terms. The two signals are of equal ampli
tude and the peak value of their sums is -0.5 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

FULL-POWER BANDWIDTH 
The full-power bandwidth is that input frequency at which the 
amplitude of the reconstructed fundamental is reduced by 3 dB 
for a full-scale input. 

SPURIOUS FREE DYNAMIC RANGE 
The difference, in dB, between the rms amplitude of the input 
signal and the peak spurious signal. 

Model 

AD872JD 
AD872JE 
AD872SD2 

AD872SE2 

NOTES 

ORDERING GUIDE 

Temperature Range 

0°C to +70°C 
0°c to +70°C 
-55°C to + 125°C 
-55°C to + 125°C 

Package Option1 

D-28 
E-44A 
D-28 
E-44A 

10 = Ceramic DIP, E = Leadless Ceramic Chip Carrier. For outline infor
mation see Package Information section. 

2MIL-STD-883 and SMD versions available; contact factory. 

REV.A 



Dynamic Characteristics-Sample Rate: 10 MSPS-AD872 
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AD872-Dynamic Characteristics-Sample Rate: 5 MSPS 
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THEORY OF OPERATION 
The AD872 is implemented using a 4-stage pipelined multiple 
flash architecture. A differential input track-and-hold amplifier 
(THA) acquires the input and converts the input voltage into a 
differential current .. A 3-bit approximation of the input is made 
by the first flash converter, and an accurate analog representa
tion of this 3-bit guess is generated by a digital-to-analog con
verter. This approximation is subtracted from the THA output 
to produce a remain.der, or residue. This residue is then sam
pled and held by the second THA, and a 4-bit approximation is 
generated and subtracted by the second stage. Once the second 
THA goes into hold, the first stage goes back into track to 
acquire a new input signal. The third stage provides another 
4-bit approximation/subtraction operation, and produces the 
final residue, which is passed to a final 4-bit flash converter. 
The 15 output bits from the 4 flash converters are accumulated 
in the correction logic block, which adds the bits together using 
the appropriate correction algorithm, to produce the 12-bit out
put word. The digital output, together with overrange indicator, 
is latched into an output buffer to drive the output pins. 

The additional THA inserted in each stage of the AD872 archi
tecture allows pipelining of the conversion. In essence, the con
verter is converting multiple inputs simultaneously, processing 
them through the converter chain serially. This means that 
while the converter is capable of capturing a new input sample 
every clock cycle, it actually takes three clock cycles for the con
version to be fully processed and appear at the output. This 
"pipeline delay" is often referred to as latency, and is not a con
cern in most applications, however there are some cases where it 
may be a consideration. For example, some applications call for 
the A/D converter to be placed in a high speed feedback loop, 
where its input is servoed to provide a desired result at the digital 
output (e.g., offset calibration or zero restoration in video appli
cations). In these cases the 3 clock cycle delay through the pipe
line must he accounted for in the loop stability calculations. 
Also, because the converter is working on three conversions 
simultaneously, major disruptions to the part (such as a large 
glitch on the supplies or reference) may corrupt three data sam
ples. Finally, there will be a minimum clock rate below which 
the THA droop corrupts the signal in the pipeline. In the case 
of the AD872, this minimum clock rate is 10 kHz. 

The high impedance differential inputs of the AD872 allow a 
variety of input configurations (see APPL YING THE AD872). 
The AD872 converts the voltage difference between the VINA 
and V1Ns pins. For single-ended applications, one input pin 
(VINA or V INB) may be grounded, but even in this case the dif
ferential input can provide a performance boost: for example, 
for an input coming from a co!lXial cable, V1NB can be tied to 
the shield ground, allowing the AD872 to reject shield noise as 
common mode. The high input impedance of the device mini
mizes external driving requirements and allows the user to exter
nally select the appropriate termination impedance for the 
application. 

The AD872 clock circuitry uses both edges of the clock in its 
internal timing circuitry (see spec page for exact timing require
ments.) The AD872 samples the analog input on the rising edge 
of the clock input. During the clock low time (between the fall
ing edge and rising edge of the clock) the input THA is in track 
mode; during the clock high time it is in hold. System distur
bances just prior to the rising edge of the clock may cause the 
part to acquire the wrong value, and should be minimized. 

REV.A 

AD872 
While the part uses both clock edges for its timing, jitter is only 
a significant issue for the rising edge of the clock (see CLOCK 
INPUT section). 

APPL YING THE AD872 
ANALOG INPUTS 
The AD872 features a high impedance differential input .that 
can readily operate on either single-ended or differential input 
signals. Table I summarizes the nominal input voltage span for 
both single-ended and differential modes, assuming a 2.5 V ref
erence input. 

Table I. Input Voltage Span 

VINA VINB VINA-VINB 

Single-Ended +IV GND + I V (Positive Full Scale) 
-IV GND - I V (Negative Full Scale) 

Differential +0.5 v -0.5 v +I V (Positive Full Scale) 
-0.5 v +0.5 v - I V (Negative Full Scale) 

Figure 10 shows an approximate model for the analog input cir
cuit. As this model indicates, when the input exceeds 1.6 V 
(with respect to AGND), the input device may saturate, causing 
the input impedance to drop substantially and significantly 
reducing the performance of the part. Input compliance in the 
negative direction is somewhat larger, showing virtually no deg
radation in performance for inputs as lo.w as -1. 9 V. 
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+1.6V 

AD872 

1.75mA 

-sv 

Figure 10. AD872 Equivalent Analog Input Circuit 

Figure 11 illustrates the effect of varying the common-mode 
voltage of a - I dB input signal on total harmonic distortion. 
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Figure 11. AD872 Total Harmonic Distortion vs. CM Input 
Voltage, f,N = 1 MHz, FS = 10 MSPS 
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Figure 12 shows the common-mode rejection performance vs. 
frequency for a l V p-p common mode input. This excellent 
common-mode rejection out over a wide bandwidth affords the. 
user the opportunity to eliminate many potential sources of 
input noise as common mode by using the differential input 
structure of the AD872. 

-100 .__ _ _._ __ ...___,___.._._ __ ..__ _ __,__...__.._. 

11>6 107 

INPUT FREQUENCY - Hz 

Figure 12. Common-Mode Rejection vs. Input Frequency, 
1 V p-p Input 

Figures 13 and 14 illustrate typical input connections for single
ended inputs. 

±1VO-----.f 

AD872 

Figure 13. AD872 Single-Ended Input Connection 

AD872 

Figure 14. AD872 Single-Ended Input Connection Using a 
Shielded Cable 

The cable shield is used as the ground connection for the V1Ns 

input, providing the best possible rejection of the cable noise 
from the input signal. Note also that the high input impedance 
of the AD872 allows the user to select his own termination 
impedance, be it 50 ohms, 75 ohms, or some other value. Fur
thermore, unlike many flash converters, most AD872 applica-
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tions will not require an external buffer amplifier. If such an 
amplifier is required, we suggest either the AD8ll or AD9617. 

Figure 15 illustrates how external amplifiers may be used to 
convert a single-ended input into a differential signal. The resis
tor values of 536 n and 562 n were selected to provide opti
mum phase matching between Ul and U2. 

562Q 

AD872 

Figure 15. Single-Ended to Differential Connections; 
U1, U2 = AD811 or AD9617 

The use of the differential input signal can help to minimize 
even-order distortion from the input THA where performance 
beyond - 70 dB is desired. 

Figure 16 shows the AD872 large signal (-0.5 dB) and small 
signal ( - 20 dB) frequency response. 
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Figure 16. Full Power (-0.5 dB) and Small Signal 
Response (-20 dB) vs. Input Frequency 

The AD872's wide input bandwidth facilitates rapid acquisition 
of transient input signals: the input THA can typically settle to 
12-bit accuracy from a full-scale input step in less than 40 ns. 
Figure 17 illustrates the typical acquisition of a full-scale input 
step. 
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Figure 17. Typical AD872 Settling Time 
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The wide input bandwidth and superior dynamic performance 
of the input THA makes the AD872 suitable for undersampling 
applications where the input frequency exceeds half the sam
pling frequency. The input THA is designed to recover rapidly 
from input overdrive conditions, returning from a 50% over
drive in less than 50 ns. 

Because of the THA's exceptionally wide input bandwidth, 
some users may find the AD872 is sensitive to noise at frequen
cies from 50 MHz to 100 MHz that other converters are incapa
ble of responding to. This sensitivity can be mitigated by careful 
use of the differential inputs (see previous paragraphs). Addi
tionally, Figure 18 shows how a small capacitor (10 pF-20 pF 
for 50-ohm terminated inputs) may be placed between VINA and 
V INB to help reduce high frequency noise in applications where 
limiting the input bandwidth is acceptable. 

AD872 

Figure 18. Optional High Frequency Noise Reduction 

The AD872 will contribute its own wideband thernial noise. As 
a result of the integrated wideband noise (1/2 LSB rms, 
referred-to-input), applying a de analog input produces more 
than one code at the output. A histogram analysis of the AD872 
with a de input will show a bell shaped curve consistent with 
the Guassian nature of the thermal noise. This histogram will be 
between 3 and 5 codes wide, depending on how well the input is 
centered on a given code and how many samples are taken. 

REFERENCE INPUT 
The nominal reference input should be 2.5 V, taken with 
respect to REFERENCE GROUND (REF GND). Figure 19 
illustrates the equivalent model for the reference input: there 
is no clock or signal-dependent activity associated with the 
reference input circuitry, therefore; no "kickback" into the 
reference. 
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Figure 19. Equivalent Reference Input Circuit 

The AD872's input impedance is 5 kO, with a tolerance of 
±20%. The effective noise bandwidth through the input channel 
is 10 MHz, and the referred-to-input noise gain is 0.4. For 
example, the internal reference, with peak-to-peak noise of 
180 µ V (using an external I µF capacitor), contributes 0.3 LSBs 
of noise to the transfer funi;tion of the AD872. 

The full-scale peak-to-peak input voltage is a function of the 
reference voltage, according to the equation: 

WrNA - VINB) Full Scale = 0.8*(V REF - REF GND) 

Note that the AD872's performance was optimized for a 2.5 V 
reference input: performance will degrade somewhat for other 
reference voltages. Figure 20 illustrates the S/(N + D) perfor
mance vs. reference voltage for a I MHz, -0.5 dB input signal. 
Note also that if the reference is changed during a conversion, 
all three conversions in the pipeline will be invalidated. 

'II 66 r---r---:c:::::==f=::::;;="\l 
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54~---------------
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REFERENCE INPUT VOLTAGE-Volts 

Figure 20. S/(N+D) vs. Reference Input Voltage, 
f1N = 1 MHz, FS = 10 MHz 

Tab!~ II summarizes various 2.5 V references suitable for use 
with the AD872, including the onboard bandgap reference (see 
REFERENCE OUTPUT section). 

Table II. Suitable 2.5 V References 

Drift Initial Accuracy 
(PPM/°C) % 

REF-43B 6 (max) 0.2 
AD680JN 10 (max) 0.4 
Internal 30 (typ) 0.4 
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AD872 
If an external reference is connected to REF IN, REF OUT 
must be connected to + 5 V. This should lower the current in 
REF GND to less than 350 µA, and eliminate the need for a 
1 µF capacitor. 

Alternatively, Figure 21 shows how the AD872 may be driven 
from other references by use of an external resistor. The exter
nal resistor forms a resistor divider with the on-chip 5 k!l resis
tor to realize 2.5 V at the reference input pin (REF IN). A trim 
potentiometer is recommended to accommodate the tolerance of 
the AD872's 5 k!l resistor. 

AD872 

SkQ 

Figure 21. Optional +5 V Reference Input Circuit 

REFERENCE GROUND 
The REF GND pin provides the reference point for both the 
reference input, and the reference output. When the internal 
reference is operating, it will draw approximately 500 µA of cur
rent through the reference ground, so a low impedance path to 
the external common is desirable. The AD872 can tolerate a 
fairly large difference between REF GND and AGND, up to 
±1 V, without any performance degradation. 

REFERENCE OUTPUT 
The AD872 features an onboard, curvature compensated 
bandgap reference that has been laser trimmed for both absolute 
value and temperature drift. The output stage of the reference 
was designed to allow the use of an external capacitor to limit 
the wideband noise. As Figure 22 illustrates, a 1 µF capacitor on 
the reference output is required for stability of the reference output 
buffer. Note: If used, an external reference may become unstable 
with this capacitor in place. 

REFIN 

AD872 

REFGND 

REF OUT 

Figure 22. Typical Reference Decoupling Connection 

With this capacitor in place, the noise on the reference output is 
approximately 30 µ V rms at room temperature. Figure 23 shows 
the typical temperature drift performance of the reference, while 
Figure 24 illustrates the variation in reference voltage with load 
currents. 
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Figure 23. Reference Output Voltage vs. Temperature 
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Figure 24. Reference Output Voltage vs. Output Load 

The output stage is designed to provide at least 2 mA of output 
current, allowing a single reference to drive up to four AD872s, 
or other external loads. The power supply rejection of the refer
ence is better than 54 dB at de. 

DIGITAL OUTPUTS 
In 28-pin packages, the AD872 output data is presented in twos 
complement format. Table III indicates offset binary and twos 
complement output for various arialog inputs. 

Table Ill. Output Data Format 

Analog Input Digital Output 

VINA-VIND Offset Binary Twos Complement OTR 

2'-0.999756 v 11111111 1111 Olll 1111 l lll 1 
0.999268 v 11111111 1111 0111 1111 1111 0 
ov 1000 0000 0000 0000 0000 0000 0 
-IV 0000 0000 0000 1000 0000 0000 0 
-1.000244 v 0000 0000 0000 1000 0000 0000 1 

Users requiring offset binary encoding may simply invert the 
MSB pin. In the 44-pin surface mount packages, both MSB and 
MSB bits are provided. 

The AD872 features a digital out-of-range (OTR) bit that goes 
high when the input exceeds positive full scale or falls below 
negative full scale. As Table III indicates, the output bits will be 
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set appropriately according to whether it is an out-of-range high 
condition or an out-of-range low condition. 

The AD872's CMOS digital output drivers are sized to provide 
sufficient output current to drive a wide variety of logic families. 
However, large drive currents tend to cause glitches on the sup
plies and may affect S/(N + D) performance. Applications requir
ing the AD872 to drive large capacitive loads or large fanout 
may require additional decoupling capacitors on DRVDD and 
DV DD· In extreme cases, external buffers or latches could be 
used. 

THREE-STATE OUTPUTS 
The 44-pin surface mount AD872 offers three-state outputs. 
The digital outputs can be placed into a three-state mode by 
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that 
this function is not intended to be used to pull the AD872 on 
and off a bus at 10 MHz. Rather, it is intended to allow the 
ADC to be pulled off the bus for evaluation or test modes. Also, 
to avoid corruption of the sampled analog signal during conver
sion (3 clock cycles), it is highly recommended that the AD872 
be placed on the bus prior to the first sampling. 

OEN 

DATA 
OUTPUT 

~loo~ ~~L--1 
<,-----A-C_T_IV_E __ ""')-

TH REE-ST A TE . 

Figure 25. Three-State Output Timing Diagram 

For timing budgetary purposes, the maximum access and float 
delay times for the AD872 are 200 ns. 

CLOCK INPUT 
The AD872 internal timing control uses the two edges of the 
clock input to generate a variety of internal timing signals. The 
optimal clock input should have a 50% duty cycle; however, 
sensitivity to duty cycle is significantly reduced for clock rates of 
less than 10 megasamples per second. 

+5V 

A 
D Q 

74XX74 

20MHz Q CLK 
s 

+5V 

Figure 26. Divide-by-Two Clock Circuit 

Due to the nature of on-chip compensation circuitry, the duty 
cycle should be maintained between 40% and 60% even for 
clock rates less than 10 Msps .. One way to realize a 50% duty 
cycle clock is to divide down a clock of higher frequency, as 
shown in Figure 26. 
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In this case, a 20 MHz clock is divided by 2 to produce the 
10 MHz clock input for the AD872. In this configuration, the 
duty cycle of the 20 MHz clock is irrelevant. 

The input circuitry for the CLKIN pin is designed to accom
modate both TTL and CMOS inputs. The quality of the logic 
input, particularly the rising edge, is critical in realizing the best 
possible jitter performance for the part: the faster the rising 
edge, the better the jitter performance. 

As a result, careful selection of the logic family for the clock 
driver, as well as the fanout and capacitive load on the clock 
line, is important. Jitter-induced errors become more predomi
nant at higher frequency, large amplitude inputs, where the 
input slew rate is greatest. 

The AD872 is designed to support a sampling rate of 10 Msps; 
running at slightly faster clock rates may be possible, although 
at reduced performance levels. Conversely, some slight perfor
mance improvements might be realized by clocking the AD872 
at slower clock rates. FigUFe 27 presents the SNR vs. clo~k fre
quency for a 1 MHz analog input. 
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Figure 27. Typical S!(N+D) vs. Clock Frequency 
flN = 1 MHz, Full-Scale Input 
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The power dissipated by the correction logic and output buffers 
is largely proportional to the clock frequency; running at 
reduced clock rates provides a slight reduction in power con
sumption. Figure 28 illustrates this tradeoff. 

1.10 ,__ __ ......_ __ ___. ___ ...__ __ _._ __ ___, 
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Figure 28. Typical Power Dissipation vs. Clock Frequency 
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ANALOG SUPPLIES AND GROUNDS 
The AD872 features separate analog and digital supply and 
ground pins, helping to minimize digital corruption of sensitive 
analog signals. In general, AV ss and AV DD, the analog supplies, 
should be decoupled to AGND, the analog common, as close to 
the chip as physically possible. Care has been taken to minimize 
the signal dependence of the power supply currents; however, 
the analog supply currents will be proportional to the reference 
input. With REFIN at 2.5 V, the typical current into AVDD is 
78 mA, while the typical current out of AV ss is 134 mA. Typi
cally, 55 mA will flow into the AGND pin. 

Careful design and the use of differential circuitry provide the 
AD872 with excellent rejection of power supply noise over a 
wide range of frequencies, as illustrated in Figure 29. 

-100 '--~---'-----'------'-------' 
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10M 100M 

Figure 29. Power Supply Rejection vs. Frequency, 
100 mV p-p Signal on Power Supplies 

Figure 30 shows the degradation in SNR ratio resulting from 
100 m V of power supply ripple at various frequencies. As Fig
ure 30 shows, careful decoupling is required to realize the speci
fied dynamic performance. Figure 35 demonstrates the 
recommended decoupling strategy for the supply pins. Note that 
in extremely noisy environments, a more elaborate supply filter
ing scheme may be necessary. 

so .__.__._....._....__.___._._J..L.__._._.._._._..__...._ ........ 

10' 106 
FREQUENCY 

107 1o" 

Figure 30. SNR vs. Supply Noise Frequency (f,N = 

1 MHz) 
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DIGITAL SUPPLIES AND GROUNDS 
The digital activity on the AD872 chip falls into two general 
caq:gories: CMOS correction logic, and CMOS output drivers. 
The internal correction logic draws relatively small surges of 
current, mainly during the clock transitions; in the 44-pin pack
age, these currents flow through pins DGND and DVDD· The 
output drivers draw large current impulses while the output bits 
are changing. The size and duration of these currents is a func
tion of the load on the output bits: large capacitive loads are to 
be avoided. In the 44-pin package, the output drivers are sup
plied through dedicated pins DRGND and DRVDD· Pin count 
constraints in the 28-pin packages require that .the digital and 
driver supplies share package pins (although they have separate 
bond wires and on-chip routing). The decoupling shown in Fig
ure 35 is appropriate for a reasonable capacitive load on the digi
tal outputs (typically 20 pF on each pin). Applications involving 
greater digital loads should consider increasing the digital decou
pling proportionately. 

APPLICATIONS 
OPTIONAL ZERO AND GAIN TRIM 
The AD872 is factory trimmed to minimize zero error, gain 
error and linearity errors. In some applications the zero and gain 
errors of the AD872 need to be externally adjusted to zero. If 
required, both zero error and gain error can be trimmed with 
external potentiometers as shown in Figure 31. Note that gain 
error adjustments must be made with an external reference. 

Zero trim should be adjusted first. Connect VINA to ground and 
adjust the 10 kfi potentiometer such that a nominal digital out
put code of 0000 0000 0000 (twos complement output) exists. 
Note that the zero trim should be decoupled and that the accu
racy of the ±2.5 V reference signals will directly affect the offset. 

Gain error may then be calibrated by adjusting the REF IN 
voltage. The REF IN voltage should be adjusted such that a 
+I V input on VINA results in the digital output code 01111 
1111 1111 (twos complement output). 

+2.SV AD872 

(a) ZERO TRIM 

AD872 

Vourt-----o REF IN 

AD 
REF43 

(b) GAIN TRIM 

Figure 31. Zero and Gain Error Trims 
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Figure 32. ADB72 Evaluation Board Schematic 
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FEATURES 
Monolithic 10-Bit 30 MSPS A/D Converter 
Power Dissipation: 530 mW 
On-Chip Sample-and-Hold Amplifier 
+5 V Single-Supply Operation 
Signal-to-Noise Ratio f1N = 3.58 MHz: 53 dB 
Differential Nonlinearity: 0.8 LSB 
Adjustable Reference Input 
Differential Inputs 
24-Pin uSkinny" DIP and 28-Pin SOIC 

PRODUCT DESCRIPTION 
The AD873 is a low power, single supply, CMOS 10-bit, 
30 Msps analog-to-digital converter (ADC). The AD873 com
bines 10-bit video speed conversion with single-supply ope 
tion. The AD873's on-chip high impedance differen · 
sample-and-hold amplifier (SHA) allows direct con 
video and HDTV bandwidth signals. The differentia put 
SHA can be driven either differentially to reject high frequen 
noise coupled on the analog inputs or single ended with one 
input set to a de offset level. 

The AD873's dynamic performance is ideal in a variety of appli
cations such as video enhancement, HDTV, ghost cancellation, 
medical imaging and high speed data acquisition. The AD873's 
30 Msps sampling rate allows eight times oversampling of a 
standard NTSC video color subcarrier. The AD873's low 
power and single-supply operation are also suited for portable 
applications. 

The AD873 is available over the commercial temperature range 
(0°C to +70°C) and is packaged in a space saving 24-pin plastic 
"skinny" DIP (JN) and 28-pin SOIC GR). 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REFT 

REFB 

10-Bit 30 MSPS, 530 mW 
CMOS AID Converter 

AD873 I 
FUNCTIONAL BLOCK DIAGRAM 

CLK 

BIT 1 (MSB) .__ _ __,.__i I 

BIT 10(LSB) 
'----o-----c:r--0---0----" 

tial input SHA eliminates the 
cir sample-and-hold amplifiers. 

873 has a typical power consumption of 
er current is also low: 5 mA (typical), 

inearity: The AD873 features a typical 
No missing codes guaranteed. 

Single +S V Supply Operation: The AD873 is designed to 
operate on a single +5 V supply. 

Small Size: The AD873 is available in a space saving 24-pin 
"skinny" DIP and 28-pin SOIC. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS AD873 

DC SPECIFICATIONS 
CTM1N to TMAX with AVoo = +5 V, DVoo = +5 V, fcLDCK = 30 MHz, VREFT = +3.0 V, VREFe = + 1.5 V 
unless otherwise noted) 

Parameter Min Typ Max Units 

RESOLUTION 10 Bits 

DC ACCURACY 
Linearity Error ±4 LSB 
Differential Linearity Error ±0.8 LSB 
Offset ( +25°C) 2.2 % FSR 
Gain Error (+25°C) 5 %FSR 

ANALOG INPUT 
Input Range 3 Vp-p 
Input Current 30 µA 
Input Capacitance 5 pF 

REFERENCE INPUT 
Reference Input Resistance 300 Q 
Reference Input Voltage, Top 3.0 v 
Reference Input Voltage, Bottom 1.5 v 

CLOCK INPUT 
High Level Input Voltage v 
Low Level Input Voltage +1.0 v 
High Level Input Current (CLK = DVDD) +10 µA 
Low Level Input Current (CLK = 0 V) +10 µA 
Input Capacitance pF 

LOGIC OUTPUTS 
High Level Output Voltage (108 = 0.5 v 
High Level Output Voltage (108 = 50 µA) v 
Low Level Output Voltage (IoL = 0.6 mA) +0.4 v 
Low Level Output Voltage (IoL = 50 µA) +0.5 v 

POWER SUPPLIES 
Operating Voltages 

AVDD +4.75 +5.25 v 
DVDD +4.75 +5.25 v 

Operating Current 
IAVDD 84 TBD mA 
IDVDD 22 TBD mA 

POWER SUPPLY REJECTION 9 mVN 

POWER CONSUMPTION 530 TBD mW 

TEMPERATURE RANGE 
Specified 0 +70 oc 

Specifications subject to change without notice. See Definition of Specifications for additional information. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in Writing. 
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AD873 

AC SPECIFICATIONS 
(AVoo = +5 V, DVoo = +5 V,fcLDCK = 30 MHz, VREFt = +3.0 V, VREFB = + 1.5 V, 
f1N Amplitude = -0.9 dB, unless otherwise noted) 

Parameter 

DYNAMIC PERFORMANCE 
Signal-to-Noise and Distortion (S/N+D) Ratio 

frN = 1.0 MHz 
frN = 10 MHz 

Signal-to-Noise Ratio (SIN) 
frN = 1.0 MHz 
frN = lOMHz 

Total Harmonic Distortion (THD) 
frN = 1.0 MHz 
frN= lOMHz 

Spurious Free Dynamic Range1 

Full Power Bandwidth 
Intermodulation Distortion (IMD)2 

Second Order Products 
Third Order Products 
Differential Phase 
Differential Gain 

NOTES 
1f1N =I MHz. 
2fa = TBD MHz, fb = TBD MHz. 
Specifications subject to change without notice. 

TIMING SPECIFICATIONS 

MAXIMUM CONVERSION RATE1 

Clock Period 
Clock High 
Clock Low 
Output Delay2 

Aperture Delay 
Aperture Jitter 
Pipeline Delay (Latency) 
Output Rise Time2 

Output Fall Time2 

NOTES 

tcL 

too 

Min 

1Conversion rate is operational down to xx kHz without degradation in specified performance. 
2CL= 25 pF. 

Typ 

51 
46 

53 
51 

-56 
-47 
-56 
200 

TBD 
TBD 
5 

Max 

5 
5 

Max 

-TBD 
-TBD 

TBD 
TBD 

Units 

dB 
dB 

dB 
dB 

dB 
dB 
dB 
MHz 

dB 
dB 
Degree 
% 

Units 

Msps 
ns 
ns 
ns 
ns 
ns 
ps 
Clock Cycles 
ns 
ns 

This information applies to a .product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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PIN DESCRIPTION 

Pin No. Pin No. 
Symbol DIP SOIC Type 

AVss 6 6, 7 p 

AVnn 7 8 ,9 p 
BIT 1 (MSB) 12 14 DO 
BIT 2-BIT 9 13-16, 21-24 15-18, 25-28 DO 
BIT 10 (LSB) 1 1 DO 
CLK 11 13 DI 
DVss 20 23,24 p 

DVnn 17 19, 20 p 

DRVss 19 22 p 

DRVnn 18 21 p 

REFT 9 11 AI 
REFB 8 10 AI 
VINA 5 5 AI 
VINB 4 4 AI 
CML 3 3 AO 
NC 2, 10 2, 12 

TYPE: AI = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, P = 

Model 

AD873JN 
AD873JR 

ORDERING GUIDE 

Temperature 
Range 

0°C to +70°C 
0°c to +70°C 

Package 
Description 

24-Pin Plast 
28-Pin SOIC 

*For outline information see Package Information section. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter With Respect to Min 

AVnn, DVnn AVs5, DVss, DRVss -0.5 
AVss DVss, DRVss -1.0 
Analog Inputs AVss -0.5 
CLK DVss -0.5 

Max Units 

+6.5 Volts 
+1.0 Volts 
+6.5 Volts 
+6.5 Volts 

AD873 

Name and Function 

Analog Ground. 
+5 V Analog Supply. 
Most Significant Bit. 
Data Bit 2 through Data Bit 9. 
Least Significant Bit. 
Clock Input. 
Digital Ground. 
+5 V Digital Supply. 
Digital Ground for the digital output drivers. 
+5 V Digital Supply for the digital output drivers. 
Reference Top Input. 
Reference Bottom Input. 
( +) Analog Input Signal to the differential input Sf!A. 
(-)Analog Input Signal to the differential input SHA. 
Bypass pin for an internal bias point. 
No Connection. Connect to AVss· 

BIT9 

BITB 

BIT7 

BIT6 

DVss 

DRVss 

DRVoo 

DVoo 

BITS 

BIT4 

BIT3 

BIT2 

(LSB) 
BIT10 

AVoo 

REFB 

REFT 

NC 

CLK 

AD873 
TOP VIEW 

8 (Not to Scale) 

BIT9 

BITB 

BIT7 

BIT6 

DVss 

DVss 

DRVss 

DRVoo 

DVao 

DV00 

BITS 

BIT4 

BIT3 Junction Temperature +150 oc 
NC = NO CONNECT 

Storage Temperature -65 +150 oc 
Lead Temperature (10 sec) +300 oc 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD873 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

BIT1 BIT2 
(MSB) 

NC = NO CONNECT 

~~g 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
CMOS 10-Bit 15 MHz A/D Converter 
Low Power Dissipation: 185 mW 
+5 V Single-Supply Operation 
Differential Nonlinearity: 0.4 LSB 
Guaranteed No Missing Codes 
Power-Down (Standby) Mode: <50 mW 
Three-State Outputs 
Digital I/Os Compatible with +5 V or +3.3 V Logic 
Adjustable Reference Input 
Small Size: 48-Pin Thin Quad Flatpack (TOFP) 

PRODUCT DESCRIPTION 
The AD875 is a CMOS, low power 10-bit, 15 MHz analog-to
digital converter (ADC). The AD875 combines high speed 
10-bit resolution and performance with low power and single
supply operation. By implementing a multistage pipelined archi
tecture with output error correction logic, the AD875 offers 
accurate performance and guarantees no missing codes over the 
full operating temperature range. To minimize external voltage 
drops, the reference ladder top and bottom are provided with 
force and sense pins. 

The AD875's digital I/Os can interface to either +5 V or + 3.3 V 
logic. The AD875 can be placed into a standby mode of opera
tion reducing the power below 50 mW. Digital output data can 
be placed in a high impedance state and is offered in a variety of 
formats, including straight binary and twos complement output. 
The AD875 also provides both underrange and overrange output 
bits, indicating when the analog input has exceeded the analog 
input range. 

The AD875's speed, resolution and single-supply operation are 
ideally suited for a variety of applications in imaging, high speed 
data acquisition and communications. The AD875's low power 
and single supply operation are required for high speed portable 
applications. Its speed and resolution are ideally suited for 
charge coupled device (CCD) input systems such as color scan
ners, digital copiers, electronic still cameras and camcorders. 

The AD875 is packaged in a space saving 48-pin thin quad flat
pack (TQFP) and is specified over the commercial (0°C to 
+ 70°C) temperature range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

2-156 ANALOG-TO-DIGITAL CONVERTERS 

AIN 

AIN 

REFTF 

REFTS 

REFTQ 

REFMID 

REFBQ 

REFBS 

REFBF 

10-Bit 15 MHz, 165 mW 
CMOS AID Converter 

AD875 I 
FUNCTIONAL BLOCK DIAGRAM 

CLI< AV00 OV00 DRV00 

CML AVss DVss DRVss 

STBV 

MINV 

LINV 

TEST MODE 

THREE-STATE 

D9(MSB)
DO(LSB) 
OVR, 
UNR 

PRODUCT HIGHLIGHTS 
Low Power-The AD875 at 185 mW consumes a fraction of the 
power of presently available 10-bit, video-speed converters. 
Power-down mode and single-supply operation further enhance 
its desirability in low power, battery operated applications such 
as electronic still cameras, camcorders and communication 
systems. 

Superior Differential Nonlinearity Performance-The AD875's typ
ical DNL performance is 0.4 LSB and a maximum of 0.8 LSBs 
for the 0 to 255 code range (ideal for imaging systems). No 
missing codes are guaranteed. 

Very Small Package-The AD875 is available in a 48-pin surface 
mount, thin quad flatpack. The TQFP package is ideal for very 
tight, low headroom designs. The AD875 is available in tape
and-reel. 

Digital IIO Functionality- The AD875 offers several digital fea
tures which allow output data formatting, fixed output test pat
tern generation to facilitate in-circuit testing, three-state output 
control and over/underrange indicators. 
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SPECIFICATIONS 
DC SPECIFIC• AJIONS <TM1N to TMAX with AYoo = +5.0 V, DV00 = +5.0 ~· DRV00 = +3.3 V, VREFTF = +4.0 V, 

VREFaF = +2.0 V, fcLDcK = 15 MHz, unless otherwise noted) 

Parameter 

RESOLUTION 

DC ACCURACY 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 

Codes 0 to 255 
Codes 256 to 1023 

No Missing Codes 
Offset 
Gain 

ANALOG INPUT 
Input Range 
Input Resistance 
Input Current 
Input Capacitance 

REFERENCE INPUT 
Reference Top Voltage 
Reference Bottom Voltage 
Reference Input Resistance 
Reference Input Current 
Force-Sense Offset 

Top 
Bottom 

POWER SUPPLIES 
Operating Voltages 

AVoo 
DVoo 
DRV00 

Operating Current 
IAV00 

IDV00 

IDRV00 
1 

POWER CONSUMPTION 

TEMPERATURE RANGE 
Operating 

NOTES 
'CL= 20 pF 

Min Typ 

10 

±1.5 

±0.4 
±0.4 

GUARANTEED 
0.1 
0.2 

1.8 2 
100 
10 
5 

3.6 4.0 
1.6 2.0 
250 400 

5 

25 
25 

+4.5 
+4.5 
+3.0 

19 
17 
l 

185 

0 

Specifications subject to change without notice. See Definition of Specifications for additional information. 

Max 

±2.5 

±0.8 
±1 

2.2 

4.1 
2.1 

8 

+5.25 
+5.25 
+5.25 

34 
25 
5 

235 

+70 

AD875 

Units 

Bits 

LSB 

LSB 
LSB 

o/oFSR 
o/oFSR 

Vp-p 
kn 
µA 
pF 

v 
v 
n 
mA 

mV 
mV 

Volts 
Volts 
Volts 

mA 
mA 
mA 

mW 

·c 
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AD875 
DIGITAL SPECIFICAJIONS CTM1N to TMAX with AV00 = +5.0 V, DV00 = +5.0 V, DRV00 = '.3.3 V, VREFTF = +4.0 V, 

YREFaF = + 2.0 V, fcLOcK = 15 MHz, CL = 20 pf unless otherwise noted) 

Parameter Symbol DRV00 Min Typ Max 

LOGIC INPUT 
High Level Input Voltage VIH 3.0 2.4 

4.7S 3.8 
S.2S 4.2 

Low Level Input Voltage VIL 3.0 0.6 
4.7S 0.9S 
S.2S l.OS 

High Level Input Current I1H 4.7S -10 +10 
Low Level Input Current I1L 4.7S -so +so 
Low Level Input Current (CLK Only) lrL 4.7S -10 +10 
Input Capacitance CIN s 

LOGIC OUTPUTS 
High Level Output Voltage VoH 

(loH =SO µA) 3.0 2.4 
4.7S 3.8 

(IOH = 0.5 mA) 4.7S 2.4 
Low Level Output Voltage VoL 

(loL =SO µA) 3.6 0.7 
S.2S l.OS 

(10 L = 0.6 mA) S.2S 0.4 
Output Capacitance Couf s 
Output Leakage Current loz -10 +10 

Specifications subject to change without notice. 

TIMING SPECIFICAJIONS (TMIN to TMAX with AV00 = +5.0 V, DV00 = +5.0 V, DRV00 = :3.3 V, VREFTF = +4.0 V, 
YREFaF = +2.0 V, fcLDCK = 15 MHz, CL = 20 pf unless otherwise noted) 

Symbol Min Typ Max Units 

Maximum Conversion Rate' IS MHz 
Clock Period le 66 ns 
Clock High tcH 30 33 ns 
Clock Low lcL 30 33 ns 
Output Delay2 loo 12 15 ns 

Units 

v 
v 
v 
v 
v 
v 
µA 
µA 
µA 
pF 

v 
v 
v 

v 
v 
v 
pF 
µA 

Pipeline Delay (Latency) 3 Clock Cycles 
Sampling Delay 13 ls1 
Sampling Delay 23 lsz 
External Settling Requirement3 VsE 

NOTES 
1Conversion rate is operational down to 10 kHz without degradation in specified performance. 
2C'- = 20 pF. 
3See the section entitled "Driving the Analog Input." 
Specifications subject to change without notice. 

AIN 
r SAMPLEN+2 

(' SAMPLE N v-
V v SAMPLE N+1 

CLK 

OUT 

2.S 
2.S 

Figure 1. AD875 Timing Diagram 
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PIN DESCRIPTION 

Symbol Pin No. Type Name and Function 

DO(LSB) I DO Least Significant Bit 
Dl-D4 2-5 DO Data Bits I Through 4 
D5-D8 8-11 DO Data Bits 5 Through 8 
D9 (MSB) 12 DO Most Significant Bit 

UNR 46 DO Underrange Output 
OVR 47 DO Overrange Output 

TEST MODE 19 DI TESTMODE = LOW TESTMODE = HIGH 
I 0 I 0 . . . Pattern On or N/C 
DO-D9 Normal Operating Mode 

LINV 20 DI Invert the Lower Order Output Bits 
LINV =LOW LINV = HIGH or N/C 
No Inversion Invert Low Order 

Output Bits (DO-DB) 
MINV 21 DI Invert the Most Significant Bit 

MINV =LOW MINV = HIGH or N/C 
No Inversion Invert MSB (D9) 

THREE- 23 DI THREE-STATE= LOW THREE-STATE= HIGH 
STATE Normal Operating Mode or N/C 

High Impedance Outputs 

STBY 24 DI STBY =LOW STBY = HIGH or N/C 
Normal Operating Mode Standby Mode 

CLK 22 DI Clock Input 

CML 38 AO Bypass Pin for an Internal Bias Point. A 10 µF capacitor 
in parallel with a 0.1 µF capacitor must be connected to 
CML. CML is not to be used to drive external circuitry. 

REFTS 29 AI Reference Top Sense 

REFTF 30 AI Reference Top Force 

REFTQ 31 AI Reference Top Quarter Point (Bypass) 

REF MID 32 AI Reference Midpoint (Bypass) 
REFBQ 33 AI Reference Bottom Quarter Point (Bypass) 

REFBF 34 AI Reference Bottom Force 
REFBS 35 AI Reference Bottom Sense 
AIN 39, 40 AI Analog Input 

AVoo 37, 42 p +5 V Analog Supply 

AVss 36, 43, 44 p Analog Ground 

DV00 15, 18, 25, 26 p +5 v Digital Supply 

DVss 13, 14, 17, 27 p Digital Ground 

DRV0 o 7, 45 p +3.3 V/+5 V Digital Supply. Supply for Digital 
Input and Output Buffers 

DRVss 6, 16 p +3.3 V/+5 V Digital Ground. Ground for Digital 
Input and Output Buffers 

TPl 28 p Connect to AV ss (Analog Ground) 

TP2 48 p Connect to DV ss (Digital Ground) 

N/C 41 No Connect 

TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; 
DO = Digital Output; 
P =Power 

00-09, UNR, OVR 

TESTMOOE, LlNV, MlNV, 
THREE-STATE, STBY 

~--.. * SS DAVss 

CLK 

AIN 

~~j 
-1 Li~ "[_/ "7 

Equivalent Circuits 

AD875 
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AD875 
PIN CONFIGURATION TYPICAL CHARACTERISTIC CURVES 

Q 

a: a::: i'° VJ Q ..J 0 

~ ~ ~ 0.i~in~o~ ~ ~ ~ ~o 
~~~W3~~:0ii1l!l:I!!; 

OO(LSB) 36 AVss 
01 35 REF BS 
02 34 REFBF 
03 33 REFBQ 
04 

AD875 
32 REFMIO 

DRVss 6 31 REFTQ 
DRVoo 7 TOP VIEW 30 REFTF 

05 8 (NOT TO SCALE) 
29 REFTS 

06 9 28 TPI 
0710 27 DVss 
08 11 26 DVoe 

09(MSB) 12 25 DVoo 

~:?::!?~~:?~~H\i~f3~ 

Z!g}8==g~~~:Sl!!6i 
fjfl~~Eifi~:::iiU~t; 

Q ... U} 

"' w 
w w .... a: 

:c .... 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD875JST 0°c to +70°C 48-Pin TQFP ST-48 
AD875JST-Reel 0°C to +70°C 48-Pin TQFP 

(Tape and Reel 13") 

*For outline information see Package Information section. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter With Respect to 

AVoo AVss 
DV00, DRVoo DVss• DRVss 
AVss DVss• DRV8s 
AIN AVss 
REFTS,REFTF,REFBS,REFBF AVss 
Digital Inputs, CLK DV88, DRV8s 
Junction Temperature 
Storage Temperature 
Lead Temperature (IO sec) 

-FULL SCALE 
ANALOG INPUT VOLT AGE 

Figure 2. Typical DNL 

~ M. ...... K_, iili.i. .. ...... 
~ 

,..,,,., l'I"' 

~ w 11"1 '"t 

-FULL SCALE 
ANALOG INPUT VOLTAGE 

Figure 3. Typical /NL 

Min Max 

-0.5 +6.5 
-0.5 +6.5 
-0.5 +0.5 
-0.5 +6.5 
-0.5 +6.5 
-0.5 +6.5 

+150 
-65 +150 

+300 

+FULL SCALE 

I~ 
""' 

.. 
~ 

0 I _, 
iii: 

-1 

-2 
+FULL SCALE 

Units 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
oc 
oc 
oc 

*Stresses above those listed under "Absolute· Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD875 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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DEFINITIONS OF SPECIFICATIONS 
Integral Nonlinearity (INL) 
Integral nonlinearity refers co the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 112 LSB before the first code transi
tion. "Full scale" is defined as a level 1 1/2 LSB beyond the lase 
code transition. The deviation is measured from the center of 
each particular code co the true straight line. 

Differential Nonlinearity (DNL, No Missing Codes) 
An ideal ADC exhibits code transitions chat are exactly 1 LSB 
apart. DNL is the deviation from chis ideal value. It is often 
specified in terms of the resolution for which no missing codes 
(NMC) are guaranteed. 

Offset Error 
The first transition should occur at a level 1/2 LSB above 
"zero." Offset is defined as the deviation of the actual first code 
transition from chat point. 

Gain Error 
The first code transition should occur for an analog value 
112 LSB above nominal negative full scale. The lase transition 
should occur for an analog value 1 1/2 LSB below the nominal 
positive full scale. Gain error is the deviation of the actual dif
ference between first and lase code transitions and the ideal dif
ference between the first and lase code transitions. 

Pipeline Delay (Latency) 
The number of clock cycles between conversion initiation and 
the associated output data being made available. New output 
data is provided every clock cycle. 

Reference Force/Sense Offset 
Resistance between the reference input and comparator input 
cap points causes offset errors. These errors can be nulled out 
by using the force-sense connection as shown in the Reference 
Input section. 

THEORY OF OPERATION 
The AD875 uses a pipelined multistage architecture to achieve 
high sample rate with low power. The multistage approach dis
tributes the conversion over several smaller AID sub-blocks, 
refining the conversion with progressively higher accuracy as it 
passes the results from stage co stage. As a consequence of the .. 
distributed conversion, the AD875 requires only a small fraction 
of the 1023 comparators that would be required in a more tradi
tional 10-bic flash type AID. A sample-and-hold (SHA) function 
within each of the stages permits the first stage co operate on a 
new sample of the input while the second and third stages oper
ate on the two preceding samples. This "assembly line" opera
tion on multiple samples, known as pipelining, allows higher 
throughput at the cost of some delay, referred co as latency. (See 
the output timing diagram.) 

The detailed operation is as follows: the first stage makes a 4-bic 
estimate of the analog input voltage by means of the first stage 
AID sub-block. The first stage estimate is converted to analog 
form by the first stage D/ A and subtracted from the original 
input signal. The remainder, or residue, is the difference 
between the first stage estimate and the actual analog input. 
Next, the residue is amplified and passed to the second stage 
where another AID sub-block makes a 4-bic estimate of its 
value. Again the analog version of the estimate is subtracted 
from the signal, and an even finer residue is generated. Finally, 
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the AID sub-block in the lase stage measures the value of this 
second stage residue. 

The AID sub-blocks within each stage are actually 4-bit flash 
converters. Ideally 3 bits in the second and third stages would be 
sufficient for a 10-bit AID. The additional bits allow for digital 
correction of errors in preceding stages, reducing the tolerances 
on the sub-block components and making a more robust AID. The 
reference ladders for all three of these flash sub-blocks are wired 
in parallel and connected to the reference pins of the AD875. 

Inside the AD875 all signals are processed differentially. This not 
only enhances the internal dynamic range of the components but 
provides a high level of noise immunity in a digital environment. 

APPLYING THE AD875 
DRIVING THE ANALOG INPUT 
The high input resistance and low input capacitance features of 
the AD875 simplify the current and settling time demands 
placed on input drive circuitry. Figure 4 shows the equivalent 
input circuit of the AD875. 

The full-scale input range is set by the voltage span, REFTF
REFBF (see "Driving the Reference" section). The recom
mended span should nominally be 2 V peak-to-peak. This span 
must remain bounded by the minimum and maximum input 
range (specified in the Analog Input section under DC Specifica
tions). Some example input ranges are given in Table I. 

AD875 +V 

J 01~ 
1.6pFVc 

-·{ ~~ 
Figure 4. AD875 Equivalent Input Structure 

Table I. Input Range Examples 

-Full Scale +Full Scale Input 
= REFBF = REFTF Span 
(V) (V) (V) 

+1.6 +3.6 +2.0 
+2.0 +4.0 +2.0 
+2.1 +4.1 +2.0 

While the input impedance of the AD875 is quite high, the 
switched-capacitor input structure results in a small dynamic 
input current. In order to prevent gain variations as a result of 
the input current, maintaining a source impedance of less than 
or equal to 75 n is suggested (Figure 5). In general, a low drive 
impedance is suggested to minimize noise coupled on the AIN 
inputs. 
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AD875 
AD875 

figure 5. Simple AD875 Drive Requirements 

For systems which must level shift a ground-referenced signal in 
order to comply with the input requirements of the AD875, a 
circuit like Figure 6 is recommended. The suggested op amp, an 
AD817 or AD818, is configured in inverting mode, where the ac 
gain of the input signal is -1. The amount of de-level shifting is 
controlled by the de voltage at the noninverting input of the op 
amp. The REFBF signal is attenuated by a resistive voltage 
divider and then multiplied by 2. In the case where REFBF = 

1.6 V, the de output level will be 2.6 V. The AD817 is a low 
cost, fast settling, single-supply op amp with a 29 MHz unity 
gain bandwidth. The AD818 is similar to the AD817 but has a 
50 MHz unity gain bandwidth. 

Figure 6. DC Level Shift with Gain of -1 x 

The AD875 samples the analog input voltage twice: once on the 
rising edge of the clock (CLK) and once on the falling edge. 
The first sample, taken on the rising edge, is used to perform a 
coarse estimate of the input. As indicated in Figure 7, the ana
log input voltage must be settled within VsE (±16 mV) of its 
final value at this time and must remain within VsE until the 
second sample has been taken. The second sample, taken on the 
falling edge of the clock, will determine the exact value digitized 
and shoU!d be accurate to within 10 bits (0.1%). Note that the 
actual sample points are delayed by t51 and t5,. 

For applications where step input signals are expected (i.e., CCD 
or mU!tiplexed outputs), the settling time of the input drive cir
cuitry should be examined carefully. In most cases, the settling 
time requirements placed on the input amplifier are easily met 
by the AD817 or AD818. For higher speed operation,'it may be 
necessary to use faster op amps such as the AD8 l0 or AD8 l l. 

As a resU!t of the AD875's settling requirements, there is a max
imum slew rate limitation placed on the analog input signal. For 
applications using CCDs and other sampled analog systems, the 
AD875 can be used directly. However, for continuous signal 
applications, Figtire 7 implies a maximum slew rate limitation 
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on the analog input: 

16 mV 
Slew Rate of Analog Input (maximum) = -- (V!sec) 

tcu 

where tcH is the "high" period of the·sample clock in seconds, 
or one-half the full period when the clock is run with 50% duty 
cycle. For example, at 15 MHz clock rate, the maximum slew 
rate is about 0.48 V/µs. This corresponds to a maximum analog 
input frequency of 76 kHz when a full-scale (2 V peak-to-peak) 
sine wave is .used. For input signals with higher slew rates, a 
sample-and-hold amplifier must be used for accurate digitization. 

VCOARSE _ t_h_ 
AIN Vse 

VFINAL - f - - - - - - - - - -

__,J l.___ ... CLK 

Figure 7. Analog Input Settling Requirement 

REFERENCE INPUT 
Driving the Reference Terminals 
The AD875 requires an external reference on pins REFTF and 
REFBF. Reference sense pins REFTS and REFBS are also pro
vided for Kelvin connections to minimize voltage drops due to 
external and internal wiring resistances. A resistor ladder nomi
nally 400 n is connected internally between pins REFTF and 
REFBF. 

The voltage drop across the internal resistor ladder determines 
the input span of the AD875. The driving voltages required at the 
REFTF and REFBF pins are nominally +4 V and + 2 V respec
tively resulting in a 2 V input span. In order to maintain the requi
site 2 V drop across the internal ladder, the external reference 
must be capable of typically providing 5 mA of de current. 

Transient current flows in and out of the REFTF and REFBF 
pins. Therefore, a low ac impedance is required at these termi
IJAlls for proper operation. Bypassing each pin with suitable 
capacitive decoupling should effectively attenuate any transients. 
See the AD875 Evaluation Board Schematic for recommended 
values. Mid (REFMID) and quarter (REFTQ, REFBQ) ladder 
tap points are also available for additional decouplingif required. 
It is important to note that these tap points cannot be used to· 
correct integral linearity as is sometimes done in a typical flash 
converters. 

There are several reference configurations suitable for the 
AD875 depending on the application, desired performance and 
cost trade-offs. The simplest configuration, shown in Figure 8, 
utilizes a resistor string to generate the reference voltages from 
the converter's analog power supply. A 10 µF tantalum capaci
tor in parallel with a 0.1 µF ceramic capacitor will provide ade
quate decoupling for both the REFTF and REFBF pins. The 
0.1 µFcapacitors should be physically located within lcm of 
REFTF and REFBF. A 10 µF capacitor connected between 
REFTF and REFBF is also recommended for optimum perfor
mance. This reference configuration provides .the lowest cost 
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solution but has several disadvantages including poor de power 
supply rejection and poor accuracy due to the variability of the 
internal and external resistor values. 

Figure 8. Low Cost Reference Circuit 

A higher performance solution employs a voltage regulator to 
improve de power supply rejection and absolute accuracy. Fig
ure 9 shows a LM3 l 7 adjustable regulator configured to gener
ate a 1.6 V output for REFBF. This output is also used to 
generate the 3.6 V REFTF signal by multiplying the REFBF 
signal by 2.25. Note that the AD817 op amp used to multiply 
REFBF has been compensated to ensure stability while driving 
the large capacitive load. The accuracy of this solution is limited 
by the external resistors and the initial accuracy of the reference. 

Figurf!J 9. Reference Circuit with Good PSRR 

For optimal performance, a force sense or Kelvin configuration 
can be used as shown in Figure 10. This.circuit uses a high
accuracy reference (AD589) and a dual op amp (OP-295) to 
maintain accuracy and minimize voltage drops which are gener
ated in the wire connections to the }lEFTF and REFBF inputs. 
The output of the AD589 is increased to 1.6 V and 3.6 V at the 
outi>uts of the op amps as required. Both op amps are compen
sated to maintain stability while driving the decoupling capaci
tors required at the REFTF and REFBF pins. 

These outputs, being connected in a feedback loop, tend to can
cel any errors caused by the voltage drops in the wires. Note 
that if the REFTS and REFBS are not used in a force sense 
configuration, they should be left unconnected and should not 
be coilnected to REFTF and REFBF. 
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AD875 

Figure 10. High Performance Reference Circuit Using 
Kelvin Connections 

Like any high resolution converter, the layout and decoupling of 
the reference is critical. The actual voltage digitized by the AD875 
is relative to the reference voltages. In Figure 11, for example, the 
reference returns and the bypass capacitors are connected to the 
shield of the incoming analog signal. Disturbances in the ground 
of the analog input, which will be common-mode to the REFTF, 
REFBF, and AIN pins because of the common ground, are effec
tively removed by the AD875's high common-mode reji:ction. 

High frequency noise sources, VN1 and VN2, are shunted to 
ground by decoupling capacitors. Any voltage drops between the 
analog input ground and the reference. bypassing points will be 
treated as input signals by the converter via the reference 
inputs. Consequently, the reference decoupling capacitors 
should be connected to the same analog ground point used to 
define the analog input voltage. (For further suggestions, see the 

. "Grounding and Layout Rules" section of the data sheet.) 

·Figure 11. Recommended Bypassing for the Reference 
Inputs 

CLOCK INPUT 
The AD875 ~lock input is buffered internally with an inverter 
powered from the DRV00 pin. This feature allows the AD875 
to accommodate either +5 V or +3.3 V CMOS logic input sig
nal swings with the input threshold for the CLK pin nominally 
at DRVmJ2. 

The AD87S's pipelined architectlire operates on both rising and 
falling edges of the input clock. To minimize duty cycle varia
tions the recommended logic family to drive the clock input is 
high speed CMOS (HC/HCT) logic. HCMOS logic provides 
both symmetrical voltage threshold levels and sufficient rise and 
fall times to support IS MHz operation.· The AD875's minimum 
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AD875 
clock half cycle may necessitate the use of an external divide-by
two circuit as shown in Figure 12. 

+SV 

74XX74 

30MHz t:LI< 
(TO AD875) 

+SV 

Figure 12. Divide-By-Two Clock Input Circuit 

The AD875 is designed to support a conversion rate of 15 MHz; 
running the part at slightly faster clock rates may be possible, 
although at reduced performance levels. Conversely, some slight 
performance improvements might be realized by clocking the 
AD875 at slower clock rates. 

The power dissipated hy the correction logic and output buffers 
is largely proportional to the clock frequency; running at reduced 
clock rates provides a reduction in power consumption. Figure 
13 illustrates this trade-off. 

DIGITAL INPUTS AND OUTPUTS 
Each of the AD875's digital control inputs, MINV, LINV, 
TEST MODE, THREE-STATE, and STBY is buffered with an 
inverter powered from the DRV00 supply pins. With DRV00 

10 15 20 
CLOCK FREQUENCY - MHz 

Figure 13. Typical Power Dissipation vs. Clock Frequency 

set to + 5 V all digital inputs readily interface with 5 V CMOS 
logic. For interfacing with lower voltage CMOS logic, DRV00 

can be set to 3.3 V effectively lowering the nominal input 
threshold of all digital inputs to 3.3 V/2 = 1.65 V. 

The AD875 provides several convenient digital input pins for 
controlling the converter output format. By utilizing digital 
input pins MINV and LINV, three digital output formats are 
possible: binary, twos complement, and ones complement. 

Another element of digital functionality is provided with the 
TEST MODE pin. To facilitate in-circuit testing of the digital 
portion of your application, a fixed digital pattern controlled by 
a digital input is available. For TEST MODE= LOW, an 
alternating 1010101010 pattern is established. This pattern is 
further manipulated when used in conjunction with the LINV 
and MINV pins (see Output Data Format, Table II below). 

Table II. Output Data Format 

Approx TEST THREE- (MSB) (LSB) 
AIN (V) MINV LINV MODE STATE OVR D9 D8 D7 D6 DS D4 D3 D2 D1 DO UNR 

>4 0 0 I 0 I I I I I I I I I I I 0 
4 0 0 I 0 0 I I I I I I I I I I 0 
3 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 
2 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
<2 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 I 
x 0 0 0 0 ? I 0 I 0 I 0 I 0 I 0 ? 

>4 I 0 I 0 I 0 I I I I I I I I I 0 
4 I 0 I 0 0 0 I I I I I I I I I 0 
3 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 I 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 
<2 I 0 I 0 0 I 0 0 0 0 0 0 0 0 0 I 
x I 0 0 0 ? 0 0 I 0 I 0 I 0 I 0 ? 

>4 0 I I 0 I I 0 0 0 0 0 0 0 0 0 0 
4 0 I I 0 0 I 0 0 0 0 0 0 0 0 0 0 
3 0 I I 0 0 I I I I I I I I I I 0 
2 0 I I 0 0 0 I I I I I I I l I 0 
<2 0 I I 0 0 0 I I I I I I I I I I 
x 0 I 0 0 ? I I 0 I 0 I 0 I 0 I ? 

>4 I I I 0 I 0 0 0 0 0 0 0 0 0 0 0 
4 I I I 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 I I I 0 0 0 I I I I 1 I I I I 0 
2 I I I 0 0 I I I I I I I I I I 0 
<2 I I I 0 0 I I I I I I I I I I I 
x I I 0 0 ? 0 I 0 I 0 I 0 I 0 I ? 

>4 x x x 0 I ? ? ? ? ? ? ? ? ? 0 
2<AIN<4 x x x 0 0 ? ? ? ? ? ? ? ? ? .o 
<2 x x x 0 0 ? ? ? ? ? ? ? ? ? I 
x x x x I z z z z z z z z z z z 
Z - High Impedance; X - Don t Care; ? - Detemuned By AIN. 
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Also, a sleep mode feature is provided such that for STBY = 
HIGH and the clock disabled, the static power of the AD875 
will drop below 50 mW. The AD875 reaches rated accuracy 4 
clock cycles after STBY is brought LOW and the clock is 
started. 

DIGITAL OUTPUTS 
Each of the on-chip buffers for the AD875 output bits (DO-D9, 
OVR, UNR) is powered from the DRV 00 supply pins, separate 
from AV00 or DV00. The output drivers are sized to handle a 
variety of logic families while minimizing the amount of glitch 
energy generated. In all cases, a fan-out of one is recommended 
to keep the capacitive load on the output data bits below the 
specified 20 pF level. 

For DRV00 = 5 V, the AD875 output signal swing is compati
ble with both high speed CMOS and TTL logic families. For 
TTL, the AD875 on-chip, output drivers were designed to 
support several of the high speed TTL families (F, AS, S). 
For applications where the clock rate is below 15 MHz, other 
TTL families may be appropriate. For interfacing with lower 
voltage CMOS logic, the AD875 sustains 15 MHz operation 
with DRV00 = 3.3 V. In all cases, check your logic family 
data sheets for compatibility with the AD875 Digital Specifica
tion table. 

THREE-STATE OUTPUTS 
The digital outputs of the AD875 can be placed in a high 
impedance state by setting the. THREE-STATE pin to HIGH. 
This feature is provided to facilitate in-circuit testing or evalua
tion. Note that this function is not intended for enabling/ 
di~abling the ADC outputs from a bus at 15 MHz. Also, to 
avoid corruption of the sampled analog signal during conversion 
(three clock cycles), it is highly recommended that the AD875 
outputs be enabled on the bus prior to the first sampling. For 

. the purpose of budgetary timing, the maximum access and float 
delay times (t00, tHL shown in Figure 14) for the AD875 are 
150 ns. 

Figure 14. High Impedance Output Timing Diagram 

OUT OF RANGE 
As Table II indicates, an Underrange (UNR) or Overrange 
(OVR) condition exists when the analog input voltage is beyond 
the input range (nominally +2 V to +4 V) of the converter. 
UNR (Pin 46) is set LOW when the analog input voltage is 
within the analog input range. UNR is set HIGH (after account
ing for pipeline latency) and will remain HIGH when the analog 
input voltage is less than the input range by 1/2 LSB from the 
center of the negative full-scale output code. OVR (Pin 47) is set 
LOW when the analog input voltage is within the analog input 
range. OVR is set HIGH (after accounting for pipeline latency) 
and will remain HIGH when the analog input voltage is greater 
than the input range by 112 LSB from the center of the positive 
full-scale output code. 
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AD875 
GROUNDING AND LAYOUT RULES 
As is the case for any high performance device, proper ground
ing and layout techniques are essential in achieving optimal per
formance. The analog and digital grounds on the AD875 have 
been separated to optimize the management of return currents 
in a system. It is recommended that a 4-layer printed circuit 
board (PCB) which employs a ground plane and power planes 
be used with the AD875. The use of ground and power planes 
offers distinct advantages: 

l. The minimization of the loop area encompassed by a signal 
and its return path. 

2. The minimization of the impedance associated with ground 
and power paths. 

3. The inherent distributed capacitor formed by the power 
plane, PCB insulation, and ground plane. 

These characteristics result in both a reduction of electro
magnetic interference (EMI) and an overall improvement 'in 
performance. 

It is important to design a layout which prevents noise from 
coupling onto the input signal. Digital signals should not be run 
in parallel with the input signal traces and should be routed 
away from the input circuitry. 

Separate analog and digital grounds should be joined together 
directly under the AD875. A solid ground plane under the 
AD875 is also acceptable if care is taken in the management 
of the power and ground return currents. A general "rule-of
thumb" for mixed signal layouts dictates that the return cur
rents from digital circuitry should not pass through critical 
analog circuitry. 

POWER SUPPLY DECOUPLING 
The analog and digital supplies of the AD875 have been sepa
rated to prevent the typically large transients associated with 
digital circuitry from coupling into the analog supply (AV 00). 

The digital supplies have also been separated into DRV00 and 
DV00. The DRV00 pins provide power for the digital I/O's of 
the AD875 and are likely to contain high energy transients. Each 
power supply pin should be decoupled with a 0.1 µF capacitor 
located as close to the pin as possible. For optimal performance, 
surface-mount capacitors are recommended. The inductance 
associated with the leads of through-hole ceramic capacitors typ
ically render them ineffective at higher frequencies. A complete 
system will also incorporate tantalum capacitors in the 10-100 µF 
range to decouple low frequency noise and ferrite beads to limit 
high frequency noise. 

APPLICATIONS 
IMAGING SYSTEM OVERVIEW 
While the specifics of a particular imaging system will vary, 
most architectures will employ some or all of the building blocks 
shown in Figure 15. The image sensor, often a charged-coupled 
device (CCD), transforms light to electrical output. The result
ant pixel stream is conditioned by a clamp/sample-hold circuit 
which is sometimes referred to as a correlated double sampler 
(CDS). A gain block sets signal levels which maximize the 
utilization of the dynamic range of the AJD converter. DC 
restoration is often used to remove any static de errors which 
may accumulate over time and temperature. The digitized 
signal is then processed by the application specific digital signal 
processor. 
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. BLACK LEVEL CONTROL 

GAIN CONTROL 

DC 
RESTORE 

DIGITAL 
PROCESSING 

Figure 15. Typical Imaging System Block Diagram 

For optimum performance the CDS is uillored to the sensor out
put characteristics. When used in conjunction with a CCD, the 
CDS a_cts to remove low frequency signQi variations, kT/C noise, 
and other noise comp(Jnents, all of whieh are artifacts generated 
by the CCD. The output signal from the CCD is characterized 
by a series of pixels, each containing both a reset level and the 
actual video data. Aside from the"various noise components, the 
video data is ~sentially a stream of stepped de signals. This 
pixel stream from, the CCD is then ac-couplc;d, through a capaci
tor to a switch (contained within the CDS block). 

This switch, in turn, is connected to a. clamp reference voltage. 
The switch is closed during the reset portion of each pixel. As a 
result, .the difference between the reset level of each pbcel and . 
the clamp reference voltage is stored on µie coµpling _capacitor. 
When the switch is opened, the de voltage stored on the cou
pling capacitor sets the de level for the pixel stl:eam.' The video 
portion of eaC:Ii piltel is then sampled and' held using traditional 
sample/hold (SHA) architectures. Since the CCD noi8e sources 
are coqelai:ed b,etWeen the reset and vide0 ~rtions of the pixel 
stream; and the_ output of the SHA represents the difference 
between these two levels, the noise is effectively eliminated. 

The output of the CDS will generally require SQme form of gain 
control in order to maximize the full-scale input range of the 
AID converter. In some applications, a fixed gain may be ade
quate while in many applications such as camcorders, variable 
gain control is u5e<I 'tO automatically account for variations in 
scene brightness. Gain control can be achieved using analog or 
digital' techniques and often times must be aple to respond at a 
rate equivalent to the pixel rate. Gilbert multiplier cells and 
multiplying D/As are two common circuits.used for the gain 
block. 

The de re5tore block acts to set the final de level of the signlil 
before digitization by tile AID convener. A fixed voltage le\rel 
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(equivalent to 'the black level or negative full scale) generated by 
the CCD ls sampled by the de restoration circuit usually at the 
beginning or erid of a "scan line." Any difference between the 
sampled black level arid the desired negative full scale is ' 
removed either by a servo loop or corrected digitally. To maxi
mize the use pf ,the AID'.s input range, the ~ror must be 
removed prior to the AID. This. is generally accomplished by a 
high de-gain feedback path w,hich servos any error detected at 
the output .. ·The ·dc restc;iration effectively removes de level shifts 
which may occur as a result of long-te,rm parameter shifts such 
as component drift and temperature yariations. 

The main' ctiteridn' fot choosing the 'AID c<inverter is generally 
based on resolution arid speed. Resolution affects the signals-to- ·. 
noise ratio of the system,· dictates the maximum digital dynamic 
range of .the image, and is a consideration for round-off errors · 
produced in the digital signal processing. The speed of the AID 
converter is related to the number of pixeI elements and the 
pixel output rate of the•pilrticular image sensor. Multichannel 
system& may multiplex 'more than on:e pixel stream into ii single 
AID,' thus requiring faster conversion rates. Similarly, area 
CCDs (CCDs which· capture vided information·in;twodimen
sions) operate at higher rates than linear (one dimehsiona1) 
CCDs. 

MULTICHANNEL IMAGE AcQUISmoN SYSTEM 
The AD87S's fast conversion rate combined with the AD783 . 
sample/hold 11niplifiers (SHAs) and the AD9300 high speed mi,11-. 
tiplexer can be used', to' construct an anilog front-end capable of • 
acquiring and digitizing three or more analog signals at a rate of 
1 Msps. Figure 16 shows a typical circuit which employs three 
AD783s capable of acquiring a 2 V p-p step .input to· 10-bit 
accuracy in Jess than 350 ns. 

REV.O 



AD875 

+SV -5V 

R 

G 

B 

NOTE 
ALL CAPACITORS ARE 
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Figure 16,. Multichannel Image Acquisition System 

Referring to the timing diagram in Figure 17, the three analog 
inputs are simultaneously sampled on the falling edge of SIH. 
After allowing the SHAs to settle (250 ns), the R channel is dig
itized at the conversion .rate of 12 MHz (83.3 ns). Next, the 
MUX is switched to the G channel, allowed to settle (83.3 ns), 
and digitized; The B channel is digitized similarly. While the B 
channel is convened, the R channel data becomes available at 
the output of the AD875 (due to the pipelined latency). The 
rising edges of the signals RDAV, GDAV, and BDAV are the 
signals which indicate when valid data is available at the output 
of the AID converter. 

12MHz 

S/H 
M~~---=::::::;~-;:::::=:==...~~-==::; 

A1 

RDAV ----------' 

GDAV 
__________ ..... 

BDAV ___________ _..r-t_ 

Figure 17. Timing Diagram for Figure 16 
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HIGH SPEED SAMPLE-AND-HOLD AMPLIFIER (SHA) 
A sample-hold amplifier is often needed as pan of a correlated 
double sampler or when high bandwidth inputs such as video 
signals are to be converted by the AD875. For fast, precise sam
pling required for video signals, an integrated solution such as 
the AD9101 track-and-hold amplifier is suggested for optimum 
performance. However, the reqtiirements of many 10-bit imag
ing systems can be achieved using a SHA architecture similar to 
the one shown in Figure 18. This discrete SHA can accurately 
acquire a 1 V input step within 1 m V accuracy in less than 
200 ns. Hold-mode settling within l mV is typically less than 
50 ns. The resultant throughput rate is 3.3 Msps. 
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Figure 18. High Speed Discrete SHA 

CIRCUIT DESCRIPTION 
The discrete SHA shown in Figure 13 is a closed-loop, nonin
verting architecture that accepts I V p-p inputs. The overall 
gain of the SHA is + 2 in order to accommodate the 2 V input 
span of the AD875. The AD847, with 0.1 % settling time of 
65 ns, is the suggested input buffer to the SHA. The circuit also 
employs an SD5001 that contains four ultrahigh speed DMOS 
switches. (Ql-Q4). The low cost, fast settling time and high 
CMRR of the AD8 l 7 op amp are critical features necessary for 
optimal performance and economy. 

In sample mode, Ql and Q3 of the SD5001 are closed (Q2 and 
Q4 are open). C28 is charged to the input voltage level at a rate 
primarily determined by the time constant, R9 x C28, and the 
gain (2 x ). Simultaneously, C29 is connected to ground through 
a 250 .n resistor. If C28 is equal to C29, charge injection from 
QI will be approximately equal to charge injection form Q3 
based on the symmetry of the circuit and the inherent matching 
of the switch capacitance. The. resultant pedestal errors appear 
as a common-mode signal to the AD817 and are approximately 
canceled from the differential architecture. 

In hold mode, Q2 and Q4 are closed (QI and Q3 are open) to 
reduce feedthrough. The AD817 buffers the voltage held on C28 
and settles within the requisite 1 m V within 50 ns. The output 
of the AD817 must then be level-shifted in order to interface 
with the AD875 input span requirements. Throughput rates 
greater than 3.3 Msps using this architecture are limited by the 
RoN of the SD5001. Faster sample rates require open-loop 
architectures or diode-bridge switching in order to reduce the 
on-resistance. 
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TIMING DESCRIPTION 
Figure 19 shows the timing requirements for the discrete SHA. 
The complementary S/H inputs are HCMOS-compatible 
although larger gate voltages will improve performance slightly 
by lowering the on resistances of the DMOS switches. The con
version is started as soon as the output of the SHA has settled 
within 16 m V of its final value. 

SHA 
OUTPUT I 

I 
I 

I I 

S/H c-.=..---------,~, 100ns -,,-
1 200ns I r 

I 

CLK 
(10 MHz) 

Figure 19. Timing Diagram for Discrete SHA 
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FEATURES 
CMOS 10-Bit 20 MSPS Sampling A/D Converter 
Power Dissipation: 140 mW 
+5 V Single Supply Operation 
Differential Nonlinearity: 0.5 LSB 
Guaranteed No Missing Codes 
Power Down (Stand-By) Mode 
Three-State Outputs 
Digital I/Os Compatible with +5 V or +3.3 V Logic 
Adjustable Reference Input 
Small Size: 28-Pin SOIC or 48-Pin Thin Quad 

Flatpack (TQFPI 

PRODUCT DESCRIPTION 
The AD876 is a CMOS, 140 mW, 10-bit, 20 Msps analog-t 
digital converter (ADC). The AD876 has an on-chip in 
sample-and-hold amplifier. The AD876's digital I 
to either +5 V or +3.3 V logic. By implemen · 
pipelined architecture with output error corr 
AD876 offers accurate performance and guara 
codes over the full operating temperature range. 
external voltage drops, the reference ladder top and bottom are 
provided with force and sense pins. 

The AD876 can be placed into a standby mode of operation re
ducing the power below 50 mW. Digital output data can be 
placed in a high impedance state and is offered in straight binary 
output. 

The AD876's speed, resolution and single supply operation are 
ideally suited for a variety of applications in video, multimedia, 
imaging, high speed data acquisition and communications. The 
AD876's low power and single supply operation are required for 
high speed portable applications. Its speed and resolution are 
ideally suited for charge coupled device (CCD) input systems 
such as color scanners, digital copiers, electronic still cameras 
and camcorders. 

The AD876 is packaged in a space saving 28-pin SOIC and 48-
pin thin quad flatpack (TQFP) and is specified over the com
mercial (0°C to +70°C) temperature range. 

This Is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

AIN 

REFTF 

REFTS 

REFBS 

REFBF 

10-Bit 20 MSPS, 140 mW 
CMOS AID Converter 

AD876 I 
FUNCTIONAL BLOCK DIAGRAM 

CLK 

STBY 

TRI· 
STATE 

(MSB) 

'--~~--i:::======--+~-H~ 
DO 

.._~~o-~~~~~-0-~-<.;1--~u-~~~--' (LS~ 

CML 

6 at 140 mW consumes a fraction of the 
ailable l 0-bit, video-speed converters. 

e and single supply operation further enhance 
K ~ow power, battery operated applic~tioi:is such 
; rameras, camcorders and commumcauon 

mall Package: The AD876 is available in both a 28-pin 
IC and 48-pin surface mount, thin quad flat package. The 

TQFP package is ideal for very tight, low headroom designs. 

Digital 1/0 Functionality: The AD87 6 offers three-state output 
control. 

This information applies to a product under development. Its characteristics .and specificati.ons are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD876-SPECIFICATIONS <TM1N to TMAX with AVoo = +5.0 V, DV00 = +5.0 V, DRV00 = +3.3 V, Vm1 = +4.0 V, 
VREFB = +2.0 V, fctocK = 20 Msps, unless otherwise noted) 

AD876 
Parameter Min Typ Max Units 

RESOLUTION 10 Bits 

DC ACCURACY 
Integral Nonlinearity (INL) ±1.0 ±2.0 LSB 
Differential Nonlinearity (DNL) ±0.5 ±1 LSB 
No Missing Codes Guaranteed 
Offset 0.5 %FSR 
Gain 1.5 %FSR 

ANALOGINl'UT 
Input Range 2 Vp-p 
Input Resistance 50 kQ 
Input Current 60 µA 
Input Capacitance 2.4 pF 

REFERENCE INPUT 
Reference Top Voltage 3.5 4.2 v 
Reference Bottom Voltage 1.8 2.5 v 
Reference Input Resistance TBD n 
Reference Input Current 7.0 mA 
Reference Top Offset mV 
Reference Bottom Offset mV 

DYNAMIC PERFORMANCE 
Effective Number of Bits 

f1N = 1 MHz Bits 
fIN = 3.58 MHz Bits 
f1N = 10 MHz Bits 

Signal-to-Noise and Distortion (S/N+D) Ratio 
f1N = 1 MHz dB 
f1N = 3.58 MHz dB 
f1N = lOMHz dB 

Total Harmonic Distortion (THD) 
f1N= 1 MHz 60 dB 
fIN = 3.58 MHz 58 dB 
fIN = 10 MHz 54 dB 

Spurious Free Dynamic Range 62 dB 
Full Power Bandwidth 250 MHz 
Intermodulation Distortion (IMD) 1 

Second Order Products TBD dB 
Third Order Products TBD dB 

Differential Phase 0.5 Degree 
Differential Gain 1 % 

POWER SUPPLIES 
Operating Voltages 

AVoo +4.5 +5.25 Volts 
DVoo +4.5 +5.25 Volts 
DRVoo +3.0 +5.25 Volts 

Operating Current 
IAVoo 18 21 mA 
IDVoo 9 12 mA 
IDRV00 1 3 mA 

POWER CONSUMPTION 140 170 mW 

TEMPERATURE RANGE 
Specified 0 +70 oc 

NOTES 
1fa = 4.5 MHz, fb = 5.5 MHz 
Specifications subject to change without notice. See Definition of Specifications for additional information. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD876 
DIGITAL SPECIFICATIONS !TM1N to TMu with AVoo = +5.0 V, DVoo = +5.~ V, DRV00 = +3.3 V, VREFr = +4.0 V, Yam= +2.0 v, 

fcLOcK = 20 Msps, CL = 20 pf unless otherwise noted) 

AD876J 
Parameter Symbol DRVoo Min Typ Max Units 

LOGIC INPUT 
High Level Input Voltage VIH 3.0 2.4 v 

5.0 4.0 v 
5.25 4.2 v 

Low Level Input Voltage V1L 3.0 0.6 v 
5.0 1.0 v 
5.25 1.05 v 

High Level Input Current IIH 5.0 -10 +10 µA 
Low Level Input Current I1L 5.0 -50 +50 µA 
Low Level Input Current (CLK Only) I1L 5.0 -10 +10 µA 
Input Capacitance CIN 5 pF 

LOGIC OUTPUTS 
High Level Output Voltage VoH 

CloH = 50 µA) v 
v 

CloH = 0.5 mA) v 

Low Level Output Voltage 
CloL = 50 µA) 0.7 v 

1.05 v 
(loL = 0.6 mA) 0.4 v 

Output Capacitance 5 pF 
Output Leakage Current 10 µA 

TIMING SPECIFICATIONS 
Typ Max Units 

Maximum Conversion Rate1 20 MHz 
Clock Period tc 50 ns 
Clock High tcH 24 25 ns 
Clock Low tcL 24 25 ns 
Output Delay too 34 35 ns 
Pipeline Delay (Latency) 4 Clock Cycles 
Aperture Delay Time TBD ns 
Aperture Jitter TBD ps 

NOTE 
1Conversion rate is operational down to 10 kHz without degradation in specified performance. 

AIN 

CU< 

OUT 

Figure 1. Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD876 
SOIC PIN DESCRIPTIONS .EQUIV.AI.ENT CIRCUITS 

Symbol Pin No. Type Name and Function DO-D9 

DO (LSB) 3 DO Least Significant Bit. 
Dl-D8 4-11 DO Data Bits 1 through 4. 
D9 (MSB) 12 DO Most Siginificant Bit. 
THREE- 16 DI THREE-STATE= LOW THREE-STATE = HIGH 
STATE orN/C 

Normal Operating Mode High Impedance 
Outputs 

STBY 17 DI STBY = LOW Q[ N/C STBY=HIGH 
Normal Operating Mode Standby Mode 

CLK 15 DI Clock Input. Three-State, STli'Y 

CML 26 AO Bypass.Pin for an Internal Bias Point. 
REFI'F 22 AI Reference Top Force. 

REFBF 24 AI Reference Bottom Force. 
REFI'S 21 AI Reference Top Sense. 
REFBS 25 AI Reference.Bottom Sense. 

AIN 27 AI Analog Input. 

AVoo 28 p +5 V Analog Supply. 

AVss l, 19 p Analog Ground. 

DVoo 18 p +5 V Digital Supply. 

DVss 14 p Digital Ground. 

DRVoo 2 p +3.3 V/+5 V Digital Sup 
input and output b 

DRVss 13 p +3.3 V/+5 V Digital 
input and output buffers. 

TPl 20 p Connect to DVss. 

Type: AI =Analog Input; AO = Analog Output; DI = Digital .Input; .DO = Digital Output; 
P =Power. 

AIN 

This information applies to a product under development:· Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation· regarding future manufacture unless otherwise agreed to in writing. 
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WDEVICES 

FEATURES 
Monolithic 14-Bit 2.2 MSPS A/D Converter 
Low Power Dissipation: 500 mW 
No Missing Codes Guaranteed 
Differential Nonlinearity Error: 0.5 LSB 
Complete: On-Chip Track-and-Hold Amplifier and 

Voltage Reference 
Signal-to-Noise and Distortion Ratio: 80 dB 
Spurious-Free Dynamic Range: 85 dB 
Out-of-Range Indicator 
44-Pin PLCC 

PRODUCT DESCRIPTION 
The AD878 is a monolithic 14-bit, 2.2 Msps analog-to-digital 
converter with an on-chip, high performance sample-and 
amplifier and voltage reference. The AD878 uses a 
pipelined architecture with factory programm 
cuitry and output error correction logic to pr 
racy at 2.2 Msps data rates. The AD878 com s 
high speed bipolar/CMOS process and a novel archi 
achieve the resolution and speed of hybrid implementat s at a 
fraction of the power consumption. Additionally, the greater re
liability of monolithic construction offers improved system reli
ability and lower costs than hybrid designs. 

The high input impedance, fast-settling input sample-and-hold 
(S/H) amplifier is well suited for both multiplexed systems that 
switch negative to positive full-scale voltage levels in successive 
channels and sampling single-channel inputs at frequencies up 
to the Nyquist rate. The AD878's wideband input combined 
with the power and cost savings over previously available hy
brids will allow new design opportunities in communications, 
imaging and medical applications. The AD878 provides both 
reference output and reference input pins, allowing the on
board reference to serve as a system reference. An external ref
erence can also be substituted to suit the de accuracy and 
temperature drift requirements of the application. A single 
clock input is used to control all internal conversion cycles. The 
digital output data is presented in binary output format. An 
out-of-range signal indicates an overflow c9ndition. It can be 
used with the most significant bit to determine low or high 
overflow. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 

Complete 14-Bit 2.2 MSPS 
Monolithic AID Converter 

AD878 I 
FUNCTIONAL BLOCK DIAGRAM 

ACOM Vee v,, AGND DCOM DVoo DRCOM DRVoo • 

ncated on Analog Devices' ABCMOS process 
igh speed bipolar and CMOS transistors on a 

speed, precision analog circuits are now com
nsity logic circuits. 

1s packaged in a 44-pin plastic leaded chip carrier 
C) package and is specified for operation from 0°C to 

0°C and -40°C to +85°C. 

PRODUCT HIGHLIGHTS 
The AD878 offers a complete single-chip sampling 14-bit, 
2.2 Msps analog-to-digital conversion function in a 44-pin 
PLCC surface mount package. 

Low Power: The AD878 at 650 mW max consumes a fraction 
of the power of presently available hybrids. 

On-Chip Sample-and-Hold (S/H): The high impedance S/H 
input eliminates the need for external buffers. 

Out of Range (OTR): The OTR output bit indicates when the 
input signal is beyond the AD878's input range. 

Ease-of-Use: The AD878 is complete with S/H and voltage 
reference. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD878-SPECIFICATIONS 
DC SPECIFIC ATIONS (TM1N to TMAX wi_th Yee= +5 V, DYoo = +5 V, DRYoo = +5 V, VEE= -5 V, fsAMPLE = 2.2 Msps, 

IU unless otherwise noted) 

Parameter 

RESOLUTION 

MAX CONVERSION RA TE 

ACCURACY 
Integral Nonlinearity (INL) 
Differential Nonlinearity (DNL) 
No Missing Codes 
Zero Error (@ +25°C) 2 

Gain Error (@ +25°C)2 

TEMPERATURE DRIFT3 

Zero Error, 
Gain Error3• 4 

Gain Error3• 5 

POWER SUPPLY REJECTION6 
Vee (+5 V ± 0.25 V) 
DVoo (+5 V ± 0.25 V) 
VEE (-5 v ± 0.25 V) 

ANALOG INPUT 
Input Range 
Input Resistance 
Input Capacitance 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 
Output Voltage Tolerance 
Output Current (Available for External Loads) 
(External Load Should Not Change During Conversion) 

REFERENCE INPUT RESISTANCE 

POWER SUPPLIES 
Supply Voltages 

Vee 
VEE 

DVoo,DRVoo 
Supply Current 

IVee 
!VEE 
IDRV0 n, IDVoo 

POWER CONSUMPTION 

NOTES 

JGrade1 

14 

2.2 

±2.5 
±0.5 
14 
±TBD 
±TBD 

±TBD 
±TBD 
±TBD 

±TBD 
±TBD 
±TBD 

2 

+5 
-5 
+5 

80 
45 
5 

500 
650 

1Temperature ranges are as follows: J Grade: 0°C to +70°C; A Grade: -40°C to +85°C. 
2Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section). 
3+25°C to T MIN and +25°C to T MAX· 
4lncludes internal voltage reference error. 
5Excludes internal reference drift. 
6Change in Gain Error as a function of the de supply voltage. 
Specification subject to change without notice. 

AGrade1 Units 

14 Bits min 

2.2 MHz min 

±2.5 LSB typ 
±0.5 LSB typ 
14 Bits Guaranteed 
±TBD %FSRmax 
±TBD % FSRmax 

±TBD %FSRmax 
±TBD % FSRmax 
±TBD %FSRmax 

2 kntyp 

+5 V (±5% Vee Operating) 
-5 V (±5% VEE Operating) 
+5 V (±5% DVoo, DRVn0 0perating) 

80 mAmax 
45 mAmax 
5 mAmax 

500 mWtyp 
650 mW max 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD878 
Ac SPECIFIC ATIONS ITM1N to TMAX with Vee = +5 V, DVoo = +5 V, DRVoo = +5 V, VEE = -5 V, fsAMPLE = 2.2 Msps, 

Kl unless otherwise noted)1 

Parameters J Grade A Grade Units 

SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D) 
f1NPUT = 100 kHz 80 80 dB typ 

TBD TBD dBmin 
f1NPUT = 1 MHz TBD TBD dB typ 

TOTAL HARMONIC DISTORTION (THD) 
f1NPUT = 100 kHz -83 -83 dB typ 

TBD TBD dB max 
f1NPUT = 1.0 MHz TBD TBD dB typ 

SPURIOUS FREE DYNAMIC RANGE (SFDR) 
f1NPUT = 100 kHz 85 85 dB typ 

INTERMODULATION DISTORTION (IMD)2 

Second Order Products 80 80 dB typ 
Third Order Products 80 80 dB typ 

FULL POWER BANDWIDTH 2.0 2.0 MHztyp 

SMALL SIGNAL BANDWIDTH 5 MHztyp 

APERTURE DELAY TBD ns typ 

APERTURE JITTER TBD ps rms typ 

ACQUISITION TO FULL-SCALE STEP 200 ns typ 

OVERVOLTAGE RECOVERY TIME TBD ns typ 

NOTES 
1f1N amplitude = ~0.5 dB full scale unless otherwise 
2fa = 100 kHz, fb = 95 kHz with fsAMPLE = 2.2 MHz. 
Specifications subject to change without notice. 

Parameters Symbol },A Grades Units 

LOGIC INPUTS 
High Level Input Voltage Vm +3.8 Vmin 
Low Level Input Voltage V1L +0.95 Vmax 
High Level Input Current CV1N = DVnn) Im ±10 µAmax 
Low Level Input Current CViN = 0 V) I1L ±10 µAmax 
Input Capacitance CIN 5 pF typ 

LOGIC OUTPUTS 
High Level Output Voltage CloH = 0.5 mA) VoH +2.4 Vmin 
Low Level Output Voltage (loL = 1.6 mA) VoL +0.4 Vmax 
Output Capacitance CouT 5 pFtyp 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD878 

SWITCHING SPEC I Fl CATIONS· CT111 to T~ wHh Yee= +5_v. DYoo = +5.·Y; DRYoo = +5 V, VEE =-5:v; V1L = 0.95 V, V1H = 
11 3.8 V, YoL - 0.4 V and YoH - 2.4 V) . 

Parameters Symbol J, AGr~ 
Clock Period1 ' tc 455 
CLOCK Pulse Width High tcH 227 
CLOCK Pulse Width Low tcL 227 
Clock Duty Cycle2 TBD 

TBD 
Output Delay too 20 
Pipeline Delay (Latency) 4 
Data Access Time too TBD 
Output Float Delay tHL TBD 

NOTES 
'Conversion rate is operational to TBD without degradation in specified performance. 
2See Clock Input section for clock periods ofTBD ns or greater. 
Specifications subject to change without notice. 

N 

CLOCK 

BIT M4, -.....,----,.,---, 
OTR 

Parameter Respect to Min Max Uiiits 

Vee ACOM -0.5 +6.5 Volts 
VEE ACOM -6.5 +0.5 Volts 
DVoo DCOM -0.5 +6.5 Volts 
DRVoo DRCOM -0.5 +6.5 Volts 
ACOM DCOM -l.O +l.O Volts 
AINCOM ACOM -l.O +1.0 Volts 
REFCOM ACOM -l.O +l.O Volts 
DRCOM DCOM' -1.0 +1.0 Volts 
Vee DVoo -6.5 +6.5 Volts 
Cl.ock Input DCOM -0.5 DVoo+ 0.5 Volts 
Digital Outputs DCOM -0.5 DRVoo+ 0.3 VOits 
AIN,REFIN AGND TBD TBD Volts 
REF IN Vee VEE 0 Volts 
REF IN VEE 0 Vee Volts 
Junction Temperature +150 oc 
Storage Temperature -65 +150 oc 
Lead Temperature (IO sec) +300 oc 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute 
maximum. ratings for extended periods may effect device reliability. 

'· 
Uiiits 

nsmin 
nsmin 
nsmin 
% min (50% typ) 

·• %max 
nsmin· 
Clock Cycles max 
ns typ (100 pF Load) 
ns typ (IO pF Load) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unle.ss otherwise agreed to in writing. ·· 
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a.II DEVICES 

FEATURES 
Conversion Time: 800 ns 
1.25 MHz Throughput Rate 
Complete: On-Chip Sample-and-Hold Amplifier and 

Voltage Reference 
Low Power Dissipation: 570 mW 
No Missing Codes Guaranteed 
Signal-to-Noise Plus Distortion Ratio 

f1N = 100 kHz: 70 dB 
Pin Configurable Input Voltage Ranges 
Twos Complement or Offset Binary Output Data 
28-Pin DIP and 28-Pin Surface Mount Package 
Out of Range Indicator 

PRODUCT DESCRIPTION 
The AD1671 is a monolithic 12-bit, 1.25 MSPS analog-to-digital 
converter with an on-board, high performance sample-and-hold 
amplifier (SHA) and voltage reference. The AD1671 guarantees 
no missing codes over the full operating temperature range. The 
combination of a merged high speed bipolar/CMOS process and 
a novel architecture results in a combination of speed and power 
consumption far superior to previously available hybrid imple
mentations. Additionally, the greater reliability of monolithic 
construction offers improved system reliability and lower costs 
than hybrid designs. 

The fast settling input SHA is equally suited for both multi
plexed systems that switch negative to positive full-scale voltage 
levels in successive channels and sampling inputs at frequencies 
up to and beyond the Nyquist rate. The AD1671 provides both 
reference output and reference input pins, allowing the on-board 
reference to serve as a system reference. An external reference 
can also be chosen to suit the de accuracy and temperature drift 
requirements of the application. 

The AD1671 uses a subranging flash conversion technique, with 
digital error correction for possible errors introduced in the first 
part of the conversion cycle. An on-chip timing generator pro
vides strobe pulses for each of the four internal flash cycles. A 
single ENCODE pulse is used to control the converter. The dig
ital output data is presented in twos complement or offset binary 
output format. An out-of-range signal indicates an overflow con
dition. It can be used with the most significant bit to determine 
low or high overflow. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.B 

AIN1 

AIN2 

REFIN 

Complete 12-Bit 1.25 MSPS 
Monolithic AID Converter 

AD1671 I 
FUNCTIONAL BLOCK DIAGRAM 

SHA 

OUT UPO/BPO ENCODE Vee ACOM YEE VLOGIC DCOM 

REF COM OTA Mii BtT1-12 DAV 

The performance of the AD1671 is made possible by using high 
speed, low noise bipolar circuitry in the linear sections and low 
power CMOS for the logic sections. Analog Devices' ABCMOS-1 
process provides both high speed bipolar and 2-micron CMOS 
devices on a single chip. Laser trimmed thin-film resistors are 
used to provide accuracy and temperature stability. 

The AD1671 is available in two performance grades and three 
temperature ranges. The AD1671J and K grades are available 
over the 0°C to +70°C temperature range. The AD1671A grade 
is available over the -40°C to +85°C temperature range. The 
AD1671S grade is available over the -55°C to + 125°C tempera
ture range. 

PRODUCT HIGHLIGHTS 
The AD1671 offers a complete single chip sampling 12-bit, 
1.25 MSPS analog-to-digital conversion function in a 28-pin 
package. 

The AD1671 at 570 mW consumes a fraction of the power of 
currently available hybrids. 

An OUT OF RANGE output bit indicates when the input sig
nal is beyond the AD1671's input range. 

Input signal ranges are 0 V to + 5 V unipolar or ± 5 V bipolar, 
selected by pin strapping, with an input resistance of 10 k.fl. 
The input signal range can also be pin strapped for 0 V to 
+2.5 V unipolar or ±2.5 V bipolar with an input resistance of 
lOM.fl. 

Output data is available in unipolar, bipolar offset or bipolar 
twos complement binary format. 
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AD1671 ~SPECIFICATIONS 
DC SPECIFICATIONS (TMIN to TMAX with Yee = +5 V ± 5%, VLosic = +5 V ± 10%, VEE = -5 V ± 5%, unless otherwise noted) 

AD1671JIA/S 
Parameter Min Typ Max 
RESOLUTION 12 
CONVERSION TIME 800 
ACCURACY 

Integral Nonlinearity (!NL) ±1.5 ±2.5 
(S·Grade) ±3.0 

Differential Nonlinearity (DNL) 11 
No Missing Codes 11 Bits Guaranteed 
Unipolar Offset1 (+25°C) ±9 
Bipolar Zero1 ( + 25°C) ±10 
Gain Error'· 2 ( + 25°C) 0.1 0.35 

TEMPERATURE COEFFICIENTS' 
Unipolar Offset ±2S 

(S·Grade) ±25 
Bipolar Zero ±25 

(S·Grade) ±30 
Gain Error3 ±30 

(S·Grade) ±40 
Gain Error4 ±20 

POWER SUPPLY REJECTION' 
Vee (+5 V ± 0.25 V) ±4 

(S·Grade) ±5 
VLOGie (+5 v ± 0.25 V) ±4 

CS-Grade) ±5 
VEE (-5 v ± 0.25 V) ±4 

CS-Grade) ±S 

ANALOG INPUT 
Input Ranges 

Bipolar -2.5 +2.5 
-5.0 +5.0 

Unipolar 0 +2.5 
0 +S.O 

Input Resistance 
(0 V to +2.S V or ±2.S V Range) 10 
(0 V to +S.O V or ±S V Range) 8 10 12 

Input Capacitance 10 
Aperture Delay IS 
Aperture Jitter 20 

INTERNAL VOLTAGE REFERENCE 
Output Voltage 2.47S 2.S 2.S25 
Output Current 

Unipolar Mode +2.S 
Bipolar Mode +1.0 

LOGIC INPUTS 
High Level Input Voltage, VJH 2.0 
Low Level Input Voltage, V1L 0.8 
High Level Input Current, 11H (VIN = V LOG1cl -10 +10 
Low Level Input Current, 11L (V1N = 0 V) -10 +10 
Input Capacitance, C1N s 

LOGIC OUTPUTS 
High Level Output Voltage, V 0H (loH = 0.5 mA) 2.4 
Low Level Output Voltage, V 0L (10L = 1.6 mA) 0.4 

POWER SUPPLIES 
Operating Voltages 

Vee +4.75 +S.2S 
VLOGIC +4.S +s.s 
VEE -4.7S -S.2S 

Operating Current 
Ice 5S 68 
!LOGIC 

6 3 s 
1 •• -SS -68 

POWER CONSUMPTION S70 7SO 
TEMPERATURE RANGE (SPECIFIED) 

JIK 0 +70 
A -40 +8S 
s -5S +12S 

NOTES 
1 Adjustable to zero with external potentiometers. 
21ncludes internal voltage reference error. 
3+25°C to TMIN and +2S°C to TMAX· 
4Excludes internal reference drift. 
5Change in gain error as a function of the de supply voltage. 
&rested under static conditions. See Figure 15 for typical curve of lux;1c vs. load capacitance at maximum Tc· 
Specifications subject to change without notice. 
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AD1671K 
Min Typ Max Units 
12 Bits 

800 ns 

±0.7 ±2.5 LSB 

12 Bits 
12 Bits Guaranteed 

±9 LSB 
±10 LSB 

0.1 0.3S % FSR 

±2S ppmf'C 

±25 ppm/oC 

±30 ppm/oc 

±20 ppmf'C 

±4 LSB 

±4 LSB 

±4 LSB 

-2.S +2.5 Volts 
-s.o +5.0 Volts 
0 +2.5 Volts 
0 +s.o Volts 

10 Mn 
8 10 12 kn 

10 pF 
IS ns 
20 ps 

2.47S 2.S 2.S25 Volts 

+2.5 mA 
+1.0 mA 

2.0 Volts 
0.8 Volts 

-10 +10 µA 
-10 +10 µA 

s pF 

2.4 Volts 
0.4 Volts 

+4.7S +S.2S Volts 
+4.S +s.s Volts 
-4.7S -S.2S Volts 

SS 68 mA 
3 s mA 
-SS -68 mA 

570 7SO mW 

0 +70 oc 
-40 +8S oc 
-55 +125 "C 
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AD1671 

Ac SPECIFICATIONS (TMIN to TMAX with Vee = +5 V ±: 5%, VL061e = +5 V ± 10%, VEE = -5 V ± 5%, fsAMPLE = 1 MSPS, 
f1NPUT = 100 kHz, unless otherwise noted)1 

AD1671J/A/S AD1671K 
Parameter Min Typ Max Min Typ Max Units 

SIGNAL-TO-NOISE PLUS DISTORTION RATIO 
(SIN+ D) 

-0.S dB Input 68 70 68 71 dB 
-20 dB Input so SI dB 

EFFECTIVE NUMBER OF BITS (ENOB) 11.2 11.2 Bits 

TOTAL HARMONIC DISTORTION (THD) -80 -7S -83 -7S dB 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -80 -77 -81 -77 dB 

SMALL SIGNAL BANDWIDTH 12 12 MHz 

FULL POWER BANDWIDTH 2 2 MHz 

INTERMODULATION DISTORTION (IMD)2 

2nd Order Products -80 -7S -80 -7S dB 
3rd Order Products -8S -7S -8S -7S dB 

NOTES 
1f1N amplitude= -0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a 0 dB (±5 V) input signal, unless 
otherwise indicated. 

2fA = 99 kHz, f8 = 100 kHz with fsAMPLE = 1 MSPS. 
Specifications subject to change without notice. 

SWITCHING SPECIFICATIONS (For all grades TMIN to TMAX with Vee = +5 v ± 5%, VLOGle = +5 v ± 10%, 
VEE = -5 V ± 5%; V1L = 0.8 V, V1" = 2.0 V, V0L = 0.4 V and V0" = 2.4 V) 

Parameters Symbol Min Typ Max Units 

Conversion Time le 800 ns 
Sample Rate Fs l.2S Msps 
ENCODE Pulse Width High (Figure la) !ENC 20 so ns 
ENCODE Pulse Width Low (Figure lb) tENCL 20 ns 
DAV Pulse Width tDAV ISO 300 ns 
ENCODE Falling Edge Delay lp 0 ns 
Start New Conversion Delay lR 0 ns 
Data and OTR Delay from DAV Falling Edge loo 

1 20 7S ns 
Data and OTR Valid before DAV Rising Edge lss 2 20 7S ns 

NOTES 
1t00 is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin. 
2t55 is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin. 

Specifications subject to change without notice. 

ENCODE ENCODE 

DAV DAV 

I .... I .... I loo lss 
BIT1-12 -----------v------MsB, OTR DATA 0 (PREVIOUS) 1\ DATA 1 

t00 tss 
BIT1-12 -----------~ 

MSB, OTR DATAO(PREVIOUS) ~ 

Figure 1a. Encode Pulse HIGH Figure 1b. Encode Pulse LOW 
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AD1671 
PIN DESCRIPTION 

Symbol Pin No. Type Name and Function 

ACOM 27 p Analog Ground. 

AIN 22, 23 AI Analog Inputs, AINI and AIN2. The AD1671 can be pin strapped for four input ranges: 
Range Pin Strap Signal Input 
0 to +2.5 V, ±2.5 V Connect.AINI to AIN2 AINI or AIN2 
0 to +5 V, ±5 V Connect AINI or AIN2 to ACOM AINI or AIN2 

BIT I (MSB) 13 DO Most Significant Bit. 
BIT 2-BIT II 12-3 DO Data Bits 2 through 11. 
BIT 12 (LSB) 2 DO Least Significant Bit. 
BPO/UPO 26 AI Bipolar or Unipolar Configuration Pin. See section on Input Range Connections for details. 
DAV 16 DO Data Available Output. The rising edge of DAV indicates an end of conversion and can be used 

to latch current data into an external register. The falling edge of DAV can be used to latch 
previous data into an external register. 

DCOM 19 p Digital Ground. 
ENCODE 17 DI The analog input is sampled on the rising edge of ENCODE. 

MSB 14 DO Inverted Most Significant Bit. Provides twos complement output data format. 

OTR 15 DO Out of Range is Active HIGH when the analog input is out of range. See Output Data Format, 
Table III. 

REF COM 20 AI REF COM is the internal reference ground pin. REF COM should be connected as indicated in 
the Grounding and Decoupling Rules and Optional External Reference Connection Sections. 

REF IN 24 AI REF IN is the external 2.5 V reference input. 

REF OUT 21 AO REF OUT is the internal 2.5 V reference output. 

SHA OUT 25 AO No Connect for bipolar input ranges. Connect SHA OUT to BPO/UPO for unipolar input ranges. 

Vee 28 p + 5 V Analog Power. 

VEE I p -5 V Analog Power. 

VLOGie 18 p + 5 V Digital Power. 

TYPE: AI = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power. 

PIN CONFIGURATION 

""• 

BIT4 

BIT3 

BIT2 

BIT 1 (MSB) 

MSB 

Vee 

ACOM 

BPO/UPO 

SHA OUT 

REFIN 

AIN1 

AIN2 

REF OUT 

REF COM 

DCOM 

ENCODE 

DAV 

OTR 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter With Respect to Min Max Units 

Vee ACOM -0.S +6.S Volts 
VEE ACOM -6.S +o.s Volts 
VLOGie DCOM -0.S +6.5 Volts 
ACOM DCOM -1.0 + 1.0 Volts 
Vee VLome -6.S +6.S Volts 
ENCODE DCOM -0.S VLome+O.S Volts 
REFIN ACOM -0.S Vee+O.S Volts 
AIN ACOM -11.0 +11.0 Volts 
BPO/UPO ACOM -0.S Vee+O.S Volts 
Junction Temperature +ISO oc 
Storage Temperature -6S +ISO oc 
Lead Temperature (I 0 sec) +300 oc 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 

absolute maximum ratings for extended periods may effect device reliability. 

ORDERING GUIDE 

Temperature Package 
Model' Linearity Range Option,, 3 

AD1671JQ ±2.S LSB 0°C to +70°C Q-28 
AD1671KQ ±2 LSB 0°C to +70°C Q-28 
AD1671JP ±2.S LSB 0°C to +70°C P-28A 
AD1671KP ±2 LSB 0°C to +70°C P-28A 
ADl671AQ ±2.S LSB -40°C to +8S°C Q-28 
AD1671AP ±2.S LSB -40°C to +8S°C P-28A 
AD1671SQ ±3 LSB -SS°C to + 12S°C Q-28 
NOTES 
1 For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to Analog Devices' Military Products Databook or cur
rent ADl671/883 data sheet. 

2P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see 
Package Information seCtion. 

3 Analog Devices reserves the right to ship side brazed ceramic packages in 
lieu of cerdip. 

DEFINITIONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY (INL) 
Integral nonlinearity refers to the deviation of each individual 
code from a line drawn from "zero" through "full scale." The 
point used as "zero" occurs 1/2 LSB (1.22 m V for a 10 V span) 
before the first code transition (all zeros to only the LSB on). 
"Full-scale" is defined as a level 1 1/2 LSB beyond the last code 
transition (to all ones). The deviation is measured from the low 
side transition of each particular code to the true straight line. 

DIFFERENTIAL LINEARITY ERROR (NO MISSING 
CODES) 
An ideal ADC exhibits code transitions that are exactly 1 LSB 
apart. DNL is the deviation from the ideal value. Thus every 
code has a finite width. Guaranteed no missing codes to 11 or 
12-bit resolution indicates that all 2048 and 4096 codes, respec
tively, must be present over all operating ranges. No missing 
codes to 11 bits (in the case of a 12-bit resolution ADC) also 
means that no two consecutive codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level 1/2 LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
from that point. This offset can be adjusted as discussed later. 
The unipolar offset temperature coefficient specifies the maxi-
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mum change of the transition point over temperature, with or 
without external adjustments. 

BIPOLAR ZERO 
In the bipolar mode the major carry transition (0111 1111 1111 
to 1000 0000 0000) should occur for an analog value 1/2 LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in 
the error over temperature. 

GAIN ERROR 
The last transition (from 1111 1111 1110 to 1111 1111 1111) 
should occur for an analog value 1 1/2 LSB below the nominal 
full scale (4.9963 volts for S.000 volts full scale). The gain error 
is the deviation of the actual level at the last transition from the 
ideal level. The gain error can be adjusted to zero as shown in 
Figures 4 through 7. 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for unipolar offset, bipolar zero 
and gain error specify the maximum change from the initial 
(+ZS0 C) value to the value at TMIN or TMAx· 

POWER SUPPLY REJECTION 
One of the effects of power supply error on the performance of 
the device will be a small change in gain. The specifications 
show the maximum full-scale change from the initial value with 
the supplies at the various limits. 

DYNAMIC SPECIFICATIONS 
SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D)RATIO 
SIN+ D is the ratio of the rms value of the measured input sig
nal to the rms sum of all other spectral components, including 
harmonics but excluding de. The value for SIN+ D is expressed 
in decibels. 

EFFECTIVE NUMBER OF BITS (ENOB) 
ENOB is calculated from the expression (SIN+ D) = 6.02N + 
1.76 dB, where N is equal to the effective number of bits. 

TOTAL HARMONIC DISTORTION (THD) 
THD is the ratio of the rms sum of the first six harmonic com
ponents to the rms value of the measured input signal and is 
expressed as a percentage or in decibels. 

INTERMODULATION DISTORTION (IMD) 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products 
of order (m+n), at sum and difference frequencies of mfa ± 
nfb, where m, n = 0, I, 2, 3 .... Intermodulation terms are 
those for which morn is not equal to zero. For example, the 
second order terms are (fa + fb) and (fa - fb ), and the third 
order terms are (2 fa + fb), (2 fa - fb), (fa + 2 fb) and (2fb -
fa). The IMD products are expressed as the decibel ratio of the 
rms sum of the measured input signals to the rms sum of the 
distortion terms. The two signals are of equal amplitude and the 
peak value of their sum is -0.S dB from full scale. The IMD 
products are normalized to a 0 dB input signal. 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT 
The peak spurious or peak harmonic component is the largest 
spectral component, excluding the input signal and de. This 
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value is expressed in decibels relative to the rms value of a full
scale input signal. 

APERTURE DELAY 
Aperture delay is the difference between the switch delay and 
the analog delay of the SHA. This delay represents the point in 
time, relative to the rising edge of ENCODE input, that the 
analog input is sampled. 

APERTURE JITTER 
Aperture jitter is the variation in aperture delay for successive 
samples. 

FULL POWER BANDWIDTH 
The input frequency at which the amplitude of the recon
structed fundamental is reduced by 3 dB for a full-scale input. 

THEORY OF OPERATION 
The AD1671 uses a successive subranging architecture. The 
analog-to-digital conversion takes place in four independent 
steps or flashes. The sampled analog input signal is subranged 
to an intermediate residue voltage for the final 12-bit result by 
utilizing multiple flashes with subtraction DACs (see the 
AD1671 functional block diagram). 

The AD1671 can be configured to operate with unipolar (0 V to 
+5 V, 0 V to +2.5 V) or bipolar (±5 V, ±2.5 V) inputs by 
connecting AIN (Pins 22, 23), SHA OUT (Pin 25) and BPO/ 
UPO (Pin 26) as shown in Figure 2. 

0 
TO 

+2.5V 

a. 0 V to +2.5 V Input Range 

0 
TO 

+5V 

c. O V to +5 V Input Range 

-2.SV 
TO 

+2.SV 

±SV 

b. ±2.5 V Input Range 

d. ±5 V Input Range 

Figure 2. AD1671 Input Range Connections 
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The AD1671 conversion cycle begins by simply providing an 
active HIGH level on the ENCODE pin (Pin 17). The rising 
edge of the ENCODE pulse starts the conversion. The falling 
edge of the ENCODE pulse is specified to operate within a win
dow of time, less than 50 ns after the rising edge of ENCODE 
or after the falling edge of DAV. The time window prevents 
digitally coupled noise from being introduced during the final 
stages of conversion. An internal timing generator circuit accu
rately controls SHA, flash and DAC timing. 

Upon receipt of an ENCODE command the input voltage is 
held by the front-end SHA and the first 3-bit flash converts the 
analog input voltage. The 3-bit result is passed to a correction 
logic register and a segmented current output DAC. The DAC 
output is connected through a resistor (within the Range/Span 
Select Block) to SHA OUT. A residue voltage is created by sub
tracting the DAC output from SHA OUT, which is less than 
one eighth of the full-scale analog input. The second flash has 
an input range that is configured with one bit of overlap with 
the previous DAC. The overlap allows for errors during the 
flash conversion. The first residue voltage is connected to the 
second 3-bit flash and to the noninverting input of a high speed, 
differential, gain of eight amplifier. The second flash result is 
passed to the correction logic register and to the second seg
mented current output DAC. The output of the second DAC is 
connected to the inverting input of the differential amplifier. 
The differential amplifier output is connected to a two-step, 
backend, 8-bit flash. This 8-bit flash consists of coarse and fine 
flash converters. The result of the coarse 4-bit flash converter, 
also configured to overlap one bit of DAC 2, is connected to the 
correction logic register and selects one of 16 resistors from 
which the fine 4-bit flash will establish its span voltage. The fine 
4-bit flash is connected directly to the output latches. 

The internal timing generator automatically places the SHA into 
the acquire mode when DAV goes LOW. Upon completion of 
conversion (when DAV is set HIGH), the SHA has acquired the 
analog input to the specified level of accuracy and will remain in 
the sample mode until the next ENCODE command. 

The ADl671 will flag an out-of-range condition when the input 
voltage exceeds the analog input range. OTR (Pin 15) is active 
HIGH when an out-of-range high or low condition exists. Bits 
1-12 are HIGH when the analog input voltage is greater than 
the selected input range and LOW when the analog input is less 
than the selected input range. 

AD1671 DYNAMIC PERFORMANCE 
The AD1671 is specified for de and dynamic performance. A 
sampling converter's dynamic performance reflects both quan
tizer and sample-and-hold amplifier (SHA) performance. Quan
tizer nonlinearities, such as INL and DNL, can degrade 
dynamic performance. However, a SHA is the critical element 
which has to accurately sample fast slewing analog input signals. 
The ADl67l's high performance, low noise, patented on-chip 
SHA minimizes distortion and noise specifications. Nonlineari
ties are minimized by using a fast slewing, low noise architec
ture and subregulation of the sampling switch to provide 
constant offsets (therefore reducing input signal dependent 
nonlinearities). 

REV.B 



Figure 3 is a typical 2k point Fast Fourier Transform (FFT) 
plot of a 100 kHz input signal sampled at 1 MHz. The funda
mental amplitude is set at -0.5 dB to avoid input signal clip
ping of offset or gain errors. Note the total harmonic distortion 
is approximately - 81 dB, signal to noise plus distortion is 71 dB 
and the spurious free dynamic range is 84 dB. 
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Figure 3. AD1671 FFT Plot, f,N = 100 kHz, 
fsAMPLE = 1 MHz 

Figure 4 plots both S/(N + D) and Effective Number of Bits 
(ENOB) for a 100 kHz input signal sampled from 666 kHz to 

1.25 MHz. 
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Figure 4. S!(N+O) vs. Sampling Frequency, f,N = 100 kHz 

Figure 5 is a THD plot for a full-scale 100 kHz input signal 
with the sample frequency swept from 666 kHz to 1.25 MHz. 
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Figure 5. THO vs. Sampling Rate, f1N = 100 kHz 
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The AD167l's SFDR performance is ideal for use in communi
cation systems such as high speed modems and digital radios. 
The SFDR is better than 84 dB with sample rates up to 1.11 
MHz and increases as the input signal amplitude is attenuated 
by approximately 3 dB. Note also the SFDR is typically better 
than 80 dB with input signals attenuated by up to - 7 dB. 
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Figure 6. Spurious Free Dynamic Range vs. Sampling 
Rate, f1N = 100 kHz 
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Figure 7. Spurious Free Dynamic Range vs. Input 
Amplitude, f,N = 250 kHz 

APPL YING THE AD1671 
GROUNDING AND DECOUPLING RULES 
Proper grounding and decoupling should be a primary design 
objective in any high speed, high resolution system. The 
AD1671 separates analog and digital grounds to optimize the 
management of analog and digital ground currents in a system. 
The AD1671 is designed to minimize the current flowing from 
REF COM (Pin 20) by directing the majority of the current 
from Vee (+5 V-Pin 28) to VEE (-5 V-Pin 1). Minimizing ana
log ground currents hence reduces the potential for large ground 
voltage drops. This can be especially true in systems that do not 
utilize ground planes or wide ground runs. REF COM is also 
configured to be code independent, therefore reducing input 

. dependent analog ground voltage drops and errors. Code depen
dent ground current is diverted to ACOM (Pin 27). Also critical 
in any high speed digital design is the use of proper digital 
grounding techniques to avoid potential CMOS "ground 
bounce." Figure 3 is provided to assist in the proper layout, 
grounding and decoupling techniques. 
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+5V -fN +SV 

"GROUND PLANE RECOMMENDED 

Figure 8. AD1671 Grounding and Decoupling 

Table I is a list of grounding and decoupling rules that should 
be reviewed before laying out· a printed circuit board. 

Table I. Grounding and Decoupling Guidelines 

Power Supply 
Decoupling 

Capacitor Values 

Capacitor Locations 

Reference (REF OUT) 

Capacitor Value 

Grounding 
Analog Ground 

Reference Ground 
(REFCOM) 

Digital Ground 

Comment 

0.1 µF (Ceramic) and 1 µF 
(Tantalum) Surface Mount Chip 
Capacitors Recommended to 
Reduce Lead Inductance 

Directly at Positive and Negative 
Supply Pins to Common Ground 
Plane 

l µF (Tantalum) to ACOM 

Ground Plane or Wide Ground 
Return Connected to the Analog 
Power Supply 

Critical Common Gonnections 
· Should be Star Connected to REF 
COM (as Shown in Figure 8) 

Ground Plane or Wide Groi.Jnd 
Return Connected to the Digital 
Power Supply 

Analog and Digital Ground Connected Together Once at the 
AD1671 
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UNIPOLAR (0 V TO +5 V) CALIBRATION 
The ADl671 is factory trimmed to minimize offset, gain and 
linearity errors. In some applications the offset and gain errors 
of the AD1671 need to be externally adjusted to zero. This is 
accomplished by trimming the voltage at AIN2 (Pin 22). The 
circuit in Figure 9 is recommended for calibrating offset and 
gain errors of the ADl671 when configured in the 0 V to +5 V 
input range. If the offset trim resistor RI is used, it should be 
trimmed as follows, although a different offset can be set for a 
particular system requirement. This circuit will give approxi
mately ±5 mV of offset trim range. Nominally the AD1671 is 
intended to have a 1/2 LSB offset so that the exact analog input 
for a given code will be in the middle of that code (halfway 
between the transitions to the codes above it and below it). 
Thus, the first transition (from 0000 0000 0000 to 0000 0000 
0001) will occur for an input level of+ 1/2 LSB (0.61 mV for 
5 V range). 

The gain trim is done by applying a signal I 1/2 LSBs below the 
nominal full scale (4.998 V for a 5 V range). Trim R2 to give 
the last transition (llll llll lllO to llll llll llll). This cir
cuit will give approximately ±0.5% FS of adjustment range. 

V1N . 
OTO+SV AIN1 

1µF~ 

Figure 9. Unipolar (0 V to +5 VJ Calibration 

BIPOLAR (±5 V) CALIBRATION 
The connections for the bipolar ±5 V input range is shown in 
Figure 10. · 

Bipolar calibration is similar to unipolar calibration. First, a sig-. 
nal 1/2 LSB above m:gative full scale ( -4. 9988 V) is applied and 
RI is trimmed to give the first transition (0000 0000 0000 to 
0000 0000 0001). Then a signal 1 1/2 LSB below positive full 
scale ( +4.9963 V) is applied and R2 is trimmed to give the last 
transition (llll llll lllO to llll llll llll). 
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v,. 
-5VTO+SV AIN1 

Figure 10. Bipolar (±5 VJ Calibration 

UNIPOLAR (0 V TO +2.5 V) CALIBRATION 
The connections for the 0 V to + 2.5 V input range calibration is 
shown in Figure 11. Figure 11 shows an example of how the 
offset error can be trimmed in front of the AD1671. The proce
dure for trimming the offset and gain errors is the same as for 
the unipolar 5 V range. 

v,. 
OTO +2.SV 

GAIN R2 
ADJ 2k 

10k 

+15V 

1µF~ 

Figure 11. Unipolar (0 V to +2.5 VJ Calibration 
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BIPOLAR (±2.5 V) CALIBRATION 
The connections for the bipolar ±2.5 V input range is shown in 
Figure 12. 

v,. 
-2.SV TO +2.SV 

GAIN R2 
ADJ 2k 

10k 

+15V 

1µF~ 

Figure 12. Bipolar (±2.5 VJ Calibration 

OUTPUT LATCHES 
Figure 13 shows the AD1671 connected to the 74HC574 octal 
D-type edge-triggered latches with 3-state outputs. The latch 
can drive highly capacitive loads (i.e., bus lines, 1/0 ports) while 
maintaining the data signal integrity. The maximum setup and 
hold times of the 574 type latch must be less than 20 ns (t00 

and tss minimum). To satisfy the requirements of the 574 type 
latch the recommended logic families are S, AS, ALS, For 
BCT. New data from the AD1671 is latched on the rising edge 
of the DAV (Pin 16) output pulse. Previous data can be latched 
by inverting the DAV output with a 7404 type inverter. 

BIT1 
BIT2 
BIT3 
BIT4 
BITS 
BIT& 
BIT? 
BITS 
DAV 

BIT9 
BIT10 
BIT11 
BIT 12 

AD1671 

74HC574 
1D 10 
2D 20 
3D 30 
4D 40 
SD so 
&D 60 
7D 70 
BD 80 
CLOCK oc 

74HC574 
1D 10 
2D 20 
3D 30 
4D 40 
SD SQ 
&D 60 
7D 70 
BD 8Q 

CLOCK oc 

DATA BUS 

3-STATE 
CONTROL 

Figure 13. AD1671 to Output Latches 
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OUT OF RANGE 
An out-of-range condition exists when the analog input volt
age is beyond the input range (0 V to +2.5 V, 0 V to +5 V, 
± 2. 5 V, ± 5 V) of the converter. OTR (Pin 15) is set low when 
the analog input voltage is within the analog input range. OTR 
is set HIGH and will remain HIGH when the analog input volt
age exceeds the input range by typically 1/2 LSB (OTR transi
tion is tested to ±6 LSBs of accuracy) from the center of the 
±full-scale output codes. OTR will remain HIGH until the ana
log input is within the input range and another conversion is 
completed. By logicalANDing OTR with the MSB and its com
plement, overrange high.or underrange low conditions can be 
detected. Table II is a .. truth table for the over/under range 
circuit in Figure 14; Systems requiring programmable gain con
ditioning prior to the AD1671 can immediately detect an out-of
range condition, thus eliminating gain sel°'ction iterations. 

Table II. Out-of-Range Truth Table 

OTR MSB Analog Input Is 

0 0 In Range 
0 1 In Range 
1 0 Underrange 
1 1 Overrange 

OVER= "1" 

UNDER= "1" 

Figure 14. Overrange or Underrange Logic 

Table III. Output Data Format 

Input Analog 
Range Coding lnput1 

0 V to +2.5 V Straight Binary :s -0.0003 v 
ov 
+2.5 v 
2: +2.5003 v 

o v to +5 v Straight Binary :s -0.0006 v 
I ov 

+5 v 
2: +5.0006 V 

-2.5 V to +2.5 V Offset Binary :s -2.5006 v 
-2.5 V 
+2.5 v 
2: +2.4994 v 

-5 v to +5 v Offset Binary :s -5.0012 v 
-5 v 
+5 v 
2: +4.9988 v 

-2.5V to +2.5 V Twos Complement :s -2.5006 v 
(Using MSB) -2.5 V 

+2.5 v 
2: +2.4994 v 

-5 V to +5 V Twos Complement :s -5.0012 v 
(Using MSB) -5 v 

+5 v 
2: +4.9988 v 

NOTES 
1Vqltages listed are with offset and gain errors adjusted to zero. 
'Typical performance. 
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Digital 
Output OTR2 

0000 0000 0000 1 
0000 0000 0000 0 
1111 1111 1111 0 
1111 1111 1111 1 

0000 0000 0000 1 
0000 0000 0000 0 
1111 llll 1111 0 
llll illl 1111 1 

0000 0000 0000 1 
0000 0000 0000 0 
1111 l lll lll l 0 
llll 1111 1111 1 

0000 0000 0000 1 
0000 0000 0000 0 
llll 1111 1111 0 
1111 1111 1111 1 

1000 0000 0000 1 
1000 0000 0000 0 
Olll 1111 1111 0 
Olll 1111 1111 1 

1000 0000 0000 1 
1000 0000 0000 0 
0111 1111 1111 0 
Olll llll llll 1 
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OUTPUT DATA FORMAT 
The AD1671 provides both MSB and MSB outputs, delivering 
data in positive true straight binary for unipolar input ranges 
and positive true offset binary or twos complement for bipolar 
input ranges. Straight binary coding is used for systems that 
accept positive-only signals. If straight binary coding is used 
with bipolar input signals, a 0 V input would result in a binary 
output of 2048. The application software would have to subtract 
2048 to determine the true input voltage. Host registers typically 
perform math on signed integers and assume data is in that 
format. Twos complement format minimizes software overhead 
which is especially important in high speed data transfers, such 
as a DMA operation. The CPU is not bogged down performing 
data conversion steps, hence the total system throughput is 
increased. 

OPTIONAL EXTERNAL REFERENCE 
The AD1671 includes an on-board +2.5 V reference. The refer
ence input pin (REF IN) can be connected to reference output 
pin (REF OUT) or a standard external + 2.5 V reference can be 
selected to meet specific system requirements. Fast switching 
input dependent currents are modulated at the reference input. 
The reference input voltage can be held with the use of a capaci
tor. To prevent the AD167l's on-board reference from oscillat
ing when not connected to REF IN, REF OUT must be 
connected to +5 V. It is possible to connect REF OUT to +5 V 
due to its output circuit implementation which shuts down the 
reference. 

ILOGIC vs. CONVERSION RATE 
Figure 15 is the typical logic supply current vs. conversion rate 
for various capacitor loads on the digital outputs. 
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Figure 15. lwGic vs. Conversion Rate for Various 
Capacitive Loads on the Digital Outputs 
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APPLICATIONS 
AD1671 TO ADSP-2100A 

AD1671 

Figure 16 demonstrates the AD1671 to ADSP-2100A interface. 
The 2100A with a clock frequency of 12.5 MHz can execute an 
instruction in one 80 ns cycle. The AD1671 is configured to 
perform continuous time sampling. The DAV output of the 
AD1671 is asserted at the end of each conversion. DAV can be 
used to latch the conversion result into the two 574 octal 
D-latches. The falling edge of the sampling clock is used to gen
erate an interrupt (IRQ3) for the processor. Upon interrupt, the 
ADSP-2100A starts a data memory read by providing an address 
on the DMA bus. The decoded address generates OE for the 
latches and the processor reads their output over the DMA bus. 
The conversion result is read within a single processor cycle. 

DMRil 
DAV 

DMA0:13 

AD1671 
ADSP-
2100A 

BIT1:12 

DMA0:15 

DMACK 

IRQ3 

Figure 16. AD1671 to ADSP-2100A Interface 

AD1671 TO ADSP-2101/2102 
Figure 17 is identical to the 2100A interface except the sampling 
clock is used to generate an interrupt (IRQ2) for the processor. 
Upon interrupt the ADSP-2100A starts a data memory read by 
providing an address on the address (A) bus. The decode 
address generates OE for the D-latches and the processor reads 
their output over the Data (D) bus. Reading the conversion 
result is thus completed within a single processor cycle. 

Figure 17. AD1671 to ADSP-2101/ADSP-2102 Interface 
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111111111 ANALOG 
111111111 DEVICES 

FEATURES 
Complete Monolithic 12-Bit 10 p.s Sampling ADC 
On-Board Sample"and-Hold Amplifier 
Industry Standard Pinout 
8- and 16-Bit Microprocessor Interface 
AC and DC Specified and Tested· 
Unipolar and Bipolar Inputs 
±5 V, ±10 V, 0-10 V, 0-20 V Input Ranges 
Commercial, Industrial and Military Temperature 

Range Grades 
MIL-STD-883 and SMD Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD1674 is a complete, multipurpose, 12-bit analog-to" 
digital converter, consisting of a user-transparent on-board 
sample-and-hold amplifier (SHA), 10 volt reference, clock and 
three-state output buffers for microprocessor interface. 

The AD1674 is pin compatible with the industry standard 
ADS74A and AD674A, but includes a sampling function while 
delivering a faster conversion rate. The on-chip SHA has a wide 
input bandwidth supporting 12-bit accuracy over the full 
Nyquist bandwidth of the converter. 

The AD1674 is fully specified for ac parameters {such as 
S/(N+D) ratio, THD, and IMD) and de parameters (offset, 
full-scale error, etc.). With both ac and de specifications, the 
AD1674 is ideal for use in signal processing and traditi.onal de 
measurement applications. 

The AD1674 design is implemented using Analog Devices' 
BiMOS II process allowing high performance bipolar analog 
circuitry tc;> be combined on the same die with digital CMOS 
logic. 

Five different temperature grades are available. The AD1674J 
and K grades are specified for operation over the 0°C to + 70°C 
temperature range. The A and B grades are specified from 
-40°C to +85°C; the AD1674T grade is specified from -55°C 
to + 125°C. The J and K grades are available in both 28-lead 
plastic DIP and SOIC. The A and B grade devices are available 
in 28-lead.hermetically sealed ceramic DIP and 28-lead SOIC. 
The T grade is available in 28-lead hermetically sealed ceramic 
DIP. 

*Protected by U. S. Patent Nos. 4,962,325; 4,250,445; 4,808,908; RE30586. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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12-Bit 100 kSPS 
AID Converter 

AD1674* I 
FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 
Industry Standard Pinout: The AD1674 utilizes the pinout 
established by the industry standard ADS74A and AD674A. 

Integrated SHA: The AD1674 has an integrated SHA which 
supports the full Nyquist bandwidth of the converter. The SHA 
function is transparent to the user; no wait-states are needed for 
SHA acquisition. 

DC and· AC Specified: In addition to traditional de specifica
tions, the AD1674 is also fully specified for frequency 
domain ac parameters such as total harmonic distortion, signal
to-noise ratio and input bandwidth, These parameters can be 
tested and guaranteed as a result of the on-board SHA. 

Analog Operation: The precision, laser-trimmed scaling and 
bipolar offset resistors provide four calibrated ranges: 0 to 
+ 10 V and 0 to +20 V unipolar, -5 V to +5 V and -10 V to 
+10 V bipolar. The AD1674 operates on +5 V and ±12 V or 
± 15 V power supplies. 

Flexible Digital Interface: On-chip multiple-mode threc;-state 
output buffers and interface logic allow direct connection to 
most microprocessors. 
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SPECIFICATIONS AD1674 

DC SPECIFICA'JIONS <Tmin to Tmax• Yee= +15 v ~ 10% or +12 v ± 5%, Ywa1e = +5 v ± 10%, VEE= -15 v ± 10% or 
ft -12 V ± 5% unless otherwise noted) 

Parameter 

RESOLUTION 

INTEGRAL NONLINEARITY (!NL) 

DIFFERENTIAL NONLINEARITY (DNL) 

(No Missing Codes) 

UNIPOLAR OFFSET1 @ 25°C 

BIPOLAR OFFSET' @ 25°C 

FULL-SCALE ERROR!, 2 @ 25°C 

(with Fixed 50 0 Resistor from REF OUT to REF IN) 

TEMPERATURE RANGE 

TEMPERATURE DRIFT3 

Unipolar Offset' 

Bipolar Offset' 

Full-Scale Error' 

POWER SUPPLY REJECTION 

V cc = 15 V ± 1.5 V or 12 V ± 0.6 V 

VLOGIC = 5 V ± 0.5 V 
VEE= -15V± l.5Vor-12V±0.6V 

ANALOG INPUT 
Input Ranges 

Bipolar 

Unipolar 

Input Impedance 
10 Volt Span 

20 Volt Span 

POWER SUPPLIES 
Operating Voltages 

VLOGIC 

Vee 

VEE 
Operating Current 

I LOGIC 

Ice 

IEE 

POWER DISSIPATION 

INTERNAL REFERENCE VOLTAGE 
Output Current (Available for External Loads)4 

(External Load Should Not Change During Conversion) 

NOTES 
1 Adjustable to zero. 
2lncludes internal voltage reference error. 
'Maximum change from 2S"C value to the value at Tm;n or T~x· 
4Reference should be buffered for ± 12 V operation. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 
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AD1674J 
Min Typ 

12 

12 

0.1 

0 

-5 

-10 

0 
0 

3 5 
6 10 

+4.5 

+11.4 
-16.5 

5 
10 

14 

385 

9.9 10.0 

AD1674K 
Max Min Typ Max Units 

12 Bits 

±1 ±1/2 LSB 

12 Bits 

±3 ±2 LSB 

±6 ±4 LSB 

0.25 0.1 0.25 % ofFSR 

+70 0 +70 °C 

±2 ±1 LSB 
±2 ±1 LSB 
±6 ±3 LSB 

±2 ±1 LSB 
±1/2 ±1/2 LSB 
±2 ±1 LSB 

+5 -5 +5 Volts 
+10 -10 +10 Volts 
+10 0 +10 Volts 
+20 0 +20 Volts 

7 3 5 7 kO 
14 6 10 14 kO 

+5.5 +4.5 +5.5 Volts 
+16.5 +11.4 +16.5 Volts 
-11.4 -16.5 -11.4 Volts 

8 5 8 mA 
14 10 14 mA 
18 14 18 mA 

575 385 575 mW 

10.l 9.9 10.0 10.1 Volts 
2.0 2.0 mA 
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AD1674 

DC SPECIFICATIONS (Continued) 
AD1674A AD1674B AD1674T 

Parameter Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

INTEGRAL NONLINEARITY (INL) @ 25°C ±I ±112 ±1/2 LSB 

Tmin to Trnax ±I ±112 ±I LSB 

DIFFERENTIAL NONLINEARITY (DNL) 

(No Missing Codes) 12 12 12 Bits 

UNIPOLAR OFFSET' @ 25°C ±2 ±2 ±2 LSB 

BIPOLAR OFFSET' @ 25°C ±6 ±3 ±3 LSB 

FULL-SCALE ERROR'' 2 @ 25°C 
(with Fixed 50 !1 Resistor from REF OUT to REF IN) 0.1 0.25 0.1 0.125 0.1 0.125 % ofFSR 

TEMPERATURE RANGE -40 +85 -40 +85 -55 +125 oc 
TEMPERATURE DRIFT' 

Unipolar Offset' ±2 ±I ±I LSB 
Bipolar Offset' ±2 ±I ±2 LSB 
Full-Scale Error2 ±8 ±5 ±7 LSB 

POWER SUPPLY REJECTION 

Vee= 15 V ± 1.5 V or 12 V ± 0.6 V ±2 ±1 ±I LSB 

VLOGIC = 5 v ± 0.5 v ±1/2 ±112 ±112 LSB 
VEE= -15 V ± 1.5 V or -12 V ± 0.6 V ±2 ±I ±I LSB 

ANALOG INPUT 
Input Ranges 

Bipolar -5 +5 -5 +5 -5 +5 Volts 
-IO +IO -IO +IO -10 +10 Volts 

Unipolar 0 +IO 0 +10 0 +10 Volts 
0 +20 0 +20 0 +20 Volts 

Input Impedance 

IO Volt Span 3 5 7 3 5 7 3 5 7 k!1 
20 Volt Span 6 IO 14 6 IO 14 6 IO 14 k!1 

POWER SUPPLIES 
Operating Voltages 

VLOGIC +4.5 +5.5 .+4.5 +5.5 +4.5 +5.5 Volts 

Vee +11.4 +16.5 +11.4 +16.5 +ll.4 +16.5 Volts 

VEE -16.5 -ll.4 -16.5 -11.4 -16.5 -11.4 Volts 
Operating Current 

I LOGIC 5 8 5 8 5 8 mA 

Ice IO 14 IO 14 IO 14 mA 

IEE 14 18 14 18 14 18 mA 

POWER DISSIPATION 385 575 385 575 385 575 mW 

INTERNAL REFERENCE VOLTAGE 9.9 I0.0 IO.I 9.9 IO.O IO.I 9.9 IO.O IO.I Volts 
Output Current (Available for External Loads)4 2.0 2.0 2.0 mA 
(External Load Should Not Change During Conversion) 
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SPECIFICATIONS AD1674 
Ac SPECIFICA'JIONS CTm1n to Tmax• with Yee= +15 v ± 10% or +12 v ± 5%, VLOGle = +5 v ± 10%, VEE= -15 v ± 10% 

K or -12 V ± 5%, fSAMPLE = 100 kSPS, f1" = 10 kHz, stand-alone mode unless otherwise noted)1 

AD1674J/A AD1674K/B/I' 
Parameter Min Typ Max Min Typ Max Units 

Signal to Noise and Distortion (SIN+ D) Ratio2• 3 69 70 70 71 dB 

Total Harmonic Distortion (THD)4 -90 -82 -90 -82 dB 
0.008 0.008 % 

Peak Spurious or Peak Harmonic Component -92 -82 -92 -82 dB 

Full Power Bandwidth 1 1 MHz 
Full Linear Bandwidth soo soo kHz 

Intermodulation Distortion (IMD)5 

Second Order Products -90 -80 -90 -80 dB 
Third Order Products -90 -80 -90 -80 dB 

SHA (specifications are included in overall timing specifications) 
Aperture Delay so so ns 
Aperture Jitter 2SO 250 ps 
Acquisition Time 1 1 µs 

DIGITAL SPECIFICATIONS 
(for all grades Tm;n to Tmax• with Yee= +15 V ± 10% or +12 V ± 5%, YLDsie = +5 V ± 10%, 
VEE = -15 V ± 10% or -12 V ± 5%) 

Parameter Test Conditions Min Max Units 

LOGIC INPUTS 
Vrn High Level Input Voltage +2.0 VLOGIC +0.5 v v 
VrL Low Level Input Voltage -0.5 +0.8 v 
Im High Level Input Current (V rN = S V) VIN= VLOGIC -10 +10 µA 
IrL Low Level Input Current (VIN = 0 V) VIN= ov -10 +10 µA 
CrN Input Capacitance 10 pF 

LOGIC OUTPUTS 
VoH High Level Output Voltage loH = 0.5 mA +2.4 v 
VoL Low Level Output Voltage loL = l.6 mA +0.4 v 
loz High-Z Leakage Current VIN = 0 to VLoGic -10 +10 µA 
Caz High-Z Output Capacitance 10 pF 

NOTES 
1f1N amplitude= -0.5 dB (9.44 V p-p) 10 V bipolar mode unless otherwise noted. All measurements referred to -0 dB (9.997 V p-p) input signal unless 
otherwise noted. 

2Specified at worst case temperatures and supplies after one minute warm-up. 
'See Figures 12 and 13 of full·length data sbeet for other input frequencies and amplitudes. 
4See Figure 11 of full-length data sbeet. 
'fa = 9.08 kHz, fb = 9.58 kHz with fsAMPLE = 100 kHz. See Definilion of Specifications section and Figure IS. 

All min and max specifications are guaranteed. 

Specifications subject to cbange without notice. 
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AD1674 
ABSOLUTE MAXIMUM RATINGS* 
V cc to Digital Common ..........•.. ' ... 0 to + 16.5 V 
V BB to Digital Common ........... ' ..... 0 to -16.5 V 
V Looic to Digital Common .............. , .. 0 to + 7 V 
Analog Common to Digital Common .............. ± l V 
Digital Inputs to Digital Common .. -0.5 V to VLOoic +0.5 V 
Analog Inputs to Analog Common ........... VEE to V = 
20 VIN to Analog Common .............. V BB to + 24 V 
REF OUT ................ Indefinite Short to Common 

. . . . . . . . . . ; ....... Momentary Short to V = 

Junction Temperature .......... •· ......... , . + 175~C 
Power Dissipation ........... ; ..•......... 8i5 mW 
Lead Temperature, Soldering ............. 300°C, 10 sec 
Storage Temperature ................ -65°C to + 1S0°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unu8ed devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

INL S/(N+D) 
Model1 Temperature Range (T min to T maxY (T min to T max) 

AD1674JN o·c to +10°c ±1 LSB 69 dB 
AD1674KN 0°c to +10°c ±112 LSB 70dB 
AD1674JR 0°Cto +10°c ±1 LSB 69dB 
AD1674KR o·c to +10°c ±112 LSB 70dB 
AD1674AR ,...40•c to + ss·c ±1 LSB 69 dB 
AD1674BR -40°C to +ss·c ±112 LSB 70dB 
AD1674AD -40°C to +85°c ±1 LSB 69dB 
AD1674BD -40°C to +ss·c ±112 LSB 70 dB 
AD1674TD -55°C to +125°C ±1 LSB 70dB 

NOTES 

WARNING! f2l 
~~EDEVICE 

Package Package 
Description Option2 

Plastic DIP N-28 
Plastic DIP N-28 
Plastic SOIC R-28 
Plastic SOIC R-28 
Plastic SOIC R-28 
Plastic SOIC R-28 
Ceramic DIP D-28 
Ceramic DIP D-28 
Ceramic DIP D-28 

1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military/Aerospace Reference Manual Prod
ucts Databook or current AD1674/883B datii sheet. SMD is also available. 

2N = Plastic DIP; D = Hermetic Ceramic DIP; R = Plastic SOIC. For outline information see Package Information section. 

PIN CONFIGURATION 
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FEATURES 
Autocalibrating 
0.002% THO 
90 dB S/(N+D) 
1 MHz Full Power Bandwidth 
On-Chip Sample & Hold Function 
2x Oversampling for Audio Applications 
16-Pin DIP Package 
Serial Twos Complement Output Format 
Low Input Capacitance-typ 50 pf 
AGND Sense for Improved Noise Immunity 

PRODUCTION DESCRIPTION 
The AD1876 is a 16-bit serial output sampling AID converter 
which uses a switched capacitor/charge redistribution archi
tecture to achieve a 100 kSPS conversion rate ( 10 µs total 
conversion time). Overall performance is optimized by 
digitally correcting internal nonlinearities through on-chip 
autocalibration. 

The circuitry of the AD1876 is partitioned onto two monolithic 
chips, a digital control chip fabricated with Analog Devices' 
DSP CMOS process and an analog ADC chip fabricated with 
the BiMOS II process. Both chips are contained in a single 
package. 

The serial output interface requires an external clock and sample 
command signal. The output data rate may be as high as 2.08 
MHz, and is controlled by the external clock. The twos comple
ment format of the output data is MSB first and is directly com
patible with the NPC SMS805 digital decimation filter used in 
consumer audio products. The AD1876 is also compatible with 
a variety of DSP processors. 

The AD1876 is packaged in a space saving 16-pin plastic DIP 
and operates from + 5 V and ± 12 V supplies; typical power con
sumption is 235 mW. The digital supply (V00) is isolated from 
the linear supplies (VEE and V cd for reduced digital crosstalk. 
Separate analog and digital grounds are also provided. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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A0.1876-SPEClflCATIONS (Tmin to Tmax• Yee= +12 Y ± 5%, Yu= -12 Y ± 5%, Yoo=+~ Y ± 10%)1 
' . " . ·' ~ 

:..: ,. '. 

AD18J6J ' 
Parameter Min Typ ~ -
TEMPERATURE RANGE 0 70 

TOTA~ Hl\RMONIC DISTORTION (THD)2 

-o.o5 dirlnput -95 -88 
0.002 0.004 

- 20 dB Input · -78 
0.01 

-60 dB Input -40 
1.0 

D-RANGE, -60 dB; Ac WEIGHTED 92 

SIGNAL-TO-NOISE AND DISTORTION (S/(N + D)) RATI03 

-0.05 dB Input, A-Weighted 92 
-0.05 dB Input, 48 kHz Bandwidth · 83 90 
-20 dB Input; A-Weighted 73 
- 20 dB Input, 48 kHz Bandwidth 70 
-60 dB Input, A-Weighted 34 
-60 dB Input, 48 kHz Bandwidth 31 

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -99 -89 

INTERMODULATION DISTORTION (IMD)4 

2nd Order Products· -102 
3rd Order Products -98 

FULL POWER BANDWIDTH l 

VOLTAGE REFERENCE. INPUT RANGE' (V REF) 3 5 10.0 

ANALOG INPU1°6 
Input Range (VIN) ±VREF 
Input Impedarice * 
Input Capacitailce During Sample 50* 
Aperture Delay 6 
Aperture Jitter 100. 

POWER SUPPLIES 
Operating Current 

Ice 9 12 
IEE 9 12 
loo 3 12 

Power Consumption 235 350 

NOTES 
1VREF = 5.00 V; conversion rate= 96 kSPS; flN = 1.06 kHz; V1N = -0.05 dB unless otherwise indicated. All measurements referred to a 0 dB 
(IO Vpp) input signal. Values lire post calibration. 

'Includes first 19 harmonics. 
3Minimum value of S/(N+D) corresponds to 5.0 V reference; typical values of S/(N+D) cortespohcf 10·10,o V reference. 
4f, = 1008 Hz; f• = 1055 Hz. See Definition of Specifications section and Figure 14. 
'See Applications section for recommended voltage reference circuit and Figure 11 for performance with other reference voltage values: 
•see Applications section for recommended input buffer circuit. 
*For explanation of input characteristics, see "Analog Input'' section. 

Specifications subject to change without notice. 

' 
, Diiits 
°C 

dB 
% 
dB 
% 

d.B 
% 

dB 

dB 
dB 
dB 
dB 
dB 
dB 

dB 

dB 
dB 

MHz 

v 

v 

pF 
ns 
ps 

.mA 
mA 
mA 
mW 

Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

ORDERING GUIDE 

Temperature THD Package Package 
Model Range dB Description Option* 

AD1876JN O"C to +70"C -95 Plastic 16-Pin DIP N-16 

*N = Nartew Plastic DIP. For outline information see Package Information section. 
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AD1876 
DIGITAL SPECIFICATIONS ITmin to Tmax• Yee = + 12 V ± 5%, VEE = -12 V ± 5%, Yoo = +5 Y ± 10%) 

Parameter Test Conditions Min .. Typ Max Units 

LOGIC INPUTS 
VIH High Level Input Voltage 2.4 v 
VIL Low Level Input Voltage -0.3 0.8 v 
IIH High Level Input Current v,H =Yoo -10 +10 µA 
I,L Low Level Input Current VIL= 0V -10 +10 µA 
C1N Input Capacitance IO pF 

LOGIC OUTPUTS 
VoH High Level Output Voltage loH = 0.1 mA V00-I V v 

loH = 0.S mA 2.4 v 
VoL Low Level Output Voltage loL = 1.6 mA 0.4 v 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all devices at final electrical test at worst case temperature. Results from those tests are used to calculate outgoing 
quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested. 

ABSOLUTE MAXIMUM RATINGS* 
Vee to VEE ..................... -0.3 V to +26.4 V 
V00 to DGND .................... -0.3 V to +7 V 
Vee to AGND .................... -0.3 V to + 18 V 
VEE to AGND .................... -18 V to +0.3 V 
AGND to DGND ........................ ±0.3 V 
Digital Inputs to DGND ................. 0 V to S.S V 
Analog Inputs, VREF to AGND ......... (Vee+ 0.3 V) to 

(VEE -0.3 V) 

Soldering ......................... + 300°C, IO sec 
Storage Temperature ................ -60°C to + 100°C 

*Stresses greater than .those listed under "Absolute.Maximum Ra~ngs" may 
cause permanent damage to the device. This is a strCss Taring only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is .·not implied, 
Exposure to absolute maximum rating conditions for extendt:d pei;iods may 
affect device reliability. · 

ESD SENSITIVITY-------------------------------
The AD1876 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 301S.2 of MIL-STD-883C, the 
AD1876 has been classified as a Category I Device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human· body and test 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For 
further information on ESD precaution, refer to Analog Devices' BSD Prevention Manual. · 

WARNING! (2] 
~~EDEVICE 

1 

TIMING SPECIFICATIONS ITmin to Tmax• Yee = + 12 V ± 5%, VEE = -12 V ± 5%, V0o = +5 V ± 10%, VREF = 5.00 VJ 

Parameter Symbol Min Typ Max Units 

Sampling Rate' fs = lits 1 IOO kSPS 
Sampling Period2 ts= llfs IO IOOO µs 
Acquisition Time (Included in ts) tA 2 µs 
Calibration Time tcT sooo tc 
CLK Period tc 480 ns 
CAL to BUSY Delay tcAr.s 0 ns 
CLK to BUSY Delay tee so 120 17S ns 
CLK to DoUT Hold Time ten IO ns 
CLKHIGH tcH 160 ns 
CLKLOW tcL so ns 
DaUTCLKLOW tocL 30 80 200 ns 
SAMPLE LOW to 1st CLK Delay tsc so ns 
CAL HIGH Time lcALH 4 tc 
CLK to DoUT CLK tcoH ISO 200 27S ns 
SAMPLE LOW tsL so ns 

NOTES 
'See Figure I and Figure 2 and the Conversion Control and Autocalibration sections for detailed explanations of the above timing. 
'Depends upon external clock frequency; includes acquisition time and conversion time. The minimum sampling rate/maximum sampling period is specified to 
account for droop of the internal sample/hold. Operation at slower rates than specified may degrade performance. 
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FEATURES 
2µs ADC with Track/Hold 
1 µs DAC with Output Amplifier 

AD7569, Single DAC Output 
AD7669, Dual DAC Output 

On-Chip Bandgap Reference 
Fast Bus Interface 
Single or Dual 5V Supplies 

GENERAL DESCRIPTION 
The AD7569/AD7669 is a complete, 8-bit, analog 1/0 system on 
a single monolithic chip. The AD7569 contains a high speed 
successive approximation ADC with 2µs conversion time, a 
track/hold with 200kHz bandwidth, a DAC and output buffer 
amplifier with 1 µs settling time. A temperature-compensated 
1. 25V bandgap reference provides a precision reference voltage 
for the ADC and the DAC. The AD7669 is similar but contains 
two DACs with output buffer amplifiers. 

A <choice of analog input/output ranges is available. Using a 
supply voltage of + 5V, input and output ranges of zero to 
l .25V and zero to 2.5 volts may be programmed using the RANGE 
input pin. Using a ± 5V supply, bipolar ranges of ± l.25V or 
± 2.5V may be programmed. 

Digital interfacing is via an 8-bit 1/0 port and standard micro
processor control lines. Bus interface timing is extremely fast, 
allowing easy connection to all popular 8-bit microprocessors. A 
separate start convert line controls the track/hold and ADC to 
give precise control of the sampling period. 

The AD7569/AD7669 is fabricated in Linear-Compatible CMOS 
(LC2MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low power CMOS logic. The 
AD7569 is packaged in a 24-pin, 0.3" wide "skinny" DIP, a 24-
terminal SOIC and 28-terminal PLCC and LCCC packages. The 
AD7669 is available in a 28-pin, 0.6" plastic DIP, 28-terminal 
SOIC, and 28-terminal PLCC package. 

This is an abridged data sbeet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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Complete, 8-Bit Analog 1/0 System 
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PRODUCT HIGHLIGHTS 
1. Complete Analog 110 on a Single Chip. 

The AD7569/AD7669 provides everything necessary to 
interface a microprocessor to the analog world. No external 
components or user trims are required, and the overall 
accuracy of the system is tightly specified, eliminating the 
need to calculate error budgets from individual component 
specifications. 

2. Dynamic Specifications for DSP Users. 
In addition to the traditional ADC and DAC specifications 
the AD7569/AD7669 is specified for AC parameters, including 
signal-to-noise ratio, distortion and input bandwidth. 

3. Fast Microprocessor Interface. 
The AD7569/AD7669 has bus interface timing compatible 
with all modem microprocessors, with bus access and relinquish 
times less than 75ns and Write pulse width less than 80ns. 
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SPECIFICATIONS 
DAC SPECIFICATIONS1 

AD7569/AD7669 

(V1111 = +5Y ::t:5%;¥ss2 =RANGE= AGNO. = ABND• = DGND = BV;Ri. = 2k0,CL = 100pF1DAGNlluc111lassa11181Wisesblllld. 
Al specifications Tm1n IDT- unless olllanrisa sblllld.) 

AD7569 
J,AVcnions:t 
AD7669 AD7569 AD7569 AD7569 

Parameter )Vcnion K,BVers.ions SVc:'-ion TVenion 

STATIC PERFORMANCE 
Resolution4 8 8 8 8 
Total Unadjusted Error5 ±2 ±2 ±3 ±3 
Relative Acwracy5 ±I ±1/2 ±I ±112 
Differential Nonlinearity5 ±I ±314 ±I ±314 
Unipolar Offset Error 

{ft,2S"C ±2 ±1.5 ±2 ± 1.5 

TmintoT"'*" ±2.5 ±2 ±2.5 ±2 
Bipolar Zero Offset Error 

((i•2S"C ±2 ±LS ±2 ±1.5 
TmintoTmax ±2.5 ±2 ±2.5 ±2 

Full-Scale Error' (AD7569 Only) 
~i12S"C ±2 ±I ±2 ±I 
TanintOTmu ±3 ±2 ±4 ±3 

Full-Scale Error' (AD7669 Only) 
(jtilS"C ±3 
Tmm t0Tma11 ±4.S 

DACA/DACB Full Scale Error Match6 

(AD7669 Only) ±2.5 
AFullScale/AV0 o, T"=2S"C 0.5 0.5 0.5 0.5 
b.FullScale/AV5s,TA = 25"C 0.5 0.5 0.5 0.5 
Load Regulation at Full Scale 0.2 0.2 0.2 0.2 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio' (SNR) 44 46 44 46 
Total Harmonic Distortions (THD) 48 48 48 48 
Intermodulation Distortions (IMD) 55 55 55 55 

ANALOG OUTPUT 
Output Voltage Ranges 

Unipolar Oto+ 1.2512.5 
Bipolar ± 1.25/±2.5 

LOGIC INPUTS 
ai,AiB, WR, RANGE, RESET, DBO-DB7 

Input Low Voltage, V1NL 0.8 0.8 0.8 0.8 
Input High Voltage, V1NH 2.4 2.4 2.4 2.4 
InputLeakageCurrent IO IO 10 IO 
Input Capacitance7 IO IO IO 10 

DBO-DB7 
Input Coding(Single Supply) Binary 
Input Codins (Dual Supply) 2s Complement 

AC CHARACTERISTICS' 
Voltage Output Settling Time 

Positive Full-Scale Change 2 2 2 2 
Negative Full-Scale Change (Single Supply) 4 4 4 4 
Negative Full-ScaleCbange (Dual Supply) 2 2 2 2 

Digital-to-Analog Glitch Impulse' 15 15 IS IS 
Digital Fecdthrough' I I I I 
VIN to VoUT Isolation 60 60 60 60 
DAC to DAC Crosstalk' (AD76690nly) I 
DACA to DACB Isolation' (AD7669 Only) -70 

POWER REQUIREMENTS 
VDDRange 4.75/5.25 4.7S/5.2S 4.75/5.2S 4.75/5.25 
V ss Range (Dual Supplies) -4.75/-5.25 -4.75/-5.25 -4.7S/-S.25 -4.75/-5.25 

IDD 
(AD7S69) 13 13 13 13 
(AD7669) 18 

lss (Dual Supplies) 
(AD7S69) 4 4 4 4 
<AD7669) 6 

DAC/ADCMATCHING 
Gain Matcbing' 

@25"C I I I I 
TmintoT_ I I I I 

NOTES 
1Spocificatinns apply to both DACs in the AD7669. Votrr applies to both VoOTA and V0trrB of the AD7669. 
'Except where noted, specifications apply for all output ranges including bipolar ranges with dual supply operation. 
3Tcmperature raqes are as follows: ), K versions; 0 to +700C 

A, B versions; -40"C to + IS"C 
S, T versions; -SS"C to + 12S°C 

Units 

Bits 
LSBtyp 
LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 

"LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 
LSBmax 
LSBmax 

dB min 
dB max 
dBtyp 

Volts 
Volts 

Vmax 
Vmin 
µAmax 
pFmax 

....... 
µsmax 
p.smax 
nVsecstyp 
nVsecstyp 
dBtyp 
nVsecstyp 
dB max 

VminNmax 
Vmin/Vmax 

mAmu 
mAmu 

mAmu 
mAmax 

%typ 
%typ 

4 1LSB=4.88m.V for 0 to +1.2SV output raqe, 9.76mV for 0 to +2.SV and ± 1.2SV ranges and 19.SmV for ±2.SV range. 
'Seo TerminolOIY. 

Conditions/Comments 

Guaranteed Monotonic 
DACdataisallOs;Vss=OV 
Typical tempco is IOµ Vl°C for + l .25V range 

DACdataisallOs;Vss= -SV 
Typical tcmpcois 20µV?Cfor ± 1.25Vrange 

Vnn=SV 

Voo=SV 

Voo=SV 
VouT = 2.SV;.1.Voo = ±5% 
VovT = -2.SV;AVss = ±5% 
RL=2kntoOJC 

VouT = 20kHz full-scale sine wave with fsAMPLING = 400kHz 
VouT = 20kHz full-scale sine wave with fsAMPLING = 400kHz 
fa= 18.4kHz,fb= 14.SkHzwithfsAMPUNG=400kHz 

Voo= +SV, Vss=OV 
Voo= +SV, Vss= -SV 

V1N=Ot0Voo 

Settling time to within ± 112LSB offinal value 
Typically II'• 
Typically21's 
Typically ll's 

VIN'= ±2.SV,50kHzSineWave 

For Specified Performance 
Specified Performance also applies to V ss ~ OV 
for unipolar ranges. 
VoUT=V1N=2.SV;Logicinputs=2.4V;CLK=0.8V 
Output unloaded 
Outputs unloaded 
VOUT=VIN= -2.SV;Logiclnputs=2.4V;CLK=0.8V 
Output unloaded 
Outputs unloaded 

V1NtoVourmatchwithVIN = ±2.SV, 
20kHz sine wave 

6Includcs internal vol- reference error and is calculated after offset error bao been adjusted out. Ideal unipolar full-scale vol- is (PS - ILSB); ideal bipolar positive 
full-scale voltage is (FS/2 - ILSB) and ideal bipolar negative fnll-<ealc volugc is - FS/2. 

7Samplc tested at 25"C to ensure compliance. 
Spcc:ificotioDs 8Ubject to change without notice. 
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AU/ 31J~/AU /IJIJ~ - ~l't(;lt l(;A I IUN5 
ADC SPECIFICATIONS 
<Y111 = + 5V ± 5%; Yss 1 = RANGE = AGNllmc = AGND* '= DGND = DY; fw = 5fllz all8rnal unless alhenvisi Slallld. 
All specificaliJns r.., to r ... IBlless alhelWise stallldJ Specifications •to Mode 1 interface. 

AD7569 
J,AV~2 

AD766!> AD7569 AD7569 .AD7sff 
Parameter JVenioa K,BVenions SVenion TVenioa 

DC ACCURACY 
Resolution3 8 8 8 8 
Total Unadjusted Error4 ±3 ±3 ±4 ±4 
Relative Accuracy4 ±1 ±112 ±1 ±1/2 
Diffen:ntial Nonlinearity' ±1 ±314. ±1 ±314 
Unipolar Offset Error 

@25'C ±2 '±1.S ±2 ±1.S 
TmmtoTmax ±3 ±2.S ±3 ±2.5 

Bipolar Zero Offset Error 
@25'C ±3 ±2.S ±3 '±2.S 

TlllintoTmax 
Full-Scale Error5 

±3.5 ±3 ±4 ±3.5 

@25'C -4,+0 -4, +0 -4, +O -4,+0 
Tm111 t0Tow: -5.5, + 1.5 -5.5,+1.5 -7.S, +2 -7.5, +2 

MlullScale/4.Voo, TA=25°C 0.5 o.s 0.5 0.5 
aFuUScale/aVss, T. = 2S'C 0.5 0.5 0.5 0.5 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio4 (SNR) 44 46 44 45 
Total Harmonic Distortion4 (THD) 48 48 48 48 
lntennoclulatioo Distortion' (!MD) 60 60 60 60 
Frequency Response 0.1 0.1 0.1 0.1 
Track/Hold Acquisition Time7 200 200 300 300 

ANALOG INPUT 
Input Voltage RanJ<S 

Unipolar 0 to + 1.251+2.5 
Bipolar ± 1.25/;_!~5 

Input Current ±300 ±300 ±300 ±300 
Input Capaciunce 10 10 10 10 

LOGIC JNi>uTs 
CS,lm,S'l',CLK,RESET,RANGE 

inputLowVolmge, VINL 0.8 0.8 0.8 0.8 
Input High Voltage, V1NH 2.4 2.4 2.4 2.4 

~~ 10 10 10 10 
CS,R ' ,RANGE,IUiSIIT 

Input LcskagcCurrent 10 10 10 10 
CLK 

Input Current. 
ltNL -1.6 -1.6 -1.6 -1.6 

IINH 40 40 40 40 

LOGIC OUTPUTS 
DBO-DB7,INT,iiUSY 

VoL' Output Low Voltage 0.4 0.4 0.4 0.4 
VoH' Output High Voltage 4.0 4.0 4.0 4.0 

DBO-DB7 
Floating Stab: Lcakagc:Cum:nt 10 10 10 10 
Floating State Output Capacitance' 10 10 IO 10 

OutputCoding(Siogle Supply) Binary 
OutputCoding(Dual Supply) 2sCom.plement 

CONVERSION TIME 
With External Clock 2 2 2 2 
WithlntemalClock.' TA =25'C 1.6 1.6 1.6 1.6 

2.6 2.6 2.6 2.6 

POWERREQUIRBMENTS As per DAC Specifications 

NOTES 
'Except wbete no<ed, •pocilications apply for all .a..., including bipolar .._ with -dual oupply operation. 
l-J'empcrature ranaa are: as follows: J, K versions; o to +7G°C 

A, B veniom; -400C to +8S"C 
s, T versions; -ss~ ro + 1~ 

Units 

Bits 
LSBtyp 
LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 

LSBmax 
LSBmax 
LSBmax 
LSBmax 

dB min 
dB max 
dBcyp 
dBcyp 
nscyp 

VOlu 
Volts 
µAmax 
pFtyp 

Vmax 
Vmin 
pFmax 

µAmax 

mAmax 
µAmax 

Vmax 
Vmin 

µAmax 
pFmax 

....... 
µsmin ....... 

'ILSB=4.88mV for 0 to +l.25V range, 9.76mV for 0 to +2.SV and ±1.25V nnga and 19.SmV for ±2.5V range. 
'See Terlninology. . -
51ncludca intemal voltap rcfcrcocc error and is cmlculatcd. after off'aet error has been ad.justed out. Ideal unipolar 
last code transition occun at (FS - 3/ZLSB); Ideal bipolar last code ttaD8ition occun at (FS/2 - 3/2LSB). 

'Exact frequencies are lOlkllz and 384ltHz to avoid 1wmonial coinciding with 11UDpling frequency. 
'Rising edge of BUSYto falling edge orS'I'. The time givetl refen to tbe acquisition time which lives a 3dB 
dqndation in SNR from tbe b:sted figure. 

8Sample tated at 2S'C to ensure compliance. 
Specifications subject to change without notice. 

CoaditionstCommets 

No Missing Codes 
Typical tempcois l~µVrcfor + 1.2SVrange; Vss=OV 

T}lpical tempcois20µ. vrc for ± l.2SV range; v SS= - sv 

Voo=SV 

V1N = +2.SV;AVoo = ±5% 
Vm = -2.SV;A.Vss = :t.5% 

VIN= IOOkHzfull-scalc sine wavewithfSAMPLING =400kHz.6 
V1N = lOOkHzfull-scale sine wavewithfSAMPLING = 400k.Hz6 
fa= 99kHz, fb = 96. 7kHzwith fsAMPUNG = 400kHz 
V1N= ±2.SV,dcto200k.HzsinewaVe 

Vim"= +SV;Vss=OV 
Voo= +SV;Vss= -SV 
Sec equivalent circuit Fig. 5 

VIN==OtoVoo 

Vn;f=OV 
VIN_=Voo 

IsINK=l.6mA 
lsoURCE = 200µ.\ 

f<::u:=SMHz 
UsingrecommendedclockcomponenushowninFig-
ure21. Clock frequency can be adjusted bYVlllYina Rcuo-

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
BSD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; how
ever, permanent damage may occur on unconnected devices subjected to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The foam should be discharged 
to the destination socket before devices are removed. 
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TIMING CHARACTERISTICS1 (SaeFlgllf8S8,10, 12;Voo = 5V ±5%;Vss = 0Vor-5V ±5%) AD7569/AD7669 

Limit at Limit at 
Limitat Tmin' Tmax Tmin' Tmax 

Parameter 25°C(A11Grades) (J, K, A, B Grades) (S, T Grades) Units Test Conditions/Comments 

DACTiming 
t1 80 80 90 nsmin WR Pulse Width 
ti 0 0 0 nsmin CS, A/B to WR Setup Time 
t3 0 0 0 nsmin CS, A/B to WR Hold Time 
ti 60 70 80 nsmin Data Valid to WR Setup Time 
ts 10 10 10 nsmin Data Valid to WR Hold Time 

ADC Timing 
t6 so so so nsmin ST Pulse Width 
t1 110 130 ISO nsmax ST to BUSY Delay 
ts 20 30 30 nsmax BUSY to INT Delay 
t9 0 0 0 nsmin BUSY to CS Delay 
t10 0 0 0 nsmin CS to RD Setup Time 
t11 60 7S 90 nsmin RD Pulse Width. Determined by t13. 
t12 0 0 0 nsmin CS to RD Hold Time 
t13 2 60 7S 90 nsmax Data Access Time after RD; CL= 20pF 

9S 120 BS nsmax Data Access Time after RD; CL= IOOpF 
t14 3 10 10 10 nsmin Bus Relinquish Time after RD 

60 7S 8S nsmax 
t15 6S 7S 8S nsmax RD to INT Delay 
t16 120 140 160 nsmax RD to BUSY Delay 
t17 2 60 7S 90 nsmax Data Valid Time after BUSY; CL= 20pF 

90 llS 13S nsmax Data Valid Time after BUSY; CL= lOOpF 

NOTES 
'Sample tested at + 25°C to ensure compliance. All input control signals are specified with tR = tF = Sns (10% to 90% of + SV) and timed from a voltage level of l.6V. 
2tu and t11 are measured with the load circuits of Figure land defined as the time required for an output to cross either 0.8V or 2.4V. 
3t 14 is defined as the time required for the data line to change 0.SV when loaded with the circuit of Figure 2. 
Specifications subject to change without notice . 

""=[F 
DGND 

a. High-Z to VoH 

. ~-}; 
CL 

~DGND 
b. High-Z to VOL 

Figure 1. LoadCircuitsforDataAccess Time Test 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGNDoAc or AGNDAoc . . . . . . . . -0.3V, +7V 
V00 to DGND . . . . . . . . . . . . . . -0.3V, +7V 
Yoo to Vss . . . . . . . . . . . . . . ... -0.3V, + 14V 
AGNDoAc or AGNDAoc to DGND -0.3V, V00 +0.3V 
AGNDoAc to AGNDAoc . . . . . . . ........ ±SV 
Logic Voltage to DGND . . . -0.3V, V00 +0.3V 
CLK Input Voltage to DGND -0.3V, V00 +0.3V 
Vour(VourA, VourB)to 

AGND1oAC .. . 
VIN to AGNDAoc ... . 

NOTE 

. Vss -0.3V, Voo+0.3V 
Vss -0.3V, Yoo +0.3V 

10utput may be shorted to any voltage in the range V ss to V DD provided that 
the power dissipation of the package is not exceeded. Typical short circuit 
current for a short to AGND or V ss is SOmA. 

REV.B 

"'"tr 
DGND 

a. VoH to High-Z 

+}v3kn 

DBN~ 
lOpF 

~DGND 
b. VaL to High-Z 

Figure 2. Load Circuits for Bus Relinquish Time Test 

Power Dissipation (Any Package) to + 7S°C 
Derates above 7S°C by . . 

Operating Temperature Range 
Commercial (J, K) 
Industrial (A, B) . . . . . 
Extended (S, T) 

Storage Temperature Range . 
Lead Temperature (Soldering, 10 Secs) 

450mW 
6mWl°C 

o to +70°C 
- 40°C to + 8S°C 

- SS°C to + 12S°C 
-6S°C to + 1S0°C 
..•.. +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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AD7569/AD7669 "•j, 

AD1569 PIN CONFIGURATIONS 

DIP, SOIC 

v .. 

v .. 

AOND~ 

CLK 

DBO 

!! 
NC = NO CONNECT 

AD7669 PIN CONFIGURATIONS 

DIP, SOIC 

NC ,.. NO CONNECT 

NC K. NO CONNECT 

PLCC 

AD7868 
TOPVIEW 

(NottoS-1 
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A!>7569 
TOPVIEW 

(Notto-I 

Model 

AD7569JN 
AD7569JR 
AD7569AQ 
AD7569SQ2 
AD7569BN 
AD7569KN 
AD7569BR 
AD7569BQ 
AD7569TQ2 
AD7569JP 
AD7569SE2 

AD7569KP 
AD7569TE2 

AD7669AN 
AD7669JN 
AD7669JP 
AD7669AR 
AD7669JR 

NOTES 

RANGE 5 

RESi'i' 8 

087 1 

NC 8 

DBI 9 

OBS 10 

LCCC 

25 CLK 

2t iNf 
23 BUSY 

Z2 NC 

21 Si 
zo RD 

DM11l~==============.J 
11 Ci 

12 13 14 15 16 17 18 

!H! I !;! a ! 11 
NC = NO CONNECT 

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 
Range TMIN-TMAX Option1 

O"Cto +70"C ±ILSB N-24 
O°Cto +70°C ±lLSB R-24 
-40°Cto +85°C ±ILSB Q-24 
- SS°C to + 12s0c ±ILSB Q-24 
-40°Cto +85°C ±0.SLSB N-24 
O°Cto +70°C ±0.SLSB N-24 
-40"Cto +85°C ±0.SLSB R-24 
- 40°C to + 85°C ±0.SLSB Q-24 
- 55°C to + 125°C ±l/2LSB Q-24 
O°Cto +70°C ±ILSB P-28A 
- SS°C to + 125°C ±ILSB E-28A 
O°Cto +70°C ±l/2LSB P-28A 
- SS°C to + 125°C ±l/2LSB E-28A 

-40°Cto +85°C ±ILSB N-28 
0°Cto +70°C ±ILSB. N-28. 
O°Cto +70°C ±ILSB P-28A 
-40°Cto +85°C ±ILSB. R-28 
O°Cto +70°C ±lLSB R-28 

,. 

1E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = Small Outline SOIC. For outline 
information see Package Information section. 

2To order MIL-STD-883, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet. 
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PIN FUNCTION DESCRIPTION 
(Applies to the AD7569 and AD7669 unless otherwise stated.) 

Pin 
Mnemonic 

AGNDoAC 

Description 

Analog Ground for the DAC(s). Separate 
ground return paths are provided for the 
DAC(s) and ADC to minimize crosstalk. 

VoUT Output Voltage. VoUTisthebufferedoutput 
(VouTA, VouTB) voltage from the AD7569 DAC. VoUTA and 

VoUTB are the buffered DAC output voltages 
from the AD7669. Four different output 
voltage ranges can be achieved (see Table I). 

Vss Negative Supply Voltage ( - SV for dual supply 
or OV for single supply). This pin is also used 
with the RANGE pin to select the different 
input/output ranges and changes the data 
format from binary (V ss = OV) to 2s comple
ment (Vss= -SV) (see Table I). 

RANGE 

DB7 
DB6-DB2 

DGND 

DBI 

DBO 

WR 

Range Selection Input. This is used with the 
V ss input to select the different ranges as per 
Table I. The range selected applies to both 
the analog input voltage of the ADC and the 
output voltage from the DAC(s). 

Reset Input (Active Low). This is an asyn
chronous system reset which clears the DAC 
register(s) to all Os and clears the INT line of 
the ADC (i.e., makes the ADC ready for new 
conversion). In unipolar operation this input 
sets the output voltage to OV; in bipolar oper
ation it sets the output to negative full scale. 

Data Bit 7. Most Significant Bit (MSB). 
Data Bit 6 to Data Bit 2. 

Digital Ground. 

Data Bit I. 

Data Bit 0. Least Significant Bit (LSB). 

Write Input (Edge triggered). This is used in 
conjunction with CS to write data into the 
AD7569 DAC register. It is used in conjunction 
with CS and AtB to write data into the selected 
DAC register of the AD7669. Data is trans
ferred on the rising edge of WR. 

Input/Output 

Pin 
Mnemonic 

cs 

A/B(AD7669 
Oply) 

CLK 

Von 

DBO-DB7 

AD7569/AD7669 

Description 

Chip Select Input (Active Low). The device 
is selected when this input is active. 

READ Input (Active Low). This input must 
be active to access data from the part. In the 
Mode 2 interface, RD going low starts con
version. It is used in conjunction with the CS 
input (see Digital Interface Section). 

Start Conversion (Edge triggered). This is 
used when precise sampling is required. The 
falling edge of ST starts conversion and drives 
BUSY low. The ST signal is not gated with 
cs. 
BUSY Status Output (Active Low). When 
this pin is active the ADC is performing a 
conversion. The input signal is held prior to 
the falling edge of BUSY (see Digital Inter
face Section). 

INTERRUPT Output (Active Low). INT 
going low indicates that the conversion is 
complete. INT goes high on the rising edge 
of CS or RD and is also set high by a low 
pulse on RESET (see Digital Interface 
Section). 

DAC Select Input. This input selects which 
DAC register data is written to under control of 
CS and WR. With this input low data ii>written 
to the DACA register; with this input high data 
is written to the DACB register. 

A TTL compatible clock signal may be used 
to determine the ADC conversion time. Internal 
clock operation is achieved by connecting a 
resistor and capacitor to ground. 

Analog Ground for the ADC. 

Analog Input. Various input ranges can be 
selected (see Table I). 

Positive Supply Voltage ( + SV). 

Range Vss Voltage Range Data Format 

0 ov Oto+ 1.25V Binary 
l ov Oto +2.SV Binary 
0 -sv ± l.25V 2s Complement 
I -sv ±2.SV 2s Complement 

Table I. Input/Output Ranges 
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~ANALOG 
WDEVICES 

FEATURES 
Fast Conversion Time: 5µs 
On-Chip Track/Hold 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single + sv Supply 
100ns Data Access Time 
Low Power (15mW typ) 
Low Cost 
Standard 18-Pin DIPs or 20-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7575 is a high-speed 8-bh ADC with a built-in trade/hold 
fu'nction. The successive approximation conversion technique is 
used to achieve a fast conversion time of Sµs, while the built-in 
track/hold allows full-scale signals up to SOkHz (386mV/µs slew 
rate) to be digitized. The AD7575 requires only a single + SV 
supply and a low-cost, l.23V bandgap reference in order to 
conven an input signal range of 0 to 2VREF. 

The AD7575 is designed for easy interfacing to all popular 8-bit 
microprocessors using standard microprocessor control signals 
(CS and RD) to control staning of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the pan can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor data bus or 1/0 pon. 

The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC2MOS) process and is 
available in a small, 0.3" wide, 18-pin DIP or in 20-terminal 
surface mount packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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LC2MOS 
5µs 8-Bit ADC with Track/Hold 

AD7575 I 
FUNCTIONAL BLOCK DIAGRAM 

v •• 

PRODUCT HIGHLIGHTS 
1. Fast Conversion Time/Low Power 

The fast, Sµs conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre
quencies, while retaining the advantage of low CMOS power 
consumption. 

2. On-Chip Track/Hold 
The on-chip track/hold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/µs (e.g.1 2.46V peak-to-peak SOkHz sine 
waves) can be digitized with full accuracy. 

3. Low Total Unadjusted Error 
The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than ILSB and offset and gain adjustments 
are not required. 

4. Single Supply Operation 
Operation from a single + SV supply with a low-cost + l.23V 
bandgap reference allows the AD7575 to be used in SV 
microprocessor systems without any additional power 
supplies. 

S. Fast Digital Interface 
Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors such as the 
ZSOH, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS32010. 
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SPECIFICATIONS (Y00 = +5Y, YREF = +1.23Y, AGND = DGND =DY; fclll = 4MHz external; 
All specifications Tm;n to Tmax unless otherwise specified) AD7575 

Parameter 

ACCURACY 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Minimum Resolution for which 

No Missing Codes is Guaranteed 
Full Scale Error 

2S"C 
TmintoTmax 

Offset Error2 

2S"C 
TmintoTmax 

ANALOG INPUT 
Voltage Range 
DC Input Impedance 
Slew Rate, Tracking 
SNR3 

REFERENCE INPUT 
V REF (For specified Performance) 
)REF 

LOGIC INPUTS 
CS,RD 

V1NL1 Input Low Voltage 
V1NH, Input High Voltage 
11N, Input Current 
2S"C 
TmintoTmax 

C1N, Input Capacitance3 

CLK 
V INL' Input Low Voltage 
V1NH, Input High Voltage 
I1NL1 Input Low Current 
I1NH1 Input High Current 

LOGIC OUTPUTS 
BUSY,DBOtoDB7 

VoL, Output Low Voltage 
VoH• Output High Voltage 

DBOtoDB7 
Floating State Leakage Current 
Floating State Output Capacitance' 

CONVERSION TIME4 

With External Clock 
With Internal Clock, TA= 2S"C 

POWER REQUIREMENTS' 
Von 
loo 
Power Dissipation 
Power Supply Rejection 

NOTES 
1Temperature Ranges 3.re·as follows: 

J, K Versions; 0 co + 70°C 
A, B Versions; -2S°C to + 8S°C 
S, T Versions; -SS°C to + 12S°C 

J,A Versions' K, B Versions SVersion 

8 8 8 
±2 ±I ±2 
±I ±V2 ±I 

8 8 8 

±I ±I ±I 
±I ±I ±I 

±Vi ±V2 ±1/2 
±1/2 ±V2 ±Vi 

Oto2VREF Oto2VREF Oto2VaEF 
10 10 10 
0.386 0.386 0.386 
4S 4S 45 

1.23 1.23 1.23 
soo soo soo 

0.8 0.8 0.8 
2.4 2.4 2.4 

±I ±I ±I 
±10 ±10 ±10 
10 10 10 

0.8 0.8 0.8 
2.4 2.4 2.4 
700 700 800 
700 700 800 

0.4 0.4 0.4 
4.0 4.0 4.0 

±I ±1 ±10 
10 10 10 

s s s 
s s s 
IS IS IS 

+s +s +s 
6 6 7 
IS IS IS 
± l/4 ±V4 ± l/4 

20ffset error is measured with respect to an ideal first code transition which occurs at l/2LSB. 
3Sample tested at 2S°C to ensure compliance. 
4 Accuracy may degrade at conversion times other than those specified. 
5Power supply current is measured when AD7S7S is inactive i.e. when CS= RD= BUSY= logic HIGH. 

Specifications subject to change without notice. 

REV.A 

TVersion Units Conditions/Comments 

8 Bits 
±I LSBmax 
±•/2 LSBmax 

8 Bits max 

±I LSBmax Full Scale TC is typically Sppm/"C 
±I LSBmax 

±1/2 LSBmax Offset TC is typically Sppmi"C 
±1/2 LSBmax 

Oto2VaEF Volts ILSB = 2VaEF/2S6; See Figure 16 
10 Mfimin 
0.386 V/tJ.smax 
4S dB min VIN= 2.46V p-p@ 10kHz; See Figure II 

1.23 Volts ±5% 
soo tJ.Amax 

0.8 Vmax 
2.4 Vmin 

±I tJ.A max V1N=OorVoo 
± 10 tJ.Amax V1N=OorVoo 
10 pFmax 

0.8 Vmax 
2.4 Vmin 
800 "'Amax V1NL=OV 
800 tJ.Amax V1NH=Voo 

0.4 Vmax ls1NK = J.6mA 
4.0 Vmin lsoURCE = 40tJ.A 

±10 "'Amax VoUT=OtoVoo 
10 pFmax 

s tJ.S fcLK=4MHz 
s µsmin Using recommended clock 
IS µsmax components shown in Figure l S. 

+s Volts ± 5% for Specified Performance 
7 mAmax Typically 3mA with V 00 = + SV 
IS mWtyp 
:!: l/4 LSBmax 4.7SV:sV00:sS.2SV 

ANALOG-TO-DIGITAL CONVERTERS 2-203 
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AD7575 
TIMING SPEClflCATIONS1 (Y00 =. +5V, YREF= + 1.23V, AGND=DGND=OY) 

Limit at + 25°C Limit at T min• T max Limitat T min• T"""' 
Parameter (All Versions) Q, K, A, B.Versions) (S, TVersions) Units Conditions/Comments 

t1 0 0 0 nsmin CS to RD Setup Time 
ti 100 100 120 nsmax RD to BUSY Propagation Delay 
t/ 100 100 120 nsmax Data Access Time after RD 
4 100 100 120 nsmin RD Pulse Width 
ts 0 0 0 nsmin CS to RD Hold Time 
~2 80 80 100 nsmax Data Access Time after BUSY 
tl IO IO IO nsmin Data Hold Time 

80 80 100 nsmax 
ts 0 0 0 nsmin BUSY to CS Delay 

NOTES 
'Timing Specifications are sample tested at + 25°C to ensure compliance. All input control signals are specified with tr= tf = 20ns (10% to 90% of + SV) 
and timed from a voltage level of l.6V. 

2t, and ~are measured with the load circuits of Figure I and defined as the time required for an .output to cross 0.8V or 2.4V. 
3t 7 is defined as the time required for the data lines to change O.SV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

Test Circuits 

·. ]:kO 
DBN~ 

3k0~----~ 100pf 

DGND 

DBN<>---b 

~100pf 

DGND 

a. High-Z to VoH b. High-Z to VoL 

Figure 1. Load Circuits for Data Access Time Test 

ABSOLUTE MAXIMUM RATINGS* 
VootoAGND . 
Yoo to DGND ... , ..... . 
AGND to DGND . . . . . . .. 
Digital Input Voltage to DGND 
Digital Output Voltage to DGND 
CLK Input Voltage to DGND 
VREF to AGND ...... . 
AINtoAGND ....... . 
Operating Temperature Range 

Commercial (J, K Versions) 
Industrial (A, B Versions) 
Extended (S, T Versions) .. 

CAUTION 

-0.3V, +7V 
-0.3V, +7V 
-0.3V, Voo 

-0.3V, V00 +0.3V 
-0.3V, Voo +0.3V 
-0.3V, V00 +0.3V 

-0.3V, Voo 
-0.3V, Voo 

. 0 to +70°C 
- 2s0c to + 8S°C 

- ss·c to + 12s0c 

"'"0 11 0 3kO ~ 10pF 

DGND 

a. VoH to High-Z 

+lv3kO 
DBN~ 

10pf 

~DGND' 
b. VoL to High-z 

Figure 2. Load Circuits for Data Hold Time Test 

Storage Temperature Range . . . . . . . . . 
Lead Temperature (Soldering, IOsec) . . . . 
Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by . . . . . . . . . . 

-6S°C to + 1So0c 
+300°C 
450mW 

6mWl°C 

*Stresses above those listed under "Absolute Maximum Racings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied~ Exposure 
to absolute maximum rating conditions· for extended periods may affect 
device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! eJ 
~~EDEVICE 
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AD7575 
PIN CONFIGURATIONS 

DIP LCCC 

I!: Ii Ir! J J 
3212019 

CLK 5 

087 (MSI) 6 

DB& 1 

DBS 8 

'' tJ 

A07575 
TOPVIEW 

INot ta Salel 

~ 
le 
le 
le 
II 

18 AtN 

17 AGND 

11 DBO (LSll 

15 081 

14 DB2 

AD7575 
TOPVllEW 

!Not to Scml•I 

9 10 11 12 13 

~ !i! !I a ~ 
NC = NO CONNECT 

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 

Model1 Range (LSB) Options2 

AD7575JN Oto +70°C ±lmax N-18 
AD7575KN Oto +70"C ±l/2max N-18 
AD757SJP Oto +10°c ±lmax P-20A 
AD7575KP Oto +70°C ±l/2max P-20A 
AD757SAQ - 2s·c to + 8S°C ±lmax Q-18 
AD7575BQ - 2s·c to + 8S0c ±l/2max Q-18 
AD757SSQ · - ss•c to + 12s·c ±lmax Q-18 
AD757STQ - ss·c to + 12s·c ±l/2max Q-18 
AD757SSE - ss·c to + 12s•c ±lmax E-20A 
AD757STE -ssoero +12s·c ±1/2max E-20A 

NOTES 
1To order MIL-STD-883, Clll8a B process parts, add /883B to part 
number. Contact local sales office for military data sheet. For U.S. 
Standard Military Drawing (SMD), see DESC drawing #5962-87762. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic 
Leaded Chip Carrier; Q = Cerdip. For outline information see Package 
Information section. 

REV.A 

TERMINOLOGY 
LEAST SIGNIFICANT BIT (LSB) 
An ADC with 8-bits resolution can resolve I pan in 28 (i.e., 
256) of full scale. For the AD7575 with + 2.46V full scale one 
LSB ia 9.61mV. 

TOTAL UNADJUSTED ERROR 
Thia ia a comprehensive specification which includes full acale 
error, relative accuracy llD.d offset error. 

REI.,ATIVE ACCURACY 
Relative Accuracy ia the deviation of the ADC's actual code 
transition points from a straight. line drawn between the devices 
measured fim LSB transition point llD.d the measured full scale 
transition point. 

SNR. 
Signal-to-NOiae Ratio (SNR) ia the ratio of the desired aigna1 to 
the noise produced in the sampled llD.d digiti7.ed analog aignal. 
SNR ia dependent on the number of quantization levels used in 
the digiti2ation proccsa; the more levels, the smaller the quanti
zation nOiae. The theoretical SNR for a sine wave input ia given 

by SNR = (6.02N + 1. 76)dB 
where N ia the number of bits in the ADC. 

FULL SCALE ERROR (GAIN ERROR) 
The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the fim llD.d the last 
digital output code transitions. Gain error ia a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB's. 

ANALOG INPUT RANGE 
With VRBP = + 1.23V the maxintum analog input voltage range 
ia 0 to +2.46V. The output data in LSB's ia related to the 
analog input voltage by the integer value of the following 
expression: 

256AIN 
Data (LSB's) = --- +0.S 

2VRBP 

SLEW RATE 
Slew Rate ia the maxintum allowable rate of change of input 
aigna1 such that the digital sample values arc not in error. Slew 
Rate limitations may restrict the analog aigna1 bllD.dwidth for 
full-scale analog signals below the bllD.dwidth allowed from 
sampling theorem considerations. 

ANALOG-TO-DIGITAL CONVERTERS 2-205 
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1"11111 ANALOG 
~DEVICES 

FEATURES 
Monoiithic 16·Bit ADC 
0.0015% Linearity Error 
On-Chip Self-Calibration Circuitry 
Programmable Low Pass Filter 

0.1 Hz to 10 Hz Corner Frequency 
O to +2.5 V or ±2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power 

APPLICATIONS 
Industrial Process Control 
Weigh Scales 
Portable lnstrOmentation · 
Remote Data Acquisition 

GENERAL DESCRIPTION 
The AD7701 is a 16-bit ADC which uses a sigma delta conver
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which ' 
updates the output data register with 16-bit binary words at 
word rates up to 4 kHz'. The sampling rate, filter comer fre
quency and output word rate are set by a master clock input 
that may be supplied externally, or by a crystal-controlled on
chip clock oscillator. 

The inherent linearity, of the ADC is excellent, and end-point 
accuracy is ensured. by self-calibration of zero and full~scale 
which may' be initiated at any time. The self-\:alibrati9n scheme 
can iilso be extended. to null system offset and gain errors in the 
input channel. 

The output data is accessed through a flexible serial port, which 
has an asynchronous mode compatible With UARTs.and two 
synchronous modes suitable for interfacing· to shift registers or 
the serial ports of industry-standard microcontrollers. 

CMO~ construction insures low power dissipation, and a power 
dowp, mode reduces the idle power consumptiQn to only 10 µW. 

This is an abridged diita sheet. To obtain. the most recent vfumn or 
complete data sheet, call our fax retrieval iYstem at l-8004461212. 
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LC2MOS 
16-Bit A/D Converter 

AD7701 I 
FUNCTIONAL BLOCK DIAGRAM 

AYoo DVoo AV~ DYss SC1 

BPliJii 

CLKlN CLKOUT MODE 

PRODUCT HIGHLIGHTS 
I. The AD7701 offers 16-bit resolution coupled with outstand" 

ing 0.0015% accuracy. 

2. No missing codes ensures true, usable, 16"bit dynamic rarige, 
removing the need for programmable gain and level"setting 
circuitry. 

3. The effects of temperature drift are eliminated by on-chip 
self-calibration, which removes zero and gain error. External 
circuits can also. be induded in the calibration loop to remove 
system offsets and gain errors. 

4. A flexible synchronous/asynchronous interface allows the 
AD7701 to interface directly to UARTs or to the serial ports 
of industry-standard microcontrollers. 

5. Low operating power consumption and an ultralow power 
standby mode make the AD7701 ideal for loop-powered re
mote sensing applications, or battery-powered portable in
struments. 
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SPECIFICATIONS 
Parameter 

STATIC PERFORMANCE 
Resolution 
Integral Non linearity 

Tmin to Tmax 

Differential Nonlinearity 
Tmin to Tmax 

Positive Full-Scale Error' 

Full-Scale Drift4 

Unipolar Offset Error3 

Unipolar Offset Drift4 

Bipolar Zero Error3 

Bipolar Zero Drift4 

Bipolar Negative Full-Scale Error3 

Bipolar Negative Full-Scale Drift4 

Noise (Referred to Output) 

DYNAMIC PERFORMANCE 
Sampling Frequency, fs 
Output Update Rate, fouT 
Filter Corner Frequency, L 3 dB 

Settling Time to ±0.0007% FS 

SYSTEM CALIBRATION 
Positive Full-Scale Overrange 
Positive Full-Scale Overrange 
Negative Full-Scale Overrange 

(TA = +25°C; AV00 = DV00 = +5 V; AYss = DYss = -5 V; VREF = +2.5 V; 
fcLKIN = 4.096 MHz; Bipolar Mode; MODE = +5 V; A1" Source Resistance = 
750 n 1 with 1 nF to AGND at A1N, unless otherwise stated.) 

A, S Versions2 B, T Versions2 Units 

16 16 Bits 

±0.0007 % FSR typ 
±0.003 ±0.0015 % FSRmax 

±0.125 ±0.125 LSB typ 
±0.5 ±0.5 LSB max 
±0.13 ±0.13 LSB typ 
±0.5 ±0.5 LSB max 
± 1.2 (±2.3 S Version) ±1.2 (±2.3 T Version) LSB typ 
±0.25 ±0.25 LSB typ 
±1 ±1 LSB max 
±1.6 (+3/-25 S Version) ±1.6 (+3/-25 T Version) LSB typ 
±0.25 ±0.25 LSB typ 
±1 ±1 LSB max 
±0.8 ( + 1.5/-12.5 S Version) ±0.8 ( + 1.5/-12.5 T Version) LSB typ 
±0.5 ±0.5 LSB typ 
±2 ±2 LSB max 
±0.6(±1.2 S Version) ±0.6 (±1.2 T Version) LSB typ 
0.1 0.1 LSB rms typ 

fcLKIN/256 fcLKIN/256 Hz 
fcLKIN/1024 fcLKIN/1024 Hz 
fcLKIN/409,600 fcLKIN/409,600 Hz 
507904/fcLKIN 507904/fCLKIN sec 

VREF +0.1 VREF +0.1 Vmax 
VREF +0.1 VREF +0.1 Vmax 
-(VREF +0.1) -(VREF +0.1) Vmax 

AD7701 

Test Conditions/Comments 

Guaranteed No Missing Codes 

For Full-Scale Input Step 

Applies to Unipolar and 
Bipolar Ranges. After Cali-
bration, If A1N > V REF• the 
Device Will Output All ls 

Maximum Offset Calibration Range5• 6 If AIN <0 (Unipolar) or 
Unipolar Input Range -(VREF +0.1) -(VREF +0.1) Vmax -VREF (Bipolar), the Device 
Bipolar Input Range -0.4 VREF to +0.4 VREF -0.4 VREF to +0.4 VREF Vmax Will Output All Os. 

Input Span7 0.8 VREF 0.8 VREF. V min 
2 VREF +0.2 2 VREF +0.2 Vmax 

ANALOG INPUT 
Unipolar Input Range 0 to +2.5 0 to +2.5 Volts 
Bipolar Input Range ±2.5 ±2.5 Volts 
Input Capacitance 10 10 pF typ 
Input Bias Current' 1 1 nA typ 

LOGIC INPUTS 
All Inputs Except CLKIN 

V INL> Input Low Voltage 0.8 0.8 Vmax 
ViNH• Input High Voltage 2.0 2.0 Vmin 

CL KIN 
V INL• Input Low Voltage 0.8 0.8 Vmax 
V INH• Input High Voltage 3.5 3.5 Vmin 

'™' Input Current 10 10 µAmax 

LOGIC OUTPUTS 
V 0u Output Low Voltage 0.4 0.4 Vmax JSINK = J.6 mA 
V om Output High Voltage DV00-l DV00-l Vmin lsoURCE = 100 µA 
Floating State Leakage Current ±10 ±10 µAmax 
Floating State Output Capacitance 9 9 pF typ 
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AD7701 
.· ·_;:_ 

Parameter A, S V enloris2 B, T VerSions2 
.-·,· 

Units Test COnditionslComments ·· 

POWER REQUIREMENTS8 

Power Supply V OJ.rages 
Analog Positive Supply (AV 00) 4.5/5.5 4.5/5.5 Vmin/Vmax 
Digital Positive Supply (DV 00) 4.5/AV00 4.5/AVoo Vmin/Vmax 
Analog Negativi: Supply (AV 88) -4.5/-5.5 -4.5/-5.5 Vmin/Vmax 
Digital Negative Supply (DV 88) -4.5/-5.5 -4.5/-5.5 Vmin/Vmax 
Calibration Memory Retention 
Power Supply Voltage '· . 

DC Power Supply Currents• 
2.0 2.0 Vmin 

Analog Positive Supply (AI00) 2.7 2.7 mAmax Typically 2 mA 
Digital Positive Supply (DI00) 2 2 mAmax Typically 1 mA 
Analog Negative Supply (Alss) 2.7 2.7 mAmax Typically 2 mA 
Digital Negative Supply (DI88) 0.1 0.1 mAmax Typically 0.03 mA 

Power Supply Rejection9 

Positive Supplies 70 70 dBtyp 
Negative Supplies 75 75 dB typ 

Power Dissipation 
Normal Operation 40 40 mW max SLEEP= Logic I, 

Typically 25 mW 
Standby Operation10 20 ( 40 S Version) 20 ( 40 T Version) µWmax SLEEP = Logic O~ 

Typically 10 µ W 

NOTES 
'The AIN pin presents a very high impedance dynamic load which varies with clock frequency. 
2Temperature ranges are as follows: A, B Versions; -40"C to +85°C; S, T Versions; -55°C to + 125'C. 
3 Apply after calibration at the temperature of interest. Full-scale error applies for both unipolar and bipolar input ranges. 
"Total drift over the specified tempersture range since calibration at power-up at + 25"C. This is guaranteed by design and/or characterization. Recalibration at 
any temperature will remove these errors. · ' ' 

'In unipolar mode the offset can have a negative value (-V REF) such that the unipolar mode can mimic bipolar mode operation. 
6The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
7For unipolar mode, input span is the difference between full-scale and zero scale. Fir bipolar mode, input span is the difference between positi.ve and negative 
full-scale points, When using less than the maximum input span, the span range may be placed anywhere .within the range of ±(VRBF +0.1). 

8 All digital outputs unloaded. All digital inputs at 5 V CMOS levels. 
9Applies in 0.1 Hz to IO Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 

rncLKIN is stopped. All digital inputs are grounded. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

(TA = + 25'C unless otherwise noted) 

DVDD to AGND ................... -0.3 V to +6 V 
DVDD to AVDD .................. -0.3 V to +0.3 V 
DVss to AGND .................... +0.3 V to -6 V 
AVDD to AGND ........... , ....... -0.3 V to +6 V 
AVss to AGND .................... +0.3 V to -6 V 
AGND to DGND ................. -0.3 V to +0.3 V 
Digital Input Voltage to DGND ... -0.3 V to DVDD +0.3 V 
Analog Input 

Voltage to AGND ....... AV ss -0.3 V to AV DD +0.3 V 
Input Current to Any Pin Except Sµpplies2 • • • • • • • ± 10 mA 
Operating Temperature Range 

Commercial Plastic (A, B Versions) . ; .... -40°C to +85°C 

Industrial Cerdip (A, B Versions) ... · .... -40°C to +85°C 
Extended Cerdip (S, T Versions) .... , .. -ss•c to + 125°C 

Storage Temperature Range ....... ; ... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) . · .. , ........ +300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by ......... ·: ...... . 10 rriWfC 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional 
operstion of the device at these or any other conditions above those listed in the 

. operational sections of this specification is not implied. El<posure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch-up. 

CAUTION~~~~~~~~-.-~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device .. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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AD7701 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

MODE 

2 CLKOUT 

3 CL KIN 
4, 17 SC1,SC2 

5 DGND 

6 DVss 
7 AVss 
8 AGND 

9 AIN 
10 VREF 

11 SLEEP 

12 BP/UP 

13 CAL 

14 AVoo 
15 DVoo 

16 cs 

18 DRDY 

19 SCLK 

20 SDATA 

REV.B 

Selects the Serial Interface Mode. If MODE is tied to -5 V, the AD7701 will operate in the asynchronous 
communications (AC) mode. The SCLK pin is configured as an input, and data is transmitted in two bytes, 
each with one start bit and two stop bits. If MODE is tied to DGND, the synchronous external clocking (SEC) 
mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB coming 111 first. If MODE is tied to +5 V, the AD7701 operates in the synchronous self-clocking (SSC) mode. SCLK is 
configured as an output, with a clock frequency of fcLKIN/4 and 25% duty-cycle. 

Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT and CLKIN. If 
an external clock is used, CLKOUT is not connected. 

Clock Input for External Clock. 

System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 

Digital Ground. Ground reference for all digital signals. 
Digital Negative Supply, -5 V nominal. 

Analog Negative Supply, -5 V nominal. 

Analog Ground. Ground reference for all analog signals. 

Analog Input. 

Voltage Reference Input, +2.5 V nominal. This determines the value of positive full-scale in the unipolar mode 
and of both positive and negative full-scale in the bipolar mode. 

Sleep mode pin. When this pin is taken low, the AD7701 goes into a low-power mode with typically 10 µW 
power consumption. 

Bipolar/Unipolar Mode Pin. When this pin is low, the AD7701 is configured for a unipolar input range going 
from AGND to VREF· When Pin 12 is high, the AD7701 is configured for a bipolar input range, ±VREF· 

Calibration Mode Pin. When CAL is taken high for more than 4 cycles, the AD7701 is reset and performs a 
calibration cycle when CAL is brought low again. The CAL pin can also be used as a strobe to synchronize the 
operation of several AD770 Is. 

Analog Positive Supply, +5 V nominal. 

Digital Positive Supply, + 5 V nominal. 

Chip Select Input. When CS is brought low, the AD7701 will begin to transmit serial data in a format 
determined by the state of the MODE pin. 

Data Ready output. DRDY is low when valid data is available in the output register. It goes high after transmission 
of a word is completed. It also goes high for four clock cycles when a new data word is being loaded into the output 
register, to indicate that valid data is not available, irrespective of whether data transmission is complete or not. 

Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of serial 
data transmission that has been selected by the MODE pin. When configured as an output in the synchronous 
self-clocking mode, it has a frequency of fcLKIN/4 and a duty cycle of 25%. 

Serial Data Output. The AD7701's output data is available at this pin as a 16-bit serial word. The transmission 
format is determined by the state of the MODE pin. 

PIN CONFIGURATION ORDERING GUIDE 

Temperature Linearity Package 
Model1 Range Error (o/oFSR) Options2 

AD7701AN -40°C to +85°C 0.003 N-20 
AD7701BN -40°C to +85°C 0.0015 N-20 
AD7701AR -40°C to +85°C 0.003 R-20 
AD7701BR -40°C to +85°C 0.0015 R-20 
AD7701AQ -40°C to +85°C 0.003 Q-20 
AD7701BQ -40°C to +85°C 0.0015 Q-20 
AD7701SQ3 - 55°C to + 125°C 0.003 Q-20 
AD7701TQ3 -55°C to + 125°C 0.0015 Q-20 

NOTES 
1To order MIL-STD-883B, Class B processed parts, add /883B to part num
ber. Contact your local sales office for military data sheet. 

2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 

'Available to /883B processing only. 
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TIMING CHARACTERISTICS1· 2 
(AV00 = DV00 = +5 V ± 10%; AV55 = DV55 = -5 V ± 10%; AGND = DGND = 0 V; 
fcLKtN = 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DV00) 

Limit at T min' T max Limit at T m;n• T max 

Parameter (A, B Versions) (S, T Versions) Units Conditions/Comments 

fcLKIN 
3, 4 40 40 kHz min Master Clock Frequency: Internal Gate Oscillator 

5 5 MHz max Typically 4.096 MHz 
40 40 kHz min Master Clock Frequency: Externally Supplied 
5 5 MHz max 

t,s 50 50 ns max Digital Output Rise Time. Typically 20 ns 
trs so 50 ns max Digital Output Fall Time. Typically 20 ns 
t1 0 0 ns min SCI, SC2 to CAL High Setup Time 
t2 50 50 ns min SCI, SC2 Hold Time After CAL Goes High 
t.6 1000 1000 nsmin SLEEP High to CLKIN High Setup Time 

SSC Mode 
t/ 3/fcLKIN 3/fcLKIN ns min Data Access Time (CS Low to Data Valid) 
ts 100 100 ns max SCLK Falling Edge to Data Valid Delay (25 ns typ) 
t,; 250 250 ns min MSB Data Setup Time. Typically 380 ns 
t7 300 300 ns max SCLK High Pulse Width. Typically 240 ns 
ts 790 790 ns max SCLK Low Pulse Width. Typically 730 ns 
r,,8 l/fcLKIN + 200 l/fCLKIN + 200 ns max SCLK Rising Edge to Hi-Z Delay (llfcLKIN + 100 ns typ) 
t 8, 9 

10 ( 4/fcLKIN) + 200 ( 4/fcLKIN) + 200 ns max CS High to Hi-Z Delay 

SEC Mode 
fscLK 5 5 MHz Serial Clock Input Frequency 
tu 50 so ns min SCLK Input High Pulse Width 
t'12 180 180 ns min SCLK Low Pulse Width 
t 7, 10 

13 160 160 ns max Data Access Time (CS Low to Data Valid). Typically 80 ns 
t14 ll 150 150 ns min SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
tis s 250 250 ns min CS High to Hi-Z Delay 
t108 200 200 ns min SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 

AC Mode 
t17 40 40 ns max CS Setup Time. Typically 20 ns 
tis 180 180 ns max Data Delay Time. Typically 90 ns 
t19 200 200 ns max SCLK Falling Edge to Hi-Z Delay. Typically 100 ns 

NOTES 
1Sample tested at +25'C to ensure compliance. All input signals are specified with t, = t, = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figures 1 to 5. 
3CLKIN Duty Cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7701 is not in SLEEP mode. If no clock is present in this case, the 
device can draw higher current than. specified and possibly become uncalibrated. 

"The AD7701 is production tested with fcLKIN at 4.096 MHz. It is gnaranteed by characterization to operate at 200 kHz. 
5Specified using 10% and 90% points on waveform of interest. 
6In order to synchronize several AD770ls together using the SLEEP pin, this specification is met. 
7t4 and t 13 are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
8t8, t 10 , t 15 and t16 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char
acteristics is the true bus relinquish time of the part and as such as independent of external bus loading capacitance. 

9If CS is returned high before all 16 bits are output, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 
10If CS is activated asynchronously to DROY, CS will not be recognized if it occurs when DROY is high for four clock cycles. The propagation delay time may 

be as great as 4 CLKIN cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous CS, the SCLK input should not be taken high 
sooner then 4 CL KIN cycles plus 160 ns after CS goes low. 

"SDATA is clocked out on the falling edge of the SCLK input. 
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CAL(1) 

+2.1V 

CLKIN(1) I\ ..J 
=I~ 1, 1, 

SC1, SC2 (1) SC1 ,SC2 VALID SLEEP(1) \__J 

Figure 1. Load Circuit for Access 
Time and Bus Relinquish Time 

2a. Calibration Control Timing 2b. SLEEP Mode Timing 

SDATA (0) 

Figure 3. SSC Mode Data Hold Time Figure 4a. SEC Mode Data Hold Time Figure 4b. SEC Mode Timing Diagram 

Figure 5. SSC Mode Timing Diagram 

TERMINOLOGY 

LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are Zero-Scale (not to be con
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 ... 000 to 000 ... 001) and Full-Scale, a 
point 1.5 LSB above the last code transition (ll l ... llO to 
ll l . . . 1 ll). The error is expressed as a percentage of 
full scale. 

DIFFERENTIAL LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (1 LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of ± 1 LSB or less 
guarantees monotonicity. 

POSITIVE FULL-SCALE ERROR 
Positive Full-Scale Error is the deviation of the last code transi
tion ( ll l . . . ll 0 to ll l . . . ll l) from the ideal (V REF - 3/2 
LSBs). It applies to both positive and negative analog input 
ranges and it is expressed in microvolts. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni
polar mode. It is expressed in microvolts. 

REV.B 

Figure 6. AC Mode Timing Diagram 

BIPOLAR ZERO ERROR 
This is the deviation of the mid-scale transition (Olli ... Ill 
to 1000 ... 000) from the ideal (AGND - 0.5 LSB) when op
erating in the bipolar mode. It is expressed in microvolts. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
(-VREF + 0.5 LSB), when operating in the bipolar mode. It is 
expressed in microvolts. 

POSITIVE FULL-SCALE OVERRANGE 
Positive Full-Scale Overrange is the amount of overhead avail
able to handle input voltages greater than + V REF ( for example, 
noise peaks or excess voltages due to system gain errors in sys
tem calibration routines) without introducing errors due to over
loading the analog modulator or overflowing the digital filter. It 
is expressed in millivolts. 

NEGATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages be
low - V REF without overloading the analog modulator or over
flowing the digital filter. Note that the analog input will accept 
negative voltage peaks even in the unipolar mode. The overhead 
is expressed in millivolts. 
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FEATURES 
Monolithic 20-Bit ADC 
0.0003% Linearity Error 
20-Bit No Missed Codes 
On-Chip Self-Calibration Circuitry 
Programmable Low-Pass Filter 

0.1 Hz to 10 Hz Corner Frequency 
0 to +2.5 V or :t2.5 V Analog Input Range 
4 kSPS Output Data Rate 
Flexible Serial Interface 
Ultralow Power 

APPLICATIONS 
Industrial Process Control 
Weigh Scales 
Portable Instrumentation 
Remote Data Acquisition 

GENERAL DESCRIPTION 
The AD7703 is a 20-bit ADC which uses a sigma delta conver
sion technique. The analog input is continuously sampled by an 
analog modulator whose mean output duty cycle is proportional 
to the input signal. The modulator output is processed by an 
on-chip digital filter with a six-pole Gaussian response, which 
updates the output data register with 20-bit binary words at 
word rates up to 4 kHz. The sampling rate, filter corner fre
quency and output word rate are set by a master clock input 
that may be supplied externally, or by an on-chip gate oscillator. 

The inherent linearity of the ADC is excellent, and endpoint 
accuracy is ensured by self-calibration of zero and full scale 
which may be initiated at any time. The self-calibration scheme 
can also be extended to null system offset and gain errors in the 
input channel. 

The output data is accessed through a serial port, which has two 
synchronous modes suitable for interfacing to shift registers or 
the serial ports of industry standard microcontrollers. 

CMOS construction ensures low power dissipation, and a power 
down mode reduces the idle power consumption to only 10 µW. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD7703 I 
FUNCTIONAL BLOCK DIAGRAM 

AVss DVss SC1 

1 

CLKIN CLKOUT MODE 

PRODUCT HIGHLIGHTS 

SC2 

I. The AD7703 offers 20-bit resolution coupled with outstand
ing 0.0003% accuracy. 

2. No missing codes ensures true, usable, 20-bit dynamic range, 
removing the need for programmable gain and level-setting 
circuitry. 

3. The effects of temperature drift are eliminated by on-chip 
self-calibration, which removes zero and gain error. External 
circuits can also be included in the calibration loop to remove 
system offsets and gain errors. 

4. A flexible synchronization allows the AD7703 to interface 
directly to the serial ports of industry standard microcontrol
lers and DSP processors. 

5. Low operating power consumption and an ultralow power 
standby mode make the AD7703 ideal for loop powered 
remote sensing applications, or battery-powered portable 
instruments. 
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SPECIFICATIONS 
(TA = +25°C; AV00 = D.YiJ0 = +5 V; AV55 = DV55 = -5 V; VREF = +2.5 V; 
fcLKIN = 4.096 MHz; BP/UP = +5 V; MODE = +5 V; A,N Source Resistance = 
750 n 1 with 1 nF to AGND at A," unless otherwise stated.) A07703 

Parameter A/S Versions2 B Version2 C Version2 Units Test Conditions/Comments 

STATIC PERFORMANCE 
Resolution 20 20 20 Bits 
Integral Nonlinearity, T mm to T max ±0.0015 ±0.0007 ±0.0003 % FSR typ .. 

+25°C ±0.003 ±0.0015 ±0.0008 % FSRmax 

Tmm to Tmax ±0.003 ±0.0015 ±0.0012 % FSRmax 
Differential Nonlinearity, T mm to T max ±0.5 ±0.5 ±0.5 LSB typ Guaranteed No Missing Codes 
Positive Full-Scale Error3 ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Full-Scale Drift4 ± 19/±37 ±19 ±19 LSB typ 
Unipolar Offset Error3 ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Unipolar Offset Drift4 ±26 ±26 ±26 LSB typ Temp Range: 0 to + 70°C 

±67 +48/-400 ±67 ±67 LSB typ Specified Temp Range 
Bipolar Zero Error3 ±4 ±4 ±4 LSB typ 

±16 ±16 ±16 LSB max 
Bipolar Zero Drift4 ± 13 ±13 ±13 LSB typ Temp Range: 0 to + 70°C 

±34 +24/-200 ±34 ±34 LSB typ Specified Temp Range 
Bipolar Negative Full-Scale Error3 ±8 ±8 ±8 LSB typ 

±32 ±32 ±32 LSB max 
Bipolar Negative Full-Scale Drift4 ± 10/±20 ±10 ±10 LSB typ 
Noise (Referred to Output) 1.6 1.6 1.6 LSB rms typ 

DYNAMIC PERFORMANCE 
Sampling Frequency, f5 fcLKIN/256 fcLKIN/256 fcLKIN/256 Hz 
Output Update Rate, fouT fcLKIN/1024 fcLKIN/1024 fcLKIN/1024 Hz 
Filter Corner Frequency, L 3 dB fCLKlN/409,600 fCLKIN/409,600 fcLKIN/409,600 Hz 
Settling Time to ±0.0007% FS 507904/fcLKIN 507904/fcLKIN 507904/fCLKIN sec For Full-Scale Input Step 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Range VREF + 0.1 VREF + 0.1 VREF + 0.1 Vmax System Calibration Applies to 
Positive Full-Scale Overrange VREF + 0.1 VREF + 0.1 VREF + 0.1 V max Unipolar and Bipolar Ranges. 
Negative Full-Scale Overrange -(VREF + 0.1) -(VREF + 0.1) -(VREF - + 0.1) V max After Calibration, if AIN>VREF' 
Maximum Offset Calibration Range5 ' 6 the Device Will Output All ls. 

Unipolar Input Range -(VREF + 0.1) -(VREF + 0.1) -(VREF + 0.1) Vmax If A1N<O (Unipolar) or -VREF 
Bipolar Input Range 0.4 VREF to 1-0.4 VREF --0.4 VREF to +0.4 VREF -0.4 VREF to +0.4 VREF V max (Bipolar), the Device Will 

Input Span7 0.8 VREF 0.8 VREF 0.8 VREF Vmin Output all Os 
2 VREF + 0.2 2 VREF + 0.2 2 VREF + 0.2' V max 

ANALOG INPUT 
Unipolar Input Range 0 to +2.5 0 to +2.5 0 to +2.5 Volts 
Bipolar Input Range ±2.5 ±2.5 ±2.5 Volts 
Input Capacitance 20 20 20 pF typ 
Input Bias Current1 l l l nA typ 

LOGIC INPUTS 
All Inputs except CLKIN 

VINu Input Low Voltage 0.8 0.8 0.8 Vmax 
ViNH' Input High Voltage 2.0 2.0 2.0 Vmin 

CL KIN 
VINu Input Low Voltage 0.8 0.8 0.8 V max 
VrNJI' Input High Voltage 3.5 3.5 3.5 Vmin 

I1N, Input Current 10 10 10 µAmax 

LOGIC OUTPUTS 
V 0u Output Low Voltage 0.4 0.4 0.4 V max ls1NK = 1.6 mA 
V0 tt, Output High Voltage DVDD-1 DV00-l DV00-l Vmin IsouRCE = 100 µA 
Floating State Leakage Current ±10 ±10 ±10 µA max 
Floating State Output Capacitance 9 9 9 pFtyp 

POWER REQUIREMENTS8 

Power Supply Voltages 
Analog Positive Supply (AV DD) 4.5/5.5 4.515.5 4.515.5 VminNmax For Specified Performance 
Digital Positive Supply (DV DD) 4.5/AV00 4.5/AV00 4.5/AV00 VminNmax 
Analog Negative Supply (AV 55 ) -4.51-5.5 -4.5/-5.5 -4.51-5.5 V roinN max 
Digital Negative Supply (DV,5) -4.5/-5.5 -4.51-5.5 -4.5/-5.5 V min/V max 
Calibration Memory Retention 
Power Supply Voltage 2.0 2.0 2.0 Vmin 
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AD7703 
Parameter AJS Versions2 B Version2 C Version2 Units Test Conditions/Comments 

STATIC PERFORMANCE 

DC Power Supply Currents11 

Analog Positive Supply tAinn) 3.2 3.2 3.2 mAmax Typically 2 mA 
Digital Positive Supply lDinn) l.5 l.5 1.5 mAmax Typically I mA 
Analog Negative Supply (Alss) 3.2 3.2 3.2 mAmax Typically 2 mA 
Di.gital Negative Supply \Diss) 0.1 0.1 0.1 mAmax Typically 0.03 mA 

Power Supply Rejection4 

Positive Supplies 70 70 70 dB typ 
Negati\'e Supplies 75 75 75 dBtyp 
Power Dissipation 
Normal Operation 40 40 40 mW max SLEEP ~ Logic I, 

Typically 25 mW 
Standby Operation 10 SLEEP ~ Logic 0 

A,B,C 20 20 20 µWmax Typically 10 I'-W 
s 40 40 40 µWmax 

NOTES 
1The A1N pin presents a very high impedance dynamic load which varies with clock frequency. A ceramic l nF capacitor from the AIN to AGND is necessary. 
Source resistance should be 750 !l or less. 

'Temperature Ranges are as follows: A, B, C Versions: -40°C to +85°C; S Version: -55°C to + 125°C. 
-~Applies after calibration at the temperature of interest. Full-Scale Error applies for both unipolar and bipolar input ranges. 
~Total drift over the specified temperature range after calibration at power-up at +2S°C. This is guaranteed by design and/or characterization. Recalibration at 
any temperature will remove these errors. 
~In unipolar mode the offset can have a negative value (-VREF) such that the unipolar mode can mimic bipolar mode operation. 
6The specifications for input overrange and for input span apply additional constraints on the offset calibration range. 
;For unipolar mode, input span is the difference between full scale and zero scale. For bipolar mode, input span is the difference between positive and negative 
full~scale points. When using less than the maximum input span, the span range may be placed anywhere within the range of ±(VREF + 0.1). 

'All digital outputs unloaded. All digital inputs at 5 V CMOS levels. 
'Applies in 0.1 Hz to lO Hz bandwidth. PSRR at 60 Hz will exceed 120 dB due to the digital filter. 

JOCLKIN is stopped. All digital inputs are grounded. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
\T" = +2S°C unless otherwise noted) 

ORDERING GUIDE 

DVnn to AGND .... , , ... , ......... -0.3 V to +6 V 
DVnn to AVnn .. , .... , , ......... -0.3 V to +0.3 V 
DVss to AGND . +0.3 V to -6 V 

Temperature Linearity Error Package 
Model Range (% FSR) Option1 

AVun to AGND . , -0.3 V to +6 V AD7703AN -40°C to +8S°C 0.003 N-20 
AVss to AGND , .. +03 V to -6 V AD7703BN -40°C to +8S°C O.OOlS N-20 
AGND to DGND ... , ... , .. , .. , ... -0.3 V to +03 V AD7703CN -40°C to +ss0c 0.0012 N-20 
Digital Input Voltage to DGND ... -0.3 V to DVnn + 03 V AD7703AR -40°C to +8S°C 0.003 R-20 
Analog Input Voltage to AGND ...... ,,,. AVss -03 V to AD7703BR -40°C to +8S°C 0.0015 R-20 

AVnn + 03 V AD7703CR -40°C to +8S°C 0.0012 R-20 
Input Current to any Pin Except Supplies1 .. , , , , ± 10 mA AD7703AQ -40°C to +8S°C 0.003 Q-20 

Operating Temperature Range AD7703BQ -40°C to +8S°C O.OOlS Q-20 
Industrial (A, B, C Versions) ... , , ..... -40°C to +8S°C AD7703CQ -40°C to +8S°C 0.0012 Q-20 

Extended (S Version) , ... , , ...... , , -SS°C to + 12S°C AD7703SQ2 -SS°C to + 12S°C 0.003 Q-20 
Storage Temperature Range , , , ........ -6S°C to + 1S0°C 

NOTES 
Lead Temperature (Soldering, 10 secs) , , ... , , .. , . + 300°C 
Power Dissipation (DIP Package) to +75°C , . , , , .. 4SO mW 
Derates above +7S°C by , , , , . , .. , , , .. , . , .. 10 mW/°C 
Power Dissipation (SOIC Package) to +7S°C, . , , , , . 2SO mW 
Derates above +7S°C by , . , , , , ... , , , , , , .. , lS mW/"C 

'N = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see 
Package Information section. 

'Available to /883B processing only, Contact local sales office for military 
data sheet. 

NOTES 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions abbve those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch·up. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode J?rotected; 
however, permanent damage may occur on unconnected devices subject to high energy.electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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TIMING CHARACTERISTlcsl, 2 (AV00 = DV00 = +5 V ± 10%; AV55 = DV55 = -5 V ± 10%; AGND = DGND = 0 V; fcLKIN 

= 4.096 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DV00; unless otherwise stated.) 

Limit at T m;n• T max Limit at T min' T max 

Parameter (A, B, C Versions) (S Version) Units Conditions/Comments 

fcLKIN 
3, 4 40 40 kHz min Master Clock Frequency: Internal Gate Oscillator 

5 5 MHz max Typically 4096 kHz 
40 40 kHz min Master Clock Frequency: Externally Supplied 
5 5 MHz max 

tr' 50 50 ns max Digital Output Rise Time. Typically 20 ns 
t/ 50 50 ns max Digital Output Fall Time. Typically 20 ns 
t1 0 0 ns min SCI, SC2 to CAL High Setup Time 
tz 50 50 ns min SCI, SC2 Hold Time After CAL Goes High 
t 6 

3 1000 1000 ns min SLpEP High to CLKIN High Setup Time 

SSC MODE 
t/ 3/fCLKIN 3/fCLKIN ns min Data Access Time (CS Low to Data Valid) 
ts IOO 100 ns max SCLK Falling Edge to Data Valid Delay (25 ns typ) 
t6 250 250 ns min MSB Data Setup Time. Typically 380 ns 
t7 300 300 nsmax SCLK High Pulse Width. Typically 240 ns 
ts 790 790 nsmax SCLK Low Pulse Width. Typically 730 ns 
t9 l/fcLKIN + 200 l/fcLKIN + 200 ns max SCLK Rising Edge to Hi-Z Delay (llfcLKIN + 100 ns typ) 
t 8, 9 

10 4/fCLKIN + 200 4/fCLKIN + 200 ns max CS High to Hi-Z Delay 

SEC MODE 
fscLK 5 5 MHz max Serial Clock Input Frequency 
tn 50 50 nsmin SCLK High Pulse Width 
t,, 180 180 nsmin SCLK Low Pulse Width 
t 7, 10 

13 160 160 ns max Data Access Time (CS Low to Data Valid). Typically 80 ns 
t,. 11 150 150 ns min SCLK Falling Edge to Data Valid Delay. Typically 75 ns 
l1s8 250 250 ns min CS High to Hi-Z Delay 
t168 200 200 nsmin SCLK Falling Edge to Hi-Z Delay. Typically IOO ns 

NOTES 
1Sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures I to 6. 
'CLKIN duty cycle range is 20% to 80%. CLKIN must be supplied whenever the AD7703 is not in SLEEP mode. If no clock is present in this case, the 
device can draw higher current than specified and possibly become uncalibrated. 

4The AD7703 is production tested with fcLKIN at 4.096 MHz. It is guaranteed by characterization to operate at 200 kHz. 
5Specified using 10% and 90% points on waveform of interest. 
6ln order to synchronize several AD7703s together using the SLEEP pin, this specification must be met. 
7 t4 and t 13 are measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
8~, t10, t15 and t16 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the Timing Char
acteristics is the true bus relinquish time of the part and as such is independent of external bus loading capacitances. 

'If CS is returned high before all 20 bits are output, the SDATA and SCLK outputs will complete the current data bit and then go to high impedance. 
10If CS is activated asynchronously to DRDY, CS will not be recognized if it occurs when DRDY is high for four clock cycles. The propagation delay time may 

be as great as 4 CLKIN cycles plus 160 ns. To guarantee proper clocking of SDATA when using asynchronous CS, The SCLK input should not be taken 
high sooner than 4 CLKIN cycles plus 160 ns after CS goes low. 

11SDATA is clocked out on the falling edge of the SCLK input. 
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Figure 2. Calibration Control Timing 
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cs-C 
~~~ .. 

SDATA(O)~ 

Figure 4. SSC Mode Data Hold Time 

'---------fl------

Figure 5b. SEC Mode Timing Diagram 

TERMINOLOGY 
LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are zero-scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi
tion (000 ... 000 to 000 ... 001) and full scale, a point 1.5 
LSBabovethelastcodetransition(lll ... 110 to 111 ... 111). 
The error is expressed as a percentage of full scale. 

DIFFERENTIAL LINEARITY ERROR 
This is the difference between any code's actual width and the 
ideal (1 LSB) width. Differential linearity error is expressed in 
LSBs. A differential linearity specification of ± 1 LSB or less 
guarantees monotonicity. 

POSITIVE FULL·SCALE ERROR 
Positive full-scale error is the deviation of the last code transi
tion (111 ... 110 to 111 ... 111) from the ideal (VREF -

3/2 LSBs). It applies to both positive and negative arialog input 
ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal (AGND + 0.5 LSB) when operating in the uni
polar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 ... 111 to 
1000 . , . 000) from the ideal (AGND - 0.5 LSB) when operat
ing in the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
( - V REF + 0.5 LSB), when operating in the bipolar mode. 
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Figure 5a. SEC Mode Data Hold Time 

Figure 6. SSC Mode Timing Diagram 

POSITIVE FULL-SCALE OVERRANGE 
Positive full-scale overrange is the amount of overhead available 
to. handle input voltages greater than + V REF (for example, noise 
peaks or excess voltages due to system gain errors in system cali
bration routines) without introducing errors due to overloading 
the analog modulator or overflowing the digital filter. 

NEGATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages 
below - V REF without overloading the analog modulator or 
overflowing the digital filter. Note that the analog input will 
accept negative voltage peaks even in the unipolar mode. 

OFFSET CALIBRATION RANGE 
In the system calibration modes (SC2 Low) the AD7703 cali
brates its offset with respect to the A1N pin. The offset calibra
tion range specification defines the range of voltages that the 
AD7701 can accept and still calibrate offset accurately. 

FULL-SCALE CALIBRATION RANGE 
This is the range of volt<iges that the AD7703 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7703's analog input define the analog input range. 
The input span specification defines the minimum and maxi
mum input voltages from zero to full scale that the AD7703 can 
accept and still calibrate gain accurately. 
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AD7703 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Description 

2 

3 

4, 17 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

11-V 

0.596 
1.192 
2.384 
4.768 
9.537 

MODE Selects the Serial Interface Mode. If MODE is tied to DGND, the Synchronous External Clocking (SEC) 
mode is selected. SCLK is configured as an input, and the output appears without formatting, the MSB 
coming first. If MODE is tied to + 5 V, the AD7703 operates in the Synchronous Self-Clocking (SSC) mode. 
SCLK is configured as an output, with a clock frequency of fcLKIN/4 and 25% duty cycle. 

CLKOUT Clock Output to generate an Internal Master Clock by connecting a crystal between CLKOUT and CLKIN. If • 
an external clock is used, CLKOUT is left open circuit. 

CLKIN Clock Input for External Clock. 

SCl, SC2 System Calibration Pins. The state of these pins, when CAL is taken high, determines the type of calibration 
performed. 

DGND 

DVss 

AVss 

AGND 

A1N 

VREF 

SLEEP 

BP/UP 

CAL 

AVoo 

DVoo 

cs 

DROY 

SCLK 

SDATA 

Digital Ground. Ground reference for all digital signals. 

Digital Negative Supply, -5 V nominal. 

Analog Negative Supply, -5 V nominal. 

Analog Ground. Ground reference for all analog signals. 

Analog Input. 

Voltage Reference Input, + 2.5 V nominal. This determines the value of positive full scale in the unipolar 
mode and of both positive and negative full-scale in the Bipolar Mode. 

Sleep mode pin. When this pin is taken Low, the AD7703 goes into a low-power mode with typically 10 µ.W 
power consumption. 

Bipolar/Unipolar mode pin. When this pin is low the AD7703 is configured for a unipolar input range of 
AGND to V REF· When Pin 12 is High, the AD7703 is configured for a bipolar input range, ± V REF· 

Calibration mode pin. When CAL is taken High for more than 4 master clock cycles, the AD7703 is reset and 
performs a calibration cycle when CAL is brought Low again. The CAL pin can also be used as a strobe to 
synchronize the operation of several AD7703s. 

Analog Positive Supply, +5 V nominal. 

Digital Positive Supply, +5 V nominal. 

Chip Select Input. When CS is brought low, the AD7703 will begin to transmit serial data in a format 
determined by the state of the MODE pin. 

Data Ready Output. DROY is low when valid data is available in the output register. It goes High after 
transmission of a word is completed. It also goes High for four clock cycles when a new data word is being 
loaded into the output register, to indicate that valid data is not available, irrespective of whether data 
transmission is complete or not. 

Serial Clock Input/Output. The SCLK pin in configured as an input or output, dependent on the type of 
serial data transmission that has been selected by the MODE pin. When configured as an output in the 
Synchronous Self-Clocking mode, it has a frequency of fcLKIN/4 and a duty cycle of 25%. 

Serial Data Output. The AD7703's output data is available at this pin as a 20-bit serial word. 

UNIPOLAR MODE BIPOLAR MODE PIN CONFIGURATION 

LSBs %FS ppmFS 

0.25 0.0000238 0.24 
0.5 0.0000477 0.48 
1.00 0.0000954 0.95 
2.00 0.0001907 1.91 
4.00 0.0003814 3.81 

LSBs %FS 

0.13 0.0000119 
0.26 0.0000238 
0.5 0.0000477 
1.00 0.0000954 
2.00 0.0001907 

ppmFS 

0.12 
0.24 
0.48 
0.95 
1.91 

SCLK 

DRDY 
SC2 

cs 
Table I. Bit Weight Table (2.5 V Reference Voltage) DYDO 

AVoo 

CAL 

BP/UP 

SLEEP 
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NANALOG 
WDEVICES 

FEATURES 
Charge Balancing ADC 

24 Bits No Missing Codes 
:t0.0015% Nonlinearity 

Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
Differential Input for Low Level Channels 
High-Level Input on AD7712 

Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internal/External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power-Down Mode 

APPLICATIONS 
Weigh Scales 
Thermocouples 
Process Control 
Smart Transmitters 
Portable Industrial Instruments 

GENERAL DESCRIPTION 
The AD7710/AD7712 is a complete analog front end for low 
frequency measurement applications. The device has two analog 
input channels and accepts either low level signals directly from 
a transducer or high level ( ±4 x V REF for AD7712 AINZ) sig
nals and outputs a serial digital word. It employs a sigma-delta 
conversion technique to realize up to 24 bits of no missing codes 
performance. The input signals are applied to a proprietary pro
grammable gain front end based around an analog modulator. 
The modulator output is processed by an on-chip digital filter. 
The first notch of this digital filter can be programmed via the 
on-chip control register allowing adjustment of the filter cutoff 
and settling time. 

Normally, one of the channels will be used as the main channel 
with the second channel used as. an auxiliary input to periodi
cally measure a second voltage. The part can be operated from a 
single supply (by tying the V ss pin to AGND) provided that the 
input signals on the low level analog inputs are more positive 
than -30 mV. By taking the Vss pin negative, the part can con
vert signals down to - VREF on the low level inputs. The low
level inputs, as well as the reference input, features differential 
input capability. 

The AD7710/AD7712 is ideal for use in smart, microcontroller· 
based systems. Input channel selection, gain settings and signal 
polarity can be configured in software using the bidirectional 
serial port. The AD7710/AD7712 also contains self-calibration, 
system calibration and background calibration options and also 
allows the user to read and to write the on-chip calibration 
registers. 

*Protected by U.S. Patent No. 5,134,401. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800·446·6212. 
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AlN1(+) 

AlN1H 

AlN2(+) 

AlN2(-) 

AlN1(+) 

AIN1(-) 

AlN2 

TP 

LC2MOS 
Signal Conditioning ADCs 

AD77l0/AD77l2* I 
AD7710 FUNCTIONAL BLOCK DIAGRAM 

SYNC 

MCLK .. 
MCLK 
OUT 

AGND DGND Vss RF$ TFS "'10DE SDATA SCLK DROY AO 

AD7712 FUNCTIONAL BLOCK DIAGRAM 

SYNC 

SiiNDeY 
t.ICLK 
IN 

MCLK 
OUT 

AGND DGND Vss RFs TFS MODE SDATA SCLK DADY AD 

CMOS construction ensures low power dissipation and a power· 
down mode reduces the standby power consumption to only 
100 µW typical (AD7712) and 7 µW typical (AD7710). The 
part is available in a 24-pin, 0.3 inch wide, plastic and hermetic 
dual-in-line package (DIP) as well as a 24-lead small outline 
(SOIC) package. 
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AD771 O/AD7712 
(AV00 = +5 V ± 5%; DV00 = +5 V ± 5%; Yss = 0 V or -5 V ± 5%; 

AD7712-SPECIFICATIONS REF IN(+) = + 2.5 V; REF IN(-) = AGND; MCLK IN = 10 MHz unless otherwise 
stated. All specifications T MIN to T MAX• unless otherwise noted.) 

Parameter A, S Versions' Units 

STATIC PERFORMANCE 
No Missing Codes 24 Bits min 

22 Bits min 
18 Bits min 
lS Bits min 
12 Bits min 

Output Noise See Tables I & II 
Integral Nonlinearity 

@ 25°C ±0.004S % ofFSRmax 

TMIN toTMAx ±0.007S % of FSRmax 
Positive Full-Scale Error· 3 See Note 4 
Full-Scale Drift5 3/GAIN µVl°C typ 

0.3S µVl°C typ 
Unipolar Offset Error' See Note 4 
Unipolar Offset Drift' 2.S/GAIN µV/°C typ 

0.3 µVl°C typ 
Bipolar Zero Error See Note 4 
Bipolar Zero Drift' 2.S/GAIN µVl°C typ 

0.3 µV/°C typ 
Bipolar Negative Full-Scale Error' ±0.006 % ofFSRmax 
Bipolar Negative Full-Scale Drift' 4/GAIN µVl°C typ 

o.s µV/°C typ 

ANALOG INPUTS/REFERENCE INPUTS 
Normal Mode SO Hz Rejection6 100 dB min 
Normal Mode 60 Hz Rejection6 100 dBmin 
AINl/REF IN 

DC Input Leakage Current6 @ +2S°C 10 pAmax 

TM1N toTMAx 1 nAmax 
Sampling Capacitance• 20 pFmax 
Common-Mode Rejection (CMR) 92 dB min 
Common-Mode SO Hz Rejection• !SO dBmin 
Common-Mode 60 Hz Rejection6 !SO dBmin 
Common-Mode Voltage Range7 Vss to AV00 V min to V max 

Analog Inputs' 
Input Sampling Rate, fs See Table III 
AINl Input Voltage Range9 

0 to +VREF 10 Vmax 
±VREF Vmax 

AIN2 Input Voltage Range9 

Oto+4xVREF 10 Vmax 
±4 x VREF Vmax 

AIN2 DC Input Impedance 30 kO min 
AIN2 Gain Error11 ±0.0S % typ 
AIN2 Gain Drift 1 ppml°C typ 
AIN2 Offset Errorli lS mVmax 

Reference Inputs 
REF IN(+) - REF IN(-) Voltage12 +2.5 to +S V min to V max 
Input Sampling Rate, fs fcLK IN/Sl2 

NOTES 
1Temperature ranges are as follows: A Version, -40°C to +85°C; S Version, -55°C to + 125°C. 
2Applies after calibration at the temperature of interest. 
3Positive full-scale error applies to both unipolar and bipolar input ranges. 
4These errors will be of the order of the output noise of the part, as shown in Table I. 

Conditions/Comments 

Guaranteed by Design. For Filter Notches s 60 Hz 
For Filter Notch = 100 Hz 
For Filter Notch = 2SO Hz 
For Filter Notch = SOO Hz 
For Filter Notch = 1 kHz 
Depends on Filter Cutoffs and Selected Gain 

Filter Notches s 60 Hz; Typically ±0.0015% 
Filter Notches s 60 Hz 
Exduding Reference 
Excluding Reference. For Gains of 1, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 
Excluding Reference; Typically ±0.001S% 
Excluding Reference. For Gains of 1, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 

For Filter Notches of 10 Hz, 2S Hz, SO Hz, ±0.02 x fNoTcH 
For Filter Notches of 10 Hz, 30 Hz, 60 Hz, ±0,02 x fNoTcH 

At DC 
For Filter Notches of 10, 2s; 50 Hz, ±0.02 x fNoTcH 
For Filter Notches of 10, 30, 60 Hz, ±0.02 x fNoTcH 

For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 
For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 

Additional Error Contributed by Resistor Attenuator 
Additional Drift Contributed by Resistor Attenuator 
Additional Error Contributed by Resistor Attenuator 

For Specified Performance. Part Functions with Lower 
VREF Voltages 

5Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
6These numbers are guaranteed by design and/or characterization. 
'This common-mode voltage range is allowed provided that the absolute value of the input voltage on AINI(+) and AINI(-) does not exceed AV DD + 30 m V 
and Vss - 30 mV. 

'The AINl analog input presents a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended 
source resistance depends on the selected gain (see Tables IV and V). 

9The analog input voltage range on the AINI(+) input is given here with respect to the voltage on the AINI(-) input. The input voltage range on the AIN2 
input is with respect to AGND. The absolute voltage on the AINI input should not go more positive than AV DD + 30 m V or more negative than 
Vss - 30 mV. 

10VREF =REF IN(+) - REF IN(-). 
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AD771 O/AD7712 

AD7712-SPECIFICATIONS 
Parameter A, S Versions' Units Conditiom!Comments 

REFERENCE OUTPUT 
Output Voltage 2.5 Vnom 
Initial Tolerance ±4 %max 
Drift 20 ppm!°C typ 
Output Noise 50 µV typ pk-pk Noise; 0.1 Hz to 10 Hz Bandwidth 
Line Regulation (AV 00) 1 mVNmax 
Load Regulation 1.5 mV/mAmax Maximum Load Current I mA 
External Current 1 mAmax 

VBIAS INPUT13 

Input Voltage Range AV00 - 0.85 X VREF See V BIAS Input Section 
orAV00 - 3 Vmax Whichever Is Smaller; +5 V/-5 V or + 10 V/O V 

Nominal AVooNss 
or AV00 - 2.1 Vmax Whichever Is Smaller; +5 V/O V Nominal AV0 oNss· 
Vss + 0.85 x VREF See V BIAS Input Section 
orVss + 3 Vmin Whichever Is Greater; +5 V/-5 V or + 10 V/O V 

Nominal AVooNss 
or Vss + 2.1 Vmin Whichever Is Greater; +5 V/O V Nominal AV0 oNss 

V BIAS Rejection 65 to 85 dB typ Increasing with Gain 

LOGIC INPUTS 
Input Current ±10 µAmax 
All Inputs Except MCLK IN 

V INL> Input Low Voltage 0.8 Vmax 
V INH• Input High Voltage 2.0 Vmin 

MCLKINOnly 
V1Nv Input Low Voltage 0.8 Vmax 
V INH• Input High Voltage 3.5 Vmin 

LOGIC OUTPUTS 
V0 v Output Low Voltage 0.4 Vmax Is1NK = 1.6 mA 
V0 w Output High Voltage 4.0 Vmin IsouRCE = 100 µA 
Floating State Leakage Current ±10 µAmax 
Floating State Output Capacitance14 9 pF typ 

TRANSDUCER BURN-OUT 
Current 100 nAnom 
Initial Tolerance ±10 %typ 
Drift 0.1 %1"Ctyp 

SYSTEM CALIBRATION 
AINI 

Positive Full-Scale Calibration Limit" (1.05 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and. 128) 
Negative Full-Scale Calibration Limit15 -(1.05 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit16• 17 -(1.05 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span 15 0.8 x VREp/GAIN Vmin GAIN Is the Selected PGA Gain (Between 1 and 128) 

(2.1 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
AIN2 

Positive Full-Scale Calibration Limit15 (4.2 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1and128) 
Negative Full-Scale Calibration Limit15 -(4.2 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit17 -(4.2 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between I and 128) 
Input Span 3.2 x VREp/GAIN Vmin GAIN Is the Selected PGA Gain (Between 1 and 128) 

(8.4 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between I and 128) 

11This error can be removed using the system calibration' capabilities of the AD7712. This error is not removed by the AD7712's self-calibration feature. The 
offset drift on the AIN2 input is 4 times the value given in the STA TIC PERFORMANCE section. 

12The reference voltage. range may be restricted by the input voltage range requirement on the V BIAS input. 
13The AD7712 is tested with the following V BIAS voltages. With AV DD = + S V and V 88 = 0 V, V BIAS = + 2. S V; with AV DD = + 10 V and V ss = 0 V, V BIAS 

= +5 V and with AV Do= +5 V and V88 = -5 V, VBIAs = 0 V. 
14Sample tested at + 25°C to ensure compliance. 
15 After calibration, if the analog input exceeds positive full scale, the converter will output all ls. If the analog input is less than negative full scale, then the 

device will output all Os. 
16These calibration and span limits apply provided the absolute voltage on the AINI analog input does not exceed AV0 D + 30 mV or does not go more negative 

than Vss - 30 mV. 
17The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 

Specifications subject to change without notice. 
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Parameter A, S Versions1 Units Conditions/Comments 

POWER REQUIREMENTS 
Power Supply Voltages 

AVDD Voltage18 +5to+l0 Vnom ±5% for Specified Performance 
DVDD Voltage19 +5 V nom ±5% for Specified Performance 
AVDD -Vss Voltage +10.5 Vmax For Specified Performance 

Power Supply Currents 
AV DD Current 4 mAmax 
DV DD Current 4.5 mAmax 
Vss Current l.5 mAmax Vss = -5 V 

Power Supply Rejection20 Rejection w.r.t. AGND. Assumes VBIAS Is Fixed 
Positive Supply (AV DD) See Note 21 dB typ 
Negative Supply (V ss) 90 dB typ 

Power Dissipation 
Normal Mode 45 mW max AVDD = DVnn = +5 V, Vss = 0 V; Typically 25 mW 
Normal Mode 52.5 mW max AV00 = DV00 = +5 V, Vss = -5 V; Typically 30 mW 

AV00 = DV00 = +5 V, Vss = OVor -5 V; Typically 100 
Standby (Power-Down) Mode22 200 µ,Wmax µ,W 

18The AD7712 is specified with a 10 MHz clock for AV00 voltages of +5 V ::!: 5%. It is specified with an 8 MHz clock for AV00 voltages greater than 5.25 V 
and less than 10.5 V. Operating with AV00 voltages in the range 5.25 V to 10.5 Vis only guaranteed over the O"C to +70°C temperature range. 

19The ±5% tolerance on the DV00 input is allowed provided DV00 does not exceed AV00 by more than 0.3 V. 
'°Measured at de and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will 

exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 
21PSRR depends on gain: gain of l = 70 dB typ; gain of 2 = 75 dB typ; gain of 4 = 80 dB typ; gains of 8 to 128 = 85 dB typ. These numbers can be 

improved (to 95 dB typ) by deriving the V81As voltage (via Zener diode or reference) from the AVDD supply. 
22Using the hardware STANDBY pin. Standby power dissipation using the software standby bit (PD) of the Control Register is 5 mW typ. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

AVDD to DVDD -0.3 V to +12 V 
AVDDtoVss ... -0.3Vto+l2V 
AVDD to AGND.. -0.3 V to +12 V 
AVDD to DGND -0.3 V to +12 V 
DVDD to AGND -0.3 V to +6 V 
DVDD to DGND -0.3 V to +6 V 
Vss to AGND . . +0.3 V to -6 V 
Vss to DGND . . +0.3 V to -6 V 
AINI InputVoltagetoAGND . Vss - 0.3 V to AVDD + 0.3 V 
Reference Input Voltage to AGND 

. . . . . . . . . . . . . . . . . . . . Vss - 0.3 V to AVDD + 0.3 V 
REF OUT to AGND ................ -0.3 V to AV DD 

CAUTION 

Digital Input Voltage to DGND ... -0.3 V to AVDD + 0.3 V 
Digital Output Voltage to DGND .. -0.3 V to DVDD + 0.3 V 
Operating Temperature Range 

Commercial (A Version) ............. -40°C to +85°C 
Extended (S Version) . . . . . . . . . . -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability . 

ESD (electrostatic discharge) sensmve device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! QJ 
~~EDEVICE 

REV.O 

Model 

AD7712AN 
AD7712AR 
AD7712AQ 
AD7712SQ 

ORDERING GUIDE 

Temperature Range 

-40°C to + 8S°C 
-40°C to + 8S°C 
-40°C to + 85°C 
-55°C to + 125°C 

Package Option* 

N-24 
R-24 
Q-24 
Q-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 
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AD7710-SPECIFICATIONS 
(AV00 = +5 V ± 5%; DV00 = +5 V ± 5%; V55 = 0 V or ~5 V ± 5%; 
REF IN(+)= +2.5 V; REF IN(~)= AGND; MCLK IN= 10 MHz unless 
otherwise stated. All specifications T MIN to T MAX• unless otherwise noted.) 

Parameter A, S Versions1 Units Conditions/Comments 

STATIC PERFORMANCE 
No Missing Codes 24 Bits min Guaranteed by Design. For Filter Notches s 60 Hz 

22 Bits min For Filter Notch = 100 Hz 
18 Bits min For Filter Notch = 250 Hz 
15 Bits min For Filter Notch = 500 Hz 
12 Bits min For Filter Notch = 1 kHz 

Output Noise Tables I & II Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity 

@25'C ±0.0045 % of FSR rnax Filter Notches s 60 Hz; Typically ±0.0015% 

TMIN to TMAx ±0.0075 % ofFSRmax Filter Notches s 60 Hz 
Positive Full Scale ErrorZ. 3 See Note 4 Excluding Reference 
Full-Scale Drift5 3/GAIN µV/'C typ Excluding Reference. For Gains of 1, 2, 4, 8 

0.35 µV/'C typ Excluding Reference. For Gains of 16, 32, 64, 128 
Unipolar Offset Error See Note 4 
Unipolar Offset Drift5 2.5/GAIN µV/'C typ For Gains of 1, 2, 4, 8 

0.3 µV/'C typ For Gains of 16, 32, 64, 128 
Bipolar Zero Error2 See Note 4 
Bipolar Zero Drift5 2.5/GAIN. µV/'C typ For Gains of 1, 2, 4, 8 

0.3 µV/'C typ For Gains of 16, 32, 64, 128 
Bipolar Negative Full-Scale Eiror2 ±0.006 % ofFSRmax Excluding Reference; Typically ±0.0015% 
Bipolar Negative Full-Scale Drift5 4/GAIN µV/'C typ Excluding Reference. For Gains of 1, 2, 4, 8 

0.5 µV/'C typ Excluding Reference. For Gains of 16, 32, 64, 128 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 92 dB min At DC 
Common-Mode Voltage Range6 VsstoAV00 V min to V max 
Normal Mode 50 Hz Rejection' 100 dB min For Filter Notches of 10, 25, 50 Hz, ±0.02 x fNOTCH 
Normal Mode 60 Hz Rejection' 100 dB min For Filter Notches of 10, 30, 60 Hz, ±0.02 x fNOTCH 
Common-Mode 50 Hz Rejection' 150 dB min For Filter Notches of 10, 25, 50 Hz, ±0.02 x fNoTcH 
Common-Mode 60 Hz Rejection 7 150 dB min For Filter Notches of 10, 30, 60 Hz, ±0.02 x · fNoTcH 
DC Input Leakage Current' @ + 25'C 10 pAmax 

TM1NtoTMAx 1 nAmax 
Sampling Capacitance' 20 pFmax 
Analog Inputs8 

Input Voltage Range9 For Normal Operation. Depends on Gain Selected 
0 to +VREF 10 nom Unipol;rr Input Range (B/U Bit of Control Register = 1) 
±VREF nom Bipolar Input Range (B/U Bit of Control Register = 0) 

Input Sampling Rate, fs See Table III 
Reference Inputs 

REF IN(+) - REF IN(-) Voltage" +2.5 to +5 Vmin to V max For Specified Performance. Part Functions with Lower V REF 
Voltages 

Input Sampling Rate, fs fCLK IN/512 

REFERENCE OUTPUT 
Output Voltage 2.5 Vnom 
Initial Tolerance ±4 %max 
Drift 20 ppm/'C typ 
Output Noise 50 µVtyp pk-pk Noise 0.1 Hz to 10 Hz Bandwidth 
Line Regulation (AV 00) 1 mVNmax 
Load Regulation 1.5 mV/mAmax Maximum Load Current lmA 
External Current I mAmax 

NOTES 
1Temperature ranges are as follows: A Version, --40°C to +8_S°C; S Version, -55°C to + 125°C. See also Note 16. 
2 Applies after calibration at the temperature of interest. 
3Positive full-scale error applies to both unipolar and bipolar input ranges. 
4These errors will be of the order of the output noise of the part as shown in Table I. 
5Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
6This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(-) does not exceed AV00 + 30 mV and V88 - 30 mV. 
7These numbers are guaranteed by design and/or characte_rization. 
8The analog inputs present a very high impe"dance dynamic load which varies with clock frequency a'nd input sqmple rate. The maximum recommended source 
resistance depends on the selected gain (see Tables IV and V). 

9The analog input voltage range on the AINI(+) and AIN2( +)inputs is given here with respect to the voltage on the AINI(-) and AIN2(-) inputs. The abso
lute voltage on the analog inputs should not go more positive than AV 00 + 30 m V or go more negative than V ss - 30 m V. 

' 0VREF =REF IN(+)- REF IN(-). 
11The reference input voltage range may be restricted by the input voltage range requirement on the V BIAS input. 
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Parameter A, S Versions1 Units Conditions/Comments 

v BIAS INPUT" 
Input Voltage Range AVDn - 0.8S x VREF See V BIAS Input Section 

or AV Do - 3 Vmax Whichever Is Smaller; +S V/-S V or +10 V/O V 
Nominal AVDDNss 

or AV Do - 2.1 Vmax Whichever Is Smaller; +S V/O V Nominal AVDoNss 
Vss + 0.8S x VREF See V BIAS Input Section 
orVss + 3 Vmin Whichever Is Greater; +S V/-S V or +10 V/O V 

Nominal AV0 DNss 
or Vss + 2.1 Vmin Whichever Is Greater; +S V/O V Nominal AVDDNss 

V BIAS Rejection 6S to 8S dB typ Increasing with Gain 

LOGIC INPUTS 
Input Current ±10 µAmax 
All Inputs Except MCLK IN 

VINu Input Low Voltage 0.8 Vmax 
VINm Input High Voltage 2.0 Vmin 

MCLK IN Only 
VINL, Input Low Voltage 0.8 Vmax 
V INH' Input High Voltage 3.S Vmin 

LOGIC OUTPUTS 
V ou Output Low Voltage 0.4 Vmax IsINK = I. 6 mA 
V0 H, Output High Voltage DVDo - 1 Vmin IsouRcE = 100 µ,A 
Floating State Leakage Current ±10 µAmax 
Floating State Output Capacitance13 9 pF typ 

TRANSDUCER BURN-OUT 
Current 100 nA nom 
Initial Tolerance ±10 % typ 
Drift 0.1 o/o!°C typ 

COMPENSATION CURRENT 
Output Current 20 µ,Anom 
Initial Tolerance ±4 µ,Amax 
Drift 3S ppm/°C typ 
Line Regulation (AV DD) 20 nANmax AVDD = +s v 
Load Regulation 20 nANmax 
Output Compliance AVDD - 2 Vmax 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Limit14 (I.OS x v REF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Negative Full-Scale Calibration Limit14 -(I.OS x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit15 -(I.OS x v REF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span15 0.8 x VREF/GAIN Vmin GAIN Is the Selected PGA Gain (Between 1 and 128) 

(2.1 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 

NOTES 
12TheAD7710istestedwiththefollowingV81As voltages. WithAV00 = +5 Vand Vss = OV, V81As = +2.5 V;withAV00 = +IOVand Vss = OV, 

VBIAS = +5 v and with AVoo = +5 v and v" = -5 v, VBIAS = 0 v. 
13Sample tested at + 25°C to ensure compliance. 
14After calibration, if the analog input exceeds positive full scale, the converter will output all ls. If the analog input is less than negative full scale then the 

device will ourput all Os. 
15These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AV 00 + 30 m V or go more negative than 

Vss - 30 mV. The offset calibration limit applies to both the unipolar zero point and the bipolar zero point. 
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AD7710-SPECIFICATIONS 
Parameter A, S Versions' Units Conditions/Comments 

POWER REQUIREMENTS 
Power Supply Voltages 

AVDD Voltage16 +Sto+lO Vnom ±5% for Specified Performance 
DVDD Voltage17 +s Vnom ±5% for Specified Performance 
AVDD-Vss Voltage +10.S Vmax for Specified Performance 

Power Supply Currents 
AV DD Current 4 mAmax 
DVDD Current 4.5 mAmax 
V88 Current 1.5 mAmax Vss = -SV 

Power Supply Rejection 18 Rejection w.r.t. AGND; Assumes VBIAS Is Fixed 
Positive Supply (AV DD) See Note 19 dB typ 

Negative Supply CVss) 90 dB typ 

Power Dissipation 
Normal Mode 45 mW max AVDD = DVDD = +5 V, V88 = 0 V; Typically 25 mW 
Normal Mode 52.S mW max AVDD = DVDD = +5 V, V88 = -5 V; Typically 30 mW 
Standby (Power-Down) Mode IS mW max AVDD = DVDD = +5 V, Vss = OVor-5 V; Typically7 mW 

NOTES 
16The AD7710 is specified with a 10 MHz clock for AV00 voltages of +5 V ± 5%. It is specified with an 8 MHz clock for AV00 voltages greater than 5.2S V 

and less than 10.S V. Operation with AV00 voltages in the range S.25 V to 10.S Vis only guaranteed over the 0 to +70'C temperature range. 
17The ±5% tolerance on the DV00 input is allowed provided that DV00 does not exceed AV00 by more than 0.3 V. 
18Measured at de and applies in the selected passband. PSRR at SO Hz will exceed 120 dB with filter notches of 10 Hz, 2S Hz or SO Hz. PSRR at 60 Hz will 

exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 
"PSRR depends on gain: Gain of I: 70 dB typ; Gain of 2: 7S dB typ; Gain of 4: 80 dB typ; Gains of 8 to 128: 8S dB typ. These numbers can be improved 

(to 9S dB typ) by deriving the VniAs voltage (via Zener diode or reference) from the AV00 supply. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C, unless otherwise noted) 

AVDD to DVDD ................... -0.3 V to +12 V 
AVDD to Vss ..................... -0.3 V to +12 V 
AVDD to AGND ................... -0.3Vto+12 V 
AVDD to DGND .................. -0.3Vto+12 V 
DVDD to AGND ................... -0.3 V to +6 V 
DVDD to DGND ................... -0.3 V to +6 V 
Vss to AGND ..................... +0.3 V to -6 V 
Vss to DGND ..................... +0.3 V to -6 V 
Analog Input Voltage to AGND 

.................... V ss - 0.3 V to AV DD + 0.3 V 
Reference Input Voltage to AGND 

. . . . . . . . . . . . . . . . . . . . Vss - 0.3 V to AVDD + 0.3 V 
REF OUT to AGND ................ -0.3 V to AVDD 

Digital Input Voltage to DGND ... -0.3 V to AVDD + 0.3 V 
Digital Output Voltage to DGND .. -0.3 V to DVDD + 0.3 V 
Operating Temperature Range 

Commercial (A Version) ............. -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -6S°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ....... 450 mW 
Derates Above +7S°C ..................... 6 mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability . 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! eJ 
~~EDEVICE 

Model' 

AD7710AN 
AD7710AR 
AD7710AQ 
AD7710SQ 

NOTES 

ORDERING GUIDE 

Temperature Range 

-40°C to +8S°C 
-40°C to +85°C 
-40°C to +85°C 
-ss0c to +12s0c 

Package Option2 

N-24 
R-24 
Q-24 
Q-24 

'To order MIL-STD-883B, Class B processed parts, add /883B to part number. 
Contact our local sales office for military data sheet and availability. 

'N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 
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!DV00 = +5 V ± 5%; AV00 = +5 V or + 10 V3 ± 5%; Yss = 0 V or -5 V ± 5%; 

1 2 AGND = DGND = D V; fcLKIN = 10 MHz; Input Logic 0 = 0 V, Logic 1 = DV00, 

TIMING CHARACTERISTICS ' unless otherwise stated.) 

Limit at T MIN• T MAX 

Parameter (A, S Versions) Units Conditions/Comments 

fcLKIN 
4,5 Master Clock Frequency: Crystal Oscillator 

or Externally Supplied 
400 kHz min AV00 = +5 V ± 5% 
10 MHz max For Specified Performance 
8 MHz max AV00 = +5.25Vto+10.5 V 

lcLKIN LO 0.4 X lcLK IN nsmin Master Clock Input Low Time; tcLK IN = llfcLK IN 
lcLKINHI 0.4 X lcLK IN ns min Master Clock Input High Time 
t,6 50 nsmax Digital Output Rise Time; Typically 20 ns 

t/ 50 nsmax Digital Output Fall Time; Typically 20 ns 
t1 1000 nsmin SYNC Pulse Width 
Self-Clocking Mode 

ti 0 ns min DRDY to RPS Setup Time; tcLK IN = lffcLK IN 
t, 0 nsmin DRDY to RPS Hold Time 
t. 2 X tcLK IN nsmin AO to RPS Setup Time 
t, so nsmin AO to RPS Hold Time 
t6 4 X tcLK IN ns max RPS Low to SCLK Falling Edge 
t 7 
7 4 X lcLK IN nsmax Data Access Time (RPS Low to Data Valid) 

ts1 lcLK IN/2 nsmin SCLK Falling Edge to Data Valid Delay 
lcLK IN/2 + 30 nsmax 

t., lcLK IN/2 nsnom SCLK High Pulse Width 
t10 3 X tcLK IN/2 nsnom SCLK Low Pulse Width 
tu 10 ns min RPS/TFS to SCLK Falling Edge Hold Time 

tcLK IN/2 nsmax 
t12 3 X tCLK IN/2 + 20 nsmax RPS/TFS to SCLK Delay 
t13 8 3 X lcLK IN/2 + 20 nsmax RPS to Data Valid Hold Time 
t14 0 nsmin AO to TFS Setup Time 
tis 0 ns min AO to TFS Hold Time 
t16 4 X tcLK IN nsmax TFS to SCLK Falling Edge Delay Time 
t17 4 X tcLK IN nsmin TFS to SCLK Falling Edge Hold Time 
tis 0 ns min Data Valid to SCLK Setup Time 
t19 10 ns min Data Valid to SCLK Hold Time 

TO OUTPUT 
PIN 0---4t-... +2.1V 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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.I..imit at TMIN, T MAX 

Parameter (A, S Versions) Units. Conditions/Comments 

External Qocking Mode 
fscLK fcLKIN/5 MHz max Serial. Clock Input Frequency 
t2o 0 nsmin DRDY to RFS Setup Time 
t21 0 nsmin DRDY to RFS Hold Time 
t22 2 X tcLK IN nsmin AO to RFS Setup Time 
t23 50 nsmin AO to RFS Hold Time 

t2/ 4 X tcLK IN nsmax Data Access Time (RFS Low to Data Valid) 

t2/ tcLK IN/2 nsmin SCLK Falling Edge to Data Valid Delay 
2XtcLKIN+20 nsmax 

t26 2 X tcu~ IN nsmin SCLK High Pulse Width 
t27 2 X tcL:ic: IN ns min SCLK Low Pulse Width 
t28 tcLK IN+ 10 nsmax SCLK Falling Edge to DRDY High 
t298 0 nsmin DRDY to Data Valid Hold Time 

20 ns max 
t3o 10 ns min RES/TFS to SCLK Falling Edge Hold Time 
t318 5 X tcLK IN/2 + 20 ns max RFS to Data Valid Hold Time 
t32 0 ns min AO to TFS Setup Time 
t33 0 nsmin AO to TFS Hold Time 
t34 4 X tcLK IN nsmin SCLK Falling Edge to TFS Hold Time 
t35 5 x tcLK IN/2 - SCLK High nsmin Data Valid to SCLK Setup Time 
t36 . 30 nsmin Data Valid to SCLK Hold Time 

NOTES . 
1Saiiiple tested at +25"C to ensure compliance .. All input signals are specified with tR =Ip= 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figures 6 to 9. ' · . 
'The AD7710/AD7712 is SPecified with a 10 MHz clock for AVDD voltages of +5 V ± 5%. It is specified with an 8 MHz clock for AVDD voltages greater than 
5.25 V and less than 10.5 V. Operation with AVDD voltages m the range 5.25 V to 10.5 Vis only guaranteed over the O"C to +70"C temperature range. 

4CLK IN duty cycle range is 45% to 55%. CLK IN must be supplied whenever the AD7710/AD7712 is not m STANDBY mode. If no clock is present m this 
case, the device can draw higher current than specified ·.and possibly become uncalibrated. 

'The AD7710/AD7712 is production tested with fcLK IN at 10 MHz (8 MHz for AV DD < +5.25 V). It is guaranteed by characterizatioo to operate at 400 kHz. 
6Specified usiDg 10% and 90% pomts on waveform of mterest. · 
7These numbers are measured with the load circuit of Figure I and defined as the time required for the output to cross 0.8 V or 2.4 V. 
"These numbers are derived from the measured time taken by the data outpUt to change 0.5 V when loaded with the circuit of Figure I. The measured number 
is then extrapolated back to remove effects of chargilig or dischargilig the 100 pF capacitor. This means that the times quoted m the timiDg characteristics are 
the true bus relinquish times of the part and, as such, are mdependent of ext~ bus loadmg capacitances. 

SCLK 
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Pin Mnemonic 

SCLK 

2 MCLKIN 

3 MCLKOUT 

4 AO 

6 MODE 

7 AINI(+) 

8 AINI(-) 

9 AIN2(+) 

9 STANDBY 

10 AIN2(-) 

10 TP 

II Vss 

12 AVDD 

13 VBIAS 

14 REF IN(-) 

IS REF IN(+) 

16 REF OUT 

17 

17 AIN2 

18 AGND 
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AD771 O/AD7712 
PIN FUNCTION DESCRIPTION 

Function 

Serial Clock. Logic Input/Output depending on the status of the MODE pin. When MODE is high, the 
device is in its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK 
becomes active when RFS or TFS goes low and it goes high impedance when either RFS or TFS 
returns high or when the device has completed transmission of an output word. When MODE is low, Ill 
the device is in its external clocking mode and the SCLK pin acts as an input. This input serial clock 
can be a continuous clock with all data transmitted in a continuous train of pulses. Alternatively, it can 
be a noncontinuous clock with the information being transmitted to the AD7710/AD7712 in smaller 
batches of data. 

Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A 
crystal can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can 
be driven with a CMOS-compatible clock and MCLK .OUT left unconnected. The clock input 
frequency is nominally 10 MHz. 

When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 
MCLKOUT. 

Address Input. With this input low, reading and writing to the device is to the control register. With 
this input high, access is to either the data register or the calibration registers. 

Logic Input which allows for synchronization of the digital filters when using a number of 
AD7710/AD7712s. It resets the nodes of the digital filter. 

Logic Input. When this pin is high, the device is in its self-clocking mode; with this pin low, the device 
is in its external clocking mode. 

Analog Input Channel I. Positive input of the programmable gain differential analog input. The 
AINI(+) input is connected to an output current source which can be used to check that an external 
transducer has burnt out or gone open circuit. This output current source can be turned on/off via the 
control register. 

Analog Input Channel I. Negative input of the programmable gain differential analog input. 

AD7710 Only. Analog Input Channel 2. Positive input of the programmable gain differential analog 
input. 

AD7712 Only. Logic Input. Taking this pin low shuts down the internal analog and digital circuitry, 
reducing power consumption to less than SO µW. 

AD7710 Only. Analog Input Channel 2. Negative input of the programmable gain differential analog 
input. 

AD7712 Only. Test Pin. Used when testing the device. Do not connect anything to this pin. 

Analog Negative Supply, 0 V to -S V. Tied to AGND for single supply operation. The input voltage 
on AINI should not go> 30 mV negative w.r.t. Vss for correct operation of the device. 

Analog Positive Supply Voltage, +S V to + 10 V. 

Input Bias Voltage. This input voltage should be set such that V81As + 0.8S x VREF < AVDD and 
VBIAs - 0.8S X VREF > Vss where VREF is REF IN(+) - REF IN(-). Ideally, this should be tied 
halfway between AVDD and Vss· Thus, with AVDD = +S V and Vss = O, it can be tied to REF OUT; 
with AVDD = +S Vand Vss = -S V, it can be tied to AGND, while with AVDD = +10 V, it can be 
tied to +S V or to REF OUT. 

Reference Input. The REF IN( - ) can lie anywhere between AV DD and V ss provided REF IN(+) is 
greater than REF IN( - ). 

Reference Input. The reference input is differential providing that REF IN(+) is greater than REF 
IN(-). REF IN(+) can lie anywhere between AVDD and Vss· 

Reference Output. The internal + 2.5 V reference is provided at this pin. This is a single-ended output 
which is referred to AGND. 

AD7710 Only. Compensation Current Output. A 20 µA constant current is provided at this pin. This 
current can be used in conjunction with an external thermistor to provide cold junction compensation. 

AD7712 Only. Analog Input Channel 2. High level analog input which accepts an analog input voltage 
range of ±4 x VREF/GAIN. At the nominal VREF of +2.5 Vanda gain of I, the AIN2 input voltage 
range is ± 10 V. 

Ground reference point for analog circuitry. 
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Pin Mnemonic Function 

19 Transmit Frame Synchronization. Active low logic input used to write serial data to the device with 
serial data expected after the falling edge of this pulse. In the self-clocking mode, the serial clock 
becomes active after TFS goes low. In the external clocking mode, TFS must go low before the first bit 
of the data word is written to the part. 

20 Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the 
self-clocking mode, the SCLK and SDATA lines both become active after RPS goes low. In the external 
clocking mode, the SDATA line becomes active after RPS goes low. 

21 Logic output. A falling edge indicates that a new output word is available for transmission. The DRDY 
pin will return high upon completion of transmission of a full output word. DRDY is also used to 
indicate when the AD7710/AD7712 has completed its on-chip calibration sequence. 

22 SDATA Serial Data. Input/Output with serial data being written to the control register or the calibration 
registers and serial data being accessed from the control register, calibration registers or the data 
register. During an output data read operation, serial data becomes active after RPS goes low (provided 
DRDY is low). During a write operation, valid serial data is expected on.the rising edges of SCLK 
when TFS is low. The output data coding is natural binary for unipolar inputs and offset binary for 
bipolar inputs. 

23 DVnn Digital Supply Voltage, +5 V. DVnn should never exceed AVnn by more than 0.3 V. If DVnn powers 
up before AVnn• or if DVnn can exceed AVnn by more than 0.3 Vat any other time, the protection 
scheme outlined in Figure 5 should be used. 

24 DGND Ground reference point for digital circuitry. 

TERMINOLOGY 
INTEGRAL NONLINEARITY 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi
tion (000 ... 000 to 000 ... 001) and full-scale, a point 0.5 LSB 
above the last code transition (Ill ... 110 to Ill ... Ill). 
The error is expressed as a percentage of full scale. 

POSITIVE FULL-SCALE ERROR 
Positive full-scale error is the deviation of the last code transi
tion (111 ... 110 to 111 ... 111) from the ideal input full-scale 
voltage. For AIN( + ), * the ideal full-scale input voltage is 
(AIN(-) + VREF/GAIN -3/2 LSBs); for AIN2 of AD7712, the 
ideal full-scale voltage is +4 x V REF/GAIN - 3/2 LSBs. Positive 
full-scale error applies to both unipolar and bipolar analog input 
ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal input voltage. For AIN( + ), the ideal input 
voltage is (AIN( - ) +0.5 LSB); for AIN2 of AD7712, the ideal 
input is 0.5 LSB when operating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 ... 111 to 
1000 ... 000) from the ideal input voltage. For AIN( + ), the 
ideal input voltage is (AIN( - ) -0.5 LSB); for AIN2 of 
AD7712, the ideal input voltage is -0.5 LSB when operating in 
the bipolar mode. 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
input voltage. For AIN( + ), the ideal input voltage is (AIN( - ) 
-VREF/GAIN + 0.5 LSB); for AIN2 of AD7712, the ideal 
input voltage is (-4 x VREF/GAIN+0.5 LSB) when operating 
in the bipolar mode. 
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POSITIVE FULL-SCALE OVERRANGE 
Positive full-scale overrange is the amount of overhead avail
able to handle input voltages on AIN( +) input greater than 
(AIN(-)+VREF/GAIN) or on AIN2 of AD7712 of greater than 
+4 x VREF/GAIN (for example, noise peaks or excess voltages 
due to system gain errors in system calibration routines) without 
introducing errors due to overloading the analog modulator or 
overflowing the digital filter. 

NEGATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages on 
AIN( +) below (AIN( - )-V REF/GAIN) or on AIN2 of AD7712 
below -4 x VREF/GAIN without overloading the analog modu
lator or overflowing the digital filter. Note that the analog input 
will accept negative voltage peaks on AINI(+) even in the uni
polar mode provided that AIN( +) is greater than AIN( - ) and 
greater than V ss - 30 m V. 

OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD7710/AD7712 calibrates 
its offset with respect to the analog input. The offset calibration 
range specification defines the range of voltages that the 
AD7710/AD7712 can accept and still calibrate offset accurately. 

FULL-SCALE CALIBRATION RANGE 
This is the range of voltages that .the AD7710/AD7712 can 
accept in the system calibration mode and still calibrate full 
scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7710/AD7712's analog input define the analog input 
range. The input span specification defines the minimum and 
maximum input voltages from zero to full-scale that the 
AD7710/AD7712 can accept and still calibrate gain accurately. 

*AIN(+) refers to AINI(+) and AIN2(+) of AD7710 and AINI(+) of 
AD7712. AIN(-) refers to AINI(-) and AIN2(-) of AD7710 and 
AINI(-) of AD7712. 
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CONTROL REGISTER (24 BITS) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12-bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 

MSB 

I MD2 I MDI I MDO I G2 CH PD I WL I IO' BO B/U 

I FS11 2 I FSIO I FS9 FS8 FS7 FS6 FSS FS4 I FS3 FS2 FSl FSO 

LSB 
'Don't Care on AD7712. 
2Must always be 0 to ensure correct operation of the part. 

Operating Mode 
MD2 MDI MDO Operating Mode 

0 0 0 

0 0 

0 0 

0 

0 0 

0 

0 
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Normal Mode. This is the normal mode of operation of the device whereby a read to the device accesses 
data from the data register. This is the default condition of these bits after the internal power-on reset. 
Activate Self-Calibration. This activates self-calibration on the channel selected by CH. This is a one-step 
calibration sequence, and when complete the part returns to Normal Mode (with MD2, MDI, MDO of the 
control registers returning to 0,0,0). The DRDY output indicates when this self-calibration is complete and 
valid data is available in the output register. For this calibration type, the zero scale calibration is done inter
nally on shorted (zeroed) inputs and the full-scale calibration is done on V REF· 

Activate System Calibration. This activates system calibration on the channel selected by CH. This is a two
step calibration sequence, with the zero scale calibration done first on the selected input channel and DRDY 
indicating when this zero scale calibration is complete. The part returns to Normal Mode at the end of this 
first step in the two-step sequence. 
Activate System Calibration. This is the second step of the system calibration sequence with full-scale cali
bration being performed on the selected input channel. Once again, DRDY indicates when this full-scale 
calibration is complete. When this calibration is complete, the part returns to Normal Mode. 
Activate System-Offset Calibration. This activates system-offset calibration on the channel selected by CH. 
This is a one-step calibration sequence and when complete the part returns to Normal Mode with DRDY 
indicating when this system offset calibration is complete. For this calibration type, the zero scale calibration 
is done on the selected input channel and the full-scale calibration is done internally on V REF· 

Activate Background Calibration. This activates background calibration on the channel selected by CH. If 
the background calibration mode is on, then the AD7710/AD7712 provides continuous self-calibration of the 
reference and shorted (zeroed) inputs. This calibration takes place as part of the conversion sequence, 
extending the conversion time and reducing the word rate by a factor of six. Its major advantage is that the 
user does not have to worry about recalibrating the device when there is a change in the ambient tempera
ture. In this mode, shorted (zeroed) inputs and V REF> as well as the analog input voltage, are continuously 
monitored and the calibration registers of the device are automatically updated. 

Read/Write Zero-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the zero scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits regardless, of the status of the WL bit of the control regis
ter. Therefore, when writing to the calibration register, 24 bits of data must be written, otherwise the new 
data will not be transferred to the calibration register. 
Read/Write Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for read
ing and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control register. 
Therefore, when writing to the calibration register, 24 bits of data must be written, otherwise the new data 
will not be transferred to the calibration register. 
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PGAGain 
G2 GI G-0 Gain 

0 0 0 1 (Default Condition After th_e ,Interriat Power-On Reset) 
0 0 I 2 
0 I ·o 4 
0 I I 8 
I 0 0 16 
I 0 I 32 
I I 0 64 
I I I 128 

Channel Selection ,; 
CH Channel 

0 AINI Low Level Input (Default Condition After the Internal Power-On Reset) 
I AIN2 High Level Input 

Power-Down 
PD 
0 
I 

Normal Operation 
Power-Down 

Word Length 
WL Output Word Length 

(Default Condition After the Internal Power-On Reset) 

0 
I 

16-Bit 
24-Bit 

(Default Condition After Internal Power-On Reset) 

Outqut Compensation Current (AD7710 Only) 
IO. 

0 Off (Default Condition After Internal Power-On Reset) 
I On 

Burn-Out Current 
BO 

0 Off (Default Condition After Internal Power-On Reset) 
I On 

BipolarNnipolar Selection (Both Inputs) 
B/U ' 

0 Bipolar (Default Condition After Internal Power-On Reset) 
I Unipolar 

Filter Selection (FSll-FSO) 
The on-chip di8itaI filter provides a Sine' (or (Sinx/x)3) filter resp0nse. The 12 bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the fir8t notch of the filter and the data rate for the part. In association with the gain selection, 
it also determines the output noise (and hence the effective resolution) of the devi<;e. 

The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequency = (fcLK n/S 12)/code 
where code is the: de.cimal equivalent of the code in bits FSO to PSI I and is in the range 19 to 2,000. With the nominal fCLK IN of 
10 MHz, this re!lults in a first notch frequency range from 9 ~76 Hz to 1.028 kHz. To ensure correct operation of the part, the value 
of the code loaded t() di~se bits must be within this range. Failure to do this will result in unspecified operation of the device. 

Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II show. the Cffect of the filter 
notch frequency and gain on the effective resolution of the part. The output data rate (or effective conversion time) for the device is 
equal to the frequency selected for the first notch of the filter .. For example, if the. first notch of the filter is selected at SO Hz, then a 
new word is available at a SO Hz rate or every 20 ms. If the first notch is at I kHz, a new word is available every I ms. 

The settling time of the filter to a full-scale step input change is-worst case 4 x I/( output data rate). This settling time is to 100% of 
the final value. For example, with the first filter notch at SO Hz, the settling time of the filter to a full-scale stc:p input change is 
80 ms max. If the first notch is at 1 kHz, the settling time of the filter to a full-scale input step is 4 ms tnax. This settling time can 
be reduced to 3 .x l/(output data rate) by synchronizing the step input change to a reset ofthe digital filter. In other words, if the 
step input takes place with SYNC low, the settling time will be 3 x l/(outpUt data rate). If a change of channel takes place, the set
tling time is 3 x !/(output data rate) regardless of the SYNC input, but DROY does not stay ~h for 3 x !/output rate. 

The -3 dB frequency is determined by the programined first notch frequency according to the relationship: filter -3 dB frequency 
= 0.262 x first notch frequency, but DROY does not stay high for 3 x l/output rate. 
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Tables I and II show the output rms noise for some typical notch and - 3 dB frequencies. The numbers given are for the bipolar 
input ranges with a VREF of +2.5 V. These numbers are typical and are generated with an analog input voltage ofO V. The output 
noise from the part comes from two sources. First, there is the electrical noise in the semiconductor devices used in the implementa
tion of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quantization noise 
is added. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at an even lower 
level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter notch settings 
(below 60 Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantization noise. 
Changing the filter notch and cutoff frequency in the quantization noise dominated region results in a more dramatic improvement in 
noise performance than it does in the device noise dominated region as shown in Table I. Furthermore, quantization noise is added 
after the PGA, so effective resolution is independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added 
in the PGA, and therefore effective resolution suffers a little at high gains for lower notch frequencies. 

At the lower filter notch settings (below 60 Hz), the no missing codes performance of the device is at the 24-bit level. At the higher 
settings, more codes will be missed until at l kHz notch setting, no missing codes performance is only guaranteed to the 12-bit level. 
However, since the effective resolution of the part is 10.5 bits for this filter notch setting, this no missing codes performance should 
be more than adequate for all applications. 

The effective resolution of the device is defined as the ratio of the output rms noise to the input full scale. This does not remain con
stant with increasing gain or with increasing bandwidth. Table II shows the same table as Table I except that the output is now 
expressed in terms of effective resolution (the magnitude of therms noise with respect to 2 x VREF/GAIN, i.e., the input full scale). 
It is possible to do post filtering on the device to improve the output data rate for a given - 3 dB frequency and also to further reduce 
the output noise (see Digital Filtering section). 

Table I. Output Noise vs. Gain and First Notch Frequency 

First Notch of Typical Output RMS Noise (µV) 
Filter and O/P -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate1 Frequency 1 2 4 8 16 32 64 128 

10 Hz2 2.62 Hz 1.7 1.0 0.5 0.36 0.36 0.36 0.36 0.36 
25 Hz2 6.55 Hz 4.9 2.2 1.2 0.6 0.36 0.36 0.36 0.36 
30 Hz2 7.86 Hz 6.1 2.4 1.2 0.84 0.5 0.36 0.36 0.36 
50 Hz2 13.1 Hz 7.5 3.8 2.0 1.0 0.6 0.5 0.5 0.45 
60 Hz2 15.72 Hz 8.5 4.0 2.0 1.0 0.6 0.5 0.5 0.45 
100 Hz3 26.2 Hz 13 6.4 3.7 1.8 1.1 0.9 0.65 0.65 
250 Hz3 65.5 Hz 130 75 25 12 7.5 4 2.7 1.7 
500 Hz3 131 Hz 0.6 x 103 0.26 x 103 140 70 35 25 15 8 
l kHz3 262 Hz 3.1 x 103 1.6 x 103 0.7 x 103 0.29 x 10' 180 120 70 40 

NOTES 
'The default condition (after the internal power-on reset) for the first notch of filter is 60 Hz. 
2For these filter notch frequencies, the output rms noise is primarily dominated by device noise and as a result is independent of the value of the reference volt
age. Therefore, increasing the reference voltage will give an increase in the effective resolution of the device (i.e., the ratio of therms noise to the input full 
scale is increased since the output rms noise remains constant as the input full-scale increases). 

3For these filter notch frequencies, the output rms noise is dominated by quantization noise and as a result is proportional to the value of the reference voltage. 

Table II. Effective Resolution vs. Gain and First Notch Frequency 

First Notch of Effective Resolution1 (Bits) 
Filter and O/P -3 dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 64 128 

10 Hz 2.62 Hz 21.5 21.5 21.5 20.5 19.5 18.5 17.5 16.5 
25 Hz 6.55 Hz 20 20 20 20 19.5 18.5 17.5 16.5 
30 Hz 7.86 Hz 19.5 20 20 19.5 19.5 18.5 17.5 16.5 
50 Hz 13.1 Hz 19.5 19.5 19.5 19.5 19 18.5 17.5 16.5 
60 Hz 15.72 Hz 19 19.5 19.5 19.5 19 18.5 17.5 16.5 
100 Hz 26.2 Hz 18.5 18.5 18.5 18.5 18 17.S 17 16 
250 Hz 65.5 Hz 15 15 15.5 15.5 15.5 15.5 15 14.5 
500 Hz 131 Hz 13 13 13 13 13 12.5 12.5 12.5 
l kHz 262 Hz 10.5 10.5 11 11 11 10.5 10 10 

NOTE 
'Effective resolution is defined as the magnitude of the output rms noise with respect to the input full scale (i.e., 2 x VREp/GAIN). The above table applies for 
a VREF of +2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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CIRCUIT DESCRIPTION 
The AD7710/AD7712 is a sigma-delta AID converter with 
on-chip digital filtering, intended for the measurement of wide 
dynamic range, low frequency signals such as those in industrial 
control or process control applications. It contains a sigma-delta 
(or charge balancing) ADC, a calibration microcontroller with 
on-chip static RAM, a clock oscillator, a digital filter and a bidi
rectional serial communications port. 

The part contains two programmable gain analog input chan
nels. The gain range on both inputs is from 1 to 128. For the 
differential inputs, this means that the input can accept unipolar 
signals of between 0 mV to +20 mV and 0 mV to +2.5 V or 
bipolar signals in the range from ±20 mV to ±2.5 V when the 
reference input voltage equals +2.5 V. The input voltage range 
for the AIN2 input of the AD7712 is ±4 x VREF/GAIN and is 
±10 V with the nominal reference of +2.5 Vanda gain of 1. 
The input signal to the selected analog input channel is continu
ously sampled at a rate determined by the frequency of the mas
ter clock, CLK IN, and the selected gain (see Table Ill). A 
charge balancing AID converter (Sigma-Delta Modulator) con
verts the sampled signal into a digital pulse train whose duty 
cycle contains the digital information. The programmable gain 
function on the analog input is also incorporated in this sigma
delta modulator with the input sampling frequency being modi
fied to give the higher gains. A sinc3 digital low-pass filter 
processes the output of the sigma-delta modulator and updates 
the output register at a rate determined by the first notch fre
quency of this filter. The output data can be read from the 
serial port randomly or periodically at any rate up to the output 
register update rate. The first notch of this digital filter (and 
hence its -3 dB frequency) can be programmed via an on-chip 
control register. The programmable range for this first notch 
frequency is from 9.76 Hz to 1.028 kHz, giving a programmable 
range for the -3 dB frequency of 2.58 Hz to 269 Hz. 

The AD7710/AD7712 provides a number of calibration options 
which can be programmed via the on-chip control register. A 
calibration cycle may be initiated at any time by writing to this 
control register. The part can perform self-calibration using the 
on-chip calibration microcontroller and SRAM to store calibra
tion parameters. Other system components may also be included 
in the calibration loop to remove offset and gain errors in the 
input channel using the system calibration mode. Another 
option is a background calibration mode where the part continu
ously performs self-calibration and updates the calibration coeffi
cients. Once the part is in this mode, the user does not have to 
worry about issuing periodic calibration commands to the device 
or asking the device to recalibrate when there is a change in the 
ambient temperature or power supply voltage. 
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The AD7710/AD7712 gives the user access to the on-chip cali
bration registers allowing the microprocessor to read the device's 
calibration coefficients and also to write its own calibration coef
ficients to the part from prestored values in E2PROM. This 
gives the microprocessor much greater control over the part's 
calibration procedure. It also means that the user can verify that 
the device has performed its calibration correctly by comparing 
the coefficients after calibration with prestored values in 
E2PROM. 

The AD7710/AD7712 can be operated in single supply systems 
provided that the analog input voltage on the differential inputs 
does not go more negative than -30 mV. For larger bipolar sig
nals on the differential inputs, a V ss of -5 V is required by the 
part. For battery operation or low power systems, the part offers 
a standby mode that reduces idle power consumption to typi
cally 100 µWon AD7712 and 7 µWon AD7710. 

The AD7710/AD7712 uses a second-order sigma-delta modula
tor and a digital filter that provides a rolling average of the sam
pled output. After power-up, or if there is a step change in the 
input voltage, there is a settling time that must elapse before 
valid data is obtained. 

Input Sample Rate 
The modulator sample frequency for the device remains at 
fcLK IN/512 (19.S kHz@ fcLK IN = 10 MHz) regardless of 
the selected gain. However, gains greater than x 1 are achieved 
by a combination of multiple input samples per modulator cycle 
and a scaling of the ratio of reference capacitor to input capaci
tor. As a result of the multiple sampling, the input sample rate 
of the device varies with the selected gain (see Table III). The 
effective input impedance is l/C · f5 where C is the input sam
pling capacitance and f5 is the input sample rate. 

Gain 

1 
2 
4 
8 
16 
32 
64 
128 

Table III. Input Sampling Frequency vs. Gain 

Input Sampling Frequency (f5 ) 

fcLK IN/512 (19.5 kHz@ fcLK IN = 10 MHz) 
2 x fcLK IN/512 (39 kHz@ fcLK IN = 10 MHz) 
4 x fcLK IN/512 (78 kHz@ fcLK IN = 10 MHz) 
8 x fcLK IN/512 (156 kHz@ fcLK IN = 10 MHz) 
8 x fcLK IN/512 (156 kHz@ fcLK IN = 10 MHz) 
8 X fcLK IN/512 (156 kHz@ fcLK IN = 10 MHz) 
8 x fcLK IN/512 (156 kHz@ fcLK IN = 10 MHz) 
8 x fcLK IN/512 (156 kHz@ fcLK IN = 10 MHz) 
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DIGITAL FILTERING 
The part's digital filter behaves like a similar analog filter, with 
a few minor differences. 

First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full-scale have the potential to saturate the analog modulator and 
digital filter, even though the average value of the signal is 
within limits. To alleviate this problem, the part has over-range 
headroom built into the sigma-delta modulator and digital filter 
which allows overrange excursions of 5% above the analog input 
range. If noise signals are larger than this, consideration should 
be given to analog input filtering, or to reducing the input chan
nel voltage so that its full-scale is half that of the analog input 
channel full-scale. This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by 1 bit (50%). 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FSll in the control register. At the 
maximum clock frequency of 10 MHz, the minimum cutoff fre
quency of the filter is 2.58 Hz while the maximum programma
ble cutoff frequency is 269 Hz. 

Figure 2 shows the filter frequency response for a cutoff fre
quency of 2.62 Hz which corresponds to a first filter notch fre
quency of 10 Hz. This is a (sinx/x)3 response (also called sinc3) 

that provides > 100 dB of 50 Hz and 60 Hz rejection. Program
ming a different cutoff frequency via FSO-FSll does not alter 
the profile of the filter response, it changes the frequency of the 
notches as outlined in the Control Register section. 
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Figure 2. Frequency Response of AD7710/AD7712 Filter 

REV.O 

AD771 O/AD7712 
Since the AD7710/AD7712 contains this on-chip, low-pass filter
ing, there is a settling time associated with step function inputs 
and data on the output will be invalid after a step change until 
the settling time has elapsed. The settling time depends upon 
the notch frequency chosen for the filter. The output data rate 
equates to this filter notch frequency and the settling time of the 
filter to a full-scale step input is 4 times the output data period. 
In applications using both input channels, the settling time of • 
the filter must be allowed to elapse before data from the second 
channel is accessed. 

Post Filtering 
The on-chip modulator provides samples at a 19.5 kHz output 
rate. The on-chip digital filter decimates these samples to pro
vide data at an output rate which corresponds to the pro
grammed first notch frequency of the filter. Since the output 
data rate exceeds the Nyquist criterion, the output rate for a 
given bandwidth will satisfy most application requirements. 
However, there may be some applications which require-a 
higher data rate for a given bandwidth and noise performance. 
Applications which need this higher data rate will require some 
post filtering following the digital filter of the AD7710/ AD7712. 

For example, if the required bandwidth is 7.86 Hz but the 
required update rate is 100 Hz, the data can be taken from the 
AD7710/AD7712 at the 100 Hz rate giving a -3 dB bandwidth 
of 26.2 Hz. Post filtering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 Hz bandwidth level 
while maintaining an output rate of 100 Hz. · ' 

Post filtering can also be used to reduce .the output noise from 
the device for bandwidths below 2.62 Hz. At a gain of 128, the 
output rms noise is 420 n V. This is essentially device noise or 
white noise, and since the input is chopped, the noise has a flat. 
frequency response. By reducing the bandwidth below 2.62 Hz, 
the noise in the resultant passband can be reduced. A reduction 
in bandwidth by a factor of 2 results in a v2 reduction in the 
output rms noise. This additional filtering will result in a longer 
settling time. · 

Antialias Considerations 
The digital filter does not provide any rejection at integer multi
ples of the modulator sample frequency (n x 19.5 kHz, where n 
= 1, 2, 3 ... ). This means that there are frequency bands, 
±f3 dB wide (f3 dB is cutoff frequency selected by FSO to FSll) 
where noise passes unattenuated to the output. However, due to 
the AD7710/AD7712's high oversampling ratio, these bands 
occupy only a small fraction of the spectrum and most broad
band noise is filtered. In any case, because of the high oversam
pling ratio a simple, RC, single pole filter is generally sufficient 
to attenuate the signals in these bands on the analog input and 
thus provide adequate antialiasing filtering. 
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If passive components are placed in front of the differential 
inputs, care must be taken to ensure that the source impedance 
is low enough so as not to introduce gain errors in the system. 
The de input impedance for the differential inputs is over 1 GO. 
The input appears as a dynamic load which varies with the clock 
frequency and with the selected gain (see Figure 3). The input 
sample rate, as shown in Table III, determines the time allowed 
for the analog input capacitor, C1N, to be charged. External 
impedances result in a longer charge time for this capacitor and 
this may result in gain errors being introduced on the analog 
inputs. Table IV shows the allowable external resistance/ 
capacitance values such that no gain error to the 16-bit level is 
introduced while Table V shows the allowable external 
resistance/capacitance values such that no gain error to the 
20-bit level is introduced. Both inputs. of the differential input 
channels look into similar input circuitry. 

AIN 

R1NT(7kQ TYP) HIGH 

C1NT 

(11.SpFT 
TYP) 

VBIAS 

IMPEDANCE 
>1GQ 

SWITCHING FREQUENCY DEPENDS ON 
FcLK IN AND SELECTED GAIN 

Figure 3. Differential Inputs Impedance 

Table IV. Typical External Series Resistance Which Will Not 
Introduce 16-Bit Gain Error 

External Capacitance (pF) 
Gain 0 50 100 500 1000 5000 

1 184k0 45.3 kO 27.1 kO 7.3 kO 4.1 kO 1.1 kO 
2 88.6 kO 22.1 kO 13.2 kO 3.6k0 2.0 kO 560 0 
4 41.4 kO 10.6 kO 6.3k0 1.7 kO 9700 270 0 
8-128 17.6 kO 4.8k0 2.9 kO 790 0 4400 120 0 
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Table V. Typical External Series Resistance Which Will Not 
Introduce 20-Bit Gain Error 

External Capacitance (pF) 
Gain 0 50 100 500 1000 5000 

1 145 kO 34.5 kO 20.4 kO 5.2 kO 2.8 kO 700 0 
2 70.5 kO 16.9 kO 10 kO 2.5 kO 1.4 kO 350 0 
4 31.8 kO 8.0 kO 4.8 kO 1.2 kO 670 0 170 0 
8-128 13.4 kO 3.6 kO 2.2 kO 550 0 300 0 80 0 

The numbers in the above tables assume a full-scale change on 
the analog input. In any case, the error introduced due to longer 
charging times is a gain error which can be removed using the 
system calibration capabilities of the AD7710/AD7712 provided 
that the resultant span is within the span limits of the system 
calibration techniques for the AD7710/AD7712. 

The AIN2 input of the AD7712 contains a resistive attenuation 
network as outlined in Figure 4. The typical input impedance 
on this input is 44 kO. As a result, the AIN2 input of the 
AD7712 should be driven from a low impedance source. 

AIN2 

11kQ 
MODULATOR 

CIRCUIT 

Figure 4. AIN2 of AD7712 Input Impedance 
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ANALOG INPUT FUNCTIONS 
Analog Input Ranges 
The analog inputs on the AD7710/AD7712 provide the user 
with considerable flexibility in terms of analog input voltage 
ranges. One of the inputs is a differential, programmable gain, 
input channel which can handle either unipolar or bipolar input 
signals. The common mode range of this input is from Vss to 
AV DD provided that the absolute value of the analog input volt
age lies between Vss -30 mV and AVDD+30 mV. The second 
analog input is a single-ended, programmable gain high level 
input which accepts analog input ranges of 0 to + 4 x V REF/ 
GAIN or ±4 x VREF/GAIN. 

The de input leakage current on the AINI input is 10 pA maxi
mum at 25'C ( ± 1 nA over temperature). This results in. a de 
offset voltage developed across the source impedance. However, 
this de offset effect can be compensated for by a combination of 
the differential input capability of the part and its system cali
bration mode. The de input current on the AIN2 input depends 
on the input voltage, For the nominal input voltage range of 
± 10 V, the input current is ±225 µA typ. 

Bum-Out Current 
The AINI(+) input of the AD7710/AD7712 contains a 1 µA 
current source which can be turned on/off via the control regis
ter. This current source can be used in checking that a trans
ducer has not burnt-out or gone open circuit before attempting 
to take measurements on that channel. If the current is turned 
on and is allowed flow into the transducer and a measurement of 
the input voltage on the AINI input is taken, it can indicate 
that the transducer is not functioning correctly. For normal 
operation, this burn-out current is turned off by writing a 0 to 
the BO bit in the control register. 

Bipolar/Unipolar Inputs 
The two analog inputs on the AD7710/AD7712 can accept either 
unipolar or bipolar input voltage ranges. Bipolar or unipolar 
options are chosen by programming the B/U bit of the control 
register. This programs both channels for either unipolar or 
bipolar operation. Programming the part for either unipolar or 
bipolar operation does not change any of the input signal condi
tioning; it simply changes the data output coding. The data cod
ing is binary for unipolar inputs and offset binary for bipolar 
inputs. 

Both analog inputs on the AD7710 and the AINI input channel 
of the AD7712 are differential and, as a result, the voltage to 
which the unipolar and bipolar signals are referenced is the volt
age on the AIN(-) input. For example, if AIN( - ) is + 1.25 V 
and the part is configured for unipolar operation with a gain of 
1 and a VREF of +2.5 V, the input voltage range on the AIN(+) 
input is +l.25 V to +3.75 V. If AIN(-) is +l.25 Vand the 
part is configured for bipolar mode with a gain of 1 and a V REF 
of +2.5 V, the analog input range on the AIN(+) input is 
-1.25 Vto +3.75 V. For the AIN2 input of the AD7712, the 
input signals are referenced to AGND. 
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REFERENCE INPUT/OUTPUT 
The AD7710/AD7712 contains a temperature compensated 
+ 2.5 V reference which has an initial tolerance of ±4%. This 
reference voltage is provided at the REF OUT pin and it can be 
used as the reference voltage for the part by connecting the REF 
OUT pin to the REF IN(+) pin. This REF OUT pin is a 
single-ended output, referenced to AGND, which is capable of 
providing up to lmA to an external load. In applications where .. 
REF OUT is connected directly to REF IN(+), REF IN( - ) .. 
should be tied to AGND to provide the nominal +2.5 V refer-
ence for the AD7710/AD7712. 

The reference inputs of the AD7710/AD7712, REF IN(+) and 
REF IN(-), provide a differential reference input capability. 
The common mode range for these differential inputs is from 
V ss to AV DD· The nominal differential voltage, V REF 
(REF IN(+ )-REF IN(-)), is + 2.5 V for specified operation, 
but the reference voltage can go to + 5 V with no degradation in 
performance provided that the absolute value of REF IN ( +) and 
REF IN( - ) does not exceed its AV DD and V ss limits and the 
V BIAS input voltage range limits are obeyed. The part is also 
functional with V REF voltages down to 1 V but with degraded 
performance as the output noise will, in terms of LSB size, be 
larger. REF IN(+) must always be greater than REF IN(-) for 
correct operation of the AD7710/AD7712. 

Both reference inputs provide a high impedance, dynamic load 
similar to the AINI analog input. The maximum de input leak
age current is 10 pA ( ± 1 nA over temperature) and source resis
tance may result in gain errors on the part. The reference inputs 
look like the AINI analog input (see Figure 7). In this case, 
RiNT is 5 kil typ and C1NT varies with gain. The input sample 
rate is fcLK IN/512 and does not vary with gain. For gains of 1 
to 8 CiNT is 20 pF; for a gain of 16 it is 10 pF; for a gain of 32 
it is 5 pF; for a gain of 64 it is 2.5 pF, and for a gain of 128 it 
is 1.25 pF. 

The digital filter of the part removes noise from the reference 
input just as it does with the analog input, and the same limita
tions apply regarding lack of noise rejection at integer multiples 
of the sampling frequency. The output noise performance out
lined in Tables I and II assumes a clean reference. If the refer
ence noise in the bandwidth of interest is excessive, it can 
degrade the performance of the AD7710/AD7712. Using the 
on-chip reference as the reference source for the part (i.e., con
necting REF OUT to REF IN) results in somewhat degraded 
output noise performance from the AD7710/AD7712 for por
tions of the noise table that are dominated by the device noise. 
The on-chip reference noise effect is eliminated in ratiometric 
applications where the reference is used to provide its excitation 
voltage for the analog front end. Recommended reference volt
age sources for the AD7710/AD7712 include the AD780 and 
AD680 2.5 V references. 
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VBIAs Input 
The V BIAS input determines at what voltage the internal analog 
circuitry is biased .. It .essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize .errors. 

For maximum internal h~droom; the VBIAs voltage should be 
set halfway between AVDD and Vss· The differerii:e between 
AVDD and (VBIAs + 0.85 x VREF) determines the amount of 
headroom which the circuit has at the upper end while the dif
feren~e between Vss and (VBIAS - 0.85 x VREF) determines 
the amount of headroom the circuit has at the lower end. Care 
should be taken in choosing a V BIAS voltage to ensure that is 
stays within prescribed limits. For single + 5 V operation, the 
selected VBL\s voltage must ensure that VBIAS ± 0.85 x VREF 
does not exceed AV DD or V ss or that the V BIAS voltageitself is 
greater than Vss + 2.1 V and less than AVDD - 2.1 V; For 
single + 10 V operation or dual ±5 V operation, the selected 
VBIAs voltage must ensure that VBIAS ± 0.85 x VREF·does not 
exceed AV DD or V ss or that the V BIAS voltage itself is greater 
than Vss + 3 V-or less than AVDD - 3 V. For example, with 
AVDD = +4.75 V, Vss = 0 V and VREF = +2.5 V, the allow
able range for the VBIAS voltage is +2.125 V to +2.625 V. With 
AVDD = +9.5 V, Vss = 0 V and VREF = +5 V, the range 
for VBIAS is +4.25 V to +5.25 V. With AVDD = +4.75 V, 
Vss = -4.75 V and VREF = +2.5 V, the VBIAs range is 
-2.625 V to +2.625 V. 

The V inAs voltage does have an effect on the AV DD power sup
ply rejection performance of the AD7710/AD7712. If the V BIAS 
voltage tracks the AV00 supply; it improves the power supply 
rejection from the AVoD supply line from 80.dB to. 95 dB. 
Using an external Zener diode, connected between the AV DD 
line and V BIAS> as the source for the V BIAS voltage gives the 
improvement in AV DD power supply rejection performance. 

USING THE AD7710/AD7712: SYSTEM DESIGN 
CONSIDERATIONS .. 
The AD7710/AD7712 operates differently from successive 
approximation ,\DCs or integrating ADCs. Since it samplC$ the 
signal continuously, like a tracking ADC, there is no need for a 
start convert. command. The output register is updated at a rate 
determined by the first notch of the filter and the output can be 
read at any time, either synchronously or asynchronously. 

Clocking 
The AD7710/AD7712 requires a master clock input, which may 
be an external TTUCMOS compatible clock signal applied to 
the MCLK IN pin with the MCLK OUT pin left unconnected. 
Alternatively, a crystal of the correct frequency can be. con
nected between MCLK IN and MCLK OUT, in which case the 
clock circuit will function as a crystal controlled oscillator. For 
lower clock frequencies, a ceramic resonator may be used 
instead of the crystal. For these lower frequency oscillators, 
external capacitors may be required on either the ceramic reso
nator or on the crystal. 
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The input sampling frequency, the modulator sampling fre
quency, the -3 dB frequency, output update rat~ anq c.alibra
tion time are all directly related to the master clock frequency, 
fCLK IN· Reducing the master cclocl,t frequency by a factor of 2 
will halve the above frequencie:s and update rate and will double 
the calibration time. 

The current drawn from the DVDD power supply is also 
directly related to fci.K IN· Reducing fcr;K IN by a factor of 2 
will halve the DV DD current but will not affect the current 
drawn from the AV DD power supply. 

System Synchronization 
If multiple AD7710/AD7712s are operated from a common mas
ter clock, they can be synchronized to update their output regis
ters simultaneously. A falling edge on the SYNC input resets 
the filter and places the AD7710/AD7712 into a consistent_, __ 
known state. A common signal to the AD7710/AD7712s' SYNC 
inputs will synchronize their operation. This would normally be 
done after each AD7710/AD7712 has performed its own calibra
tion or has had calibration coefficients loaded to it. 

The SYNC input can also be used to reset the digital filter in 
systems where the turn-on time of the digital power supply 
(DVDD) is very long. In such cases, the.AD7710/AD7712 will 
start operating internally before the DV DD line has reached its 
minimum operating level, +4.75 V. With a low DVDD voltage, 
the AD7710/AD7712's internal digital filter logic does not oper
ate correctly. Thus, the AD7710/AD7712 may have clocked 
itself into an incorrect operating condition by the time that 
DV DD has reached its correct level. The digital filter will be 
reset upon issue of a calibration command (whether it is self
calibration, system calibration or background calibration) to the 
AD7710/AD7712. This ensures correct operation of the 
AD7710/AD7712. In systems where the power-on default co11di
tions of the AD7710/AD7712 are acceptable, and no calibration 
is performed after power-on, issuing a SYNC pulse to the . 
AD7710/AD7712 .will reset the AD7710/AD7712's digital filtei 
logic. An R, C on the SYNC line, with R, C time cons~ 
longer than the DV DD power-on .time, will perform the SYNC 
function. 

Accuracy 
Sigma-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7710/AD7712 achieves 
excellent linearity by the use of high quality, on-chip silicon 
dioxide capacitors, which have a very low capacitance/voltage 
coefficient. The device also achieves low input drift thr<>ugh the 
use of chopper stabilized techniques in its input stage. To. 
ensure excellent performance over time and temperature, the. 
AD7710/AD7712 uses digital calibration techniques that mini
mize offset and gain error. 

Autocalibration 
Autocalibration on the AD7710/AD7712 removes offset and gain 
errors from the device. A calibration routine should be initiated 
on the device whenever there is a change in the ambient operat
ing temperature or supply voltage. It should also be initiated if 
there is a change in the selected gain, filter notch or bipolar/ 
unipolar input range. However, if the AD7710/AD7712 is in its 
background calibration mode, the above changes are all auto
matically taken care of (after the settling time of the filter has 
been allowed for). 

REV.O 



The AD7710/AD7712 offers self-calibration, system calibration 
and background calibration facilities. For calibration to occur on 
the selected channel, the on-chip microcontroller must record 
the m0<;!ulator output for two different input conditions. These 
are "zero scale" and "full-scale" points. With these readings, 
the microcontroller can calculate the gain slope for the input to 
output transfer function of the converter. Internally, the part 
works with a resolution of 33 bits to determine its conversion 
result of either 16 bits or 24 bits. 

The AD7710/AD7712 also provides the facility to write to the 
on-chip calibration registers and in this manner the span and 
offset for the part can be adjusted by the user. The offset cali
bration register contains a value which is subtracted from all 
conversion results, while the full-scale calibration register con
tains a value which is multiplied by all conversion results. The 
offset calibration coefficient is subtracted from the result prior 
to the multiplication by the full-scale coefficient. In the first 
three modes outlined here, the DRDY indicates that calibration 
is complete by going low. If DRDY is low before (or goes low 
during) the calibration command, it may take up to one modula
tor cycle before DRDY goes high to indicate that calibration is 
in progress. Therefore, the DRDY line should be ignored for up 
to one modulator cycle after the last bit of the calibration com
mand is written to the control register. 

Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero scale point used in determining the calibration coefficients 
is with both inputs shorted (i.e., AIN( +) = AIN(-) = VaiAs 
for differential inputs and AIN = V BIAS for single-ended inputs) 
and the full-scale point is V REF· The zero scale coefficient is 
determined by converting an internal shorted inputs node. The 
full scale coefficient is determined from the span berween this 
shorted inputs conversion and a conversion on an internal V REF 
node. The self-calibration mode is invoked by writing the appro
priate values (0, 0, 1) to .the MD2, MD I and MDO bits of the 
control register. In this calibration mode, the shorted inputs 
node is switched in to the modulator first and a conversion is 
performed; the V REF node is then switched in and another con
version is performed. When the calibration sequence is com
plete, the calibration coefficients updated and the filter resettled 
to the analog input voltage, the DRDY output goes low. The 
self-calibration procedure takes into account the selected gain on 
the PGA. 

For bipolar input ranges in the self-calibrating mode, the 
sequence is very similar to that just outlined. In this case, the 
rwo points which the AD7710/AD7712 calibrates are midscale 
(bipolar zero) and positive full-scale. 
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System Calibration 
System calibration allows the AD7710/AD7712 to compensate 
for system gain and offset errors as well as its own internal 
errors. System calibration performs the same slope factor calcu
lations as self-calibration but uses voltage values presented by 
the system to the AIN inputs for the zero and full-scale points. 
System calibration is a two-step process. The zero scale point 
must be presented to the converter first. It must be applied to • 
the converter before the calibration step is initiated and remain 
stable until the step is complete. System calibration is initiated 
by writing the appropriate values (0, 1, 0) to the MD2, MDl 
and MDO bits of.the control register. The DRDY output from 
the device will signal when the step is complete by going low. 
After the zero scale point is calibrated, the full-scale point is 
applied and the second step of the calibration process is initiated 
by again writing the appropriate values (0, 1, I) to MD2, MDI 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable througpout the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo-
lar mode, the system calibration is performed berween the two 
endpoints of the transfer function; in the bipolar mode, it is per-
formed between midscale and positive full scale. 

This rwo-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset or gain 
calibrations can be performed by themselves to adjust the zero 
reference point or the system gain. This is achieved by perform
ing the first step of the system calibration sequence (by writing 
0, I, 0 to MD2, MDl, MDO). This will adjust the zero scale or 
offset point but will not change the slope factor from what was 
set during a full system calibration sequence. 

System calibration can also be used to remove any errors from 
an antialiasing filter on the analog input. A simple R, C anti
aliasing filter on the front end may introduce a gain error on the 
analog input voltage but the system calibration can be used to 
remove this error. 

System Offset Calibration 
System offset calibration is a variation of both the system cali
bration and self-calibration. In this case, the zero scale point for 
the system is presented to the AIN input of the converter. Sys
tem offset calibration is initiated by writing 1, 0, 0 to MD2, 
MDI, MDO. The system zero scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full
scale coefficient is determined from the span berween this AIN 
conversion and a conversion on V REF· The zero scale point 
should be applied to the AIN input for the duration of the cali
bration sequence. This is a one step calibration sequence with 
DRDY going low when the sequence is completed. In the uni
polar mode, the system offset calibration is performed between 
the two endpoints of the transfer function; in the bipolar mode, 
it is performed between midscale and positive full scale. 

Background Calibration 
The AD7710/AD7712 also offers a background calibration mode 
where the part interleaves its calibration procedure with its nor
mal conversion sequence. In the background calibration mode, 
the same voltages are used as the calibration points as are used 
in the self-calibration mode, i.e., shorted inputs and VREF· The 
background calibration mode is invoked by writing 1, 0, 1 to 
MD2, MDI, MDO of the control register. When invoked, the 
background calibration mode reduces the output data rate of the 
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AD7710/AD7712 by a factor of six while the - 3 dB bandwidth 
remains unchanged. Its advantage is that the part is continually 
performing calibration and automatically updating its calibration 
coefficients. As a result, the effects of temperature drift, supply 
sensitivity and time drift on zero and full scale errors are auto
matically removed. When the background calibration mode is 
turned on, the part will remain in this mode until bits MD2, 
MDI and MDO of the control register are changed. With back
ground calibration mode on, the first result from the AD7710/ 

AD7712 will be incorrect as the full-scale calibration will not 
have been performed. For a step change on the input, the sec
ond output update will have settled to 100% of the final value. 

Table VI summarizes the calibration modes and the calibration 
points associated with them. It also gives the duration from 
when the calibration is invoked to when valid data is available to 
the user. 

'fable VI. Calibration Truth Table 

Cal Type MD2, MDl, MDO Zero Scale Cal Full-Scale Cal Sequence Duration 

Self-Cal 0, 0, I Shorted Inputs VREF One Step 9 x I/Output Rate 
System Cal 0, 1, 0 AIN - Two Step 4 x I/Output Rate 
System Cal O, 1, I - AIN Two Step 4 x I/Output Rate 
System Offset Cal 1, 0, 0 AIN VREF One Step 9 x I/Output Rate 
Background Cal I, 0, I Shorted Inputs VREF One Step 6 x I/Output Rate 

Span and Offset Limits 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be accommodated. The 
range of input span in both the unipolar and bipolar modes for 
both inputs on the AD7710 and AINI of the AD7712 has a 
minimum value of 0.8 x VREF/GAIN and a maximum value of 
2.1 x VREF/GAIN. For AIN2 on the AD7712, both numbers 
are a factor of 4 higher. 

The amount of offset that can be accommodated depends 
on whether the unipolar or bipolar mode is being used. This 
offset range is limited by the requirement that the positive full
scale calibration limit is :,; 1.05 x V REF/GAIN for the differen
tial inputs. Therefore, the offset range plus the span range 
cannot exceed 1.05 x V REF/GAIN for the differential inputs. If 
the span is at its minimum (0.8 x VREF/GAIN) the maximum 
the offset can be is (0.25 x V REF/GAIN) for the differential 
inputs. For AIN2 of AD7712, both ranges are multiplied by a 
factor of 4. 

In the bipolar mode, the system offset calibration range is again 
restricted by the span range. The span range of the converter in 
bipolar mode is equidistant around the voltage used for the zero 
scale point thus the offset range plus half the span range cannot 
exceed (I.OS x VREF/GAIN) for the differential inputs. If the 
span is set to 2 x V REF/GAIN, the offset span cannot move 
more than ±(0.05 x V REF/GAIN) before the endpoints of the 
transfer function exceed the input overrange litnits ±(1.05 x 
V REF /GAIN) for the differential inputs. If the span range is set 
to the minimum ±(0.4 x VREF/GAIN) the maximum allowable 
offset range is ±(0.65 x V REF/GAIN) for the differential inputs. 
Once again, for AIN2 of AD7712, both ranges are multiplied by 
a factor of 4. 

POWER-UP AND CALIBRATION 
On power-up, the AD7710/AD7712 performs an internal reset 
which sets the contents of the control register to a known state. 
However, to ensure correct calibration for the device a calibra
tion routine should be performed after power-up. 

The power dissipation and temperature drift of the AD7710/ 
AD7712 are low and no warm-up time is required before the 
initial calibration is performed. However, if an external refer
ence is being used, this reference must have stabilized before 
calibration is initiated. 
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Drift Considerations 
The AD7710/ AD7712 uses chopper stabilization techniques to 
minimize input offset drift. Charge injection in the analog 
switches and de leakage currents at the sampling node are the 
primary sources of offset voltage drift in the converter. The de 
input leakage current is essentially independent of the selected 
gain. Gain drift within the converter depends primarily upon the 
temperature tracking of the internal capacitors. It is not affected 
by leakage currents. 

Measurement errors due to offset drift or gain drift can be elimi
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. Using the system 
calibration mode can also minimize offset and gain errors in the 
signal conditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPLIES AND GROUNDING 
Since the analog inputs and reference input are differential, 
most of the voltages in the analog modulator are common-mode 
voltages. V BIAS provides the return path for most of the analog 
currents flowing in the analog modulator. As a result, the V BIAS 

input should be driven from a low impedance to minimize errors 
due to charging/discharging impedances on this line. When the 
internal reference is used as the reference source for the part, 
AGND is the ground return for this reference voltage. 

The analog and digital supplies to the AD7710/AD7712 are 
independent and separately pinned out to minimize coupling 
between the analog and digital sections of the device. The digital 
filter will provide rejection of broadband noise on the power 
supplies, except at integer multiples of the modulator sampling 
frequency. The digital supply (DVDD) must never exceed the 
analog positive supply (AVDD) by more than 0.3 V. Power sup
ply sequencing therefore is important. If separate analog and 
digital supplies are used, care must be taken to ensure that the 
analog supply is powered up first. If this cannot be ensured or if 
DVDD·can exceed AVDD at any other time, the protection 
scheme outlined in Figure 5 is recommended to protect the 
device. In systems where AVDD = +5 V and DVDD = +5 V, 
it is recommendect'that AV DD and DV DD are driven from the 
same + 5 V supply, although each supply should be decoupled 
separately. It is preferable that the common supply is the sys
tem's analog +5 V supply. 
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It is also important that power is applied to the AD7710/ 
AD7712 before signals at REF IN, AIN or the logic input pins 
in order to avoid latch-up. If separate supplies are used for the 
AD7710/AD7712 and the system digital circuitry, then the 
AD7710/AD7712 should be powered up first. If it is not possi
ble to guarantee this, then current limiting resistors should be 
placed in series with the logic inputs. 

SD103COR 

ANALOG EQUIVALENT DIGITAL 

SUPPLY -IN4-D11f-48-tlt----< .... --tlt---ICl----t1~W...- ~~PLY 
10µF 0.1µF 

AD7710/ 
AD7712 

'THIS DIODE MAY BE NECESSARY IF THE SHORT-CIRCUIT CURRENT 
FROM THE DIGITAL SUPPLY IS TOO LARGE FOR THE SD103C. 

Figure 5. Protection Scheme for DV00 Powering-Up 
Before AV00 

DIGITAL INTERFACE 
The AD7710/AD7712's serial communications port provides a 
flexible arrangement to allow easy interfacing to industry stan
dard microprocessors, microcontrollers and digital signal proces
sors. A serial read to the part can access data from the output 
register, the control register or from the calibration registers. A 
serial write to the part can write data to the control register or 
the calibration registers. 

Two different modes of operation are available, optimized for 
different types of interface where the AD7710/AD7712 can act 
either as master in the system (it provides the serial clock) or as 
slave (an external serial clock can be provided to the AD7710/ 
AD7712). These two modes, labelled self-clocking mode and 
external.clocking mode, are discussed in detail in the following 
sections. 

Self-Clocking Mode 
The part is configured for its self-clocking mode by tying the 
MODE pin high. In this mode, the part provides the serial 
clock signal used for the transfer of data to and from the 
AD7710/AD7712. This self-clocking mode can be used with 
processors that allow an external device to clock their serial port 
including most digital signal processors and microcontrollers 
such as the 68HC11 and 68HCOS. It also allows easy interfacing 
to serial parallel conversion circuits in systems with parallel data 
communication, allowing interfacing to 74XX299 Universal 
Shift registers without any additional decoding. In the case of 
shift registers, the serial clock line should have a pull-down 
resistor instead of the pull-up resistor shown in Figure 6 and 
Figure 7. 

Read Operation 
Data can be read from either the output register, the control 
register or the calibration registers. AO determines whether the 
data read· accesses data from the control register or from the 
output/calibration registers. This AO signal must remain valid 
for the duration of the serial read operation. With AO high, data 
is accessed from either the output register or from the calibra-

REV.O 

AD771 O/AD7712 
tion registers. With AO low, data is accessed from the control 
register. 

The function of the DRDY line is dependent only on the output 
update rate of the device and the reading of the output data reg
ister. DRDY goes low when a new data word is available in the 
output data register. It is reset high when the last bit of data 
(either 16th bit or 24th bit) is read from the output register. If II 
data is notread from the output register, the DRDY line will 
remain low. The output register will continue to be updated at 
the output update rate but DRDY will not indicate this. A read 
from the device in this circumstance will access the most recent 
word in the output register. If a new data word becomes avail-
able to the output register while data is being read.from the out-
put register, DRDY will not indicate this and the new data 
word will be lost to the user. DRDY is not affected by reading 
from the control register or the calibration registers. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low with DRDY high, no data 
transfer will take place. DRDY does not have any effect on 
reading data from the control register or from the calibration 
registers. 

Figures 6a and 6b show timing diagrams for reading from the 
part in the self-clocking mode. Figure 6a shows a situation 
where all the data .is read from t9e part in one read operation. 
Figure 6b shows a situation where the data is read from the 
AD7710/AD7712 over a number of read operations. Both read 
operations show a read from the part's output data register. A 
read from the control register or calibration registers is similar 
but in these. cases the DRDY line is not related to the read 
function. Depending on the output update rate, it can go low at 
any stage in the control/calibration register read cycle without 
affecting the read and its status should be ignored. A read oper
ation from either the control or calibration registers must always 
read 24 bits of data from the respective register. 

Figure 6a shows a read operation from the part where RFS 
remains low for the duration of the data word transmission. For 
the timing diagram shown, it. is assumed that there is a pull-up 
resistor on the SCLK output. With DRDY low, the RFS input 
is brought low. RFS going low enables the serial clock of the 
AD7710/AD7712 and also places the MS.B of the word on the 
serial data line. All subsequent data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The final active falling 
edge of SCLK clocks out the LSB and this LSB is valid prior to 
the final active rising edge of SCLK. Coincident with the next 
falling edge of SCLK, DRDY is reset high. DRDY going high 
turns off the SCLK and the SDATA outputs. This means that 
the data hold time for the LSB is slightly shorter than for all 
other bits. 

Figure 6b shows a timing diagram for a read operation where 
RFS returns high during the transmission of the word and 
returns low again to access the rest of the data word. As before, 
the waveform for SCLK assumes that there is a pull-up resistor 
on this line. Timing parameters and functions are very similar to 
that outlined for Figure 6a, .but Figure 6b has a number of addi
tional times to show timing relationships when RFS returns high 
in .the middle of transferring a word. 

RFS should return high during a low time of SCLK. On the 
rising edge of RFS, the SCLK and SDATA outputs are turned 

ANALOG-TO-DIGITAL CONVERTERS 2-239 



AD77l0/AD7712 

SS 

3-STATE 

Figure 6a. Self-Clocking Mode, Output Data Read Operation 

Figure 6b. Self-Clocking Mode, Output Data Read Operation (RFS Returns High During Read Operation) 

off. DRDY remains low and will remain low until all bits of the 
data word are read from the part, regardless of the number of 
times RPS changes state during the read operation. Depending 
on the time between the falling edge of SCLK and the rising 
edge of RPS, the next bit (BIT N + 1) may appear on the data
bus before RPS goes high. When RPS returns low again, it 
turns on the SCLK output and activates the SDATA output. 
When the entire word is transmitted, the DRDY iine will go 
high turning off the SDAT A and SCLK lines as per Figure 6a. 

Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
the DRDY line and the write operation does not have any effect 
on the status of DRDY. A write operation to the control register 
or the calibration register must always write 24 bits to the 
respective register.-

Figure 7a shows a write operation to the AD7710iAD7712 with 
TFS remaining low for the duration of the write operation. AO 
determines whether a write operation transfers data to the con
trol register or to the calibration registers. This AO signli! must 
remain valid for the duration of the serial write operation. The 
falling edge of TFS enables the internally generated SCLK out
put. The serial data to be loaded to the AD7710/AD7712 must 
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be valid on the rising edge of this SCLK signal. Data is clocked 
into the AD7710/AD7712 on the rising edge of the SCLK signal 
with the MSB transferred first. On the last active high time of 
SCLK, the LSB is loaded to the AD7710/AD7712. Subsequent 
to the next falling edge of SC:LK, the SCLK output is turned 
off. (The timing diagram of Figure 7a assumes a pull-up resistor 
on the SCLK line.) 

Figure 7b shows a timing diagram for a write operation to the 
AD7710/AD7712 with TFS returning high during the write 
operation and returning low again to write the, rest of the data 
word. Once again, the timing diagram of Figure 7b assumes a 
pull-up resistor on tlie SCLK output. Timing parameters and 
functions are very similar to that outlined for Figure 7a but Fig
ure 7b has a number of additional times toshow timing relation
ships when TFS returns high in the middle of transferring a 
word. 

The falling edge of TFS again initiates the SCLK output lllld 
data to be loaded to the AD7710/AD7712 must be valid prior to 
the rising edge of this SCLK signal. The rising edge of TFS 
turns off the_ SCLK output. TFS should return high during the 
low time ofSCLK. When TFS rettµ'.ns low again, it turns on , 
the SCLK output. When all data bits have been written to the 
device, the SCLK output is turned off as per Figure 7a. 
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Figure la. Self-Clocking Mode, Control/Calibration Register Write Operation 

AO(I) -----~ 
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TFS(I) 

Figure lb. Self-Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During Write Operation) 

External Clocking Mode 
The AD7710/AD7712 is configured for its external clocking 
mode by tying the MODE pin low. In this mode, SCLK of the 
part is configured as an input and an external serial dock must 
be provided to this SCLK pin. This external clocking mode is 
designed for direct interface to systems which provide a serial 
clock output that is synchronized to the serial data output, 
including microcontrollers such as the 80CS1, 87CS1, 68HC11 
and 68HCOS and most digital signal processors. 

Read Operation 
As with the self-clocking mode, data can be read from either the 
output register, the control register or the calibration registers. 
AO determines whether the data read accesses data from the con
trol register or from the output/calibration registers. This AO 
signal must remain valid for the duration of'the serial read oper
ation. With AO high, data is accessed from either the output 
register or from the calibration registers. With AO low, data is 
accessed from the control register. 

The function of the DROY line is dependent only on the output 
update rate of the device and the reading of the output data reg
ister. DROY goes low when a new data word is available in the 
output data register. It is reset high when the last bit of data 
(either 16th bit or 24th bit) is read from the output register. If 
data is not read from the output register, the DROY line will 
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remain low. The output register will continue to be updated at 
the output update rate but DROY will not indicate this. A read 
from the device in this circumstance will access the most recent 
word in the output register. If a new data word becomes avail
able to the output register while data is being read from the out
put register, DROY will not indicate this and the new data 
word will be lost to the user. DROY is not affected by reading 
from the control register or the calibration register. 

Data can only be accessed from the output data register when 
DRDY is low. If RFS goes low while DRDY is high, no data 
transfer will take place. DROY does not have any effect on 
reading data from the control register or from the calibration 
registers.' 

Figures 8a and 8b show timing diagrams for reading from the 
part's in the external clocking mode. Figure 8a shows a situation 
where all the data is read from the part in one read operation. 
Figure 8b shows a situation where the data is read from the part 
over a number of read operations. Both read operations show a 
read from the part's output data register. A read from the con
trol register or calibration registers is similar but in these cases 
the DRDY line is not related to the read function. Depending 
on the output update rate, it can go low at any stage in the 
control/calibration register read cycle without affecting the read 
and its status should be ignored. A read operation from either 
the control or calibration registers must always read 24 bits of 
data from the respective register. 
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Figure 8a shows a read operation from the AD7710/AD7712 .. · 
where. RFS remains low for the duration of the data word trans
mission. With DRDY low, the RFS input is brought low. The 
input SCLK signal should be low berween read and write opera
tions. RFS going low places the MSB of the word to be read on 
the serial data line. All subsequent data bits are clocked out on a 
high to low transition of the serial clock and are valid prior to 
the following rising edge of this clock. The penultjmate faJling 
edge of SCLK clocks out the LSB and the final falling edge 
resets the DRDY line high. This rising edge of DRDY turns off 
the serial data output. 

Figure 8b shows a timing diagram for a: read· operation where 
RFS returns high during the transmission ofthe word and 
returns low again to access the rest of the data word. Timing. 
parameters and functions are very similar to that outlined for 

DRDY(O) 

Figure 8a but Figµre 8b -has a number of additional times to 
show timing relationships when RFS returns high in the middle 
of transferring a word. 

RFS should return high during a low time of SCLK. On the 
rising edge ofRFS, the SDATA output is turned off. DRDY 
remains low and will remain low until all bits of the data word 
are read from the part, regardless of the number of times RFS 
changes state during the read operation. Depending on the time 
between the faJling edge of SCLK and the rising edge of RFS, 
the· next bit (BIT N + 1) may appear on the databus before 
RFS goes high. When RFS returns low again, it activates the 
SDATA output. When the entire word is transmitted, the 
DRDY line will go high, turning off the SDATA output as per 
Figure 8a. 

Figure Ba.· Extern,aJ Clocking Mode, Output Data Read Operation 

DRDY(O) 

! .. : •. 

RFS(Q 
ss------, ____ _ 

SC.LKO) 
~~~~~~-+~~ 

Figure Bb. External Clocking Mode, Output data Read Operation (RFS Returns High During Read Operation) 
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Write Operation 
Data can be written to either the control register or calibration 
registers. In either case, the write operation is not affected by 
tl:!e DROY line and the write operation does not have any effect 
on the status of DROY. A write operation to the control register 
or the calibration register must always write 24 bits to the 
respective register. 

Figure 9a shows a write operation to the part with TFS remain
ing low for the duration of the write operation. AO determines 
whether a write operation transfers data to the control register 
or to the calibration registers. This AO signal must remain valid 
for the duration of the serial write operation. As before, the 
serial clock line should be low between read and write opera
tions. The serial data to be loaded to the part must be valid on 
the high level of the externally applied SCLK signal. Data is 
clocked into the part on the high level of this SCLK signal with 
the MSB transferred first. On the last active high time of 
SCLK, the LSB is loaded to the part. 

AD771 O/A07712 
Figure 9b shows a timing diagram for a write operation to the 
AD7710/AD7712 with TFS returning high during the write 
operation and returning low again to write the rest of the data 
word. Timing parameters and functions are very similar to that 
outlined for Figure 9a, but Figure 9b has a number of addi
tional times to show timing relationships when TFS returns high 
in the middle of transferring a word. 

Data to be loaded to the part must be valid for 5/2 MCLK IN • 
cycles prior to the falling edge of the SCLK signal. TFS should 
return high during the low time of SCLK. After TFS returns 
low again, the next bit of the data word to be loaded to the part 
is clocked in on next high level of the SCLK input. On the last 
active high time of the SCLK input, the LSB is loaded to the 
part. 

AO(I) ~--------~~--------!'[_ 
- r i.. 1 .. -~-

REV.O 

TFS(I) s 
n n -~-~s, ,...., ,...., .:J i.. . 

SCLK(I) ~ ~~-ltj ... · LJ LJ LJ L__ 

' ~t!;,1=-~:~-
SDATA(I) ~~ 

Figure 9a. External Clocking Mode, Control/Calibration Register Write Operation 

AO(I) ~~ ... -----~·-------
. ~ 

TFS(I) 

Figure 9b. External Clocking Mode, Control/Calibration Register Write Operation (TFS Returns High During 
Write Operation) 
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r.ANALOG 
WDEVICES, 

FEATURES 
Charge ~al•ncing ADC. 

24 Bits No Mis.sihg Codits 
±0;0015% · NonlimlaritV 

ProgtamlT!able·Gain Front End 
. Gains from 1 to 12s · · · · . 

Three Input Channels (AD77131 
Two Input Channels'~AD7711) 
Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
RTD Excitation Current Sources 
Bidirectional Microcontroller Serial Interface 
Single Supply Operation 
Low Power (AD7711: 25 mW typ; AD7713: 3.5 mW typ) 
Power-Down Mode 

GENERAL DESCRIPTION 
The AD7711/AD7713 is a cbmplete analog front end for low 
frequency measurement applications. The device accepts low 
level signals directly from a transducer and outputs a serial digi
tal word. It employs a sigma-delta c0nversion technique to real
ize up to 24 bits of no missing codes performance. The input 
signal is applied to a proprietary* programmable gain front end 
based around an analog modulator. The modulator output is ' 
processed by an on-chip digital filter •. The fimJtotµi of this dig
ital filter can be programmed· via the on-chlp control register 
allowing adjustment of the filter cutoff and Settling time: 

The· AD77 ll features one differential analog input and ·one 
single-ended analog input. The AD7713 features two differential 
inputs and one single-ended high level (4 x VREp/Gain) input. 
Both parts feature a differential ,:eferenc;:e mPJJt and. can be oper
ated from a single +5 V supply. The AD7711 can aJso be oper
ated from dual supplies to allow for riegativ¢ input voltages. The 
parts provide two current sources which can be used to provide 
excitation in three-wire and four-wire RTD configurations. 

The AD77ll/AD7713 is ideal for use in smart, microcontroller
based. systems. Gain settings, signal polarity and RTD current 
control can be configured in software using the bidirectional 
serial port. The part contains self-calibration, system calibration 
and background calibration options and als0 allows 'the user to 
read and to write the on-chip calibratiop registers., 

*Protected by U.S. Patent No. S,134,40L 

This is an abridged data sheet. To obtain the moat recent version or 
complete data sheet, call our fax retrieval system at 1 ·806-446·6212. 
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LC2MOS Signal . Conditioning AD Cs 
with RTD Excitation Currents 

... , 

·AD77l1 /AD77l31 

: I 
AD7711 FUNCTIONAL BLOCK DIA~ 

REF. REF 
AVoo DV.., IN(-) IN(+) 

r--::-:-::::--,. ..... ~ :CU< 

a...==;;;j.-.:J~· 

AGND ,OGND \lss A~ ifi MODE SDATA SCLK ffiffiV fllJ 

AD7713 FUNCTIONAL BLOCK DIAGRAM 

AIN1 (+j 

AIN1(-) 

~IN2(+) 

AIN2 (-) 

AIN3 

REF REF 
AVm DVoo INH tN(+) 

AGND DGND iifii TFS MODE SDATA SCU< iiRiiY NJ 

iViiC' 

MCU< .. 
MCU< 
OUT 

CMOS construction ensures very low power dissipation and a 
power•down mode reduces the stand~by power consumption to 
7 mW typical (AD7711) and 300 µ.W typical (AD771~). The 
piirt is avllilable in a 24-pin, 0.3 inch Wide; plastic and hermetic 
dual-in-line package (DIP) as well as a 2~lead small outline 
(SOIC) package. 
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AD7711/AD7713 
(AV00 = +5 V ± 5%; DV00 = +5 V ± 5%; REF IN(+)= +2.5 V; REF IN(-) 

AD7713 SPECIFICAJIONS = AGND; MCLK IN "." 2 MHz, unless otherwise stated. All specifications TMiN to 
- . . T MAX• unless otherwise nqted.l 

Parameter A, S Versions' Units Conditions/Comments 

STATIC PERFORMANCE 
No Missing Codes 24 Bits min Guaranteed by Design. For Filter Notches ,;;; 12 Hz 

22 Bits min For Filter Notch = 20 Hz 
18 Bits min For Filter Notch = 50 Hz 
15 Bits min For Filter Notch = 100 Hz 
12 Bits min For Filter Notch = 200 Hz 

Output Noise See Tables I & II Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity 

@25°c ±0.0045 % ofFSRmax Filter Notches ,;;; 12 Hz; TypicaJ.ly ±0.0015% 

TM1N to TMAX ±0.0075 % ofFSRmax Filter Notches ,;;; 12 Hz 
Positive Full-Scale Error'• 3 See Note 4 
Full-Scale Drift' 3/GAIN µVl°Ctyp For Gains of I, 2, 4, 8 

0.35 µVl°Ctyp For Gains of 16, 32, 64, 128 
Unipolar Offset Error' See Note 4 
Unipolar Offset Drift' 2.5/GAIN µV/'C typ For Gains of I, 2, 4, 8 

0.3 µVl°C typ For Gains of 16, 32, 64, 128 
Bipolar Zero Error' See Note 4 
Bipolar Zero Drift5 2.5/GAIN µVl°Ctyp For Gains of I, 2, 4, 8 

0.3 µVl°Ctyp For Gains of 16, 32, 64, 128 
Bipolar Negative Full-Scale Error' ±0.006 % ofFSRmax Typically ±0.0015% 
Bipolar Negative Full-Scale Drift' 4/GAIN µVl°C typ For Gains of I, 2, 4, 8 

0.5 µVl°Ctyp For Gains of 16, 32, 64, 128 

ANALOG INPUTS 
Input Sampling Rate, fs See Table III 
Normal Mode 50 Hz Rejection• 100 dB min For Filter Notches of2, 5, 10, 25, 50 Hz, ±0.02 x fNoTcH 
Normal Mode 60 Hz Rejection• 100 dB min For Filter Notches of2, 6, 10, 30, 60 Hz, ±0.02 x !NOTCH 
AINI, AIN27 

Input Voltage Range8 For Normal Operation. Depends on Gain Selected. 
0 to +VaE/ Vmax Unipolar Input Range (B/U Bit of Control Register = 1) 

±VREF Vmax Bipolar Input Range (B/U Pit of Conµ'ol JtegistC!' =; 0) 
Common-Mode Rejection (CMR) 92 dB min At DC 
Common-Mode 50 Hz Rejection• 150 dB min For Filter Notches of 2, 5, 10, 25, 50 Hz, ±0.02 x fNoTCH 
Common-Mode 60 Hz Rejection• 150 dB min For Filter Notches of 2, 6, 10, 30, 60 Hz, ±0.02 x fNoTcH 
Common-Mode Voltage Range10 AGNDtoAVoo Vmin to V max 
DC Input Lealqige Current @ + 25°C IO pAmax 

TM1Nto.TMAX I nAmax 
Sampling Capacitance• 20 pFmax 

AIN3 
Input Voltage Range 0 to +4 x VREF Vmax For Normal Operation. Depends on Gain Selected. 
Gain Error" ±0.05 %typ Additional Error Contributed by Resistor Attenuator 
Gain Drift I ppml°C typ Additional Drift Contributed by Resistor Attenuator 
Offset Error" 8 mVmax Additional Error Contributed by Resistor Attenuator 

NOTES 
'Temperature ranges are as ·follows: A Version, -40°C to +85°C; S Version, -SS°C to + 125°C. See also Note 16. 
2 Applies after calibration at the temperature of interest. 
'Positive full-scale error applies to both wtlpolar and bipolar input ranges. 
4These errors will be of the order of the output .noise of the pan as shown in Table I. 
'Recalibration· at any temperature or use of the •background calibration mode will remove these drift errors. 
'These numbers are guaranteed by design and/or characterization. 
7The AINI and AIN2 analog inputs present a very high iinpedance dynamic load which varies with clock frequency and input aample rate. The maximum 
recommended source resistance depends on the selected gain. 

'The analog input voltage range on the AINI(+) and AIN2( +) inputs is given here with respect to the voltage on the AINI(-) and AIN2(-) inputs. The input 
voltage range on the AIN3 input is with respect to AGND. The absolute voltage on the AINI and AIN2 inputs should not go more positive than AV DD + 
30 mV or more negative than AGND - 30 mV. 

"VREP =REF IN(+)·- REFIN(~). 
'°This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(-) does not exceed AVDD + 30 mV aild AGND - 30 mV. 
"This error can be removed using the system calibration capabilities of the AD7711/AD7713. This error is not removed by the AD7711/AD7713's self-

calibration feature. The offset drift on the AIN3 input is four times the value given in the Static Performance section. 
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AD7711/AD7713 

AD77l3,,~SPECIFICATIDNS 
Parameter A, S Veniioiis1 Units Conditions/Comments 

REFERENCE INPUT 
REF IN(+) - REF IN(-) Voltage + 2.5 to AV01/1.8 VmintoVmax For Specified Performance. Part Is Functional with Lower 

V REF V oJtages 
Input Sampling Rate, fs ta.u/512 
Normal-Mode 50 Hz Rejection6 100 

I 
dB min ForFilterNotchesof2, 5, 10,25,50 Hz, ±0.02 x fNoTCH 

Normal-Mode 60 Hz Rejection6 100 . I dB min For Filter Notches of2, 6, 10, 30, 60 Hz, ±0.02 x fNOTCH 
Common-Mode Rejection (CMR) 100 dB min At DC 
Common-Mode 50 Hz Rejection• 150 dB min ForFilterNotchesof2,5, 10,25, 50Hz, ±0.02 x fNOTCH 
Common-Mode 60 Hz Refection• 150 dB min ForFilterNotchesof2,6, 10, 30, 60 Hz, ±0 .. 02 x fNOTCH 
Common-Mode:Voltage Range'° AG)'.jDtoAV00 VmintoVmax 
DC Input Leakage Current @ + 25°C . 10 pAmax 

TMIN to TMAX 1 nAmax 

LOGIC INPUTS 
Input Current ±10 µA max 
All Inputs except MCLK IN 

V ;.,u Input Low Voltage 0.8 Vmax 
V INH• Input High Voltage 2.0 Vmin 

MCLKINOnly 
V INL• Input Low Voltage 0.8. Vmax 
V INH> Input High Voltage 3.5 Vmin 

LOGIC OUTPUTS 
V 0u Output Low Voltage 0.4 Vmax isINK = 1.6 rnA 
VoH• Output High Voltage 4.0 Vmin IsouRcB = 100 µA 
Floating State Leakage Current ±10 µA max 
Floating State Output Capacitance12 9 pFtyp 

TRANSD1JCER BURN OUT 
Current 20 nAnom 
Initial Tolerance ±10 %typ 
Drift 0.1 %l"C typ 

RTD EXCITATION CURRENTS 
(RTDl, RTD2) 

Output currerii 200 µ.Anom 
Initial Tolerance ±20 % inax 
Drift 20 ppm/°C typ 
Initial Matching ±1 %max Matching Between RTDl and RTD2 Currents 
Drift Matching 3 ppmf'C typ Matching Between RTDl and RTD2 Current Drift 
Line Regulation (AV00) 200 nA/Vmax AV00 =+5V 
Load Regulation 200 nA/Vmax 

SYSTEM CALIBRATION 
AIN1,AIN2 

Positive Full-Scale Calibration· Limit13 +(l.05·x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
NegatiV. Full~Scale Calibration Limit13 -(1.05 x VREF)/GAIN Vmax GAIN Is t1ie Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit14' " -(1.05 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span14 +0.8 x V Rlll"'GAIN Vmin GAIN Is the Selecte9 PGA Gain (Between· 1 and 128) 

+(2.1 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
AIN3 

Positive Full-Scale Calibration Limit13 +(4.2 x VREp)/GAil'f Vmax . GAIN Is~ Selected l>GA Gain.(Between 1and128) 
Offset Calibration Limit15 0 to VRE.,'GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span. ., + 3.2 x V Rlll"'GAIN · · Vmin GAIN Is the Selected PGA Gain (Between 1 and 128) 

+(4.2 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and'.128) 

NOTES 
"Sample tested at + 25'C to ensure compliance. 
13 After calibration, if the analog input exceeds positive full scale, the converter will output all ls. If the analog input is less than negative full scale, then the 

device will outjnlt all Os; · · 
14These calibration and span limits apply provided.the absolute voltage on.the AINI and AIN2 analog inputs does not exceed AV00 +.30.mV or go more nega

tive than AGND - 30 mV. 
15The offset calibration limit applies to both 'the unipolar zero point and the bipolar zero point. 
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AD7711/A07713 

Parameter A, S Versions' Units Conditions/Comments 

POWER REQUIREMENTS 
Power Supply Voltages 

AV00 Voltage 16 +5 to +10 Vnom ± 5% for Specified Performance 
DV00 Voltage 17 +5 V nom ±5% for Specified Performance 

Power Supply Currents 
AV 00 Current 0.6 mAmax AV00 = +5 V 
AV 00 Current 0.7 mA max AV00 =+lOV 
DV00 Current 0.5 mAmax fcLK IN= 1 MHz. Digital Inputs 0 V or DV00 

DV00 Current 1 mAmax fcLK IN = 2 MHz. Digital Inputs 0 V or DV DD 
Power Supply Rejection" Rejection w.r.t. AGND 

(AVoo) See Note 19 dB typ 
Power Dissipation 

Normal Mode 5.5 mW max AV00 = DVDD = +5 V, fcLK IN= 1 MHz; 
Typically 3.5 mW 

Standby (Power-Down) Mode 500 µWmax AV Do= DV00 = +5 V; Typically 300 µW 

NOTES 
160peration with AV00 voltages in the range 5.25 V to 10.5 Vis only guaranteed over the 0°C to +70°C temperature range. 
17The ±5% tolerance on the DV00 input is allowed provided that DV00 does not exceed AV00 by more than 0.3 V. 
18Measured at de and applies in the selected passband. PSRR at SO Hz will exceed 120 dB with filter notches of 2, S, 10, 2S or SO Hz. PSRR at 60 Hz will 

exceed 120 dB with filter notches of 2, 6, 10, 30 or 60 Hz. 
19PSRR depends on gain: Gain of 1 = 70 dB typ; Gain of 2 = 7S dB typ; Gain of 4 = 80 dB typ; Gains of 8 to 128 = 8S dB typ. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

AVnn to AGND ............... . -0.3 V to + 12 V 
AVnn to DGND .............. . -0.3 V to + 12 V 
DVnn to AGND -0.3 V to +6 V 
DVnn to DGND -0.3 V to +6 V 
AGND to DGND -0.3 V to +6 V 
AINI, AIN2 Input Voltage 

to AGND ................ -0.3 V to AVnn + 0.3 V 
AIN3 Input Voltage to AGND .......... -0.3 V to +22 V 
Reference Input Voltage to AGND .. -0.3 V to AVnn + 0.3 V 
Digital Input Voltage to DGND ... -0.3 V to AVnn + 0.3 V 
Digital Output Voltage to DGND .. -0.3 V to DVnn + 0.3 V 
Operating Temperature Range 

Commercial (A Version) ............. -40°C to +85°C 
Extended (S Version) . . . -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 

CAUTION 

Junction Temperature ...................... + 150°C 
Plastic DIP Package, Power Dissipation .......... 450 mW 

01A Thermal Impedance .................. !05°C/W 
Lead Temperature, Soldering (10 sec) .......... + 260°C 

Cerdip Package, Power Dissipation ............. 450 mW 
01A Thermal Impedance ................... 70°C/W 
Lead Temperature, Soldering ............... + 300°C 

SOIC Package, Power Dissipation .............. 450 mW 
01A Thermal Impedance ................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +215°C 
Infrared (15 sec) . . . . . . . . . . . . . . . . . . . . .. + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ESD (electrostatic discharge) sens1t1ve device. Electrostatic charges as high as 4000 V, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur 
on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 

WARNING! ~ 

~~EDEVICE 

REV.O 

AD7713 ORDERING GUIDE 

Model1 Temperature Range Package Option2 

AD7713AN -40°C to +85°C N-24 
AD7713AR -40°C to +85°C R-24 
AD7713AQ -40°C to +85°C Q-24 
AD7713SQ -55°C to + 125°C Q-24 

NOTES 
1To order MIL-STD-883B, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 
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AD7711 /AD7713 
(AV00 = +5 V ± 5%; DV00 = +5 V ± 5%; Yss = 0 V or -5 V ± 5%; 

AD77l1-SPECIFICATIONS REF IN(+)= +2.5 V; REF IN(-)= AGND; MCLK IN = 10 MHz unless otherwise 
stated. All specifications T MIN to T MAX• unless otherwise noted.) 

Parameter A, S Versions' Units Conditions/Comments 

STATIC PERFORMANCE 
No Missing Codes 24 Bits min Guaranteed by Design. For Filter Notches :5 60 Hz 

22 Bits min For Filter Notch = 100 Hz 
18 Bits min For Filter Notch = 250 Hz 
15 Bits min For Filter Notch = 500 Hz 
12 Bits min For Filter Notch = 1 kHz 

Output Noise See Tables I & II Depends on Filter Cutoffs and Selected Gain 
Integral Nonlinearity 

@25'C ±0.0045 % ofFSRmax Filter Notches :=; 60 Hz. Typically ±0.0015% 
TMIN to TMAX ±0.0075 % ofFSRmax Filter Notches :5 60 Hz 

Positive Full-Scale Error" 3 See Note 4 Excluding Reference 
Full-Scale Drift5 3/GAIN µV/'C typ Excluding Reference. For Gains of 1, 2, 4, 8 

0.35 µV/'C typ Excluding Reference. For Gains of 16, 32, 64, 128 
Unipolar Offset Error' See Note 4 
Unipolar Offset Drift5 2.5/GAIN µV/'C typ. For Gains of 1, 2, 4, 8 

0.3 µV/'C typ For Gains of 16, 32, 64, 128 
Bipolar Zero Error' See Note 4 
Bipolar Zero Drift5 2.5/GAIN µV/'C typ For Gains of 1, 2, 4, 8 

0.3 µV/'C typ For Gains of 16, 32, 64, 128 
Bipolar Negative Full-Scale Error' ±0.006 % ofFSRmax Excluding Reference. Typically ±0.0015% 
Bipolar Negative Full-Scale Drift5 4/GAIN µV/'C typ Excluding Reference. For Gains of 1, 2, 4, 8 

0.5 µV/'C typ Excluding Reference. For Gains of 16, 32, 64, 128 

ANALOG INPUTS/REFERENCE INPUTS 
Normal Mode 50 Hz Rejection6 100 dB min For Filter Notches of 10, 25, 50 Hz, ±0.02 X fNoTcH 
Normal Mode 60 Hz Rejection6 100 dB min For Filter Notches of 10, 30, 60 Hz, ±0.02 x fNoTcH 
DC Input Leakage Current6 @ + 25'C 10 pAmax 

TM1NtoTMAx 1 nAmax 
Sampling Capacitance6 20 pFmax 
A!Nl/REFIN 

Common-Mode Rejection (CMR) 92 dB min At DC 
Common-Mode 50 Hz Rejection6 150 dB min For Filter Notches of 10, 25, 50 Hz, ±0.02 x fNoTcH 
Common-Mode 60 Hz Rejection6 150 dB min For Filter Notches of 10, 30, 60 Hz, ±0.02 x fNoTcH 
Common-Mode Voltage Range7 Vss to.AV00 Vmin to V max 

Analog Inputs8 

Input Voltage Range9 For Normal Operation. Depends on Gain Selected. 
0 to +VREF 10 max Unipolar Input Range (B/U Bit of Control Register = 1) 
±VREF max Bipolar Input Range (B/U Bit of Control Register = 0) 

Input Sampling Rate, f8 See Table III 
AIN2 Offset Error 4 mVmax Removed by System Calibrations but not by Self-Calibration 
AIN2 Offset Drift 2 µV/'C Removed by System Calibration but not by Self-Calibration 

Reference Inputs 
REF IN(+) - REF IN(-) Voltage11 +2.5 to +5 Vmin to Vmax For Specified Performance; Part Is Functional with 

Lower V REF Voltages 
Input Sampling Rate, f8 fcLK IN/512 

REFERENCE OUTPUT 
Output Voltage 2.5 Vnom 
Initial Tolerance ±4 %max 
Drift 25 ppm/"C typ 
Output Noise 50 µVtyp pk-pk Noise. O.l Hz 10 10 Hz Bandwidth 
Line Regulation (AV 00) 1 mVNmax 
Load Regulation 1.5 mV/mAmax Maximum Load Current 1 mA 
External Current 1 mAmax 

NOTES 
1Temperature ranges are as follows: A Version, -40°C to +85°C; S Version, -sS0c to + 125°C. See also Note 16. 
2 Applies after calibration at the temperature of interest. 
3Positive fullMscale error applies to both unipolar and bipolar input ranges. 
4These errors will be of the order of the output noise of the parr as shown in Table I. 
5Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
6These numbers are guaranteed by design and/or characterization. 
'This common-mode voltage range is allowed, provided that the input voltage on AIN( +) or AIN(-) does not exceed AV DD + 30 m V and V ss - 30 m V. 
8The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample· rate. The maximum recommended source 
resistance depends on the selected gain (see Tables IV and V). 

9The analog input voltage range on the A!Nl( +)input is given here with respect to the voltage on the A!Nl(-) input. The input voltage range on the AIN2 
input is with respect to AGND. The absolute voltage on the analog inputs.should·not,go more positive than AV00 + 30 mV or go more negative than 
Vss - 30 mV. 

' 0VREF =REF IN(+)- REFIN(-). 
uThe reference voltage range may be restricted by the input voltage range requirement on the VBIAs input~ 
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AD7711/AD7713 

Parameter A, S Versions' Units Conditions/Comments 

VBIAS INPUT12 
Input Voltage Range AV00 ~ 0.8S X VREF See V BIAS Input Section 

orAV00 -3 Vmax Whichever Is Smaller; + S V/-S V or + 10 V/O V 
Nominal AVoofVss 

orAV00 -2.1 Vmax Whichever Is Smaller; +S V/O V Nominal AV0 ofVss 
Vss + 0.8S x VREF See V BIAS Input Section 
orVss +3 Vmin Whichever Is Greater; +S V/-S V or + 10 V/O V 

Nominal AVoofVss 
orVss +2.1 Vmin Whichever Is Greater; + S V/O V Nominal AV oofV ss 

V BIAS Rejection 6S to 8S dB typ Increasing with Gain 

LOGIC INPUTS 
Input Current ±10 µAmax 
All Inputs except MCLK IN 

vlNL> Input Low Voltage 0.8 Vmax 
ViNH> Input High Voltage 2.0 Vmin 

MCLKINOnly 
ViNL> Input Low Voltage 0.8 Vmax 
ViNH> Input High Voltage 3.S Vmin 

LOGIC OUTPUTS 
V0 L, Output Low Voltage 0.4 Vmax {SINK = J.6 mA 
V0 H, Output High Voltage 4.0 Vmin lsouRcE = 100 µA 
Floating State Leakage Current ±IO µAmax 
Floating State Output Capacitance13 9 pF typ 

TRANSDUCER BURN-OUT 
Current 100 nAnom 
Initial Tolerance ±IO % typ 
Drift 0.1 %/"Ctyp 

RTD EXCITATION CURRENTS (RTDI, RTD2) 
Output Current 200 µAnom 
Initial Tolerance ±20 %max 
Drift 20 ppml"C typ 
Initial Matching ±1 %max Matching Between RTDI and RTD2 Currents 
Drift Matching 3 ppml"C typ Matching Between RTDI and RTD2 Current Drift 
Line Regulation (AV 00) 200 nA/Vmax AV00 = +SV 
Load Regulation 200 nA/Vmax 
Output Compliance AV00 - 2 Vmax 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Llmit14 (I.OS x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Negative Full-Scale Calibration Llmit14 - (I.OS x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Offset Calibration Limit15 - (I.OS x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 
Input Span15 0.8 x V~GAIN Vmin GAIN Is the Selected PGA Gain (Between 1 and 128) 

(2.1 x VREF)/GAIN Vmax GAIN Is the Selected PGA Gain (Between 1 and 128) 

NOTES 
12The AD7711 is tested with the following VBIAs voltages. With AV0 D = +5 V and Vss = 0 V, VeIAs = +2.5 V; with AVDD = +IO V and Vss = 0 V, V81As 

= +5·V and with AVDD = +5 V and Vss = -5 V, V81As = O V. 
13Sample tested at + 25'C to ensure compliance. 
14After calibration, if the analog input exceeds positive full scale, then the converter will output all ls. If the analog input is less than negative full scale, then 

the device will output all Os. 
"These. calibration and Span limits apply provided that the absolute voltage on the analog inputs does not exceed Av DD + 30 m v or does not go more negative 

than V ss - · 30 m V. The offset calibration limit applies to both the unipolar zero point and. the bipolar zero point. 
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AD7711-SPECIFICATIONS 
Parameter A, S Versions' Units Conditions/Comments 

POWER REQUIREMENTS 
Power Supply Voltages 

AVDD Voltage16 +5to+IO Vnom ±5% for Specified Performance 
DVDD Voltage17 +5 Vnom ±5% for Specified Performance 
AVDD - Vss Voltage +10.5 Vmax For Specified Performance 

Power Supply Currents 
AV DD Current 4 mAmax 
DV DD Current 4.5 mAmax 
Vss Current 1.5 mAmax Vss=-5v· 

Power Supply Rejection 18 Rejection w.r.t. AGND; Assumes VBIAs Is Fixed 
Positive Supply (AVDD) See Note 19 dB typ 

Negative Supply (V ss) 90 dB typ 

Power Dissipation 
Normal Mode 45 mW max AVDD = DVDD = +5 V, Vss = 0 V; Typically 25 mW 
Normal Mode 52.5 mW max AVDD = DVDD = +5 V, Vss = -5 V; Typically 30 mW 
Standby (Power-Down) Mode 15 mW max AVDD = DVDD = +5 V, Vss = 0 V or -5 V; 

Typically 7 mW 

16The AD7711 is specified with a JO MHz clock for AV00 voltages of +5 V ± 5%. It is specified with an 8.MHz clock for AV00 voltages greater than 5.25 V 
and less than 10.5 V. Operating with AV00 voltages in the range 5.25 V to 10.S Vis only guaranteed over the 0°C to +70°C temperature range. 

17The ±5% tolerance on the DV00 input is allowed provided that DV00 does not exceed AV00 by more than 0.3 V. 
18Measured at de and applies in the selected passband. PSRR at SO Hz will exceed 120 dB with filter notches of 10 Hz, 25 Hz or 50 Hz. PSRR at 60 Hz will 

exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. 
"'PSRR depends on gain: Gain of 1 = 70 dB typ; Gain of 2 = 75 dB typ; Gain of 4 = 80 dB typ; Gains of 8 to 128 = 85 dB typ. These numbers can be 

improved (to 95 dB typ) by deriving the V81As voltage (via Zener diode or reference) from the AV00 supply. 
sPecifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25"C unless otherwise noted) 
AVnn to DVnn ................... -0.3Vto+12 V 
AVnn to Vss ..................... -0.3 V to +12 V 
AVnn to AGND .................... -0.3 V to +12 V 
AVnn to DGND .................• -0.3 V to +12 V 
DVnn to AGND ................... -0.3 V to +6 V 
DVnn to DGND ................... -0.3 V to +6 V 
V88 to AGND ..................... +0.3 V to -6 V 
V88 to DGND ..................... +0.3 V to -6 V 
Analog Input Voltage to AGND 

................... Vss - 0.3 VtoAVnn + 0.3 V 
Reference Input Voltage to AGND 

.................... Vss - 0.3 V to AVnn + 0.3 V 
REF OUT to AGND ................ -0.3 V to AVnn 
Digital Input Voltage to DGND ... -0.3 V to AVnn + 0.3 V 
Digital Output Voltage to DGND .. -0.3 V to DVnn + 0.3 V 
Operating Temperature Range 

Commercial (A Version) ............. -40°C to +85°C 

Extended (S Version) .......•...... -55°C to + 125°C 
Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature ...................... + 150°C 
Plastic DIP Package, Power Dissipation .......... 450 mW 

01A Thermal Impedance .................. 105°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

Cerdip Package, Power Dissipation ............. 450 mW 
01A Thermal Impedance ................... 70°C/W 
Lead Temperature, Soldering ........... ; ... + 300°C 

SOIC Package, Power Dissipation .............. 450 mW 
01A Thermal Impedance . . . . . . . . . . ......... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +215°C 
Infrared (15 sec) . . . . . . . . . . . . . . . . . . . . . . + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although WARNING! g 
the AD77 ll features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 

AD7711 ORDERING GUIDE 

Model Temperature Range Package Option* 

AD7711AN -40°C to +85°C N-24 
AD7711AR -40°C to +85°C R-24 
AD7711AQ -40°C to +85°C Q-24 
AD7711SQ -55°C to + 125°C Q-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information 
see Package Information section. 
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AD771.1/AD7713 

TIMING CHARACTERISTICS1• 2 (0V00 = +5 V ± 5%; AV00 = +5 V or +10 V3 ± 5%; AGND = DGND = 0 V; fcUI IN= 

10 MHz (A07711) or 2 MHz (A07713); Input Logic 0 = 0 V, Logic 1 = DV00 unless otherwise stated.) 

Limit at T MIN• T MAX 

Parameter (A, S Versions) Units Conditions/Comments 

fcLKIN 
4, 5 400 kHz min Master Clock Frequency 

2 MHz max AD7713 
10 MHz max AD7711 

lcLKIN LO 0.4 X lcLK IN ns min Master Clock Input Low Time; lcLK IN = llfcLK IN 

lcLKINHI 0.4 X tcLK IN nsmin Master Clock Input High Time 
t,6 50 ns max Digital Output Rise Time; Typically 20 ns 

t/ 50 ns max Digital Output Fall Time; Typically 20 ns 
t, 1000 nsmin SYNC Pulse Width 
Self-Clocking Mode 
t, 0 ns min DRDY to RFS Setup Time 
t, 0 ns min DRDY to RFS Hold Time 
t. 2 X lcLK IN ns min AO to RFS Semp Time 
ts 50 ns min AO to RFS Hold Time 

to 4 X lcLK IN ns max RFS Low to SCLK Falling Edge 
t/ 4 X tcLKIN ns max Data Access Time (RFS Low to Data Valid) 
ts' lcLK IN/2 ns min SCLK Falling Edge to Data Valid Delav 

lcLK IN/2 + 30 ns max 

~ lcLK IN/2 ns nom SCLK High Pulse Width 
t10 3 X lcLK IN/2 nsnom SCLK Low Pulse Width 
tu 10 nsmin RFS/TFS to SCLK Falling Edge Hold Time 

lcLK IN/2 nsmax 
t,, 3 X lcLK IN/2 + 20 nsmax RFS/TFS to SCLK Delay 
tn~ 3 X tcLK IN/2 + 20 ns max RFS to Data Valid Hold Time 
t,. 0 nsmin AO to TFS Semp Time 
t,, 0 nsmin AO to TFS Hold Time 
tio 4 X lcLK IN nsmax TFS to SCLK Falling Edge Delay Time 
t,, 4 X lcLK IN ns min TFS to SCLK Falling Edge Hold Time 

tis 0 nsmin Data Valid to SCLK Semp Time 
t,9 10 nsmin Data Valid t.o SCLK Hold Time 

+2.1V 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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Limit at T MIN• T MAX 

Parameter (A, S Versions) Units Conditions/Comments 

External-Clocking Mode 
fscLK fcLK IN/5 MHz max Serial Clock Input Frequency 
tzo 0 nsmin DRDY to RPS Setup Time 
tz1 0 ns min DRDY to RPS Hold Time 
tzz 2 X lcLKIN nsmin AO to RPS Setup Time 
tz3 so ns min AO to RPS Hold Time 
tz4 7 4 X tcLK IN ns max Data Access Time (RPS Low to Data Valid) 
tzs 7 lcLK IN/2 ns min SCLK Falling Edge to Data Valid Delay 

2 X tCLKIN + 20 nsmax 
tzo 2 X lcLK IN nsmin SCLK High Pulse Width 
tz7 2.X lcLK IN· nsmin SCLK Low Pulse Width 
tzs lcLK IN+ 10 nsmax SCLK Falling Edge to DRDY High 
tz9 

8 0 ns min DRDY to Data Valid Hold Time 
20 nsmax 

t,o 10 ns min RPS/TFS to SCLK Falling Edge Hold Time 
t,, 8 5 X tcLK IN/2 + 20 nsmax RPS to Data Valid Hold Time 
t,2 0 nsmin AO to TFS Setup Time 
l33 0 ns min AO to TFS Hold Time 
t,4 4 X lcLK IN ns min SCLK Falling Edge to TFS Hold Time 
t,s S x tcLK IN/2 - SCLK High nsmin Data Valid to SCLK Setup Time 
t,. 30 nsmin Data Valid to SCLK Hold Time 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are specified with tR = tp = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 6 to 9 of AD7710/AD7712 data sheet. 
'Operation with AV00 voltages in the range 5.25 V to 10.5 Vis only guaranteed over the 0°C to +7Q°C temperature range. 
4CLK IN duty cycle range is 45% to 55%. CLK IN must be supplied whenever the AD77ll/AD7713 is not in STANDBY mode. If no clock is present in this 
case, the device can draw higher current than specified and possibly become uncalibrated. 

5The AD77l l is production tested at 10 MHz. The AD7713 is production tested with fcLK IN at 2 MHz. Both are guaranteed by characterization to operate at 
400 kHz. 

6Specified using 10% and 90% points on waveform of interest. 
7These numbers aie measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 
8These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number 

is then extrapolated back to remove effects of charging or discharging the_ 100 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 

AD7711 PIN CONFIGURATION 

DIP and SOIC 

SCLK DGND 

DVoo 

SDATA 

iiFiiiY 
RFS 

TFS 

AGND 

AIN2 

REF OUT 

REF IN(+) 

REFIN(-) 
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AD7713 PIN CONFIGURATION 

SCLK 

AIN2(-) 

STANDiiY 
AVoo 

DIP and SOIC 

DGND 

OV00 

SDATA 

DROY 

RFS 

iFS 
AGND 

AIN3 

RTD2 

REF IN(+) 

REFIN(-) 

RTD1 
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AD7711/AD7713 
PIN FUNCTION DESCRIPTION 

Mnemonic 

SCLK 

MCLKIN 

MCLKOUT 
AO 

MODE 

AINl(+) 

AINl(-) 

AIN2 
REF OUT 

AIN2(+) 
AIN2(-) 

STANDBY 

AVDD 
RTDl 

RTD2 

REF IN(-) 

REF IN(+) 

AIN3 

AGND 

TFS 

REV.O 

Function 

Serial Clock. Logic input/output depending on the status of the MODE pin. When MODE is high, the device is in 
its self-clocking mode and the SCLK pin provides a serial clock output. This SCLK becomes active when RFS or 
TFS goes low and it goes high impedance when either RFS or TFS returns high or when the device has completed 
transmission of an output word. When MODE is low, the device is in its external clocking mode and the SCLK pin 
acts as an input. This input serial clock can be a continuous clock with all data transmitted in a continuous train of 
pulses. Alternatively, it can be a noncontinuous clock with the information being transmitted to the AD7711/AD7713 
in smaller batches of data. 
Master Clock signal for the device. This can be provided in. the form of a crystal or external clock. A crystal can be 
tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with a 
CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally 2 MHz for 
AD7713 and 10 MHz for AD7711. 
When the master clock for the device is a crystal, the crystal is connected between MCLK IN and MCLK OUT. 
Address Input. With this input low, reading and writing to the device is to the control register. With this input high, 
access is to either the data register or the calibration registers. 

Logic Input which allows for synchronization of the digital filters when using a number of AD7711/AD7713s. It 
resets the nodes of the digital filter. 
Logic Input. When this pin is high, the device is in its self-clocking mode; with this pin low, the device is in its 
external clocking mode. 

Analog Input Channel 1. Positive input of the programmable-gain differential analog input. The AINl( +) input is 
connected to an output current source which can be used to check that an external transducer has burnt out or has 
gone open circuit. This output current source can be turned on/off via the control register. 
Analog Input Channel l. Negative input of the programmable gain differential analog input. 
AD7711 Only. Analog Input Channel 2. Single-ended programmable gain analog input. 
AD7711 Only. Reference Output. The internal +2.5 V reference is provided at this pin. This is a single-ended 
output which is reference to AGND. It is a buffered output capable of providing l mA to an external load. 
AD7711 Only. Input Bias Voltage. This input voltage should be set such that VsrAs + 0.85 x VREF < AVDD and 
VsrAs - 0.85 x VREF > Vss where VREF is REF IN(+) - REF IN(-). See VsrAs input section. 
AD7711 Only. Analog Negative Supply, 0 V to -5 V. Tied to AGND for single supply operation. The input voltage 
on AINl or AIN2 should not go >30 mV negative w.r.t. Vss for correct operation of the device. 
AD7713 Only. Analog Input Channel 2. Positive input of the programmable gain differential analog input. 
AD7713 Only. Analog Input Channel 2. Negative input of the programmable gain differential analog input. 
AD7713 Only. Logic Input. Taking this pin low shuts down the internal analog and digital circuitry, reducing power 
consumption to less than 50 µ W. 
Analog Positive Supply Voltage, +5 V to + 10 V. 
Constant Current Output. A nominal 200 µA constant current is provided at this pin and this can be used as the 
excitation current for RTDs. This, current can be turned on or off via the control register. 
Constant Current Output. A nominal 200 µA constant current is provided at this pin and this can be used as the 
excitation current for RTDs. This current can be turned on or off via the control register. This second current can be 
used to eliminate lead resistance errors in three-wire RTD configurations. 

Reference Input. The REF IN( - ) can lie anywhere between AV DD and AGND provided REF IN(+) is greater than 
REFIN(-). 

Reference Input. The reference input is differential with the provision that REF IN(+) must be greater than 
REF IN(-). REF IN(+) can lie anywhere between AVDD and AGND. 
AD7713 only. Analog Input Channel 3. High level analog input which accepts an analog input voltage range of 
4 x V REF/GAIN. At the nominal V REF of + 2.5 V and a gain of 1, the AIN3 input voltage range is 0 to + 10 V. 
Ground Reference Point for Analog Circuitry. 

Transmit Frame Synchronization. Active low logic input used to write serial data to the device with serial data 
expected after the falling edge of this pulse. In the self-clocking mode, the serial clock becomes active after TFS goes 
low. In the external clocking mode, TFS must go low before the first bit of the data word is written to the part. 

Receive Frame Synchronization. Active low logic input used to access serial data from the device. In the self-clocking 
mode, the SCLK and SDATA lines both become active after RFS goes low. In the external clocking mode, the 
SDATA line becomes active after RFS goes low. 
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Mnemonic Function ,/' 

Logic Output. A falling edge. indicates a new output word is available for transmission. The i5RDY pin will retuni · 
high upon completion of transmission of a full output word., DRDY is.also u~ed to indicate when, th.e 
AD7711/AD7713 has completed its.on-chip calibration sequence. 

SDATA Serial Data. 'Input/Output with• sCrihl data: being written 'to either the controhegister or the calibration registers and 
seriaJ•rdata being accessed from the control register, calibration registers or the data register. During an output data 

·read operation; serial data becomes llet;ive after RFS goes low .(provided DRDY is low). During a write operation, 
valid setial data is expected on the rising edges ofSCLK when TFS is low. The output data is natural binary for 
unipolar inputs and offset binary for bipolar inputs. 

DVoo DjgitafSupply·Voltage, +5 V. DV00 should never exceed AV00 by more than 0.3 V. IfDVno powers up before 
AV00 or if DV00 can'exceed AV00 by more than 0.3 Vat any other time, the protection scheme outlined in 
Figure 5 shoU!d be used. · · 

DGND Ground. Reference Point for Digital Circuitry. 

TERMINOLOGY 
INTEGRAL NONLINEARITY 
This is the maximiim deviation of any code'from a straight line 
passing through the endpoints of the transfer function. The end
points of the transfer function are zero scale (not to be confused 
with bipolar zero), a point 0.5 LSB below the first code transi
tion (000 ... 000.to 000 .... 001) and full scale, a point 0.5 LSB 
above the last code transition (Ill •.•. llO to Ill ... Ill). 
The error is expressed as a percentage of full scale. 

POSITIVE FULL-SCALE ERROR. 
Positive full-scale error is the de'viation of the last code transi
tion (Ill .· .. UO to Ill ... lll) from the ideal input full-scale 
voltage. For AIN('f- ), the ideal. full-scale input voltage is 
(AIN(-:-).+ VREp/GAIN - 3/2 LSBs); fot.·AIN2 of AD77ll, 
the ideal full-scale input voltage is V REF/GAIN - 3/2 LSBs; for 
AIN3 of AD7713, the ideal full-scale voltage is +4. x VRF,p/ 
GAIN - 3/2 LSBs. Positive full.scale error applies to both uni
polar and bipolar analog input ranges. 

UNIPOLAR OFFSET l!RROR 
Unipolar offset error ls the· deviation of the first rode transition 
from the ideal input voltage. For AIN( + ), the ideal input volt
age is (AIN(-) + 0.5 LSB); for AIN2 of AD77ll and AIN3 
of AD7713, the ideal input is 0.5 LSB when operating in the 
Unipolar Mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (01 H . . . ·l ll to 
lOOO ..• , 000) from the ideal input voltage. For AIN( + ), the 
ideal input voltage is (AIN{-) - O.S LSB); for AIN2 of 
AD77ll the ideal input is -0.5 LSB; AIN3 of AD7713 can 
only accolnmodat~ Unipolar fuput ranges. " · 

BIPOLAR NEGATIVE FULL~SCALE ERROR 
This is th~ deviation Of the 'fitSt i:dde transition from the ideal 
input voltage. For AIN( + ), the ideal input voltage is (AIN( - ) 
-VREp/GAIN + 0.5 LSB); for AIN2 of AD77ll the ideal input 
is -VRJiiJGAIN to 0.5LSB.when operating from dual supplies; 
AIN3.of AD7713 ean oDly aecomi:noditte unipolar input ranges. 

', ·1 . . • 
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POSITIVE FULL-SCALE OVERRANGE 
Positive full-sciile oveirange is the amount of overhead avaiJable 
to handle input voltages on the AIN( +) inputs greater than 
(AIN(-) + V REp/GAIN) or on AIN2 of AD77U of greater than 
VREp/GAIN or AIN3 of AD7713 of greater than +4 x VRmJ 
GAIN (for example, noise peaks or excess voltages due to 
system g!lin errors in system calibration rQutines) without intro" 
ducing errors .due to overloading the analog modulator or to 
overflowing the digital ftltc;:ri 

NEGATIVE FULL-SCALE OVERRANGE 
This is the amount of overhead available to handle voltages .on 
AIN(+) below (AIN(-) - VREp/GAIN) or on AIN2 of AD77ll 
below - V REF/GAIN without overloading the analog modulator 
or overfloWing the digital .fifter. · 

OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD77ll/AD7713 calibrates 
its offset :with .respect to the analog input. The offset calibration 
range specificatiQn defines the range of voltages that the ..... 
AD77ll/AD7713 caii accept and still calibrate pffset accurately~ 

FULL-SCALE CALIBRATION RANGE 
This is the rartge of voltages that th'e AD771l/AD7713 can 
accept in the system calibration.mode and still calibrate full 
·scale correctly· .. 

INPUT.SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD77ll/AD77l3's analog iµput define the analog input 
range. The input span specification defines the minimum and . 
~UID iIJ:p1,1t voltages from zero to.~ scale that the . , • 
AD77lllA])7713 can accept and still <:a!ibrate gain accurately. 

REV:O 



AD7711/AD7713 
Control Register (24 Bits) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 12 bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all clock pulses after the 24th clock 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 

MSB 

MD2 MDI MDO G2 GI GO SI 1 s22 WL RO BO B/U 

FS!l FSIO FS9 FS8 FS7 FS6 FSS FS4 FS3 FS2 FSI FSO 
LSB 

NOTES 
10n the AD7711 this bit is CH, and on the AD7713 this bit is CHI. 
20n the AD7711 this bit is PD, and on the AD7713 this bit is CHO. 

Operating Mode 

MD2 MDI MDO Operating Mode 

0 0 0 

0 0 

0 0 

0 

0 0 

0 

0 
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Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal 
power-on reset. 

Activate Self-Calibration. This activates self-calibration on the channel selected by CH (CHO and CHI 
on AD7713). This is a one-step calibration sequence, and when complete, the part returns to Normal 
Mode (with MD2, MDI, MDO of the control register returning to 0, 0, 0). The DRDY line indicated 
when this self-calibration is complete and valid data is available in the output register. For this calibra
tion type, the zero-scale calibration is done internally on shorted (zeroed) inputs and the full-scale cali
bration is done internally on V REF· 

Activate System Calibration. This activates system calibration on the channel selected by CH (CHO and 
CHI on AD7713). This is a two-step calibration sequence, with the zero-scale calibration done first on 
the selected input channel and DRDY indicating when this zero-scale calibration is complete. The part 
returns to Normal Mode at the end of this first step in the two-step sequence. 

Activate System Calibration. This is the second step of the system calibration sequence with full-scale 
calibration being performed on the selected input channel. Once again, DRDY indicated when this full
scale calibration is complete. When this calibration is complete, the part returns to Normal Mode. 

Activate System-Offset Calibration. This activates system-offset calibration on the channel selected by 
CH (CHO and CHI on AD7713). This is a one step calibration sequence and when complete the part 
returns to Normal Mode with DRDY indicating when this system offset calibration is complete, For this 
calibration type, the zero-scale calibration is done on the selected input channel and the full-scale cali
bration is done internally on VREF· 

Activate Background Calibration. This activates background calibration on the channel selected by CH 
(CHO and CHI on AD7713). If the background calibration mode is on, then the AD7711/AD7713 pro
vides continuous self-calibration of the reference and shorted (zeroed) inputs. This calibration takes 
place as part of the conversion sequence, extending the conversion time and reducing the word rate by a 
factor of six. Its major advantage is that the user does not have to worry about recalibrating the device 
when there is a change in the ambient temperature. In this mode, shorted (zeroed) inputs and VREF' as 
well as the analog input voltage, are continuously monitored and the calibration registers of the device 
are updated. 

Read/Write Zero-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the zero-scale calibration coefficients of the channel selected by CH (CHO and CHI on AD7713). A 
write to the device with AO high writes data to the zero-scale calibration coefficients of the channel 
selected by CH. The word length for reading and writing these coefficients is 24 bits, regardless of the 
status of the WL bit of the control register. Therefore, when writing to the calibration register, 24 bits 
of data must be written, otherwise the new data will not be transferred to the calibration register. 

Read/Write Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents 
of the full-scale calibration coefficients of the channel selected by CH (CHO and CHI on AD7713). A 
write to the device with AO high writes data to the full-scale calibration coefficients of the channel 
selected by CH. The word length for reading and writing these coefficients is 24 bits, regardless of the 
status of the WL bit of the control register. Therefore, when writing to the calibration register, 24 bits 
of data must be written, otherwise, the new data will not be transferred to the calibration register. 
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AD7711/AD7713 
PGA Gain 
G2 Gl GO Gain 
0 0 0 1 (Default Condition After the Internal Power-On Reset) 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

Channel Selection 
CHI (AD7713 Only) 
0 
0 
I 

CHO 
0 
1 
0 

Channel 
AINI (Default Condition After the Internal P~wer-On Reset) 
AIN2 
AIN3 AD7713 Only 

Power-Down (AD7711 Only) 
PD 
0 
1 

Normal Operation (Default Condition After Internal Power-On Reset) 
Power-Down 

Word Length 
WL Output.Word Length 
0 16-Bit (Default Condition After Internal Power-On Reset) 
1 24-Bit 

RTD Excitation Currents 
RO 
0 
I 

Off 
On 

(Default Condition After Internal Power-On Reset) 

Burn-Out Current 
BO 
0 Off (Default Condition After Internal Power-On Reset) 

On 

Bipolar/Unipolar Selection (Both Inputs) 
B/U 
0 
I 

Bipolar 
Unipolar 

(Default Condition After Internal Power-On Reset) 

Filter Selection. (FSll-FSO) 
The on-chip digital filter provides a Sinc3 (or (Sinx/x)3) filter response. The 12 bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the first notch of the filter and the data rate for the part. In association with the gain selection, 
it also determines the output noise (and hence the effective resolution) of the device. 

The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequency = (fcLK IN/512)/code 
where code is the decimal equivalent of the code in bits FSO to FSll and is in the range 19 to 2,000. The value of the code loaded to 
these bits must be within this range. Failure to do this will result in unspecified operation of the device .. 

Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II show the effect of the filter 
notch frequency and gain on the effective resolution of the part. The output data rate (or effective conversion time) for the device is 
equal to the frequency selected for the first notch cif the filter. For example, if the first notch of the filter is at 10 Hz then a new 
word is available at a 10 Hz rate or every 100 ms. If the first notch is at 200 Hz, a new word is available every 5 ms. 

The settling time of the filter to a full-scale step input change is worst case 4 x l/(the output data rate). This settling time is to 100% 
of the final value. For example, with the first filter notch at 10 Hz, the settling time of the filter to a full-scale step input change is 
400 ms max. This settling time can be reduced to 3 x l/(output data rate) by synchronizing the step input change to a reset of the 
digital filter. In other words, if the step input takes place with SYNC low, the settling time will be 3 x 1/(output data rate). If a 
change of channel takes place, the settling time is 3 x l/(output data rate) regardless of the SYNC input, but DRDY does not stay 
high for 3 x l/output rate. The - 3 dB frequency is determined by the programmed first notch frequency according to the relation
ship: filter -3 dB frequency = 0.262 x first notch frequency. 
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AD7711/A07713 
Tables I and II show the output rms noise for some typical notch and -3 dB frequencies for the AD7711. The numbers given are for 
the bipolar input ranges with a V REF of+ 2.5 V. These numbers are typical and are generated with an analog input voltage of 0 V. 
The output noise from the part comes from two sources. The first is the electrical noise in the semiconductor devices used in the 
implementation of the modulator (device noise). The second occurs when the analog input signal is converted into the digital domain 
adding quantization noise. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter notch 
settings (below 60 Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantization 
noise. Changing the filter notch and cutoff frequency in the quantization noise dominated region results in a more dramatic improve
ment in noise performance than it does in the device noise dominated region as shown in Table I. Furthermore, quantization noise is 
added after the PGA, so effective resolution is independent of gain for the higher filter notch frequencies. Meanwhile, device noise is 
added in the PGA and, therefore, effective resolution suffers a little at high gains for lower notch frequencies. 

At the lower filter notch settings (below 60 Hz), the no missing codes performance of the device is at the 24-bit level. At the higher 
settings, more codes will be missed until at 1 kHz notch setting, no missing codes performance is only guaranteed to the 12-bit level. 
However, since the effective resolution of the part is to.5 bits for this filter notch setting, this no missing codes performance should 
be more than adequate for all applications. 

The effective resolution of the device is defined as the ratio of the output rms noise to the input full scale. This does not remain con
stant with increasing gain or with increasing bandwidth. Table II shows the same table as Table I except that the output is now . 
expressed in terms of effective resolution (the magnitude of therms noise with respect to 2 x VREF/GAIN, i.e., the input full scale). 
It is possible to do post filtering on the device to improve the output data rate for a given - 3 dB frequency and also to further reduce 
the output noise (see Digital Filtering section). 

Table I. Output Noise vs. Gain and First Notch Frequency for AD7711 

First Notch of Typical Output RMS Noise (µV) 

Filter and O/P -3dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate1 Frequency 1 2 4 8 16 32 64 128 

10 Hz2 2.62 Hz 1.7 1.0 0.5 0.36 0.36 0.36 0.36 0.36 
25 Hz2 6.55 Hz 4.9 2.2 1.2 0.6 0.36 0.36 0.36 0.36 
30 Hz2 7.86 Hz 6.1 2.4 1.2 0.84 0.5 0.36 0.36 0.36 
50 Hz2 13.l Hz 7.5 3.8 2.0 1.0 0.6 0.5 0.5 0.45 
60 Hz2 15.72 Hz 8.5 4.0 2.0 1.0 0.6 0.5 0.5 0.45 
100 Hz3 26.2 Hz 13 6.4 3.7 1.8 1.1 0.9 0.65 0.65 
250 Hz3 65.5 Hz 130 75 25 12 7.5 4 2.7 I. 7 
500 Hz3 131 Hz 0.6 x to' 0.26 x 103 140 70 35 25 15 8 
1 kHz3 262 Hz 3.1 x 103 1.6 x 103 0.7 x to' 0.29 x 103 180 120 70 40 

NOTES 
1The default condition (after the internal power-on reset) for the first notch of filter is 60 Hz. 
2For these filter notch frequencies, the output rms noise is primarily dominated by device noise and as a result is independent of the value of the reference volt~ 
age. Therefore, increasing the reference voltage will give an increase in the effective resolution of the device (i.e., the ratio of the rms noise to the input full 
scale is increased since the output rms noise remains constant as the input full scale increases). 

3For these filter notch frequencies, the output rms noise is dominated by quantization noise and as a result is proportional to the value of the reference voltage. 

Table II. Effective Resolution vs. Gain and First Notch Frequency for AD7711 

First Notch of Effective Resolution 1 (Bits) 

Filter and O/P -3dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 64 128 

10 Hz 2.62 Hz 21.5 21.5 21.5 20.5 19.5 18.5 17.5 16.5 
25 Hz 6.55 Hz 20 20 20 20 19.5 18.5 17.5 16.5 
30 Hz 7.86 Hz 19.5 20 20 19.5 19.5 18.5 17.5 16.5 
50 Hz 13.1 Hz 19.5 19.5 19.5 19.5 19 18.5 17.5 16.5 
60 Hz 15.72 Hz 19 19.5 19.5 19.5 19 18.5 17.5 16.5 
100 Hz 26.2 Hz 18.5 18.5 18.5 18.5 18 17.5 17 16 
250 Hz 65.5 Hz 15 15 15.5 15.5 15.5 15.5 15 14.5 
500 Hz 131 Hz 13 13 13 13 13 12.5 12.5 12.5 
1 kHz 262 Hz 10.5 10.5 11 11 11 10.5 10 10 

NOTE 
1Effective resolution is defined as the magnitude of the output rms noise with respect to the input full scale (i.e., 2 x VREp/GAIN). The above table applies for 
a VREF of +2.5 V and resolution numbers are rounded to the nearest 0.5 LSB. 
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AD7711/AD7713 
Tables Ia and Ila show the output rms noise fur some typical notch and -3 dB frequencies for the. AD77B. The numbers given are 
for the bipolar input ranges with a V REF of + 2.5 V. These numbers are typical and are generated with an anlllog input voltage of 
0 V. The output noise from the part comes from two sources. Firstly, there is the electrical noise in the semiconductor devices used 
in the implementation of the modulator (device·noise). Secondly, when the analog input signal is converted into the digital domain, 
quantization noise is added. The device noise is at a low level and is largely independent of frequency. The quantization neise .starts 
at an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings{below 12" Hz approximately) tend to be device noise dominated while higher notch settings are dominated by quantiza
tion noise. Changing the .filter notch and· cutoff frequency in the quantization-noise dominated •region results in a more dramatic 
improvement in noise performance than it does in the device-noise dominated region as shown in :fable Ia. Furthermore, quantization 
noise is added after the PGA, so effective resolution is independent of gain for the. higher filter notch frequencies. Meanwhile, device 
noise is added in the PGA and, therefore, effective resolution suffers a little at high gains for lower notch frequencies. 

At the lower. filter notch settings (below 12 Hz), the no missing codes performance of the device is at the 24-bit level. At the higher 
settings, mote codes will be missed until at 200 Hz notch setting> no missing codes performance is· only guaranteed to the 12-bit level;. 
However, since the effective resolution of the part is 10.5·bits for this filter notch setting, this no missing codes performance should 
be more than adequate for all applications. 

The effective resolution of the device is defined as the ratio of the output rms noise to the foput full scale. This does not remain con
stilnt with increasing gain ·or with increasing bandwidth.' Table Ila shows the same:table as Table Ia except that the. output is now 
expressed in terms of effective resolution (the magnitude -0f the rms noise with respect to 2 x VR.mJGAIN, i.e., the input full. scale). 
It is possible to do post filtering on the device to improve the output data rate for a given - 3 ·dB frequency and also to further reduce 
the output noise (see Digital Filtering section). 

Table la. Output Noise vs. Gain and First Notch Frequency for AD7713 

First Notch of Typical Output RMS Noise (µV) 

Filter· and O/P · -3dB Gain Of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate1 Frequency 1 2 4 8 16 32 . 64 128· 

2 Hi' 0.52 Hz 1.7 1.0 0.5 0.36 0.36 0.36 0.36 0.36 
5 Hz2 1.31 Hz 4.9 2.2 1.2 0.6 0.36 0.36 ' . 0.36 0.36 
6Hi' 1.57 Hz 6.1 2.4 1.2 0.84 0.5 0.36 0.36 0.36 
10 Hi' 2.62 Hz 7.5 3.8 2.0 1.0 0.6 0.5 0.5 0.45 
12 Hz2 3.14 Hz 8.5 4.0 2.0 1.0 0.6 0.5 0.5 0.45 
20 Hz3 5.24 Hz 13 6.4 3.7 1.8 1.1 0.9 0.65 0.65 .. 

50 Hz3 13.l Hz 130 75 25 12 7.5 4 2.7 1.7 
100 Hz3 26.2 Hz 0.6 x 103 0.26 x 103 140 70 35 25 15 8 
200 Hz3 52.4 Hz 3.1 x 103 1.6 x 103 0.7 x 103 0.29 x 103 180 120 70 40 

NOTES 
1The default condition (after the internal power-on reset) for the first notch of filter is 12 Hz. 
2Far these filter notch frequencies, the output rms noise is primarily dominated by device noise and a result is independently of the val11e of the reference volt
age. Therefore, increasing the reference voltage will give an increase in the effective resolution Of the device (i.e., the ratio of the nns noise to the input full · 
scale is increased since the output rms noise remains constant as ,the input full-scale increases). 

'For these filter notch frequencies, the output rms noise is domillated by quantization noise and as a result is proportional to the value Of the reference voltage. 

Table Ila. Effective Resolution vs. Gain and First Notch Frequency for AD7713 

First Notch of Effective Resolution' (Bits) 

Filter and O/P -3dB Gain of Gain of Gain of Gain of· Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 . I 64 128 

2Hz 0.52 Hz 21.5 21.5 21.5 20.5 19.5 18.5 . 17.5 16.5 
5 Hz 1.31 Hz 20 20 20 20 19.5 18.5 17.5 16.5 
6Hz 1.57 Hz 19.5 20 20 19.5 19.5 i8.5 17.5 16.5 
10 Hz 2.62 Hz 19.5 19.5 19.5 19.5 19 18.5 17.5 16.5 
12 Hz 3.14 Hz 19 19.5 19.5 19.5 19 18.5 17.5 16.5. 
20 Hz 5.24 Hz 18.5 18.5 18.5 18.5 18 17.5 17 16 
50 Hz 13.l Hz 15 15 15.5 15.5 15.5 15.5 15 14.5 
100 Hz 26.2 Hz 13 13 13 13 13 12.5 12.5 12.5 
200 Hz 52.4 Hz 10.5 10.5 11 11 11 10.5 10 10 

NOTE 
'Effective resolution is defined as the magnitude of the· output rms· noise· with respect to the input full scale (i.e., 2 x V REIJGAIN); The ab<ive table applies for 
a VREP of +2.5 V and resolution numbers are.rounded to the nearest 0.5 LSB. . · · · 
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CIRCUIT DESCRIPTION 
The AD7711/AD7713 is a sigma-delta AID converter with 
on-chip digital filtering, intended for the measurement· of wide 
dynamic range, low frequency signals such as those in industrial 
control or process control applications. It contains a sigma-delta 
(or charge-balancing) ADC, a calibration mlcrocontroller with 
on-chip static RAM, a clock oscillator, a digital fitter and a bidi
rectional serial communications port. 
The AD77l l contains two programmable gain input channels, 
one differential and one single-ended. The AD7713 contains 
three programmable gain analog input channels, two differential 
input and one high-level single-ended input. The gain range on 
all inputs is from 1 to 128. For the low-level inputs, this means 
that the input can accept unipolar signals of between 0 mV to 
+20 mV and 0 V to +2.S V or bipolar signals in the range from 
±20 mV to ±2.S V when the reference input voltage equals 
+2.S V. The input voltage range for the AIN3 of the AD7713 
input is +4 x V REp/GAIN and is 0 V to + 10 V with the nomi
nal reference of + 2.5 V and a gain of I.. The input signal to the 
selected analog input channel is continuously sampled at a rate 
determined by the frequency of the master clock, CLK IN, and 
the selected gain (see Table III). A charge balancing AID con
verter (Sigma-Delta Modulator) converts the sampled signal info 
a digital pulse train whose duty cycle contains the digital infor
mation. The programmable gain function on the analog input is 
also incorporated in this sigma-delta modulator with the input 
sampling frequency being modified to give .the higher gains. A 
sinc3 digital low-pass filter processes the output of the sigma
delta modulator and updates the output register at a rate deter
mined by the first notch frequency of this filter. The output 
data can be read from the serial port randomly or periodically at 
any rate up to the output register update rate. The first notch of 
this digital fitter (and hence its -3 dB frequency) can be pro
grammed via an on-chip control register. 

The AD7711/AD7713 provides a number of calibration options 
which can be programmed via the on-chip control register. A 
calibration cycle may be initiated at any time by writing to this 
control register. The part can perform self-calibration using the 
on-chip calibration microcontroller and SRAM to store calibra
tion parameters. Other system components may also be included 
in the calibration loop to remove offset and gain errors in the 
input channel using the system calibration mode. Another 
option is a background calibration mode where the part continu
ously performs self-calibration and updates the calibration coeffi
cients. Once the part is in this mode, the user does not have to 
worry about issuing periodic calibration commands to the device 
or asking the device to recalibrate when there is a change in the 
ambient temperature or power supply voltage. 
The AD7711/AD7713 gives the user access to the on-chip calibra
tion registers allowing the microprocessor to read the device's 
calibration coefficients and also· to write its own calibration coef
ficients to the part from prestored values in E2PROM. This gives 
the microprocessor much greater control over the part's calibra
tion procedure. It also means that the user can verify that the 
device has performed its calibration correctly by comparing the 
coefficients after calibration with. prestored values in E2PROM. 

The AD7713 is a positive supply only part while the AD7711 
can be operated from positive and negative supplies. For battery 
operation or low power systems, both parts offer a standby 
mode that reduces icile power consumption to 300 µ. W typical 
on AD7713 and 7 mW typical on the AD7711. 

REV.O 

AD7711/AD7713 
The AD7711/AD7713 uses a second-order sigma-delta modula
tor and a digital fitter that provides a rolling average of the sam
pled output. After power-up or if there is a step change in the 
input voltage, there is a settling time that must elapse before 
valid data is obtained. 

Input Sample Rate 
The modulator sample frequency for the device remains at 
fcLK IN/512 (3.9 kHz @ fcLK IN = 2 MHz and 19.S kHz @ 
fcLKIN = 10 MHz) regard.less of the selected gain. However, 
gains greater than x 1 are achieved by a combination of multiple 
input samples per modulator cycle and a scaling of the ratio of 
reference capacitor to input capacitor. As a result of the multiple 
sampling, the input sample rate of the device varies with the 
selected gain (see Table III). The effective input impedance is 
l/C • fs where C is the input sampling capacitance and fs is the 
input sample rate. 

Table Ill. Input Sampling Frequency vs. Gain 

Gain Input Sampling Frequency (f8 ) 

I fcLK IN/S 12 
2 2 X fcLK IN/512 
4 4 X fcLK IN/512 
8 8 X fcLK IN/512 
16 8 X fcLK IN/512 
32 8 X fcLK IN/512 
64 8 X fcLK IN/512 
128 8 X fcLK IN/512 

DIGITAL FILTERING 
The part's digital fitter behaves like a similar analog filter, with 
a few minor differences. 
First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 
On the other hand, analog filtering can remove noise superim
posed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator and 
digital fitter, even though the average value of the signal is 
within limits. To alleviate this problem, the part has over-range 
headroom built into the sigma-delta modulator and digital fitter 
which allows overrange excursions of 5% above the analog input 
range. If noise signals are larger than this, consideration should 
be given to analog input filtering, or to reducing the input chan
nel voltage so that its full scale is half that of the analog input 
channel full scale. This will provide an overrange capability 
greater than 100% at the expense of reducing the dynamic range 
by 1 bit (50%). 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by the 
value loaded to bits FSO to FSll in the control register. At a 
clock frequency of 2 MHz, the minimum cutoff frequency of 
the fitter is 0.52 Hz while the maximum programmable cutoff 
frequency is 53.9 Hz. At a clock frequency of 10 MHz (AD7711 
only); the minimum cutoff frequency of the filter is 2.58 Hz 
while the maximum programmable cutoff frequency is 269 Hz. 

Figure 2 shows the fitter frequency response for a cutoff fre
quency of 2.62 Hz which corresponds to a first fitter notch fre
quency of IO Hz. This is a (sinxlx)3 response (also called sinc3) 

that provides > 100 dB of SO Hz and 60 Hz rejection. Program
ming a different cutoff frequency via FSO-FSll does not alter 
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AD77l1/AD7713 
the profile of the filter response, it changes the frequency of the 
notches as outlined in the Control Register section. 
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Figure 2. Frequency Response of AD7711/AD7713 Filter 

Since the AD7711/AD7713 contains this on-chip, low-pass filter
ing, there is a settling time associated with step function inputs 
and data on the output will be invalid after a step change until 
the settling time has elapsed. The settling time depends upon 
the notch frequency chosen for the filter. The output data rate 
equates to this filter notch frequency and the settling time of the 
filter to a full-scale step input is 4 times the output data period. 
In applications using both input channels, the settling time of 
the filter must be allowed to elapse before data from the second 
channel is accessed. 

Post Filtering 
The on-chip modulator provides samples at a 3.9 kHz output 
rate (2 MHz clock) and 19.5 kHz (10 MHz clock). The on-chip 
digital filter decimates these samples to provide data at an out
put rate which corresponds to the programmed first notch fre
quency of the filter. Since the output data rate exceeds the 
Nyquist criterion, the output rate for a given bandwidth will 
satisfy most application requirements. However, there may be 
some applications which require a higher data rate for a given 
bandwidth and noise performance. Applications which need this 
higher data rate will require some post filtering following the 
digital filter of the AD771 l/AD7713. 

For example, if the required bandwidth is 7 .86 Hz but the 
required update rate is 100 Hz, the data can be taken from the 
AD7711/AD7713 at the 100 Hz rate giving a -3 dB bandwidth 
of 26.2 Hz. Post filtering can be applied to this to reduce the 
bandwidth and output noise, to the 7.86 Hz bandwidth level, 
while maintaining an output rate of 100 Hz. 

Post filtering can also be used to reduce the output noise from 
the device for low bandwidths. Noise in these bandwidths is 
essentially device noise or white noise, and since the input is 
chopped, the noise has a flat frequency response. By reducing 
the bandwidth, the noise in the resultant passband can be 
reduced. A reduction in bandwidth by a factor of 2 results in a 
yZ reduction in the output rms noise. This additional filtering 
will result in a longer settling time. 

Antialias Consideratio11s 
The digital filter does not provide any rejection at integer multi
ples of the modulator sample frequency. This means that there 
are frequency bands, ±f3 dB wide (f3 dB is cutoff frequency 

2-260 ANALOG-TO-DIGITAL CONVERTERS 

selected by FSO to FSll) where noise passes-unattenuated to the 
output. However, due to the part's high oversampling ratio, 
these bands occupy only a small fraction of the spectrum and 
most l;>roadband noise is filtered. In any case, because of the 
high oversampling ratio a simple, RC, single-pole filter is gener
ally sufficient to attenuate the signals in these bands on the ana
log input and thus provide adequate antialiasing filtering. 

If passive components are placed in front of the AINI and 
AIN2 inputs of the AD7711/AD7713, care must be taken to 
ensure that the source impedance is low enough so as not to 
introduce gain errors in the system. The de input impedance for 
the AINI and AIN2 inputs is over 1 Gfl. The input appears as 
a dynamic load which varies with the clock frequency and with the 
selected gain (see Figure 3). The input sample rate, as shown in 
Table III, determines the time allowed for the analog input 
capacitor, C1N, to be charged. External impedances result in a 
longer charge time for this capacitor and this may result in gain 
errors being introduced on the analog inputs. Both inputs of the 
differential input channels look into similar input circuitry. 

In any case, the error introduced due to longer charging times is 
a gain error which can be removed using the system calibration 
capabilities of the AD7711/AD7713 provided that the resultant 
span is within the span limits of the system calibration tech
niques for the AD7711/AD7713. 

AIN 
HIGH 

IMPEDANCE 
>1GQ 

SWITCHING FREQ DEPENDS ON 
I CLK IN AND SELECTED GAIN 

Figure 3. AIN1, AIN2 Input Impedance 

The AIN3 input of the AD7713 contains a resistive attenuation 
network as outlined in Figure 4. The typical input impedance 
on this input is 44 kfl. As a result, the AIN3 input of the 
AD7713 should be driven from a low impedance source. 

11kQ MODULATOR 
CIRCUIT 

Figure 4. AIN3 Input Impedance 

ANALOG INPUT FUNCTIONS 
Analog Input Ranges 
Both analog inputs on the AD7711 are programmable-gain, 
input channels which can handle either unipolar or bipolar input 
signals. The AINI channel of the AD7711 is a differential input 
channel having a common-mode range from Vss to AVDD• pro
vided that the absolute value of the analog input voltage lies 
between Vss - 30 mV and AVDn + 30 mV. The AIN2 input 
channel is a single-ended ihput that is referred to AGND. 

The analog inputs on the AD7713 provide the user with consid
erable flexibility in terms of analog input voltage ranges. Two of 
the inputs are differential, programmable-gain, input channels, 
which can handle either unipolar or bipolar input signals. The 
common-mode range of these inputs is from AGND to AV DD 
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provided that the absolute value of the analog input voltage lies 
between AGND -30 mV and AVDD+30 mV. The third analog 
input is a single-ended, programmable gain high-level input 
which accepts analog input ranges of 0 to +4 x VREF/GAIN. 

The de input leakage current on the AINI and AIN2 inputs is 
10 pA maximum at 25°C (±1 nA over temperature). This results 
in a de offset voltage developed across the source impedance. 
However, this de offset effect can be compensated for by a com
bination of the differential input capability of the part and its 
system calibration mode. The de input current on the AIN3 of 
the AD7713 input depends on the input voltage, For the nominal 
input voltage range of+ 10 V, the input current is 225 µA typ. 

Burn Out Current 
The AINI(+) input of the AD7711/AD7713 contains a current 
source which can be turned on/off via the control register. This 
current source can be used in checking that a transducer has not 
burnt out or gone open circuit before attempting to take mea
surements on that channel. If the current is turned on and is 
allowed flow into the transducer and a measurement of the input 
voltage on the AINI input is taken, it can indicate that the 
transducer is not functioning correctly. For normal operation, 
this burn out current is turned off by writing a 0 to the BO bit 
in the control register. The burn-out current is I µA for the 
AD7711 and 200 nA for the AD7713. 

RTD Excitation Currents 
The AD7711/AD7713 also contains two matched 200 µA con
stant current sources which are provided at the RTD I and 
RTD2 pins of the device. These currents can be turned on/off 
via the control register. Writing a 1 to the RO bit of the control 
register enables these excitation currents. 

For four-wire RTD applications, one of these excitation currents 
is used to provide the excitation current for the RTD, the second 
current source can be left unconnected. For three-wire RTD 
configurations, the second on-chip current source can be used to 
eliminate errors due to voltage drops across lead resistances. 

The temperature coefficient of the RTD current sources is typi
cally 20 ppm/°C with a typical matching between the temperature 
coefficients of both current sources of 3 pprn!°C. For applications 
where the absolute value of the temperature coefficient is too 
large, the following schemes can be used to remove the drift error. 

The conversion result from the AD771 l/ AD7713 is ratiometric 
to the VREF voltage. Therefore, if the VREF voltage varies with 
the RTD temperature coefficient, the temperature drift from the 
current source will be removed. For four-wire RTD applica
tions, the reference voltage can be made ratiometric to RTD 
current source by using the second current with a low TC resis
tor to generate the reference voltage for the part. In this case if 
a 12.5 kfl resistor is used, the 200 µA current source generates 
+2.5 V across the resistor. This +2.5 V can be applied to the 
REF IN(+) input of the part and with the REF IN( - ) input at 
ground it will supply a V REF of 2.5 V for the part. For three
wire RTD configurations, the reference voltage for the part is 
generated by placing a low TC resistor (12.5 kfl for 2.5 V refer
ence) in series with one of the constant current sources. The 
RTD current sources can be driven to within 2 V of AVDD· 
The reference input of the part is differential so the REF IN(+) 
and REF IN(-) of the part are driven from either side of the 
resistor. Both schemes ensure that the reference voltage for the 
part tracks the RTD current sources over temperature and, 
thereby, removes the temperature drift error. 
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Bipolar/Unipolar Inputs 
The AINI and AIN2 inputs on both parts can accept either uni
polar or bipolar input voltage ranges while the AIN3 of the 
AD7713 accepts only unipolar signals. Bipolar or unipolar 
options for AINI and AIN2 are chosen by programming the 
B/U bit of the control register. This programs both channels for 
either unipolar or bipolar operation. Programming the part for 
either unipolar or bipolar operation does not change any of the II 
input signal conditioning; it simply changes the data output cod-
ing. The data coding is binary for unipolar inputs and offset 
binary for bipolar inputs. 

The AINI and AIN2 channels of the AD7713 and the AINI 
input of the AD771 l are differential, and as a result, the voltage 
to which the unipolar and bipolar signals are referenced is the 
voltage on the respective AIN( - ) input. For example, if 
AIN(-) is + 1.25 V and the part is configured for unipolar oper
ation with a gain of 1 and a VREF of +2.5 V, the input voltage 
range on the AIN( +)input is + 1.25 V to + 3.75 V. For the· 
AIN3 input of the AD7713 and the AIN2 input of the AD7711, 
the input signals are referenced to AGND. 

REFERENCE INPUT 
The reference inputs of the part, REF IN(+) and REF IN( - ), 
provide a differential reference input capability. The common
mode range for these differential inputs is from V ss to AV DD 
(AGND to AV DD on AD7713). The nominal differential volt
age, VREF (REF IN(+) - REF IN(-)), is +2.5 V for specified 
operation but the reference voltage can go to + 5 V with no deg
radation in performance provided that the absolute value of 
REF IN(+) and REF IN(-) does not exceed its supply limits. 
The part is also functional with V REF voltages down to 1 V but 
with degraded performance as the output noise will, in terms of 
LSB size, be larger. REF IN(+) must always be greater than 
REF IN(-) for correct operation of the AD7711/AD7713. 

Both reference inputs provide a high impedance, dynamic load 
similar to the analog inputs. The maximum de input leakage 
current is 10 pA ( ± 1 nA over temperature) and source resistance 
may result in gain errors on the part. The reference inputs look 
like the AINI analog input (see Figure 3). In this case, RrNT is 
5 kfl typ and CrNT varies with gain. The input sample rate is 
fcLK IN/512 and does not vary with gain. For gains of 1 to 8 
CrNT is 20 pF; for a gain of 16 it is 10 pF, for a gain of 32 it is 
5 pF, for a gain of 64 it is 2.5 pF, and for a gain of 128 it is 
1.25 pF. 

The digital filter of the part removes noise from the reference 
input just as it does with the analog input, and the same limita
tions apply regarding lack of noise rejection at integer multiples 
of the sampling frequency. The output noise performance out
lined in Tables I and II assumes a clean reference. If the refer
ence noise in the bandwidth of interest is excessive, it can 
degrade the performance of the AD771 l/AD7713. Recom
mended references for the AD7711/AD7713 are the AD680 and 
AD780, +2.5 V references. 

REFERENCE OUTPUT (AD7711 ONLY) 
The AD7711 contains a temperature compensated +2.5 V refer
ence which has an initial tolerance of ±4%. This reference volt
age is provided at the REF OUT pin, and it can be used as the 
reference voltage for the part by connecting REF 0 UT to the 
REF IN(+) pin. This REF OUT pin is a single-ended output, 
referenced to AGND, which is capable of providing up to 1 mA to 
an external load. In applications where REF OUT is connected 
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directly to REF IN(+), REF IN( - ) should be tied to AGND to 
provide the nominal + 2. 5 V reference for the AD77 l l. 

Using the on-chip reference as the reference source for the ·part 
results in somewhat degraded output noise performance from 
the AD7711 for portions of the noise table that are dominated 
by the device noise. The on-chip reference noise effect is elimi
nated in ratiometric applications where the reference is used to 
provide the excitation voltage for the analog front end. 

V81As Input (AD7711 only) 
The V BIAS input determines at what voltage tiie internal analog 
circuitry is biased. It essentially provides the return path for 
analog currents flowing in the modulator and, as such, it should 
be driven from a low impedance point to minimize errors. 

For maximum internal headroom, the V BIAS voltage should be 
set halfway between AVDD and Vss· The difference between 
AVDD and (VBIAs + 0.85 x VREF) determines the amount of 
headroom the circuit has at the upper end, while the difference 
between Vss and (VBIAS - 0.85 x VREF) determines the amount 
of headroom the circuit has at the lower end. Care should be 
taken in choosing a V BIAS voltage to ensure that it stays within 
prescribed limits. For single +5 V operation, the selected V81As 
voltage must ensure that VBIAS ± 0.85 x VREF does not exceed 
AV DD or V ss or that the V BIAS voltage itself is greater than V ss 
+ 2.1 V and less than AVDD - 2.1 v: For single+ 10 Voperation 
Or dual ± 5 V Operation, the Selected V BIAS Voltage 'must ensure 
that VBIAs x 0.85 x VREF does not exceed AVDD or Vss or 
that the V BIAS voltage itself is greater than V ss + 3 V or less 
than AVD;, - 3 V. For example, with AVDD = +4.75 V, V~s 
= 0 V and VREF = +2.5 V, the allowable range for the VBIAS 
voltage is +2.125 V to +2.625 V. With AVDD = +9.5 V, Vss 
= 0 V and VREF = 5 V, the range for VmAS is +4.25 V to 
+5.25V. With AVDD = +4.75 V, Vss = -4.75 V and VREF 
= +2.5 V, the VBIAs range is -2.625 V to +2.625 V. 

The V BIAS voltage does have an effect on the AV DD power sup
ply rejection performance of the AD7711. If the V BIAS voltage 
tracks the AV DD supply, it improves the power supply rejection 
from the AV0 D supply line from 80 dB to 95 dB. Using an 
external Zener diode, connected between the AVDD line and 
V BIAS• as the source for the V BIAS voltage gives tiie improve
ment in AV DD power supply rejection performance. 

USING THE AD7711/AD7713 
SYSTEM DESIGN CONSIDERATIONS 
The AD7711/AD7713 operates differently from successive 
approximation ADCs or integrating ADCs. Since it samples the 
signal continuously, like a tracking ADC, there is no need for a 
start convert command. The output register is updated at a rate 
determined by the first notch of the filter and the output can be 
read at any time, either synchronously or asynchronously. 

Clocking 
The AD7711/AD7713 requires a master clockinpur, which may 
be an external TTL/CMOS compatible clock signal applied to 
the MCLK IN pin with the MCLK OUT pin left unconnected. 
Alternatively, a crystal of the correct frequency can be con
nected between MCLK IN and MCLK OUT, in which case tiie 
clock circuit will function as a crystal controlled oscillator .. For 
lower clock frequencies, a ceramic resonator may be used 
instead of the crystal. For these lower frequency oscillators, 
external capacitors may be required on either the ceramic reso
nator or on .the crystal. 
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The input sampling frequency, the modulator sampling fre
quency, the -3 dB frequency, output update rate and calibra
tion time are all directly related to the master clock frequency, 
fcLK IN· Reducing the master clock frequency by a factor of 2 
will halve the above frequencies and update rate and will double 
the calibration time. 

The current drawn from the DVDD power supply is also 
directly related to fcLK IN· Reducing fcLK IN by a factor of 2 
will halve the DV DD current but will not affect the eurrent 
drawn from the AVDD power supply. 

System Synchronization 
If multiple AD7711/AD7713s are operated from a common mas
ter clock, they can be synchronized to update their output regis
ters simultaneously. A falling edge on the SYNC input resets 
the filter and places the part into a consistent, known state. A 
common signal to the parts' SYNC inputs will synchronize their 
operation. This would normally be done after each AD7711/ 
AD7713 has performed its own calibration or has had calibration 
coefficients loaded to it. 

The SYNC input can also be used to reset the digital filter in 
systems where the turn-on time of the digital power supply 
(DVDD) is very long. In such cases, the AD7711/AD7713 will 
start operating internally before the DV DD line has reached its 
minimum operating level, +4.75 V. With a low DVDD voltage, 
the part's internal digital filter logic does not operate correctly. 
Thus, the AD7711/AD7713 may have clocked itself into an 
incorrect operating condition by the time that DV DD has 
reached its correct level. The digital filter will be reset upon 
issue of a calibration command (whether it is self-calibration, 
system calibration or background calibration) to the AD7711/ 
AD7713. This ensures correct operation of the AD771 l/ 
AD7713. In systems where the power-on default conditions of 
the part are acceptabl~ and no calibration is performed after 
power-on, issuing a SYNC pulse to the part will reset the 
AD7711/AD7713's digital filter logic. An R, Con the SYNC 
line, with R, C time constant longer than the DV DD power-on 
time, will perform the SYNC function. 

ACCURACY 
Sigma-Delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. The AD7711/AD7713 achieves 
excellent linearity by the use of high quality, on-chip silicon diox
ide capacitors, which have a very low capacitance/voltage coeffi
cient. The device also achieves low input drift through the use 
of chopper-stabilized techniques in its input stage. To ensure 
excellent performance over time and temperature, the AD7711/ 
AD7713 uses digital calibration. techniques which minimize off
set and gain error. 

AUTOCALIBRATION 
Autocalibration on the AD7711/AD7713 removes offset and gain 
errors from the device. A calibration routine should be initiated 
on the device whenever there is a change in the ambient operat
ing temperature or supply voltage. It should also be initiated if 
there is a change in the selected gain, filter notch or bipolar/ 
unipolar input range.\However, if the AD7711/AD7713 is in its 
background calibratiori.mode, the above changes are all auto
matically taken care of (after the settling time of the filter has 
been allowed for). 
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The AD771 l/ AD7713 offers self-calibration, system calibration 
and background calibration facilities. For calibration to occur on 
the selected channel, the on-chip microcontroller must record 
the modulator output for two different input conditions. These 
are "zero-scale" and "full-scale" points. With these readings, the 
microcontroller can calculate the gain slope for the input to out
put transfer function of the converter. Internally, the part works 
with a resolution of 33 bits to determine its conversion result of 
either 16 bits or 24 bits. 
The part also provides the facility to write to the on-chip calibra
tion registers and in this manner the span and offset for the part 
can be adjusted by the user. The offset calibration register contains 
a value which is subtracted from all conversion results, while the 
full-scale calibration register contains a value which is multiplied 
by all conversion results. The offset calibration coefficient is sub
tracted from the result prior to the multiplication by the full-scale 
coefficient. In the first three modes outlined here, the DRDY 
line indicates that calibration is complete by going low. If DRDY 
is low before (or goes low during) the calibration command, it 
may take up to one modulator cycle before DRDY goes high to 
indicate that calibration is in progress. Therefore, DRDY should 
be ignored for up to one modulator cycle after the last bit of the 
calibration command is written to the control register. 

Self-Calibration 
In the self-calibration mode with a unipolar input range, the 
zero-scale point used in determining the calibration coefficients 
is with both inputs shorted (i.e., AIN(+) = AIN(-) = VsrAs 
for the differential inputs and AIN = V BrAs for AIN2 of the 
AD7711 and AIN3 of the AD7713) and the full-scale point is 
V REF· The zero-scale coefficient is determined by converting an 
internal shorted inputs node. The full-scale coefficient is deter
mined from the span between this shorted inputs conversion and 
a conversion on an internal V REF node. The self-calibration 
mode is invoked by writing the appropriate values (0, 0, I) to 
the MD2, MDI and MDO bits of the control register. In this 
calibration mode, the shorted inputs node is switched in to the 
modulator first and a conversion is performed; the V REF node is 
then switched in and another conversion is performed. When 
the calibration sequence is complete, the calibration coefficients 
updated and the filter resettled to the analog input voltage, the 
DRDY output goes low. The self-calibration procedure takes 
into account the selected gain on the PGA. 
For bipolar input ranges in the self-calibrating mode, the 
sequence is very similar to that just outlined. In this case, the 
two points which the AD7711/AD7713 calibrates are midscale 
(bipolar zero) and positive full scale. 

System Calibration 
System calibration allows the AD7711/AD7713 to compensate 
for system gain and offset errors as well as its own internal 
errors. System calibration performs the same slope factor calcu
lations as self-calibration but uses voltage values presented by 
the system to the AIN inputs for the zero and full-scale points. 
System calibration is a two-step process. The zero-scale point 
must be presented to the converter first. It must be applied to 
the converter before the calibration step is initiated and remain 
stable until the step is complete. System calibration is initiated 
by writing the appropriate values (0, I, 0) to the MD2, MDI 
and MDO bits of the control register. The DRDY output from 
the device will signal when the step is complete by going low. 
After the zero-scale point is calibrated, the full-scale point is 
applied and the second step of the calibration process is initiated 
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by again writing the appropriate values (0, I, I) to MD2, MDI 
and MDO. Again the full-scale voltage must be set up before the 
calibration is initiated and it must remain stable throughout the 
calibration step. DRDY goes low at the end of this second step 
to indicate that the system calibration is complete. In the unipo
lar mode, the system calibration is performed between the two 
endpoints of the transfer function; in the bipolar mode, it is per
formed between midscale and positive full scale. 

This two-step system calibration mode offers another feature. 
After the sequence has been completed, additional offset or gain 
calibrations can be performed by themselves to adjust the zero 
reference point or the system gain. This is achieved by perform
ing the first step of the system calibration sequence (by writing 
O, I, 0 to MD2, MDI, MDO). This will adjust the zero scale or 
offset point but will not change the slope factor from what was 
set during a full system calibration sequence. 

System calibration can also be used to remove any errors from 
an antialiasing filter on the analog input. A simple R, C anti
aliasing filter on the front end may introduce a gain error on the 
analog input voltage but the system calibration can be used to 
remove this error. 

System Offset Calibration 
System offset calibration is a variation of both the system cali
bration and self-calibration. In this case, the zero-scale point for 
the system is presented to the AIN input of the converter. Sys
tem offset calibration is initiated by writing I, 0, 0 to MD2, 
MDI, MDO. The system zero-scale coefficient is determined by 
converting the voltage applied to the AIN input, while the full
scale coefficient is determined from the span between this AIN 
conversion and a conversion on V REF· The zero-scale point 
should be applied to the AIN input for the duration of the cali
bration sequence. This is a one-step calibration sequence with 
DRDY going low when the sequence is completed. In the uni
polar mode, the system offset calibration is performed between 
the two endpoints of the transfer function; in the bipolar mode, 
it is performed between midscale and positive full scale. 

Background Calibration 
The AD771I/AD7713 also offers a background calibration mode 
where the part interleaves its calibration procedure with its nor
mal conversion sequence. In the background calibration mode, 
the same voltages are used as the calibration points as are used 
in the self-calibration mode, i.e., shorted inputs and VREF· The 
background calibration mode is invoked by writing I, 0, I to 
MD2, MDI, MDO of the control register. When invoked, the 
background calibration mode reduces the output data rate of the 
part by a factor of six while the - 3 dB bandwidth remains 
unchanged. Its advantage is that the part is continually perform
ing calibration and automatically updating its calibration coeffi
cients. As a result, the effects of temperature drift, supply 
sensitivity and time drift on zero and full-scale errors are auto
matically removed. When the background calibration mode is 
turned on, the part will. remain in this mode until bits MD2, 
MDI and MDO of the control register are changed. With back
ground calibration mqde on, the first result from the AD7711/ 
AD7713 will be incorrect as the full-scale calibration will not 
have been performed. For a step change on the input, the sec
ond output update will have settled to 100% of the final value. 

Table IV summarizes the calibration modes and the. calibration 
points associated with them. It also gives the duration from 

ANALOG-TO-DIGITAL CONVERTERS 2-263 

II 



AD7711/AD7713 
when' the calibration is invoked to when valid data is available to 
the user. 

Span and Offset Limits . 
Whenever a system calibration mode is used, there are limits on 
the amount of offset and span that can be.accommodated. 'J'he 
range of input span in both the unipolar and bipolar modes for 
the AINI and AIN.2 inputs cif both the AD7711 and AD7713 
has a minimum value of 0.8 x VREF/GAIN and a maximum 
value of 2.I x VREF/GAIN. For AIN3 of the AD7713, the min
imum value is 3.2 x V REF/GAIN while the maximum value is 
4.2 x VREp/GAIN. ' . 

The amount of offset that can be accommodated depends on 
whether. the ullipolar .or bipolar mode is being used. This offset 
range is limited by .the requirement that the positive full-scale 
calibration limit is:,.; 1.05 x VREF/GAIN for AINI and AIN2. 
Therefore, the offset range plus the span range cannot exceed 

1.05 x V REF/GAIN for AINI and AIN2. If the span isat•its 
minimum (0.8 x VREF/GAIN) the maximum the· offset can be is 
(0.25 x VREF/GAIN) for AINI and AIN2: For AIN3, both 
ranges are multiplied by a factor of 4. 

In the bipolar mbde, the system offset calib~ation range is again 
restricted by the sp~ range. The Span ral).ge ofthe converter 
in bipolar mode is equidistant around the ~oltage used. for the 
zero-scale point thus the offset range plus half the span range 
cannot exceed (1.05 x VREF/GAIN) for AINI and AIN2. If the· 
span is set to 2 x V REF/GAIN, the offset span cannot move 
more than ±(0.05 x V REF/GAIN) before the endpoints of the 
transfer function exceed the inputoverrartge limits ±(1.05 x 
V REF/GAIN) for AIN 1. If the span range is set to the minimum 
±(0.4 x VREF/GAIN) the maximum allowable offset range is 
±(0.65 x VREF/GAIN) for AINI and AIN2 . .The AIN3 input 
can only be used in the unipolar mode. 

Table IV. Calibration Truth Table 

Cal Type MD2, MDI, MDO Zero-Scale Cal 

Self-Cal 0, 0, l Shorted Inputs 
System Cal 0, I, 0 AIN 
System Cal 0, I, I 
System Offset Cal , I, 0, 0 AIN 
Backgrolllld Cal · I, O, I Shorted Inputs 

POWER-UP AND CALIBRATION 
On power-up, the.AD7711/AD7713 performs an internal reset 
which sets the contents of the control register to a known state. 
However, to ensure correct calibration for the device, a calibra
tio11- routine should be performed after power-up. 

The power dissipation and temperature drift of the part are low 
and no warm-up time is required before the initial calibration is 
performed. However, the external reference must have stabilized 
before calibration is initiated. 

Drift Considerations 
The AD7711/AD7713 uses chopper stabilization techniques to 
minimize input offset drift .. Charge injection in the analog 
switches and de leakage currents at the sampling node. are the 
primary sources of offset voltage drift in the converter. The de 
input leakage current is essentially independent of the selected 
gain. Gain drift within the converter depends primarily upon 'the 
temperature tracking of the internal capacitors. It is not affected 
by leakage currents. 

Measurement errors due to offset drift or gain drift can be elimi
nated at any time by recalibrating the converter or by operating 
the part in the background calibration mode. using the system 
calibration mode can also minimize offset and gain errors in the 
signal collditioning circuitry. Integral and differential linearity 
errors are not significantly affected by temperature changes. 

POWER SUPPLIES AND GROUNDING 
The analog and digital supplies to the AD77ll/AD7713 are 
independent. and separately pinned out to minimize coupling 
between the analog and digital sections o{the device. The digital 
filter will provide rejection ofbroadband noise on the power 
supplies, except at integer multiples ofthe modulator sampling 
frequency. The digital supply (DVDD) must never exceed the 
analog positive supply (AVDD) by more than 03V. Power sup
ply sequencing is, therefore, important. If separate analog and 
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Full-Scale Cal Sequence Duration 

VREF One Step 9 x 1/0utput Rate 
Two Step 4 x i/Output Rate 

AIN Two Step 4 x 1/0utput Rate 
VREF One Step 9 x 1/0utput Rate 
VREF One. Step 6 x I/Output Rate 

digital supplies are Used, care must. be taken to ensure that the 
analog supply is powered up first. If this cannot be ensured or if 
DV DD can exceed AV DD at any other time, the protection 
scheme outlined in Figure 5 is recommended to protect the 
device. In systems where AVf:m = +5 V and DVDD = +5 V, it 
is recommended that AVDD and DV0 D are driven from the ' 
same +5 V supply, although each supply should be decoupled 
separately. It is preferable that the common supply is the sys
tem's analog +5 V supply. 

It is also important that power is applied to theAD7711/ 
AD7713 before signals lit REF IN, AIN or the logic input pins 
in order to avoid latch-up. If separate supplies are used for the· 
AD7711/AD7713 and the system dighalcircuitry, then the 
AD7711/AD77I3 should be pow¢red up first. If it is not poisi~ 
ble to guarantee this, the.n current limiting resistors' should be 
placed in series with the logic inputs. 

ANALOG 
SUPPLY 

~ 10µF 

SD103COR 
EQUIVALENT 

~ 0.1µFr--L>---~--. 
AVoo. DVoo 

AD7711 / AD77.13 

"THIS DIODE MAY BE NECESSARY IF THE SHORT-CIRCiJITCiJRl'!ENT 
FROM THE DIGITAL SUPPLY IS TOO LAR()E FOR THE 1>[)103C. 

DIGITAL+SV 
SUPPLY 

Figure 5. Protection Scheme for DV00 Powering-Up 
BefoteAV00 

DIGITAL INTERFACE 
The digital interface section for the AD77U/AD7713 is identical 
to that outlined in the,DIGITAL INTERFACE section of the 
AD7710/AD7712 data sheet. 
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FEATURES 
Charge Balancing ADC 

24 Bits No Missing Codes 
±0.0015% Nonlinearity 

Two-Channel Programmable Gain Front End 
Gains from 1 to 128 
Differential Inputs 

Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 
Bidirectional Microcontroller Serial Interface 
Internal/External Reference Option 
Single or Dual Supply Operation 
Low Power (25 mW typ) with Power-Down Mode 

(7 mWtyp) 

APPLICATIONS 
RTD Transducers 

GENERAL DESCRIPTION 
The AD7711A is a complete analog front end for low frequen 
measurement applications. The device accepts low level 
directly from a transducer and outputs a serial digi 
employs a sigma-delta conversion technique t 
bits of no missing codes performance. The i 
applied to a proprietary programmable gain fro en 
around an analog modulator. The modulator output is· 
by an on-chip digital filter. The first notch of this digit 
can be programmed via the on-chip control register allowing 
adjustment of the filter cutoff and settling time. 

The part features two differential analog inputs and a differen
tial reference input. Normally, one of the channels will be used 
as the main channel with the second channel used as an auxil
iary input to periodically measure a second voltage. It can be 
operated from a single supply (by tying the V88 pin to AGND) 
provided that the input signals on the analog inputs are more 
positive than -30 mV. By taking the Vss pin negative, the part 
can convert signals down to -VREF on its inputs. The part also 
provides a 400 µA current source that can be used to provide 
excitation for RTD transducers. The AD7711A thus performs 
all signal conditioning and conversion for a single or dual chan
nel system. 

The AD7711A is ideal for use in smart, microcontroller based 
systems. Input channel selection, gain settings and signal polar
ity can be configured in software using the bidirectional serial 
port. The AD7711A contains self-calibration, system calibration 
and background calibration options and also allows the user to 
read and write the on-chip calibration registers. 

*Protected by U.S. Patent No. 5,134,401. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

LC2MOS Signal Conditioning ADC 
with RTD Current Source 

AD7711A* I 
FUNCTIONAL BLOCK DIAGRAM 

REF REF 
AV00 DV00 IN(-) IN(+) REF OUT 

MCLKIN 

MCLK 
OUT 

ction ensures low power dissipation and a soft
le power down mode reduces the standby 

olsumption to only 7 mW typical. The part is available 
i;;, 0.3 inch-wide, plastic and hermetic dual-in-line 

age (DIP) as well as a 24-lead small outline (SOIC) 
package. 

PIN CONFIGURATION 
DIP and SOIC 

SCLK DGND 

DV00 

MCLKOUT 3 SDATA 

DROY 

RFS 

ADn11A TFS 

AIN1(+) 7 
TOP VIEW 

AGND (Not to Scale) 

RTDCURRENT 

REF OUT 

AIN2(-) REF IN(+) 

REFIN(-) 

AVoo VelAS 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture.unless otherwise agreed to in writing. 
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AD77l1A-SPECIFICATIONS 
Parameter 

STATIC PERFORMANCE 
No Missing Codes 

Output Noise 
Integral Nonlinearity 

@25°C 

T MIN to T""" 
Positive Full-Scale Errori, 3 

Full-Scale Drift5 

Unipolar bffset Error2 
Unipolar Offset Drift5 

Bipolar Zero Error' 
Bipolar Zero Drift' 

Bipolar Negative Full-Scale Error2 
Bipolar Negative Full-Scale Drift5 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 
Common-Mode Voltage Range6 

Normal Mode 50 Hz Rejection7 

Normal Mode 60 Hz Rejection7 

Common-Mode 50 Hz Rejection7 

Common-Mode 60 Hz Rejection7 

DC Input Leakage Current7 @ + 25°C 

TMIN to TMAX 

Sampling Capacitance7 

Analog Inputs8 

Input Voltage Range9 

Input Sampling Rate; f, 
Reference Inputs 

REF IN(+) - REF IN(-) Voltage" 

Input Sampling Rate, fs 

REFERENCE OUTPUT 
Output Voltage 
Initial Tolersnce 
Drift 
Output Noise 
Line Regulation (AV DD) 
Lo.ad Regulation 
External Current 

NOTES 

A, S Versions' 

24 
22 
18 
15 
12 
Tables I & II 

±0.0045 
±0.0075 
See Note 4 
3/GAIN 
0.35 
See Note 4 
2.5/GAIN 
0.3 
See Note 4 
2.5/GAIN 
0.3 
±0.006 
4/GAIN 
0.5 

92 
V88 to AVDD 
100 
100 
150 
150 
10 
1 
20 

0 to +VREF!O 
±VREF 

See Table III 

+2.5 to +5 

2.5 
±4 
20 
50 
I 
1.5 
I 

(AV00 = +5 V ± 5%; DV00 = +5 V ± 5%; Yss = 0 V or -5 V ± ~%; 
REF IN(+) = +2.5 V; REF IN(-) = AGNO; MCLK IN = 10 MHz unless 
otherwise stated. All specifications T MIN to T MAX• unless otheiwise noted.). 

Units 

Bits min 
Bits min 
Bits min 
Bits min 
Bits min 

Conditions/Comments 

Guaranteed by Design. For Filter Notches s 60 Hz 
For Filter Notch = 100 Hz 
For Filter Notch = 250 Hz 
For Filter Notch = 500 Hz 
For Filter Notch = 1 kHz 
Depends on Filter Cutoffs and Selected Gain 

% of FSR max Filter Notches s 60 Hz; Typically ±0.0015% 
% of FSR max Filter Notches s 60 Hz 

µ.Vl°C typ 

µ.Vl°C typ 

µ.Vl°C typ 
µ.Vl°C typ 

µ.Vl°C typ 

µ.Vl°C typ 

%ofFSRmax 
µ.Vl°C typ 
µ.V!°C typ 

nom 
nom 

Excluding Reference 
Excluding Reference. For Gains of I, 2, 4, 8 
Excluding Reference. For Gains of 16, 32, 64, 128 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 
Excluding Refe Typically ±0.0015% 
Excluding For Gains of 1, 2, 4, 8 
Exclu or Gains of 16, 32, 64, 128 

S of 10, 25, 50 Hz, ±0.02 X fNOTCH 
es of 10, 30,. 60 Hz, ±0.02 x fNOTCH 
es of 10, 25, 50 Hz, ±0.02 x fNOTCH 
es of 10, 30, 60 Hz, ±0.02 x fNoTcH 

For Normal Operation. Depends on Gain Selected 
Unipolar Input Range (B/U Bit of Control Register = 1) 
Bipolar Input Range (B/U Bit of Control Register = 0) 

V min to V max For Specified Performance. Part Functions with Lower VREF 
Voltages 

Vnom 
%max 
ppm/oc typ 

µ.V typ 
mVNmax 
mV/mAmax 
mAmax 

pk~pk Noise 0.1 Hz to 10 Hz Bandwidth 

Maximum Load Current I mA 

'Temperature ranges are as follows: A Version, -40°C to +85°C; S Version -55"C to + 125°C. See also Note 16. 
2 Applies after calibration at the temperature of interest. 
'Positive full-scale error applies to both unipolar and bipolar input ranges. 
4These errors will be of the order of the output noise of the part as shown in Table I. 
'Recalibration at any temperature or use of the background calibration mode will remove these drift errors. 
6This common-mode voltage range is allowed provided that the input voltage on AIN(+) and AIN(-) does not exceed AVDD + 30 mV and V88 - 30 mV. 
7These numbers are guaranteed by design and/or characterization. 
8The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source 
resistance depends on the selected gain (see Tables IV and V). 

9The analog input voltage range on the AINI(+) and AIN2( +) inputs is given here with respect to the voltage on the AINI(-) and AIN2(-) inputs. The abso
lute voltage on the analog inputs should not go more positive than AV DD + 30 m V or go more negative than V ss - 30 m V. 

1°VREF =REF IN(+)-REF IN(-). 
11The reference input voltage range may be restricted by the input voltage range requirement on the V BIAS .iQ.pU~. 

This information applies to. a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manuf;!cture unless otherwise agreed to in writing. 
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Parameter 

VBIAS INPUT12 

Input Voltage Range 

V BIAS Rejection 

LOGIC INPUTS 
Input Current 
All Inputs Except MCLK IN 

V1Nu Input Low Voltage 
VINH• Input High Voltage 

MCLKINOnly 
V INL> Input Low Voltage 
V INH> Input High Voltage 

LOGIC OUTPUTS 
VoL• Output Low Voltage 
VoH• Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance13 

TRANSDUCER BURN-OUT 
Current 
Initial Tolerance 
Drift 

RTD EXCITATION CURRENT 
Output Current 
Initial Tolerance 
Drift 
Line Regulation (AV00) 

Load Regulation 
Output Compliance 

SYSTEM CALIBRATION 
·Positive Full-Scale Calibration· Llmit14 

Negative Full-Scale Calibration Limit14 

Offset Calibration Limit15 

Input Span" 

NOTES 

A,· S Versions' 

AV00 - 0.85 x VREF 
or AV00 - 3· 

or AV00 - 2.1 
Vss + 0.85 x VREF 
orVss+3 

or Vss + 2.1 
65 to 85 

±10 

0.8 
2.0 

0.8 
3.5 

0.4 
DV00 - l 
±10 
9 

100 

Units 

Vmax 

Vmax 

Vmin 

Vmin 
dB typ 

µAmax 

Vmax 
Vmin 

Vmax 
Vmin 

Vmax 
Vmin 

(l.05 x VREF)/GAIN V max 
-(l.05 x VREF)/GAIN V max 
-(l.05 x VREF)/GAIN V max 
0.8 x VREp/GAIN v min 
(2.1 x VREF)/GAIN V max 

AD7711A 
Conditions/Comments 

See V BIAS Input Section 
Whichever Is Smaller; +5 V/-5 V or + 10 V/O V 
Nominal AVoofVss 
Whichever Is Smaller; +5 V/O V Nominal AVoofVss 
See V BIAS Input Section 
Whichever Is Greater; + 5 V /-5 V or + 10 V /0 V 
Nominal AVoofVss 
Whichever Is Greater; +5 V/O V Nominal AV0 ofVss 
Increasing with Gain 

GAIN Is the Selected PGA Gain (Between l and 128) 
GAIN Is the Selected PGA Gain (Between land 128) 
GAIN Is the Selected PGA Gain (Between l and 128) 
GAIN Is the Selected PGA Gain (Between land 128) 
GAIN Is the Selected PGA Gain (Between land 128) 

12The AD7711A is tested with the following V81As voltages. With AVDD = +5 V and V88 = 0 V, V81As = +2.S V; with AVDD = +10 V and V88 = 0 V, 
Vsw #•;.+,5,V and with AVDD = +S v and Vss = -5 v, VBIAS = 0 v. 

"Sample tested at + 25°C .to ensure compliance. 
14After calibration, if die analog input exceeds positive full scale, the converter will output all ls. If the analog input is less than negative full scale then the 

dettlce w.ill output all, Os. . · 
"These Calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AV DD + 30 m V or go more negative than 

V8s -· 30 mV. The offset calibration limit applies to both the unipolar zero point and the bipolar zero, point. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7l11A-SPECIFICATIONS 
Parameter , , A, s Ver&ioos' Units, ' Conditions/Comments ·i:~' ' • ' 

POWER REQUIREMENTS 
Power Supply Voltages "·' 

AVDD Voltage16 '+5ro+10 Vnom ±S% for Specified Performsnce 
DVDD Voltage17 +5 Vnom · ±5% for Specified Performance 

AVDD-Vss Volta8e' +10.5 v Diax For Specified Performance 
Power Supply Currents 

AV DD Current "' 4 ·mNmax 
DVDD Current 4.5 mAmax 
Vss Current 1.5 mAmax v .. s= -5V 

Power Supply Rejection 18 ,, Rejection w.r.t. AGND; Assumes V8 IAS Is Fixed 
Positive Supply (AV DD) See Note 19 dB typ 
Negative Supply (V ss) 90 dB typ 

Power Dissipation 
Normal Mode 45 mW max AVDD= DVDD = +5 V, Vss = 0 V; Typic8lly 25,mW 
Normal Mode 52.5 .. mW max AVDD = DVDD = +5 V, Vss = --:5 V; Typically ·30 mW 
Standby (Power-Down) Mode 15 mWlnax AVDD = DVDD = +5 V, Vss = OVor -5 V; Typically7 mW 

NOTES 
16The AD7711A is specified with a W MHz clock for AV Do voltages of +5 V ±5%. It is specified with an 8 MHz clock for AV00 Voltiges greater ihan 5.25 V 

and less thaii 10.5 V. Operation with AV00 voltages in the range 5.25 V to 10 .. 5 Vis only guaranteed over the 0 to +70"C temi>erature range. 
"The ±5% tolerance on the DV00 input is allowed provided that DV00 does not exceed AV00 by more than 0.3 
"Measured at de and applies in the selected pass.band. PSRR at 50 Hz will exCeed 120 dB with filter not z, 25 Hz or 50 Hz. PSRR at 60 Hz will' 

exceed 120 dB with filter notches of 10 Hz, 30 Hz or 60 Hz. · 
19PSRR depends on gain: Gain of I: 70 dB typ; Gain of 2: 75 dB typ; Gain of 4: 80 dB typ; Gains of typ. These numbers·can be improved 

(to 95 dB typ) by deriving the V81As voltage (via Zener diode or reference) from the AV0 

Specifications subleCi to cliange without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C, unless otherwise noted} 

AV00 to DV;0 ••..........•...... -0. 
AV00 to V88 ••••••••••••••••••••• -'-0.3 

DGND ... -0.3 V to AV00 + 0.3 V 
o DGND .. -0.3 V to DV00 .+ 0.3 V 
Range , , ., 

) .........•... -40"C to':+i!S°C 
AV00 to AGND ................... -0.3 to n) .............. --' SS°C to + 125"C 

perature Range ........•.. -6S°C tQ + ISO"C 
Lead perature (Soldering, 10 secs) ......•.... + 3.0o°C 
Power Dissipation (Any Package) to +75°C ..• ; , .. 450,mW 
Derates Above +7S°C ...•. , , ...•...•.... · .. 6 mWl°C 

AV00 to DGND ...........•...... -0.3 V to +i2 , 
DV00 to AGND ........ · ........... -0.3V to +6 V 
DV00 to DGND ................... -0.3 V to +6 V 
Vss to AGND ................... ; . +0.3 V to ~6 V 
V88 toDGND ............. ,,.,/:· .. , , . +0.3Vto -6V 
Analog Input Voltage to AGND '. · , 

........ , .. · ......... ·,. Vss -.0.3'V to AV00 + 0.3 V 
Reference Input Voltage to AGND 

.. ; •..•.....•.... : .. V88 - 0.3'V to AV00 + 0.3 V 
REF OUT to AGND ......•....... , . -0.3 V fo AV00 

*Stresses above those listed under "Absolute Maximum ~ting&" may caµse 
pernianent damage to the device. This is a stn;ss rating only and. functj~nal · 

, operiition of the device at these or any other conditions aQ<>ve tl)ose ~·ii! the 
operational sectiQns of the specification is not implied. Expo$Ure .t9 ab~Q.lµte 
maxiinum rating conditions for extended periods may Offect device reliability: 

CAUTION~-'-~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices. subj_ect to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

Model1 

AD7711AAN 
AD7711AAR 

NOTES 

ORDERING GUIDE 

Temperature 
Range 

-40°C to +8S"C 
-40°C to +8S°C 

Package 
Option2 

N-24 
R-24 

'To order MIL-STD-883B, Class B processed parts, add /883B 
to pan number. Contact our local sales office for military data 
sheet and availability. 

2N = Plastic DIP; R = SOIC. For outline information see 
Package Information section. 

This information appli!IS to a product unde.r development. Its characteristics and specifications .are s1;1bject·to change without notice. 
Analog Devices assumes no obligation' regarding future' manufacture unless other-wise' agreed to in writing: 
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AD7711A 
CONTROL REGISTER (24 BITS) 

A write to the device with the AO input low writes data to the control register. A read to the device with the AO input low accesses 
the contents of the control' register. The control register is 24-bits wide and when writing to the register 24 bits of data must be writ
ten otherwise the data will not be loaded to the control register. In other words, it is not possible to write just the first 1:2-bits of data 
into the control register. If more than 24 clock pulses are provided before TFS returns high, then all dock pulses after the 24th clock · 
pulse are ignored. Similarly, a read operation from the control register should access 24 bits of data. 

MSB 

I MD2 I MDI I MOO I G2 I G1 I GO I CH I PD I WL I IO BO B/U 

I FSll* I FSIO I FS9 I FSS I FS7 I FS6 I FSS FS4 FS3 FS2 FSl I FSO I 
LSB 

*Must always be 0 to ensure correct operation of the device. 

Operating Mode 
MD2 MDI MDO Operating Mode 

0 0 0 

0 0 

0 0 

0 

0 0 

0 

0 

Normal Mode. This is the normal mode of operation of the device whereby a read to the device with AO 
high accesses data from the data register. This is the default condition of these bits after the internal power 
on reset. 

Activate Self-Calibration. This activates self-calibration 
calibration sequence, and when complete, the 
control register returning to 0, O, 0). The D 
and valid data is available in the output 
internally on shorted (zeroed) inpu 

Activate System Calibration. 
two-step calibration s 
DROY indicating 
of this first step in 

el selected by CH. This is a one-step 
mode (with MD2, MDI, MOO of the 

when this self-calibration is complete 
"on type, the zero s6ile calibration is done 

done internally on V REF· 

on the channel selected by CH. This is a 
·on done first on the selected input channel and 

. The part returns to normal mode at the end 

Activate System Cali rati e system calibration 5equence with full-scale cali-
bration being performed on ect el. Once again, DROY indicates when the full-scale 
calibration is complete. When this calib is complete, the part returns to normal m<ide. 

Activate System Offset Calibration. This activates system offset calibration on the channel selected by CH. 
This is a one-step calibration sequence and, when complete, the part returns to ·normal mode with DROY 
indicating when this system offset calibration is complete. For this calibration type, the zero scale calibra
tion is done on the selected input channel and the full-scale calibration is done illternally on V REF· 

Activate Backgr<>l,IIld Calibration. This activates background calibration on the cliannel selected by CH. If 
the background calibration mode is on, then the AD77 l 1A provides continuous self-calibration of the refer
ence and shorted (zeroed) inputs. This calibration takes place as part of the conversion sequence, extending 
the conversion time and reducing the word rate by a factor of six. Its major advantage is that the user does 
not have to worry about recalibrating the devict when there is a change in the ambient temperature. In this 
mode, the shorted (zeroed) inputs and V REF• as well as the analoa input voltage, ·are continuously moni-
tored and the calibration registers of the device are automatically updated. · 

Read/Write Zero Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the zero scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the zero scale calibration coefficients of the chaiinel selected by CH. The word length for 
reading and writing these coefficients is 24 bits, regardless of the Status of the WL bit of the control 
register. Therefore, when writing ·to the calibration register 24 bits of data must be written, otherwise the 
new data will not ?e transferred to the calibration register. 

Read/Write Full-Scale Calibration Coefficients. A read to the device with AO high accesses the contents of 
the full-scale calibration coefficients of the channel selected by CH. A write to the device with AO high 
writes data to the full-scale calibration coefficients of the channel selected by CH. The word length for 
reading and writing these coefficients is 24 bits, regardless of the status of the WL bit of the control 
register. Therefore, when writing to the calibration register 24 bits of data must be written, otherwise the 
new data will not be tran~erred to the calibration register, 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD771lA 
PGAGain 
G2 GI GO Gain 
0 0 0 1 (Default Condition After the Internal Power-On Reset) 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 
Channel Selection 
CH Channel 
0 AINI (Default Condition After the Internal Power-On Reset) 
1 AIN2 
Power-Down 
PD 
0 
1 
Word Length 
WL 

Normal Operation 
Power-Down 

Output Word Length 

(Default Condition After the Internal Power-On Reset) 

0 16-Bit (Default Condition After Internal Power-On Reset) 
1 24-Bit 
RTD Excitation Current 
IO 

0 Off 
On 

Bum-Out Current 
BO 

0 
1 

Off 
On 

Bipolar/Unipolar Selection (Both Inputs) 
B/U 

0 
I 

Bipolar (Default Condition After Internal Power-On Reset) 
Unipolar 

Filter Selection (FSll-FSO) 
The on-chip digital filter provides a Sinc3 (or (Sinx/x)3) filter response. The 12 bits of data programmed into these bits determine the 
filter cutoff frequency, the position of the first notch of the filter and the data rate for the part. Iri association with the gain selection, 
it also determines the output noise (and hence the effective resolution) of the device. 

The first notch of the filter occurs at a frequency determined by the relationship: filter first notch frequency = (fcLK IN/512)/code 
where code is the decimal equivalent of the code in bits FSO to FSll and is in the range 19 to 2,000. With the nominal fcLK IN of 
10 MHz, this results in a first notch frequency range from 9.76 Hz to 1.028 kHz. To ensure correct operation of the AD7711A, the 
value of the code loaded to these bits must be within this range. Failure to do this will result in unspecified operation of the device. 

Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I and II and Figure 2 show the effect of 
the filter notch frequency and gain on the effective resolution of the AD7711A. The output data rate (or effective conversion time) for 
the device is equal to the frequency selected for the first notch of the filter. For example, if the first notch of the filter is selected at 
50 Hz, then a new word is available at a 50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms. 

The settling time of the filter to a full-scale step input change is worst case 4 x I/( output data rate). This settling time is to 100% of 
the final value. For example, with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is 
80 ms max. If the first notch is at 1 kHz, the settling time 'of the filter to a full-scale input step is 4 ms max. This settling time can 
be reduced to 3 x I/( output data rate) by synchronizing the step input change to.a reset of the digital filter. In other words, if the 
step input takes place with SYNC low, the settling time will be 3 x l/(output data rate). If a change of channels takes place, the set
tling time is 3 x 11( output data rate) regardless of the SYNC input. 

The - 3 dB frequency is determined by the programmed fust notch frequency according to the relationship: filter - 3 dB frequency 
= 0.262 x first notch frequency. 

All other features and functions of the AD7711A are as per the AD7710. Refer to the AD7710/AD7712 data sheet for detailed description. 

This information applias to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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3 V/5 V, CMOS, Low Cost, . 1111111111 ANALOG 
L.1111 DEVICES Low Power, Signal Conditioning ADC 

FEATURES 
Charge Balancing ADC 

24 Bits No Missing Codes 
0.0015% Nonlinearity 

Five-Channel Programmable Gain Front End 
Gains from 1 to 128 
Can be Configured as Three Fully Differential 
Inputs or Five Pseudo-Differential Inputs 

Three-Wire Serial Interface 
3 V IAD7714-3) or 5 V (AD7714-51 Operation 
Low Power (750 µW typ) with Power-Down 

(50 µWtyp) 
Low-Pass Filter with Programmable Filter Cutoffs 
Ability to Read/Write Calibration Coefficients 

APPLICATIONS 
Portable Industrial Instruments 
Portable Weigh Scales 
Loop-Powered Systems 
Smart Transmitters 

GENERAL DESCRIPTION 
The AD7714 is a complete analog front end 
measurement applications. The device accepts 
directly from a transducer and outputs a serial 
employs a sigma-delta conversion technique to realize 
24 bits of no missing codes performance. The input signal is ap
plied to a proprietary programmable gain front end based 
around an analog modulator. The modulator output is pro
.cessed by an on-chip digital filter. The first notch of this digital 
filter can be programmed via the on-chip control register allow
ing adjustment of the filter cutoff and settling time. 

·The part features three differential analog inputs (which can 
also be configured as five pseudo-differential analog inputs) as 
well as a differential reference input. It operates from a single 
supply (+3 V or +5 V). The AD7714 thus performs all signal 
conditioning and converilion for a system consisting of up to 
five channels. 

The AD7714 is ideal for use in smart, microcontroller- or DSP
based systems. It features a serial interface that can be config
ured for three-wire operation. Gain settings, signal polarity and 
channel selection can be configured in software using the input 
serial port. The AD7714 contains self-calibration, system cali
bration and background calibration options and also allows the 
user to read and write the on-chip calibration registers. 

*Protected by U.S. Patent No. S,134,401. 

This Is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

AD7714* I 
FUNCTIONAL BLOCK DIAGRAM 

AV00 DV00 REF IN(-) REF IN(+) 

ADn14 r----------, 
I CHARGING I 

BALANCING I 
AID CONVERTER I 
AUTO-ZEROED I 

Ira 
MODULATOR 

SCLK 

cs 
DIN 

DOUT 

ction ensures very low power dissipation, and the 
reduces the standby power consumption to 

part is available in a 24-pin, 0.3 inch-wide, 
ermetic dual-in-line package (DIP); a 24 lead small 

(SOIC) package and a 28-lead shrink small outline .. 
ckage (SSOP). . 

PRODUCT HIGHLIGHTS 
1. The AD7714 consumes less than 500 µA (fcLKIN = 1 MHz) 

or 1 mA (fcLK IN= 2.5 MHz) in total supply current, making 
it ideal for use in loop-powered systems. 

2. The programmable gain channels allow the AD7714 to ac
cept input signals directly from a strain gage or transducer 
removing a considerable amount of signal conditioning. 

3. The AD7714 is ideal for microcontroller or DSP processor 
applications with a three-wire serial interface reducing the 
number of interconnect lines and reducing the number of 
opto-couplers required in isolated systems. The part con~ 
tains on-chip registers that allow contr9l over filter cutoff, in
put gain, channel selection, signal polarity and calibration 
modes. 

4. The part features excellent static performance specifications 
with 24-bit no missing codes, ±0.0015% accuracy and low 
rms noise (<300 mV). End-point errors and the effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero-scale and full-scale errors. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7714 

ADJ714-5-SP£CJf I CA"fl 0 NS fAVoo =+SY. DY~o = +3 V or +5 V, REF IN(.f.) = +2.5 V:.REFIN(-) = AGNOj. 
f cJ.K IN = 2.4576 MHz unless otherwise stated. AU specifications T MIN to T MAX unless otherwise noted.) 
Parameter 

STATIC PERFORMANCE 
No· Missing Codes . 

Output Noise 
Integral Nonlinearity 
Unipolar Offset Erri>r. 
Unipolar Offset Drift4 

Bipolar Zero Error 
Bipolar Zero Drift4 

Positive Full-Scale E;.,,or' 5 

Full Scale Drift4• 6 

Gain Error2' 7 

Gain Drift4' 8 

Bipolar Negative Full-Scale Error 
Bipolar Negative full-Scale Drift4 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 
Absolute/Common-Mode Range9 

Absolute/Common-Mode Range9 

Normal-Mode 50 Hz Rejection'° 
Normal-Mode 60 Hz Rejection10 

Common-Mode 50 Hz. Rejection10 

Common-Mode .60 Hz Rejection10 

Input Current10 

DC Input Leakage Current10 

@+25°C 
TMIN to TMAx 

Sampling Capacitance10 

Analog lnputs11 

Input Voltage Range12 

Input Sampling Rate, fs 

Reference Inputs 
REFIN)+) - REF IN(-)Voltage 

In ut Sampling Rate, fs 

LOGIC INl'UTS 
Input Current 
All Inputs except MCLK IN 

ViNL> Input Low Voltage 
VINH• Input High Voltage 

MCLKlNOrily 
V INL> Input Low Voltage 
V INL> Input Low Voltage 
V1NH• Input High Voltage 
V1NH> Input High Voltage 

LOGIC OUTPUTS 
V 0 ..., Output Low Voltage 
V om Output High Voltage 
V OH> Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance14 

A, S V ersions1 

24 
22 
18 
15 
12 
See Tables I & II 
±0.0015 
See Note 3 
2.5/GAIN 
0.3 

·See Note 3 
2.5/GAIN 
0.3 ' 
See Note 3 
3/GAIN 
0.35 
See Note 3· 
2 
±0.0015 
4/GAIN 
0.5 

100 

AV00 - 1.5 V 
100 . 

100 
150 
150 
I 

IO 
I 
IO 

0 to +VREp/Gl\IN13 

±VREp/GAIN 
GAIN X fcLK 1Nil28 
ftLKIN/16 

+2.5 

fcLKIN/128 

±10 

0.8 
2;0 

0.8 
0.4 
3:5 
2.5 

0.4 
4.0 
DVoo-0.4 
±IO 
9 

Units 

Bits min 
Bits min 
Bits min 
Bits min 
Bits min 

% ofFSRmax 

µW°C typ 
µV/°C typ 

µV/°C typ 
µV/°C typ 

µV/°C typ 
µV/°C typ 

ppm of FSR/°C typ 
% ofFSRmax 
µwoe typ 
µW°C typ 

pAmax 
nAmax 
pFmax 

nom 
nom 

Vnom 

µAmax 

Vmax 
Vmin 

Vmax 
Vmax 
Vmin 
Vmin 

Vmax 
Vmin 
Vmin 
µAmax 
pF typ 

Conditions/Comments 

·Guaranteed by Design. For Filter Notches,; 60 Hz 
For Filter Notch = I 00 Hz 
For Filter Notch= 250 Hz 
For Filter Notch = 500 Hz 
For Filter Notch= I kHz 
Depends on Filte.r Cutoffs and Selected Gain 
Filter Notches,; 60 Hz · 

For Gains of I, 2, 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of I,~' 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of I, 2, 4, 8 
For Gains of 16, 32, 64, 128 

',4, 8 
32, 64, 128 

VI 

t with BUFFER = I 
otches of IO, 25, 50 Hz, ±0,02 x fNoTCH 
otches of IO, 30, 60 Hz, ±0.02 x fNoTCH 

Notches of IO, 25, 50 Hz, ±0.02 x fNOTCH 
ter Notches of IO, 30, 60 Hz, ±o.02·x fNOTCH 

BUFFER= I 
BUFFER=O 

Unipolar Input Range (B/U Bit of Filter High Register= I) 
Bipolar Input Range (B/U Bit of Filter High Register = O) 
For Gains of I, 2, 4 
For. Gains of 8, 16, 32, 64, 128 

±5% for Specified Perf9rmance. Part Functions with 
Lower VREF Voltages 

DVoo = +5V 
DVoo = +3 V 
DVoo = +5 V 
DVoo=+3V 

lsJNK = 800 µA. 
lsouRCE = 200 µA. DVoo = +5 V 
lsouRCE = 200 µA. DVoo = +3 V 

Thisinformation applies to a product under development. Its characteristics and specifications are subject to change without notice: 
Analog Devices assumes no obligation regarding future manufacture.unless otherwise agreed to in writing •. 
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AD7714 

A07714-3-SPEClf ICAJIQNS (AYoo = +3 V, DYoo= +3V, REF IN(+)= +1.25V;REF IN(-)= AGNO; 
fcLKIN = 2.4576 MHz unless otherwise stated. All specifications TMiN to TMu unless otherwise noted.) 

Parameter 

STATIC PERFORMANCE 
No Missing Codes 

Output Noise 
Integral Nonlinearity 
Unipolar Offset Error 
Unipolar Offset Drift4 

Bipolar Zero Error 
Bipolar Zero Drift4 

Positive Full-Scale Error· 5 

Full-Scale Drift4• 6 

Gain Error2• 7 

Gain Drift4• 8 

Bipolar Negative Full-Scale Error 
Bipolar Negative Full-Scale Drift4 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 
Absolute Common-Mode Range6 

Absolute Common~Mode Range' 

Normal-Mode 50 Hz Rejection 7 

Normal-Mode 60 Hz Rejection' 
Common-Mode 50 Hz Rejection' 
Common-Mode 6_9 Hz Rejection7 

Input Current' 
DC Input Leakage Current7 

@+25°C 
TM1N to TMAX 

Sampling Capacitance' 
Analog Inputs' 

Input Voltage Range9 

Input Sampling Rate, fs 

Reference Inputs 
REF IN(+) - REF IN(-) Voltage 

Input Sampling Rate, fs 

LOGIC INPUTS 
Input Current 
All Inputs except MCLK IN 

VINL> Input Low Voltage 
V INH' Input High Voltage 

MCLKINOnly 
V!Nu Input Low Voltage 
V INH' Input High Voltage 

LOGIC OUTPUTS 
Voe. Output Low Voltage 
Vott> Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance11 

A, S Versions1 

24 
22 
18 
15 
12 
See Tables III & IV 
±0.003 
See Note 3 
2.5/GAIN 
0.3 
See Note 3 
2.5/GAIN 
0.3 
See Note 3 

3/GAIN 
0.35 
See Note 3 
2 
±0.003 
4/GAIN 
0.5 

94 
AGNDtoAV 
AGND+ 
AV 
1 
100 
150 
150 
1 

10 
1 
10 

0 to +VREF/GAIN13 

±VREF/GAIN 
GAIN x fcLKIN/128 
fcLKIN/16 

+l.25 

±10 

0.8 
2.0 

0.4 
2.5 

0.2 
DVon- 0.4 
±10 
9 

Units 

Bits min 
Bits min 
Bits min 
Bits min 
Bits min 

% ofFSR max 

µV/oc typ 
µV/oc typ 

µV/oc typ 
µV/°C typ 

µV/°C typ 
µV/°C typ 

pAmax 
nAmax 
pFmax 

nom 
nom 

Vnom 

µAmax 

Vmax 
Vmin 

Vmax 
Vmin 

Vmax 
Vmin 
µAmax 
pFtyp 

Conditions/Comments 

Guaranteed by Design. For Filter Notches$ 60 Hz 
For Filter Notch= 100 Hz 
For Filter Notch = 250 Hz 
For Filter Notch = 500 Hz 
For Filter Notch = 1 kHz 
Depends on Filter Cutoffs and Selected Gain 
Filter Notches$ 60 Hz 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of 1, 2, 4, 8 
For Gains of 16, 32, 64, 128 

For Gains of 1 i 2, 4, 8 
For Gains of 16, 32, 64, 128 

±0.0004% 
of 1, 2, 4, 8 
of 16, 32, 64, 128 

log Input with BUFFER = 1 
Filter Notches of 10, 25, 50 Hz, ±0.02 x !NOTCH 

ilterNotches of 10, 30, 60 Hz, ±0.02 x fNoTCII 
For Filter Notches of 10, 25, 50 Hz, ±0.02 x fNoTCII 
For Filter Notches of 10, 30,·60 Hz, ±0.02 x fNoTCH 
BUFFER= 1 
BUFFER= 0 

Unipolar Input Range (B/U Bit of Filter High Register= 1) 
Bipolar Input Range (B/U Bit of Filter High Register = 0) 
For Gains of 1, 2, 4 
For Gains of 8, 16, 32, 64, 128 

± 5% for Specified Performance. Part Functions with 
Lower VREF Voltages 

!SINK= 800 µA 
lsoURCE = 200 µA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. ' 
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AD7114-SPECIFICATIONS 
(AV00 = +3 V to +5 V, DV00 = +3 V to +5 y, REF IN(+)= + 1.25 V (AD7714-3) or +2,5 V (AD7714"~); REF INh) = AGND; MCLK IN = 1 MHz to 
2.4576 MHz unless, otherwise stated. All .specifications TMrN to Tw unless otherwise nbted.f ' · · · ·. · 
Parameter 

SYSTEM.CALlBRATION. 
Positive Full-Scale Calibration Llmit15 

Negative Full-Scale Calibration Llmit15 

Offset Calibration Limit16 

Input Span16 

POWER REQUIREMENTS 
Power Supply Voltages 

AVDD Voltage (AD7714-3) 
AVDD Voltage (AD7714-5) 
DVDD Voltage 

Power Supply Currents 
AVDD Current 

A, S Versions 

(1.05 x VREF)/GAIN 
-(1.05 x VREF)/GAIN 
-(1.05 x VJiEFJ/GAIN 
·o .. 8 x vREF/GAIN 
(2.1 x VREF)/GAIN 

+2.7 to +3.6 
+5 
+2.7 to +5.25 

·Units·· 

Vmax 
Vjnax 
Vmax· 
Vinin 
Vmax 

Vnom 
Vnom 
Vnom 

ConilitlonSIComments·· 

GAIN Is the Selected PGA Gain (Between I and 128) 
GAIN Is the Selected PGA Gain (Between I and 128) 
GAIN Is the Selected PGA Gain (Between 1 and 128) 
GAIN Is the Selected PGA Gain.(Between I and 128) 
GAIN Is the Selected PGA Gain (Between I and 128) 

For Specified Performance 
± 5% for Specified Performance 
For Specified Performance· 

AV DD = 3 V or 5 V. BST Bit of Filter High Register = 017 

0.3 
0.6 

mAmax 
mAmax 

Typically 0.2 mA. BUFFER= 0 V. fcLKIN = I MHz or 2.4576 MHz 
Typically 0.4 mA. BUFFER= +5 V. fcLKIN = I MHz or 2.4576 MHz 
AVDD = 3 V or 5 V. BST,Bit of Filter High Register "'117 

DVDD Current 

0.5 

0.2 
0.4 
0.5 
I 
See Note 19 

mAmax 
mAmax 

Typically 0.3 mA. BUFFER= 0 V. fcLKm = 2.4576 MHz 
Typically 0.8 mA. BU = +5 V. fcLKIN = 2.4576 MHz 
Digital l/Ps = 0 V 
Typically 0.15 
Typic 

V. fcLKIN =I MHz 
. fcLKIN = 1 MHz 
. fcLK JN = 2.4576 MHz 
• fCJ.K IN = 2.4576 MHz 

Power Supply Rejection18 (AVDD) 
Normal Mode Power Dissipation 

1.5 
2.4 
3 
.4.5 

igital l/Ps = 0 V or DVDD· BST Bit = 0 
R=OV.fc1.K1N= I MHz 
ER= +5 V. fcLKIN =.I MHz 

R = 0 V. fcLKIN = 2.4~76 .MHz 
OFFER= +5 V. ~I.KIN,; 2.4576 MHz 

Normal Mode Po~er Pissipatjon = +5 V. Digital l/Ps = 0 V or DVDD· BST Bit= O 

Standby (Power-Down) Dissipation 

NOTES 

3.5 
5 
7.5 
10 
100 

mW max 
mW max 
µWmax 

1Tempera~e, ~anges are. as f~llo'f&::· A Version: -40°C to +~56¢.; S Version: -55°C to + 12S0c. 
2 Applies after calibration at the temperature of i.nterest. . , 
3Tbese errors will be of the order of th~ output noise of the ·pan is shown in Tables I to IV. 
4Recalibration at any temperature will remove these drift errors. , 

2.5 mW. BUFFER= 0 V. fcLKIN = I MHz 
Typically 3.5 mW. BUFFER= +5 V. fcLKIN = I MHz 
Typically 5.5 mW. BUFFER= 0 V. fcLK IN= 2.4576 MHz 
Typically 8 mW. BUFFER= +5 V. fcLKIN·= 2.4576 MHz 
Typically 50 µW 

5Positive Full-Scale Error includes Zero-Scale Errors·(Unipolar Offset Error or Bipolar Zero Error) and applies to ho~ unipolar and bipolar input ranges. 
6Full-Scale' Drift includes Zero-Scale 'Drift (Unipol8r Offset Drift ·or :Bipolar Zero Drift) and applies to both unipolar arid bipolar input ranges. 
7Gain Error does not include Zero-Scale Errors. It is calculated as Full-Scale Error-Unipolar·Offset Error for unipo~ar ranges and Full-Scale Error-Bipolar Zero Error for 

bipolar ranges. 
8Gain Drift doe~ not include Unipolar Offset Drift/Bipolar Zero Drift. It ·is effectively the drift of the pan if zero-scale calibrations only were performed as is the case. "".ith :h~ck

ground calibration for gains of 64 and 128. 
9This Common-Mode voltage range is allowed provided that the input voltage oil the differential inputs does not go more positive than AV DD + 30 m V or go more negative th!Ul 

AGND - 30 mV. The common-mode mode voltage applies to those inputs which for~ differential pairs (see Table VI). 
10These numbers are guaranteed by design and/or characterization. 
11The SJ?.alog inputs present a very high impedance dynamic load which varies with clock freque11cy and input sample fate. The maximum recommended source resi~tance de

pends on the selected gain. 
12Tbe aD.alog input voltage range on the analog inputs is given here with respect to the voltage on the respective negative input of its differential or pseudo-differential pair (see 

Table V). The absolute voltage on the analog inputs should not go more positive than AV DD+ 30 mV or go more negative than AGND - 30 mV. · 
"V .. ,: REF IN(+) - REF.INH. . 
14Sample tested ·at +25°C to ensure compliance. 
15 After calibration, if the analog input exceeds positive full scale, the convener will O¥tput all ls. If the analog input is less than negative full scale, then' the device will output 

all Os. 
16These calibration and span limits apply provided the absolute voltage on the analog inputs-does not exceed AV Do+ 30 mV or go more negativC than AGND- 30 mV. The off-

set calibration .. li~it applies to bo~h the unipolar ~ero point and. the bipolar. ~ero point. .. 
17For higher gains (~8) at fcLI< IN = 2.4576 MHz, the BST bit of the Filter High Register must be set to I. For other conditions, it can be set to 0. 
18Measured at de and applies in the selected passband. PSRR at 50 ~z will exceed 120 dB with filter notches of 5, IO, 25 or 50 Hz. PSRR at 60 Hz will exceed 120 dB with filter 

notches of6, 10, 3o·or60 Hz. 
"PSRR depends on gain: Gain of I: 70 dB typ; Gain of.2: 75 dB typ; Gain of 4: 80 dB typ; Gains of 8 to 128: 85 dB typ. 

Specifications subject to change without notice. 

This information applies to a product under development .. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation r!lgarding fut1.1re manufacture unlesi; otherwise agreed to in writing. 
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AD7714 
Tl NG Sl 2 (DVoo = +3 V to +5 V, ± 5%; AV00 = +3 V or +5 V, ± 5%; AGND = DGND = 0 V; 

Ml CHARACTERISTIC ' fcLKIN = 2.5 MHz; Input Logic 0 = 0 V, Logic 1 = DV00 unless otherwise noted.) 

Limit at T MIN• T MAx 
Parameter (A, S Versions) 

fcLKIN3, 4 400 

2.5 
tcLKINLO 0.4 X tcLKIN 
tcLKINHI 0.4 X tcLKIN 
t,5 50 
trs 50 
toRDY 500 X tcLKIN 
t1 1000 
t2 1000 
Read Operation 
t3 0 
t4 20 

ts6 0 
20 
40 

t6 200 
t1 200 
ts 20 

t98 10 
50 
100 

t10 50 

Write Operation 
t11 20 

t12 30 
t13 20 
t14 200 
t15 200 
t16 20 

NOTES 

Units 

kHz min 

MHz max 
nsmin 
nsmin 
nsmax 
nsmax 
nsnom 
nsmin 
nsmin 

nsmin 
nsmin 

ns min 
ns max 
nsmax 
nsmin 
nsmin 

nsmin 

nsmin 
nsmin 
ns min 
nsmin 
nsmin 

Conditions/Comments 

Master Clock Frequency: Crystal Oscillator or Externally 
Supplied 
For Specified Performance 
Master Clock Input Low Time. tcLKIN = 1/fcLKIN 
Master Clock Input High Time 
Digital Output Rise Time. Typically 20 ns 
Digital Output Fall Time. Typically 20 ns 
DRDY High Time 
SYNC Pulse Width 
RESET Pulse Width 

DRDY to CS Setup Time 
CS Falling Edge to SCLK Falling Edge (POL= I) or 
SCLK Rising Edge (POL = 0) Setup Time 
SCLK Active Edge to Data Valid Delay7 

DVoo = +5 V 
DVoo = + 
SCLJ( 

LK Rising Edge (POL= I) or SCLK 
= 0) Hold Time 

Time after SCLK Rising Edge (POL= 1) or 
Edge (POL= 0). DV00 = +5 V 

dge (POL= 0). DV00 = +3 V 
dge (POL= !) or SCLK Falling Edge 

) to DRDY High9 

CS Falling Edge to SCLK Falling Edge (POL= I) or SCLK 
Rising Edge (POL = 0) Setup Time 
Data Valid to SCLK Active Edge Setup Time6 
Data Valid to SCLK Active Edge Hold Time6 
SCLK High Pulse Width 
SCLK Low Pulse Width 
CS Rising Edge to SCLK Rising Edge (POL= I) or SCLK 
Falling Edge (POL = 0) Hold Time 

1Sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% co· 90% ofDV 00) and timed from a voltage level of 1.6 V. 
2See Figures 2 and 3. 
3CLKIN Duty Cycle range is 45% to 55%. CLKIN must be supplied whenever the AD7714 is not in standby mode. Ifno clock is present in this case, the device can 
draw higher current than specified and possibly become uncalibrated. 

4The AD7714 is production tested with fcLKIN at 2.5 MHz (1 MHz for some 100 tests). It is guaranteed by characterization to operate at 400 kHz. 
5Specified using 10% and 90% points on waveform of interest. 
6These numbers are measured with the load circU.it of Figure 1 and defined as the time required for the output to cross the VoL or VoH limits. 
7SCLK active edge is falling edge of SCLK with POL= I; SCLK active edge is rising edge of SCLK with POL= 0. 
8These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove effects of charging or discharging the I 00 pF capacitor. This means that the times quoted in the timing characteristics are the true bus 
relinquish times of the part and as such are independent of external bus loading capacitances. 

9DRDY returns high after the first read from the device after an output update. The same data can be read again, if required, while DRDY is high although care 
should be taken that subsequent reads do not occur close to the next output update. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD77l4 

TO 
OUTPUT 

PIN 
+1.6V 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 

ORDERING GUIDE 

AVoo Temperature Package 
Model Supply Range Option* 

AD7714AN-5 5V -40°C to +85°C N-24 
AD7714AR-5 5V -40°Cto +85°C R-24 
AD7714ARS-5 5V '-40°c to +ss0 c RS-28 
AD7714SQ-5 5V c-55°C to +125°C Q-24 
AD7714AN-3 3V '-40°C to +85°C N-24 
AD7714AR-3 3V -40°C to +85°C R•24 
AD7714ARS-3 3V -40°C to +85°C RS-28 
AD7714SQ 3V&5V -55°C to +!25°C Q-24 

*N ~ Plastic DIP; R = SOIC; RS = SSOP; Q =_ Cerdip. For outline information 
see Package Information section. 

ABSOLUTE MAXIMUM RATINGS:* 
CTA = +25°C unless ot,herwise noted) 

AV00 to AGND ......................... -0.3 V to +7 V 
AV00 to DGND ......•................. -0.3 V to +7 V 
DV00 to AGND ....... : ................ -0.3 V to +7 V 

. DV00 to DGND ........................ -0.3 V to +7 V 
Analog Input Voltage to AGND ..... -0.3 V to AV00 + 0;3 V 
Reference Input Voltage to AGND ... -0.3 V to AV00 + 0.3 V 
Digital Input Voltage to DGND ..... -0.3 V to DV00 + 0.3 V 
Digital Output Voltage to DGND .... -0.3 V to DV00 + 0.3 V 
Operating Temperature Range 

Commercial (A Version) .............. -40°C to +85°C 
Extended (S Version) ................. -55°C to +125°C 

Storage Temperature Range ............. -65°C to +150°C 
Junction Temperature ......................... + l 50°C 
Plastic DIP Package, Power Dissipation ........... 450 mW 

0JA Thermal Impedance . . . . . . . . . . . . . . . . . . . . . 105°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

Cerdip Package, Power Dissipation ............... 450 mW 
01A Thermal Impedance ...................... 70°C/W 
Lead Temperature (S . ·ng, 10 sec) ........... +300°C 

SOIC Package, Po tion ................ 450 mW 
01A The ...................... 75°C/W 
Lead 

................... +215°C 
..................... +220°c 

der "Absolute Maximum Ratings" may cause 
ice. This is a stress rating only, and functional 

any other conditions above those listed in the 
specification is not implied. Exposure to absolute 

ions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge· without detection. 
Although the AD77 l 4 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges, Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~QJ 
ESD SENSITIVE DEVICE 

PIN CONFIGURATIONS 
DIP& SOIC SSOP 

SCLK DGND 

SCLK DGND DVoo 

DV00 MCLKOUT DIN 

DIN DOUT 

DOUT DADY 

DROY cs 
cs NC 

AGND NC NC 

AIN6 AGND 

AIN5 AIN2 AIN6 

AIN4 REFIN(+) AIN3 AIN5 

STANDBY REFIN(-) AIN4 REFIN(+) 

AVDD BUFFER STANDBY REFIN(-) 

AVao BUFFER 

NC = NO CONNECT 

This information appties to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding futu're manufacture·unless otherwise agreed to in. writing. 
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AD7714 
PIN FUNCTION DESCRIPTION 

DIP/SOIC PIN NUMBERS 

Pin 
No. Mnemonic Function 

SCLK 

2 MCLKIN 

Serial Clock. Logic Input. An external serial clock is applied to this input to access serial data from the 
AD7714. This serial clock can be a continuous clock with all 'data transmitted in a continuous train of pulses. -
Alternatively, it can be a noncontinuous clock with the information-being transmitted to the AD7714 in smaller 
batches of data. 
Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal can 
be· tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with a 
CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally either 
2.5 MHz or 1 MHz. 

3 MCLK OUT When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 

4 POL 

5 SYNC 

6 RESET 

7 AINI 

8 AIN2 

9 AIN3 

IO AIN4 

11 STANDBY 

I2 AVoo 
I3 BUFFER 

I4 REF IN(-) 

I5 REFIN(+) 

I6 AIN5 

I7 AIN6 

IS . AGND 

MCLKOUT. 
Clock Polarity. Logic Input. With this input low, the first transition of the serial clock in a data transfer 
operation is from a low to a high. In microcontroller applications this means that the serial clock should idl.e 
low between data transfers. With this input high, the first transition of the serial clock in a data transfer 
operation is from a high to a low. In microcontroller applications, this means that the serial clock should idle 
high between data transfers. ; · 
Logic Input which allows for synchronization of the digital analog modulators.when using a number 
of AD77I4s. While SYNC is low, the nodes of the digjf ter control logic and the calibration 
control logic are reset and the analog modulator · state. 
Logic Input. Active low inpui: which resets gic, digitai filter and analog modulator 
of the part to power:on status., 
Analog Input Channel 1. Pr 
when used with AIN6 or 
Communications Regist 
Analog Input Channel 2. 

Communications .Register section). 

can be used as a pseudo-differential input 
log input pair when used with AIN2 (see 

·ch can be used as a pseudo-differe11tial input 

Analog Input Channel 3. Programmable-gain analog input which can be used as a pseudo-differential· input· 
when used with AIN6 or as the positive input of a differential analog input pair when used with AIN4 (see 
Communications Register section). · 
Analog Input Channel 4. Programmable-gain analog input which can be used as a pseudo-differential input 
when used with AIN6 or as the negative input of a differential analog input pair when used with AIN3 (see 
Communications Register section). 
Logic, ID.put. Taking thi.s pin low shuts down the analog and digital circuitry, reducing power consumption to 
typically 50 µW. , 

Analog Posit.ive Supply Voltage, +3 V nominal (AD77I4-3) or +5 V nominal (AD77I4-5). 

Buffer Option Select. Logic Input. With this input low, the on-chip buffer on the analog input (after the 
multiplexer and before the analog modulator) is shorted out. With the buffer shorted out the cUirent flowing in 
the AVi,0 line is reduced to 300 µA (fcLK IN = I MHz) or 500 µA (fcLK IN = 2.5 .MHz). With this input high, the 
on-chip buffer is in series with the analog input allowing the inputs to handle higher source impedances. 

Reference Input. Negative input of the differential reference input to the AD7714. The REF IN(-) can lie 
anywhere between AV00 and AGND provided REF IN(+) is greater than REF IN(-). 
Reference Input. Positive input of the differential reference input to the AD77I4. The reference input is 
differential with the provision that REF IN(+) must be greater than REF IN(-). REF IN(+) can lie anywhere 
between AV00 and AGND .. 
Analog Input Charui.el 5. Programmable-gain analog input which is the positive input of a differential analog 
input pair, when used with AIN6 (see Communications Register section). 
Analog Input Channel 6. Reference point for AINI through AIN4 in pseudo-differential mode or as the 
negative input of a differential analog input pair when used with AIN5 (see Communications Register section). 
Ground reference point for analog circuitry. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7714 

Pin 
No. Mnemonic Function 

19 cs Chip Select. Active low Logic Input used to select the AD7714. With this input hard-wired low, the AD7714 
can operate in its three-wire interface mode with SCLK, DIN and DOUT used to interface to the device. CS 
can be used to select the device in systems with more than one device on. the serial bus or as a frame 
synchronization signal in communicating with the AD7714. 
Logic output. A logic low on this output indicates that a new output word is available from the AD7714 data 
register. The DRDY pin will return high upon completion of a read operation of a full output word. If no data 
read has taken place, after an output update, the DRDY line will return high for 500 x tcLK IN cycles prior to 
he next output update. This gives an indication ofwhen a read operation should not be attempted to avoid 
reading from the data register as it is being updated. DRDY is also used to indicate when the AD7714 has 
completed its on-chip calibration sequence. 

21 DOUT 

22 DIN 

Serial Data Output with serial data being read from the output shift register on the part. This output shift 
register can contain information from the calibration registers, mode register, communications register, filter 
selection registers or data register depending on the register selection bits of the Communications Register. 
Serial Data Input with serial data being written to the input shift register on the part. Data from this input shift 
register is transferred to th.e calibration registers, mode register, communications register or filter selection 
registers depending on the register selection bits of the Communications 'ster. 

23 DVnn 
24 DGND 

Digital Supply Voltage, +3 V or +5 V nominal. 
Ground reference point for digital circuitry. 

TERMINOLOGY* 
INTEGRAL NONLINEARITY 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The e 
points of the transfer function are zero-scale (not to 
with bipolar zero), a point 0.5 LSB below the first co 
(000 ... 000 to 000 ... 001) and Full-Scale, a point 
above the last code transition (111 ... 110 to 111 ... lll). 
error is expressed as a percentage of full scale. 

POSITIVE FULL-SCALE ERROR 
Positive Full-Scale Error is the deviation of the last code transi
tion (111 ... 110 to 111 ... 111) from the ideal AIN(+) voltage 
(AIN(-) + VREp/GAIN - 3/2 LSBs). It applies to both 1,mipolar 
and bipolar analog input ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is the deviation of the first code transition 
from the ideal AIN(+) voltage (AIN(-) + 0.5 LSB) when oper
ating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 ... 111 
to 1000 ... 000) from the ideal AIN(+) voltage(AIN(-) ~ 
0.5 LSB) when operating in the bipolar mode. 

GAIN ERROR 
This is a measure of the span error of the ADC. It includes full
scale errors but not zero-scale errors. For unipolar input ranges 
it is defined as (full-scale error-unipolar offset error) while for 
bipolar input ranges it is defined as (full-scale error-bipolar zero 
error). 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
AIN(+) voltage (AIN(-) - VREF/GAIN + 0.5 LSB), when. oper
ating in the bipolar mode. 

VERRANGE 
is the amount of overhead avail

es on AIN( +) input greater than 
or example, noise peaks or excess volt
errors in system calibration routines) 
rs due to overloading the analog modu

e digital filter. 

This e amount of overhead available to handle voltages on 
AIN(+) below AIN(-) - VREF/GAIN without overloading the 
analog modulator or overflowing the digital filter. Note that the 
analog input will accept negative voltage peaks even in the uni
polar mode provided that AIN ( +) is greater than AIN (-) and 
greater than AGND- 30 mV. 

OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD77 l 4 calibrates its off
set with respect to the analog input. The Offset Calibration 
Range specification defines the range of voltages that the 
AD7714 can accept and still calibrate offset accurately. 

FULL-SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7714 can accept in the 
system calibration mode and still calibrate full-scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7714's analog input define the analog input range. 
The input span specification defines the minimum and maxi
mum input voltages from zero to full-scale that the AD7714 
can accept and still calibrate gain accurately. 

*AIN(-) refers to the negative input of the differential input pairs or to AIN6 
when referring to the pseudo-differential input configurations 
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AD7714 
AD7714-5 Output Noise 
Table I shows the output rms noise and effective resolution for some typical notch and -3 dB frequencies for the AD7714-5 with 
fcLKIN = 2.4576 MHz while Table II gives the information for fCLKIN = 1 MHz. The numbers given are for the bipolar input ranges 
with a VREF of +2.5 V and with BUFFER= 0. These numbers are typical and are generated at an analog input voltage of 0 V. The 
numbers in brackets in each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolu
tion of the device is defined as the ratio of the output rms noise to the input full-scale (i.e., 2 x VREF/GAIN). It should be noted that 
it is not calculated using peak-to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers 
while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as • 
quoted in the tables. 

The output noise from the part comes from two sources. The first is the electrical noise in the semiconductor devices used in the 
implementation of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quan
tization noise is added. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 Hz approximately for fCLKrN = 2.4576 MHz and below 40 Hz approximately for fCLKIN = 1 MHz) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. Changing the filter notch and cutoff 
frequency in the quantization-noise dominated region results in a more dramatic improvement in noise performance than it does in 
the device-noise dominated region as shown in Tables I and II. Furthermore, quantization noise is added after the PGA, so effective 
resolution is largely independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added in the PGA and, 
therefore, effective resolution reduces at high gains for lower notch frequencies. Additionally, in the device-noise dominated region, 
the output noise is largely independent of reference voltage while in the quantization-noise dominated region, the noise is propor
tional to the value of the reference. Noise numbers in the device noise dominated r~gi~;"will be higher than those in the Table I for 
BUFFER= 1 (at a gain of 128, 10 Hz notch rms noise will be 500 nV). It is JlO.ssi~l:e::i?·do post-filtering on the device to improve 
the output data rate for a given -3 dB frequency and also to further red~ce·lh~:'l11J.J.RUf1i.oise. 
At the lower filter notch settings (below 60 Hz for fcLKIN = 2.4576;M"Ji~;a~ffelovv25;Ifa for fcLKIN = 1 MHz), the no missing 
codes performance of the device is at the 24-bit level. At theJ;) · ·· ·· ··· · ;• ·~·~~~·.!l'Vill be missed until at 1 kHz notch setting 
for fcLKIN = 2.4576 MHz (400 Hz for fcLKIN = 1 MHz).,"f!..o · ll~ce is only guaranteed to the 12-bit level. 

,,0;11 o:.,, 

Table I. Output Noise/Effective Resolutio~\'l!. 
'",:::<'.::~; '.,~~t''':: 

equency for fcLKIN = 2.4576 MHz, BUFFER= 0 
i,o 

,,,,:, '·~ 

Filter First µV (Effective Resolution in Bits) 
Notch& O/P -3dB Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 16 32 64 128 

5 Hz 1.31 Hz 1.2 (22) 0.7 (22) 0.4 (21.5) 0.3 (21) 0.3 (20) 0.3 (19) 0.3 (18) 0.3 (17) 
10 Hz 2.62 Hz 1.7 (21.5) 1.0 (21.5) 0.5 (21.5) 0.36 (20.5) 0.33 (20) 0.33 (19) 0.33 (18) 0.33 (17) 
25 Hz 6.55 Hz 4.9 (20) 2.2 (20) 1.2 (20) 0.60 (20) 0.36 (19.5) 0.36 (18.5) 0.36 (17.5) 0.36 (16.5) 
30Hz 7.86 Hz 6.1 (19.5) 2.4 (20) 1.2 (20) 0.84 (19.5) 0.5 (19.5) 0.4 (18.5) 0.4 (17 .5) 0.4 (16.5) 
50Hz 13.l Hz 7.5 (19.5) 3.8 (19.5) 2.0 (19.5) 1.0 (19.5) 0.6 (19) 0.5 (18.5) 0.5 (17.5) 0.45 (16.5) 
60Hz 15.72 Hz 8.5 (19) 4.1 (19) 2.1 (19) I.I (19) 0.6 (19) 0.5 (18.5) 0.5 (17 .5) 0.45 (16.5) 
100 Hz 26.2 Hz 13 (18.5) 6.4 (18.5) 3.7 (18.5) 1.8 (18.5) I.I (18) 0.9 (17.5) 0.65 (17) 0.65 (16.5) 
250 Hz 65.5 Hz 130 (15) 75 (15) 25 (15.5) 12 (15.5) 7.5 (15.5) 4.0 (15.5) 2.7 (15) 1.7 (14.5) 
500Hz 131 Hz 600 (13) 260 (13) 140 (13) 70 (13) 35 (13) 25 (12.5) 15 (12.5) 8 (12.5) 
I kHz 262 Hz 2,850 (11) 1,430 (11) 700 (11) 290 (11) 180 (11) 120 (11) 63 (I 0.5) 35 (10) 

Table II. Output Noise/Effective Resolution vs. Gain and First Notch Frequency for fcLKIN = 1 MHz, BUFFER= 0 

Filter First Typical Output RMS Noise in µV (Effective Resolution in Bits) 

Notch& O/P -3dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 64 128 

2Hz 0.52 Hz 1.2 (22) 0.7 (22) 0.4 (21.5) 0.3 (21) 0.3 (20) 0.3 (19) 0.3 (18) 0.3 (17) 
4Hz 1.05 Hz 1.7 (21.5) 1.0 (21.5) 0.5 (21.5) 0.36 (20.5) 0.33 (20) 0.33 (19) 0.33 (18) 0.33 (17) 
10 Hz 2.62 Hz 4.9 (20) 2.2 (20) 1.2 (20) 0.60 (20) 0.36 (19.5) 0.36 (18.5) 0.36 (17.5) 0.36 (16.5) 
25 Hz 6.55 Hz 8.5 (19) 4.1 (19) 2.1 (19) I.I (19) 0.6 (19) 0.5 (18.5) 0.5 (17.5) 0.45 (16.5) 
30Hz 7.86 Hz 10.2 (19) 4.9 (19) 2.6 (19) 1.3 (19) 0.8 (18.5) 0.65 (18) 0.65 (17) 0.5 (16) 
50Hz 13.1 Hz 22.5 (18) 11.2 (18) 5.6 (18) 2.7 (18) 1.7 (17.5) 1.2 (17) 0.85 (16.5) 0.75 (15.5) 
60Hz 15.72 Hz 31 (17.5) 16 (17.5) 7.6 (17.5) 3.7 (17.5) 2.3 (17) 1.5 (16.5) 1.0 (16) 0.85 (15.5) 
100 Hz 26.2 Hz 130 (15) 75 (15) 25 (15.5) 12 (15.5) 7.5 (15.5) 4.0 (15.5) 2.7 (15) 1.7 (14.5) 
200Hz 52.4 Hz 600 (13) 260 (13) 140 (13) 70 (13) 35 (13) 25 (12.5) 15 (12.5) 8 (12.5) 
400Hz 104.8 Hz 2,850 (11) 1,430 (11) 700 (11) 290 (11) 180 (11) 120 (11) 63 (10.5) 35 (10) 
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AD7714 
AD7714-3 Output Noise 
Table III shows the output rms noise and effective resolution for some typical notch and -3 dB frequencies for the AD7714-3 with 
fcLKIN = 2.4576 MHz while Table IV gives the information for fi:LKIN = 1 MHz. The numbers given are for the bipolar input ranges 
with a VREF of+ 1.25 V and BUFFER= 0. These numbers are typical and are generated at an analog input voltage of 0 V. The 
numbers in brackets in each table are for the effective resolution of the part (rounded to the nearest 0.5 LSB). The effective resolu
tion of the device is defined as the ratio of the output rms noise to the input full-scale (i.e., 2 x V REF/GAIN). It should be noted that 
it is not calculated using peak"to-peak output noise numbers. Peak-to-peak noise numbers can be up to 6.6 times the rms numbers 
while effective resolution numbers based on peak-to-peak noise can be 2.5 bits below the effective resolution based on rms noise as 
quoted in the tables. 

The output noise from the part comes from two sources. The first is the electrical noise in the semiconductor devices used in the 
implementation of the modulator (device noise). Secondly, when the analog input signal is converted into the digital domain, quan
tization noise is added. The device noise is at a low level and is largely independent of frequency. The quantization noise starts at 
an even lower level but rises rapidly with increasing frequency to become the dominant noise source. Consequently, lower filter 
notch settings (below 100 Hz approximately for fi:LK IN= 2.4576 MHz and below 40 Hz approximately for fcLK IN= 1 MHz) tend to 
be device noise dominated while higher notch settings are dominated by quantization noise. Changing the filter notch and cutoff fre
quency in .the quantization noise dominated region results in a more dramatic improvement in noise performance than it does in the 
device-noise dominated region as shown in Tables III and IV. Furthermore, quantization noise is added after the PGA, so effective 
resolution is largely independent of gain for the higher filter notch frequencies. Meanwhile, device noise is added in the PGA and, 
therefore, effective resolution suffers a little at high gains for lower notch frequencies. Additionally, in the device-noise dominated 
region, the output noise is largely independent of reference voltage while in the quantization-no· dominated region, the noise is 
proportional to the value of the reference. Noise numbers in the device noise dominated r · · 1 be higher than those in the 
Table III for BUFFER= 1 (at a gain of 128, 10 Hz notch rms noise will be 500 nV). o do post-filtering on the device 
to improve the output data rate for a given -3 dB frequency and also to further re · ise (see Digital Filtering section). 

At the lower filter notch settings (below 60 Hz for fi:LKIN = 2.4576 M = 1 MHz), the no missing 
codes performance of the device is at the 24-bit level. At the hi d until at 1 kHz notch setting 
for fcLKIN = 2.4576 MHz (400 Hz for fi:LKIN = 1 MHz), no guaranteed to the 12-bit level. 

Table III. Output Noise/Effective Resolution LKIN = 2.4576 MHz, BUFFER= 0 

Filter First 
Notch& O/P -3dB Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 64 128 

5 Hz 1.31 Hz 1.2 (21) 0.7 (21) 0.4 (20.5) 0 .. 3 (20) 0.3 (19) 0.3 (18) 0.3 (17) 0.3 (16) 
10 Hz 2.62 Hz 1.7 (20.5) 1.0 (20.5) 0.5 (20.5) 0.36 (19.5) 0.33 (19) 0.33 (18) 0.33 (17) 0.33 (16) 
25 Hz 6.55 Hz 4.9 (19) 2.2 (19) 1.2 (19) 0.60 (19) 0.36 (18.5) 0.36 (17.5) 0.36 (16.5) 0.36 (15.5) 
30Hz 7.86 Hz 5.6 (19) 2.4 (19) 1.2 (19) 0.84 (18.5) 0.5 (18.5) 0.4 (17.5) 0.4 (16.5) 0.4 (15.5) 
50Hz 13.1 Hz 7.5 (18.5) 3.8 (18.5) 2.0 (18.5) 1.0 (18.5) 0.6 (18) 0.5 (17.5) 0.5 (16.5) 0.45 (15.5) 
60Hz 15.72 Hz 8.5 (18) 4.1 (18) 2.1 (18) !.I (18) 0.6 (18) 0.5 (17.5) 0.5 (16.5) 0.45 (15.5) 
lOOHz 26.2 Hz 13 (17 .5) 6.4 (17 .5) 2.9 (17.5) 1.5 (17.5) !.I (17) 0.7 (17) 0.65 (16) 0.65 (15) 
250 Hz 65.5 Hz 53 (15.5) 28 (15.5) 12 (15.5) 8.6 (15) 3.9 (15) 3.7 (14) 1.9 (14) 1.4 (14) 
500 Hz 131 Hz 240 (13.5) 150 (13) 80 (13) 35 (13) 22 (13) 14 (12.5) 8.7 (12) 8 (11.5) 
I kHz 262 Hz 1400 (11) 610 (11) 370 (10.5) 230 (10.5) 125 (10.5) 70 (10) 40 (10) 22 (10) 

Table IV. Output Noise/Effective Resolution vs. Gain and First Notch Frequency for fcLKIN = 1 MHz, BUFFER= 0 

Filter First Typical Output RMS Noise in µV (Effective Resolution in Bits) 

Notch& O/P -3dB Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of 
Data Rate Frequency 1 2 4 8 16 32 64 128 

2Hz 0.52 Hz 1.2 (21) 0.7 (21) 0.4 (20.5) 0.3 (20) 0.3 (19) 0.3 (18) 0.3 (17) 0.3 (16) 
4Hz 1.05 Hz 1.7 (20.5) 1.0 (20.5) 0.5 (20.5) 0.36 (19.5) 0.33 (19) 0.33 (18) 0.33 (17) 0.33 (16) 
IO Hz 2.62 Hz 4.9 (19) 2.2 (19) 1.2 (19) 0.60 (19) 0.36 (18.5) 0.36 (17.5) 0.36 (16.5) 0.36 (15.5) 
25Hz 6.55 Hz 7.8 (18.5) 4.1 (18) 2.1 (18) !.I (18) 0.6 (18) 0.5 (17.5) 0.5 (16.5) 0.45 (15.5) 
30Hz 7.86 Hz 10.2 (18) 4.9 (18) 2.1 (18) I.I (18) 0.8 (17.5) 0.65 (17) 0.65 (16) 0.5 (15) 
50Hz 13.1 Hz 22.5 (17) 11.2 (17) 4.4 (17) 2.3 (17) 1.7 (16.5) 1.2 (16) 0.85 (15.5) 0.75 (14.5) 
60Hz 15.72 Hz 31 (16.5) 16 (16.5) 6.0 (16.5) 3.2 (16.5) 2.3 (16) 1.5 (15.5) 1.0 (15) 0.85 (14.5) 
100 Hz 26.2 Hz 53 (15.5) 28 (15.5) 12 (15.5) 8.6 (15) 3.9 (15) 3.7 (14) 1.9 (14) 1.4 (14) 
200Hz 52.4 Hz 240 (13.5) 150 (13) 80 (13) 35 (13) 22 (13) 14 (12.5) 8.7 (12) 8 (11.5) 
400Hz 104.8 Hz 1400 (11) 610 (11) 370 (10.5) 230 (10.5) 125 (I 0.5) 70 (10) 40 (10) 22 (10) 
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AD7714 
On-Chip Registers 
The AD7714 contains eight on-chip registers which can be accessed via the serial port of the part. The first of these is a Communica
tions Register which controls the channel selection, decides whether the next operation is a read or write operation and also decides 
which register the next read or write operation accesses. The DRDY status is also available by reading from the Communications 
Register. The second register is a Mode Register which determines calibration mode and gain setting. The third register is labelled 
the Filter High Register and this determines the word length, bipolar/unipolar operation and contains the upper 4 bits of the filter 
selection word. The fourth register is labelled the Filter Low Register and contains the lower 8 bits of the filter selection word. The 
fifth register is a Test Register which is accessed when testing the device. The sixth register is the Data Register from which the out
put data from the part is accessed. The final two registers are calibration registers; one is the Calibration Zero-Scale Register and the 
other is the Calibration Full-Scale Register. The registers are discussed in more detail in the following sections. 

Communications Register (RS2-RSO = 0, 0, 0) 
The Communications Register is an eight bit register from which data can either be read or to which data can be written. On power
up or after a RESET, the AD7714 is waiting for a write operation to the Communications Register. This is the default state of the in
terface, and in situations where the interface sequence is Jost, if enough writes to the device (at least four bytes) take place with DIN 
high, the AD7714 returns to its default state. Table V outlines the bit designations for the Communications Register. 

I O/DRDY 

O/DRDY 

RS2-RSO 

R/W 

CH2-CHO 

Table V. Communications Register 

RS2 RSl RSO CH2 CHl CHO I 

For a read operation, this bit provides the status of the DRD):' fl~g fi;~m.the part. The status of this bit is the same 
as the DRDY output pin. For a write operation, a 0 muscbe::,vrittt;n fo this bit so that the write operation will be 
recognized by the register. If a 1 is written to this bit, tl).~,,· r}Wlll notclock on to subsequent bits in the register. 

Register Selection Bits. RS2 is the MSB oh? itsi'>Tpe]hree bits select to which one 
of eight on-chip registers the next read pj~~·~'ii~· follows: 

RS2 RSI RSO Re . "~~gister Size 
0 0 0 ~.Bits 
o o a,1!1110 
0 I 0 g Bits 
0 I I 8 Bits 
I o o Test Register 8 Bits 
I 0 I Data Register 16 Bits or 24 Bits 
I I 0 Calibration Zero-Scale Register 24 Bits 

I I Calibration Full-Scale Register 24 Bits 
Read/Write Select. This bit selects whether the next operation is a read or write operation to the selected register. 
A 0 indicates a write cycle for the next operation to the appropriate register, while a I indicates a read operation 
from the appropriate register. 

Channel Select. These three bits select a channel for either conversion or for access to calibration coefficients as 
outlined in Table VI. There are three pairs of calibration registers on the part with some of the input channel 
combinations sharing calibration registers. With CH2, CHI and CHO at a logic I, the part internally looks at 
shorted AIN6 inputs. This can be used as a test method to evaluate the noise performance of the part. The 
power-on or RESET status of these bits is 1, 0, 0 selecting the differential pair AINI and AIN2. 

Table VI. Channel Selection 

CH2 CHl CHO AIN(+) AIN(-) Type Calibration Register Pair 

0 0 0 AINI AIN6 Pseudo Differential Register Pair 0 
0 0 I AIN2 AIN6 Pseudo Differential Register Pair I 
0 I 0 AIN3 AIN6 Pseudo Differential Register Pair 2 
0 I I AIN4 AIN6 Pseudo Differential Register Pair 2 
I 0 0 AINI AIN2 Fully Differential Register Pair 0 
I 0 I AIN3 AIN4 Fully Differential Register Pair I 
I I 0 AINS AIN6 Fully Differential Register Pair 2 
1 I I AIN6 AIN6 Test Mode Register Pair 2 
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AD7714 
Mode Register (RS2-RSO = O, O, J); Power On/Reset Status: 00 Hex 
The Mode Register is an eight bit register from ·which data can either be read or to which data can be written. Table VII outlines the 
bit designations for the Mode Register. 

MD2 

MD2 MDl 

0 0 

0 0 

0 

0 

0 

0 

G2 GI 
0 0 
0 0 
0 
0 

0 
0 

I 
BO 

FSYNC 

Table VII. Mode Register 

MDI MDO G2 G1 GO BO FSYNC 

MDO ·Operating Mode 

0 Normal Mode; this is the normal mode of operation of the device whereby the device is performing normal 
conversions. This is the default condition of these bits after Power-On or RESET. 
SelfcCalibration; this activates self-calibration on the channel selected by CH2, CHI and CHO ofthe Communica
tions Register. This is a one step calibration sequence and when complete the part returns to Normal Mode. The 
DRDY output or bit indicates when this self-calibration is comp!ete and when a new valid word is available in the 
data register. For this calibration type, the zero-scale calibration is done internally on shorted (zeroed) inputs and 
the full-scale calibration is done internally on V REF· 

0 Zero-Scale System Calibration; this activates zero-scale system calibration on the channel selected by CH2, CHI 
and .CHO of the Communications Register. Calibration is performed on the analog input voltage provided at the 

0 

analog input during this calibration sequence. The DRDY output or bit i tes when this zero-scale calibration is 
complete and the part returns to Normal Mode. 
FullCScale System Calibration; this activates full-scale system ca · selected input channel.. Calibration 
is performed on the analog input voltage provided at the a is calibration sequence. Once 
again, DRDY indicates when this full-scale calibrati alibration is complete, the part 
returns to Normal Mode. 
System-Offset Calibration; this.activates nel selected by CH2, CHI and CHO 
of the Communications Register. d when complete the part returns to 
Normal Mode with DRDY · is complete. For this calibration type, the 
zero-scale calibration is donl!1!Jt ale calibration is done internally on V REF· 

Background Calibration; thi~1Cf nnel selected by CH2, CHI and CHO of 
the Communications Register. If s on, the AD77 I 4 provides continuous self-
calibration of the shorted (zeroed) akes place as part of the conversion sequence, extending 
the conversion time and reducing the word rate by a r of six. Its major advantage is that the user does not have 
to worry about recalibrating the offset of the device when there is a change in the ambient temperature or supplies. In 
this mode, the shorted (zeroed) inputs, as well as the analog input voltage, are continuously monitored and the cali
bration registers of the device are automatically updated. Because the background calibration does not perform full
scale calibrations, a full-scale self-calibration sho.uld be performed before placing the part in background calibration 
mode. 

0 Zero-Scale Self-Calibration; this activates zero-scale self-calibration on the channel selected by CH2, CHI and 
CHO of the Communications Register. This zero-scale calibration is done internally on shorted (zeroed) inputs. 
This is a one step calibration sequence and when complete the part returns to Normal Mode. The DRDY output or 
bit indicates when this zero-scale self-calibration is complete. 

GO 
0 

0 

0 
I 
0 

Full-Scale Self-Calibration; this activates full-scale self-calibration on the channel selected by CH2, CH I and CHO 
of the Communications Register. This full-scale calibration is done internally on V REF· This is a one step cali
bration sequence and when complete the part returns to Normal Mode. The DRDY output indicates when this full-
scale self-calibration is complete. 
Gain Setting 
I 
2 
4 
8 
16 
32 
64 
128 
Burn Out Current. A 0 in this bit turns off the on-chip burn out currents. This is the default (Power-On or 
RESET) status of this bit. A 1 ·in this bit activates the burn out currents .. 
Filter Synchronization. When this bit is high, the nodes of the digital filter, the filter control logic and the calibra
tion control logic are reset, and the analog modulator is also held inits reset state. When this bit goes low, valid data· 
is available in 3 x !/(output update rate), i.e., the settling time of the filter. 
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AD7714 
Filter Registers. Power On/Reset Status: Filter High Register: 01 Hex. Filter Low Register: 40 Hex 
There are two 8-bit Filter Registers on the AD77 l 4 from which data can either be read or to which data can be written. Tables VIII 
and IX outline the bit designations for the Filter Registers. 

B/U 

FS7 

B/U 

WL 

BST 

0 

FSll-FSO 

Table VIII. Filter High Register (RS2-RSO = O, 1, 0) 

WL BST 0 FSll FSlO FS9 FS8 

Table IX. Filter Low Register (RS2-RSO = O, 1, 1) 

FS6 FS5 FS4 FS3 FS2 FSl FSO 

Bipolar/Unipolar Operation. A 0 in this bit selects Bipolar Operation. This is the default (Power-On or 
RESET) status of this bit. A 1 in this bit selects unipolar operation. 
Word Length. A 0 in this bit selects 16-bit word length when reading from the data register (i.e., DRDY 
returns highafter 16 serial clock cycles). This is the default (Power-On or RESET) status of this bit. A 1 in 
this bit selects 24-bit word length. 
Current Boost. A 0 in this bit reduces the current taken by the l;ll,'llil!:>gcfi;pnt-end. When the part is operated 
with fcLKIN = 1 MHz, this bit should be 0 to reduce the curtent 'a.fawn from AVDD· When the AD7714 is 
operated from fcLK IN= 2.4576 MHz with gains of 8. zs;,ttf" · eeds to be 1 to ensure correct operation of 
the device. The Power-On or RESET status oft o:· 
To ensure correct operation of the part,} 

Filter Selection. The on-chip nx/x) 3 ) filter response. The 12-bits of data 
programmed into these bit§. ncy, the position of the first notch of the filter 
and the data rate for the pa' t e gain:;!!ele~!J~, it also determines the output noise (and 
hence the effective resolutioif) of / e'\ll'C~. c· . .. ..• c••1t· ... · ;. ; ' 
The first notch of the filter occurs at:l;:i ~'ij·~enci,•}l!!;'te~frrelby the relationship: filter first notch frequency 
= · (fcLK IN/128)/code where code is the decimal eqUi¥albrit of the code in bits FSO to FSl l and is in the range 
19 to 4,000. With the nominal fcLK IN of 2.4576 MHz, this results in a first notch frequency range from 4.8 Hz 
to 1.01 kHz. To ensure correct operation of the AD7714, the value of the code loaded to these bits must be 
within this range. Failure to do this will result in unspecified operation of the device. 
Changing the filter notch frequency, as well as the selected gain, impacts resolution. Tables I through IV 
show the effect of the filter notch frequency and gain on the effective resolution of the AD7714. The output 
data rate (or effective conversion time) for the device is equal to the frequency selected for the first notch of 
the filter. For example, if the first notch of the filter is selected at 50 Hz, then a new word is available at a 
50 Hz rate or every 20 ms. If the first notch is at 1 kHz, a new word is available every 1 ms. 
The settling-time of the filter to a full-scale step input change is worst case 4.x 1/(output data rate). For 
example, with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is 
80 ms max. If the first notch is at 1 kHz, the settling time of the filter to a full-scale input step is 4 ms 
max. This settling-time can be reduced to 3 x !/(output data rate) by synchronizing the step input change to 
a reset of the digital filter. In other words, if the step input takes place with the SYNC input low or the 
FSYNC bit high, the settling-time time will be 3 x 1/(output data rate) from when SYNC returns high or 
FSYNC returns low. If a change of channel takes place, the settling-time is 3 x 1/(output data rate) 
regardless of the SYNC or FSYNC status as the part issues an internal SYNC command when requested 
to· change channels. 
The -3 dB frequency is determined by the programmed first notch frequency according to the relationship: 
filter -3 dB frequency= 0.262 x first notch frequency. 

Test Register (RS2.:_RSO = 1, 0, 0) 
The part contains a Test Register which is used in testing the device. The user is advised not to change the status of any of the bits in 
this register from the default (Power-On or RESET) status of all Os as the part will be placed in one of its test modes and will not op
erate correctly. If the part enters one of its test modes, exercising RESET will exit the part from the tnode. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7714 
Data Register (RS2-RSO = 1, 0, 1) 
The Data Register on the part is a read-only register which contains the most up-to-date conversion result from the AD7714. The 
register can be programmed to be either 16 bits or 24 bits wide, determined by the status of the WL bit of the Mode Register. If an 
attempt is made to write to this register, the I. 6 or 24 bits of data will not actually be written to any location of the AD77 l 4. 

Calibration Zero-Scale Register (RS2-RSO = I, 1, 0) 
The AD7714 contains 3 zero-scale calibration registers, labelled Register 0 to Register 2. Each of these registers is a 24-bit read/ 
write register and 24 bits must be written; otherwise no data will be transferred to the register. The register is used in conjunction 
with the associated full-scale calibration register to form a register pair .. These register pairs are associated with input channel pairs 
as outlined in Table VI. 

There is a possibility that after accessing the calibration registers (either read or write operation), the first output data read from the 
part contain incorrect data. In addition, a read or write operation to the calibration register should not be attempted while a calibra
tion is in progress. These eventualities can be avoided by taking either the SYNC input low or the FSYNC bit of the Mode Register 
high before the calibration register operation and taking them either high or low respectively after the operation is complete. 

Calibration Full-Scale Register (RS2-RSO = 1, 1, 1) 
The AD77 l 4 contains 3 full-scale calibration registers, labelled Register 0 to Register 2. Each of these registers is a 24-bit read/write 
register and 24 bits must be written, otherwise no data will be transferred to the register. The register is used in conjunction with the 
associated zero scale calibration register to form a register pair. These register pairs are associated with input channel pairs as out
lined in Table VI. 

There is a possibility that after accessing the calibration registers (either read or write operation) 
part will contain incorrect data. In addition, a read or write operation to the calibration r · 
calibration is in progress. These eventualities can be avoided by taking either the -S-

the first output data read from the 
ould not be attempted while a 
or the FSYNC bit of the Mode 
ely after the operation is complete. Register high before the calibration register operation and taking them either 

CIRCUIT DESCRIPTION 
The AD7714 is a sigma-delta AID converter with on-chip di 
filtering, intended for the measurement of wide dynamic 
low frequency signals such as those in weigh-scale, · 
control or process control applications. It contains a 
delta (or charge-balancing) ADC, a calibration microc 
with on-chip static RAM, a clock oscillator, a digital filter and 
bidirectional serial communications port .. The part consumes 
only 500 µA of power supply current, making it ideal for 
batterycpowered or loop-powered instruments. The part comes 
in two versions, the AD7714-5 which is specified for operation 
from a +5 Vanalog supply (AV00) .and the AD7714-3 which is 
specified for operation from a +3 V analog supply. The 
AD7714-5 can be operated with.a digital supply (DV00) voltage 
of +3 V or +5 V. 

The part contains three programmable-gain fully differential 
analog input channels which can be reconfigured as five pseudo
differential inputs. The gain range on all channels is from I 
to 128 allowing the part to accept unipolar signals of between 
0 mV to +20 mV and 0 V to +2.5 V or bipolar signals in the 
range from ±20 mV to ±2.5 V when the reference input voltage 
equals +2.5 V. With a reference voltage of+ 1.25 V, the input 
ranges are from 0 m V to +I 0 m V to 0 V to + 1.25 V in unipolar 
mode and from± 10mVto±1.25 Vin bipolar mode. 

The input signal to the selected analog input channel is contin
uously sampled at a rate determined by the frequency of the 
master clock, MCLK IN, and the selected gain. A charge
balancing AID converter (Sigma-Delta Modulator) converts the 
sampled signal into a digital pulse train whose duty cycle con
tains the digital information. The programmable gain function 
on the analog input is also incorporated in this sigma delta 
modulator with the input sampling frequency being modified to 
give the higher gains. A Sinc3 digital low-pass filter processes 

modulator and updates the output 
ed by the first notch frequency of this 

be read from the serial port randomly 
up to the output register update rate. 

1gital filter (and hence its -3 dB fre
grammed via the filter high and filter low 

ith a master clock frequency of 2.4576 MHz, the 
pro mable range for this first notch frequency is from 
4.8 Hz to 1.01 kHz giving a programmable range for th.e -3 dB 
frequency of 1.26 Hz to 265 Hz. 

The basic connection diagram for the part is shown in Figure 2. 
This shows both the AV00 and DV00 pinsofthe AD7714 being 
driven from the analog +3 V or +5 V supply. Some applications 
will have AV00 and DV00 driven from separate supplies. In the 
connection diagram shown, the AD7714's analog inputs are 
configured as three fully differential inputs. The part is set up 
for unbuffered mode on the these analog inputs. An AD780, 
precision +2.5 V reference, provides the reference source for the 
part. On the digital side, the part is configured for three-wire 
operation with CS tied to DGND. A quartz crystal or ceramic 
resonator provides the master clock source for the part. 

The AD7714 provides a number of calibration options which 
can be programmed via the MD2, MDI and MDO bits of the 
Mode Register. A calibration cycle may be initiated at any time 
by writing to these bits of the Mode Register. The part can per
form self-calibration using the on-chip calibration micro
controller and SRAM to store calibration parameters. Other 
system components may also be include.d in the. calibration loop 
to remove offset and gain errors in the input channel using the 
system calibration mode. Another option is a backgrouµd cali
bration mode where the part continuously performs internal 
zero-scale calibrations and updates the calibration coefficients. 
Using the part in this mode, the user does not have to worry 
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AD7714 
about issuing periodic calibration commands to the device or 
ask the device to recalibrate when there is a change in the ambi
ent temperature or power supply voltage. This automatic re
moval of offset errors is achieved at the expense of output 
update rate which is reduced by a factor of six. Using the part in 
background calibration mode automatically removes offset 
errors but not full-scale errors. A full-scale self-calibration 
should be performed before entering the background calibration 
mode. The residual gain drift in background calibration mode 
is 2 ppm/°C. 

The AD77 I 4 gives the user access to the on-chip calibration 
registers allowing the microprocessor to read the device's cali
bration coefficients and also to write its own calibration coeffi
cients to the part from prestored values in E2PROM. This gives 
the microprocessor much greater control over the AD7714's 
calibration procedure. It also means that the user can verify that 
the device has performed its calibration correctly by comparing 
the coefficients after calibration with prestored values in 
E2PROM. Table X details the calibration options and sequences 
available on the AD77 I 4. For the table, Se! Gain refers to the 
selected opeqtinfgS;n. 

DIGJTAL!NTERFACE 

Figure 2. Basic Connection Diagram 
. The AU7?'.I 4's J>erlal interface consists of five signals, CS, 

... ·sct.k DIN, n<Ju't .. and DRDY. The DIN line is used for 
'",'\,,F ','' ,," , ,,h,'"o!-' 

'\~ 

.• Ta.·.·.~~~~,.~~Ifb:ti9h~~:~tl~~~~ ... 
'f', 

··~.·· ·. > ··~ 
':,, ... .. •.. 

Calibration Type MD2, MDl,.~~( Cl!Jib~ti.;~ Sequence Duration 

Self Calibration 0, o, I 
~ .... :": 

) 1ri~e;;al ZS Cal @ Se! Gain + 9 x l/Output Rate 
Internal FS Cal @ Se! Gain 

ZS System Calibration 0, I, 0 ZS Cal on AIN @ Se! Gain 3 x l/Output Rate 
FS System Calibration O, I, I FS Cal on AIN @ Se! Gain 3 x l/Output Rate 
System-Offset Calibration I, 0, 0 ZS Cal on AIN @ Se! Gain + 9 x l/Output Rate 

Internal FS Cal @ Se! Gain 
Background Calibration I, 0, I Internal ZS Cal @ Se! Gain 6 x I/Output Rate 
ZS Self Calibration I, 1, 0 Internal ZS Cal @ Se! Gain 3 x I/Output Rate 
FS Self Calibration I, I, I Internal FS Cal @ Se! Gain 3 x I/Output Rate 
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AD7714 
transferring data into the on-chip registers while the DOUT !inf: 
is used for accessing data from the onccliip registers .. SCLK is 
the serial clock. input for the device and all. data transfers (either 
on DIN or DOUT) take place with respect to this SCLK signal. 
The DRDY line is used as a status signal to indicate when data 
is ready to be read from theAD7714's data register. DRDY 
goes low when a new data word is available in the output regis
ter. It is reset high when a read operation from the data register 
is complete. It also goes high prior to,the updating of the output 
register to indicate when not to read from the device to ensure 
that a data read is not attempted while the register is being up
dated. CS is used to select the device. It can be used to decode 
the AD7714 in systems where a number of parts are connected 
to the serial bus. 

The AD77 l 4 serial interface can operate in three-wire mode by 
tying the CS input low. In this q1se, the SCLK, DIN and 
DOUT lines are used to communicate with the AD7714 and 
the status ofDRDY can be obtained by interrogating the MSB 
of the Communications Register. 

SCLK 

DOUT 

Figures 3 and 4 show timing diagrams for interfacing to the 
AD7714 with CS used to decode the part. Figure 3 is for a read 
operation from ·the AD7714'.s output shift register while Figure 
4 shows a write operation to the input shift register. Both dia
grams are for the POL input at a logic high; for operation with 
the POL input at a logic high simply invert the SCLK waveform 
shown in the diagrams. It is possible to read the same data 
twice from the output register even though the DRDY line 
returns high after the first read operation. Care must be taken, 
however, to ensure that the read operations have been com
pleted before the next output update is about to take place. 

The serial interface can be reset by exercising the RESET input 
on the part. It can also be reset by writing a series of 1 s on the 
DIN input. Ifa logic 1 is written to the AD7714 DIN line for 
at least 32 serial clock cycles, the serial interface is reset. This 
ensures that in three-wire systems that if the interface gets lost 
either via a software error or by some glitch in the system, it can 
be reset back into a known state. This known state (which is · 
also where the interface returns to after a RESET) is that the 
part is expecting a write OPf:ration to the Communications 
Register. 

Figure 3. Read Cycle Timing Diagram (POL= 11 

Figure 4. Write Cycle Timing Diagram (POL= 11 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
12-Bit Sigma-Delta ADC 

30 MHz Sampling Rate 
468.75 kHz Output Word Rate 
No Missing Codes 
Low-Pass Digital Filter 
Linear Phase 

210 kHz Input Bandwidth 
On-Chip Voltage Reference 
Power Supplies: AV00, DV00: +5 V ± 5o/o 
Standby Mode 
Flexible High Speed Serial Interface 

GENERAL DESCRIPTION 
The AD7721 is a complete low power, 12-bit, sigma-delta 
ADC. The part operates from a +5 V supply and accept 
ferential input of 0 V to 2.5 V or ±1.25 V. The a 
continuously sampled by an analog modulat 
eliminating the need for external sample-an 
modulator output is processed by two finite i 
(FIR) digital filters in series. The on-chip filtering re 
external antialias requirements to first order in most ca s. 
Settling-time for a step input is 98.74 µs while the group delay 
for the filter is 49.37 µs. 

The AD7721provides12-bit performance for input bandwidths 
up to 210 kHz. The part provides data at an output word rate 
of 468. 75 kHz. The sample rate, filter comer frequency and 
output word rate are set by an external clock or crystal that is 
nominally set to 15 MHz. 

Use of a single bit DAC in the modulator guarantees excellent 
linearity and de accuracy. Endpoint accuracy is ensured by on
chip calibration of offset and gain. This calibration procedure 
minimizes the part's zero-scale and full-scale errors. 

The output (iata is accessed from the output register through a 
flexible serial port or a parallel port. This offers easy, high speed 
interfacing to modem microcontrollers and digital signal proces
sors. The serial interface operates in external clocking (slave) 
mode. In this mode, an external serial clock and framing pulse 
must be provided to access the data from the output register. 

This Is a prellmlnacy data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

CMOS 
12-Bit, 468 kHz, Sigma-Delta ADC 

AD7721 I 
FUNCTIONAL BLOCK DIAGRAM 

AGND AV00 OV00 REF1 

AD7721 
REF~~~NCE .._ _ _....., REF2 

r, ____ __. ...... -1~eiTAToC0NvERTER- -I 

~-6 
MODULATOR 

CONTROL 
LOGIC 

I 

FlmoR I ._ __ _.I 

SvNCJ SINGIP/ CLKOUT/ DB8 
DBS DB6 DB7 

XTAL 

DROY 

SDATA/ 
DB11 

RFS/ 
DB10 

SCLK/ 
DB9 

e part provides an on-chip, accurate 2.5 V reference. A 
REFIN/REFOUT function is provided that allows either this 
internal reference or an external system reference to be used as 
the reference source for the part. 

CMOS construction ensures low power dissipation while a 
power-down mode, initiated by the STBY pin, reduces the idle 
power consumption to only 100 µW. 

Model 

AD7721AN 
AD7721AR 
AD7721SQ 

ORDERING INFORMATION 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

Package Option* 

N-28 
R-28 
Q-28 

*N =Plastic DIP; R = .0.3" Small Outline IC (SOIC); Q = Cerdip. For outline 
information see Package Information section. 
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AD7721-SPECIFICATIONS1 (AVoo = +5 V ± 5%; DVoo= +5 V ± 5%; AGND = QGND = 0 V; feut 11 = 15 MHi •. 
REFIN = +2.5 V; TA= TM11 to TMAX, unless otherwise,not11d) ·· · 

Parameter A V~rsiou SVerSion Units Te$t Conditioµs/Coim:neno 

STATIC PERFORMANCE 
Resolution 

Parallel 12 12 Bits 
·Serial 16 16 Bits 

Minimum Resolution for Which 
No Missing Codes is Guaranteed 

Parallel 12 12 Bits.min Guaranteed Monotoni.c 
Serial 16 16 Bits min Guaranteed Monotonic 

Integral Nonlinearity 
Parallel ±1/2 ±112 LSBmax 
Serial ±8 ±8 LSBmax 

OCCMRR 90 90 dB min Bipolar Mode 
Offset Error' 0.61 0.61 mVmax Unipolar Mode 
Full-Scale Error'• 3 

Unipolar Mode ±1.22 ±l.22 mVmax 
Bipolar Mode ±0.915 ±0.915 mVmax 

Unipolar Offset Drift TBD TBD Excluding Reference 
Bipolar Offset Drift TBD TBD Excluding Reference 

ANALOG INPUTS 
Signal Input Span (VINl-VIN2) 

Bipolar Mode ±VREp/2 ±VREF/2 Vmax 
Unipolar Mode 0 to VREF 0 to VREF 

Maximum Absolute Input Voltage AVoo AVoo 
Minimum Absolute Input Voltage 0 0 
Input Sampling Capacitance 0.2 . 0:2 
Input Sampling Rate 2fxTAL 
Differential Input. Impedance 166 
Output Rate 468.75 

REFERENCE INPUTS 
VREF · 2.4 to 2.6 External Reference Applied to REFl 

or REF2 Pin for Specified Performance 
REF! Input Current -10 to+lO External Reference Applied to ·REF l Pin 
REF2 Input Current 33.75 External Reference Applied to REF2 Pin 

REF20UTPUT 
REF2 Voltage 2.5± 0.125 2.5 ± 0.125 VminNmax Using Internal Reference 
Output Current ±500 ±500 µAll)llX All Reference ·Modes 
DC Load Regulation 1 1 mV/rnA All Reference Modes 
DC Line Regulation (AV00) I mVNmax Using Internal Reference 
Offset Between REF! and REF2 ±5 ±5 mVmax External Reference Applied to REF!· Pin 

DYNAMIC SPECIFICATIONS 
DYnamic Range 72 72 dBmin 
Signal to (Noise + Distortion) 70 70 dB min Input Bandwidth 0 to 210 kHz 
Total Harmonic Distortion -80 -80 dB max Input Bandwidth 0 to 210 kHz 
Frequency Response 

0 to 210 kHz ±0.05 ±0~05 dB max 
259 kHz to 14.741 MHz -72 -,72 dB min 
14.741 MHz to 15.259 MHz -30 -30 dB min 50% Duty cycle on XT ALI Pin 
15.259 MHz to 29.741 MHz -72 -72 dB min 

CLOCK· 
XTALI Mark Space Ratio 45 to 55 45 to 55 %max For Specified Operation 

LOGIC INPUTS 
VINH, Input High Voltage 2.0 2.0 Vmin 
V1NL> Input Low Voltage 0.8 0.8 Vmax 
IINH, Input Current 10 10 µAmax 
CIN, Input Capacitance 10 10 pFmax 

LOGIC OUTPUTS 
VoH, Output High Voltage 4.0 4.0 Vmin lloUTI:,; 200 µA 
V oi.. Output Low Voltage 0.4. 0.4 Vmax lloUTI $ 1.6 mA 

This information applies t() a product under development. Its characteristics and specifications are subjecno change without notice. 
Analog Devices assumes no obligation regarding future manufadture unless otherwise agreed to in writing. · · 
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AD7721 

Parameter A Version S Version Units Test Conditions/Comments 

POWER SUPPLIES 
AVoo 4.75/5.25 4.75/5.25 VminNmax 
DVoo 4.75/5.25 4.75/5.25 VminNmax 
loo (Total from AVoo, DVool 70 80 mAmax 
Power Consumption 350 400 mW max STBY=OV 
Power Consumption 100 100 µWmax STBY= +5V 

NOTES 
10perating temperature range is as follows: A Version: -40°C to +85°C; S Version: -55°C to + 125°C. 
2Applies after calibration at temperature of ill.terest. 
3Full-scale error applies to both positive and negative full-scale error. It excludes reference error. The ADC gain is calibrated w.r.t. the voltage on the REF2 pin. 
Specifications subject to change without notice. 

TIMING CHARACTERISTICS1 (AVoo = +5 V ± 5%; DVoo = +5 V ± 5%; AGND = DGND = 0 V, fcLKIN = 15 MHz, REFIN = +2.5 V) 

LimitatTMIN• TMAx 
Parameter (A, S Versions) Units Conditions/Comments 

Serial Interface 
t1 tcuc IN nsmin DRDY High Time 
t2 0 ns min DRE>Y to RFS Setup Time 
t3 10 nsmin w to SCLK Falling Edge Setup Time 
t4 10 'Low to Data Valid Delay 
ts 25 High Pulse Width 
t6 25 ,S(l,,K Low Pulse Width 
t11 25 'sing Edge to Data Valid Delay 
ts 0 to SCLK Falling Edge Hold Time 
tg2 5 Bus Relinquish Time after Rising Edge of RFS 

20 
Parallel Interface 
Read Operation 
t10 2 x tcuc1N DRDY High Time 
tu 0 DRDY to CS Setup Time 
t12 0 CS to RD Setup Time 
t13 25 nsmin RD Pulse Width 
t14 1 25 nsmin Data Access Time after Falling Edge of RD 
t15 2 5 nsmin Bus Relinquish Time after Rising Edge of RD 

20 ns max 
t16 0 ns min CS to RD Hold Time 
t17 tcuc1N nsmax RD to DRDY High Time 
Write Operation 
tis 0 nsmin CS to WR Setup Time 
t19 35 nsmin WR Pulse Width 
t20 20 nsmin Data Valid to WR High Setup Time 
t21 0 nsmin Data Valid to WR High Hold Time 
t22 0 nsmin CS to WR Hold Time 

NOTES 
1t7 and t 14 are measured with the load circuit below and defined as the time required for an output io cross 0.4 V or 2 V. 
~and t 15 are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit shown below. The measured number is then 
extrapolated back to reinove the effects of charging or discharging the 50 pF capacitor. This means that the time quoted in the Timing· Characteristics is the true bus 
relinqllish time of the part and, as such, is independent of external bus loading capacitance. 

+1.6V 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to inwriting. 

REV.O ANALOG-TO-DIGITAL CONVERTERS 2-289 

• 



AD7721 

Mnemonic 

AVoo 

AGND 

DVoo 

DGND 

VINl 
VINZ 

REFl 
REFZ 

XTAL 

SDATNDBll 
STBY/DBO 
DVAL/SYNC 

PIN FUNCTION DESCRIPTION 

Function 

Analog Positive Supply Voltage, +5 V ± 5%. 

Ground reference point for analog circuitry. 

Digital Supply Voltage, +5 V ± 5%. 

Ground reference point for digital circuitry. 

Analog Input. In unipolar operation, the analog input range on VINl is VINZ to (VINZ+ VREF); for diffxerential 
(bipolar) operation, the analog input range on VINl is (VINZ± VREF/Z). Alternatively, VINZ can be connected to 
the internal reference in bipolar mode to give a single-ended input on VINl of (VREF ± VREF/Z). VINZ can be 
connected to the internal reference on chip by taking SINGIP high in the serial mode or writing to bit SINGIP in 
the parallel mode. The absolute analog input range must lie .between 0 and AV00• The analog input is continu-. 
ously sampled and processed by the analog modulator. 

Reference Pins. The AD7721 can operate with the on-board reference which has a nominal value ofZ.5 V. Alter
natively, an external reference can be used. There are three modes of operation: 

1. Using the internal reference. REFZ is used as the REFOUT. A 10 nF capacitor is required on REFZ. 

Z. Using an external reference. REFl is used as REFIN with the external reference source being connected to 
this pin. This reference is internally buffered thus, the reference sees 
However, there will be an error added to this reference due to · 
amplifier, the offset having a value of± 5 m V maximum. A 
ground. This method is useful when the external re£ 

3. For system gain errors less than O.OZ%, REFl · 
REFZ. REFZ is directly connected to th 
10 nF is required between REFZ a 

The AD7721 operates with a 15 
pin. The modulator samples the 

impedance static load. 
ge of the internal buffer 
required from REFZ to 
nF load capacitor. 

ference is connected to 

clock which is connected to the XT AL 
increasing the sampling rate to 30 MHz. 

put word is available for transmission. DRDY 
will return high upon completion of a read o ation. operation does not occur between output updates, 
DRDY will become active for two clock cycles before the next output update. In serial mode, DRDY goes high for 
one SCLK cycle to indicate that data is available. 

Chip Select. When the ADC is operated in parallel mode, this input selects the device. Note that serial mode op
eration is attained by tying CS along with RD and WR to DGND. 

Read. This digital input is used in conjunction with CS to read data from the device when configured for parallel 
mode operation. 

Write. This digital input is used in conjunction with CS to write data to the device when the part is configured for 
parallel mode operation. 

The function of these pins depends on the status of CS, RD and WR. Driving CS low along with RD or WR reads 
data or writes data to the device in the parallel mode. Tying CS, RD and WR low together configures the part for 
serial mode operation/ NOTE: All three pins must be low for a minimum of two clock cycles of the internal clock 
(15 MHz) before the part is configured for serial mode operation. 

MODE SDATA/DBll RFS/DBlO SCLK/DB9 DB8 CLKOUT/DB7 SINGIP/DB6 SYNC/DBS 

Parallel DBll DBlO DB9 DBS DB7 DB6 DBS 
Serial SDATA RFS SCLK CLKOUT SIN GIP SYNC 

MODE DB4 DB3 UNI/DB2 CAL/DBl STBY/DBO DVAL/SYNC 

Parallel DB4 DB3 DBZ DB! DBO DVAUSYNC 
Serial UNI CAL STBY DVAL 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7721 
SERIAL MODE ONLY 

For serial mode operation, CS, WR and RD must be tied to DGND. 

SDATNDBI I Serial Data Output. Output serial data becomes active after RFS goes low. Sixteen bits of data are clocked out 
starting with the MSB. Serial data is clocked out on the rising edge of SCLK and is valid on the subsequent falling 
edge of SCLK. 

RFS/DBIO 

SCLK/DB9 

CLKOUT/DB7 

SINGIP/DB6 

SYNC/DBS 

UNI/DB2 

CAUDBI 

STBY/DBO 

DVAUSYNC 

Receive Frame Synchronization. Active low logic input. This is a logic input with RFS provided externally as a II 
strobe or framing pulse to access serial data from the output register. Alternatively, RFS may be provided by con-
necting this input to DRDY which is active high in the serial mode. When RFS is high, SDATA is high impedance. 

Serial Clock. Logic Input. This input serial clock can be a continuous clock or, alternatively, it can be a non-con
tinuous clock with the information being read from the AD77 21 in smaller batches of data. 

Serial Clock. Logic Output. The internal digital clock is provided as an output on this pin. This buffered signal 
can alternatively be used as the clock input to SCLK in the serial mode. 

Single-Ended Analog Input, Digital Input. The AD7721 can accept a single-ended analog input. A logic high on 
the logic input SINGIP causes the pin VINZ to be connected to the reference internally, enabling the AD772 l to 
accept a single-ended analog input. When SINGIP is at a logic low, the AD7721 operates with a differential in
put. 

Synchronization Input. The internal digital filter is reset on the rising edge of a SYNC pulse. The filter reset op
eration requires 2048 clock cycles, throughout which DRDY rerri11iri~l~w. Should a SYNC be requested while the 
part is in calibration mode, the SYNC will be acted upon i e\i!ate,lyind the calibration will be abandoned. 

Analog Input Range Select, Digital Input. The anal, P;ut, can be± 1.25 V or 0 V to 2.5 V. The UNI pin 
is used to select the input range required. A 1 h~s pii;l,s~'kcts the ± 1.25 V range while a logic low 
selects the 0 V to 2.5 V analog input range ''S!;ei'' 

Calibration Mode Pin. When th" 
and offset are calibrated. AL 

Jf'"'\ 

aced in its calibration mode and both the gain 
gain calibration coefficients are loaded to the 

calibration registers. 'iH:t 

Standby Mode Input. Logic1fnp e dei!Cein power save (standby) mode. The STBY pin is 
low for normal operation and high by ~j)~~tl~tr'.~•When the part is placed in the standby mode, the values 
in the offset and gain registers are unaffected. "';;<'' ,, 
Data Valid Digital Output. An excessive overload on the modulator inputs can cause the modulator to go unstable. 
Once this condition is detected by internal circuits, the modulator is reset into a stable state and DV AL goes low 
for 2048 clock cycles. This period allows sufficient time for the modulator and digital filter to settle. An overload 
on the input pins can also cause clipping in the digital filter. This will cause DVAL to remain low. As well as the 
AD772 l indicating an overload by taking DVAL low, the AD7721 also highlights an overload by loading the out-
put register. A positive overload causes the output register to be reset to 111 ... 11 (unipolar input) or 011 ... 11 
(bipolar input). A negative overload causes the output register to be set to 000 ... 00 (unipolar input) or 100 ... 00 
(bipolar input). When DV AL goes low, data can still be read from the interface and DRDY will continue to indi
cate that there is data to be read. 

PARALLEL MODE ONLY 

DVAUSYNC Data Valid Digital Output/Synchronization Input depending on the status of bit DB3 in the control register. When 
the AD7721 is powered up, bit DB3 will be set to "O," causing this pin to be programmed as DVAL. The pin can 
be placed in SYNC mode by writing a"!" to bit DB3 in the control register. When changing the function of this 
pin from SYNC mode to DV AL mode, a logic high must be applied to the pin. 
DVAL: An overload in the modulator is highlighted as in the serial mode. 
SYNC: Operates as in tlie serial mode except DRDY remains high while the digital filter is being reset. 

SDATNDB! I- Data Outputs DBI I to DBO, DBI I being the Most Significant Bit (MSB). 
STBY/DBO 

This information applies to a product under development,_ Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7721 
SERIAL INTERFACE 
The AD772 l's serial communications port provides a flexible 
arrangement to allow easy interfacing to industry-standard 
microprocessors, microcontrollers and digital signal processors. 
The AD7721 can be operated in External-Clocking mode. This 
External-Clocking mode is designed for direct interface to sys
tems that provide a serial clock output which is synchronized to 
the serial data output including microcontrollers such as the 
80C51, 87C51, 68HC11 and 68HC05 and most digital signal 
processors. This external clock can have a frequency up to 
20.MHz. Alternatively, the SCLK input can be provided by the 
master clock by connecting CLKOUT to SCLK. The RFS sig
nal can also be provided by the AD772 l by connecting RFS to 
DRDY. 

Figure 2 shows the timing diagram for reading from the 
AD7721. DRDY goes high to indicate the presence of a new 
word in the output register. DRDY remains high for one inter
nal clock (15 MHz) cyele. RFS is taken low to access data from 
the AD772 l. The serial clock input does not have to be con
tinuous. The serial data can be accessed in a number of bytes. 
However, RFS must remain low for the duration of the data 
transfer operation. Although the AD772I has a 12-bit digital 
output in the parallel mode, sixteen bits of data are available for 
transmission in the serial mode, starting with the MSB. Serial 
data is clocked out of the device on the rising edge of SCLK and 
is valid on the falling edge of SCLK. DRDY rises for one inter
nal clock cycle when a new word is available in the outpu 
ter. Any earlier result still in the output register is 1 
time. 

cLKOUT(O) 

PARALLEL INTERFACE 
Read Operation . 
The device defaults to parallel mode if CS, RD and WR are not 
tied to DGND together. Figure 3 shows a timing diagram for 
reading from the AD7721 in the parallel mode. When conver
sion is complete, DRDY goes low to indicate that new data is 
available in the AD772 l's output register. When the data has 
been read from the register using the CS and RD inputs, the 
DRDY pin returns high. This DRDY pin can be used to drive 
an edge-triggered interrupt of a microprocessor. CS and RD 
going low accesses the 12-bit conversion result. 

Write Operation 
The write operation is used for self-calibration, selecting uni
polar or bipolar analog input ranges, placing the part in power 
down mode (standby) or programming the function of pin 
DVAIJSYNC. When the AD7721 is placed in the write mode, 
data bits DBO to DB3 and DB6 function as control bits, DBO 
becoming the Standby mode bit, DBl becoming the Calibration 
mode bit, DB2 being used to select the analog input range and, 
DB3 being used to select function of pin DV AUSYNC. 
Writing a logic "l" to lects bipolar operation while a 
logic low selects · tion. For a single-ended input in 
bipolar is taken to a logic high. When 
SING must be provided externally. 

mode. Calibration is per-
,, to DBl while the part is put into 

tting a logic high to DBO. Writing a 
. DVAUSYNC in SYNC mode while 

~ 
DRDV(0)~,___1_2 ---'\1<,----

RFS(I) ~· 

~~"' ~-~ 
DATA OUT(O) • 0815 0814 0813 0812 0811 0810 

7 ~ 

080-0811 (0) 

Figure 2. Serial Mode Output Register Read 

~11,. 
____ a_-s_TA_T_E __ •• ·--------~ 3-STATE 

NOTE: (I) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. 

Figure 3. Parallel Mode Output Register Read 
This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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writing a "O" pl;ices the pin in DV AL mode. CS and WR going 
low places this information in the control register. Figure 4 
shows a timing diagram for the write operation. Bits DB4 to 
DBS and bits DB7 to DB l S are used to test the AD772 l in par
allel mode. Thus, for normal operation, a logic "O" is inputted 
to these bits. 

CS(I) 

WA(I) 

DB9-DB11 (0) ~z-z~z-z~z~z~z-z~z~z~/~z-z~z-z~z~z~z~z~z-z~z~z~>c VALID DATA ~.,,.7..,....,Z""Z""Z....,....z..,.z....,..../..,.Z...,....,/ 

NOTE: (I) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. 

Figure 4. Write Timing Diagram 

READ DBll DBlO DB9 DBS DB7 DB6 DBS DB4 

WRITE 0 0 0 

READ 

WRITE 

AD7721 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ANALOG INPUT 
In the bipolar mode configuration, the analog input range is 
± 1.25 V. The designed code transitions occur midway between 
successive integer I,,SB values. The output code is 2s comple
ment binary with l l.SB = 0.61 mV in parallel mode and 38 µV 
in serial mode. The ideal input/output transfer function is illus
trated in Figure 6. 

011 .•• 111 

011 ... 110 

000 ... 010 

000 ••• 001 

OUTPUT 
CODE 

AD7721 

000 ... 000 +--';;;;-=------.-+-'---_.,,1...---'----t 
+ EF IN/2-1LSB 

111 ... 111 

111 ... 110 

100 ••• 001 

100 ••• 000 

ov. 
DIFFERENTIAL INPUT VOLTAGE (VIN1-VIN2) 

Figure 6. Bipolar Mode Transfer Fune 

In the. unipolar mode,. th!! analog input range is 0 V to 2.5 V. 
Again, the designed code transitions occur midway !>etwe~ suc
cessive integer LSJ3 values. The output code is straight l:iinary 
with l l.SB = Q,61 mV in.parallel mode and 38 µVin serial mode. 
The ideal input/output transfer.function is shown in Figure 7 .. 

111 ... 111 . Aom1 

111 ... 110 

111 ... 101 

111 ••• 100 

000 ... 011 

000 ... 010 

REFIN-1LSB 

Ttiis information applies to.<1 product under development, Its characteristics and spedfications are subject to change without n.otice. 
Analog Devices assumes no o.bligation regarding future manufacture unless otherwise agreed to in writing. 
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1111111111 ANALOG 
a.I DEVICES 

LC2MOS High Speed, µP-Compatible 
8-Bit ADC with Track/Hold Function 

FEATURES 
Fast Conversion Time: 660 ns max 
100 kHz Track-and-Hold Function 
1 MHz Sample Rate 
Unipolar and Bipolar Input Ranges 
Ratiometric Reference Inputs 
No External Clock 
Extended Temperature Range Operation 
Skinny 20-Pin DIPs, SOIC and 20-Terminal 

Surface Mount Packages 

GENERAL DESCRIPTION 
The AD7821 is a high-speed, 8-bit, sampling, analog-to-digital 
converter that offers improved performance over the popular 
AD7820. It offers a conversion time of 660 ns (vs. 1.36 µs for 
the AD7820) and 100 kHz signal bandwidth (vs. 6.4 kHz). The 
sampling instant is better defined and occurs on the falling edge 
of WR or RD. The provision of a V ss pin (Pin 19) allows the 
part to operate from ± S V supplies and to digitize bipolar input 
signals. Alternatively, for unipolar inputs, the V ss pin can be 
grounded and the AD7821 will operate from a single +5 V sup
ply, like the AD7820. 

The AD7821 has a built-in track-and-hold function capable of 
digitizing full-scale signals up to 100 kHz max. It also uses a 
half-flash conversion technique that eliminates the need to gen
erate a CLK signal for the ADC. 

The AD7821 is designed with standard microprocessor control 
signals (CS, RD, WR, RDY, INT) and latched, three-state data 
outputs capable of interfacing to high-speed data buses. An 
overflow output (OFL) is also provided for cascading devices to 
achieve higher resolution. 

The AD7821 is fabricated in Linear-Compatible CMOS 
(LC2MOS), an advanced, mixed technology process combining 
precision bipolar circuits with low-power CMOS logic. The part 
features a low power dissipation of 50 mW. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800·446·6212. 

REV.A 

AD7821 I 
FUNCTIONAL BLOCK DIAGRAM 

GND MODE WfilRDY CS iffi iNT 

PRODUCT HIGHLIGHTS 
I. Fast Conversion Time 

DB0-087 
DATA OUT 
PINSZ-5.14-17 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables a very fast 
conversion time. The conversion time for the WR-RD mode 
is 660 ns, with 700 ns for the RD mode. 

2. Built-In Track-and-Hold 
This allows input signals with slew rates up to 1.6 V/µs to be 
converted to 8-bits without an external track-and-hold. This 
corresponds to a 5 V peak-to-peak, 100 kHz sine-wave signal. 

3. Total Unadjusted Error 
The AD782 l features an excellent total unadjusted error fig
ure of less than ± 1 LSB over the full operating temperature 
range. 

4. Unipolar/Bipolar Input Ranges 
The AD782 l is specified for single supply ( + 5 V) operation 
with a unipolar full-scale range of 0 to + 5 V, and for dual 
supply (±5 V) operation with a bipolar input range of 
±2.5 V. Typical performance characteristics are given for 
other input ranges. 

S. Dynamic Specifications for DSP Users 
In addition to the traditional ADC specifications, the 
AD7821 is specified for ac parameters, including signal-to
noise ratio, distortion and slew rate. 

ANALOG-TO-DIGITAL CONVERTERS 2-295 
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AD7821 SPECIFICATIONS V00= +5 V ± 5%, GND = 0 V. Unipolar Input Range: Yss = GND, VREF(+) = 
, -. ' · . 5 V, VREF(-) = GND. Bipolar Input Range: Yss = -5 V ± 5%, VREF(+) = 2.5 V, 

VREf(-) = -2;5 y, These teSt conditions apply unless otherwise stated. All specifications Tmin to Tmax unless otherwise stated; Specifications 
apply for RD Mode (Pin 7 = O VJ. · • 

Parameter 'K V~tsion1 · B, T Versions 'Units Comments 

UNIPOLAR INP,UT RANGE 
Resolution2 8 8 Bits 
Total Unadjusted Error3 ±1 ±1 LSB max 
Minimum Resolution for which 
No Missing Codes are Guaranteed ,8 8 Bits 

BIPOLAR INPUT RANGE 
Resolution2 8 8 Bits 
Zero Code Error :t:l ±1 LSB max 
Full Scale Error. ±1 ±I LSB max 
Signal-to-Noise Ratio (SNR)3 4S 4S dB min V1N = 99.8S kHz Full-Scale Sine Wave with fsAMPLING = ·soo kHz 
Total Harmonic Distortion (THD)3 -so -so dB max V1N = 99.85 kHz Full-Scale Sitte·Wave with fsAMPLING = 500 kHz 
Peak Harmonic Or Spurious Noise3 -so -50 dB max V1N = 99.8S kHz Full-Scale Sine Wave with fsAMPL!NG ,,; 50ffkHz 
Intermodulation Distortion (IMD)3 fa (84.72 kHz) and lb (94.97 kHz) Full-Scale 

Sine Wav~s.with fsAMPLING = .500 kHz 
-so -so dBmax Second Order Terms 
-50 -50 dB max Third Order Terms 

Slew Rate, Tracking3 1.6 1.6 V/µsmax 
2.36 2.36 V/µs typ 

REFERENCE INPUT 
Input Resistance 1.0/4.0 1.0/4.0 kil min/kil max 
V REF ( +) Input Voltage Range VREF (-)IVoo VREF (-)IVoo Vmin/Vmax 
V REF ( - ) Input Voltage Range v sslV REF(+) V sslV REF(+) Vmin/Vmax 

ANALOG INPUT 
Input Voltage Range V REp( - )IV REF(+) V REp(- )IV REF(+) V min/V max 
Input Leakage Current ±3 ±3 µAmax -5 V :::; VIN:::; +5 V 
Input Capacitance S5 SS pFtyp 

LOGIC INPUTS 
CS, WR,RD 

VINH '2.4 2.4 Vmin 

VINL 0.8 0.8 Vmax 

l1NH (CS, RD) 1 1 µAmax 

I1NH(WR) 3 3 µAmax 

I1NL -1 -1 µAmax 
Input Capacitance4 8 8 pFmax Typically 5 pF 

MODE 

VINH 3.5 3.5 Vmin 

VINL 1.S 1.5 Vmax 

I1NH 200 200 µAmax SO µA typ 

I1NL -1 -1 µAmax 
Input Capacitance4 8 8 pF max Typically 5 pF 

LOGIC OUTPUTS 
DBO-DB7, OIT, INT 

VoH 4.0 4.0 V min lsoURCE = 360 µA 

VoL 0.4 0.4 VmaX: Is1NK = 1.6 mA 
loul' (DBO-DB7) ±3 ±3 µAmax Floating State Leakage 

Output Capacitance4 (DBO-DB7) 8 8 pFmax Typically S pF 
RDY 

VOL 0.4 0.4 Vmax ls1NK = 2.6 mA 

louT ±3 ±3 µA max ·Floating State Leakage 
Output Capacitance4 8 8 pFmax Typically S pF 

POWER SUPPLY 

loo lS 20 mAmax CS=RD=OV 

lss 100 100 µAmax CS=RD=OV 
Power Dissipation so 50 mWtyp 
Power Supply Sensitivity ±1/4 ±1/4 LSB max ±1/16 LSB typ, V00 = 4.75 V to S.25 V, 

(VREF(+) = 4.75 V max for Unipolar Mode) 

NOTES 
1Temperature Ranges are as follows: K Version= -40°C to +85°C; B Version= -40°C to +85°C; T Version= -55°C to +125°C. 
21 LSB =19.53 mV for both the unipolar (Oto +S V) and bipolar (-2.S V to +2.S V) input ranges. 
3See Terminology. 
4Sample tested at + 25°C to ensure compliance. 
Specifications subject to change without notice. 
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AD7821 

TIMING CHARACTERISTICS 1 (Yoo +5 V ± 5%, V55 = 0 V or -5 .V ± 5%; Unipolar or Bipolar Input Range) 
Limit at Limit at 

Limit at 25°C Tm;n,Tm~ Tm;n>Tmox 
Parameter (All Versions) (K, B, Versions) (T Version) Units Conditions/Comments 

less 0 0 0 nsmin CS to RD/WR Setup Time 

tcSH 0 0 0 ns min CS to RD/WR Hold Time 

lRDY 
2 70 8S 100 ns max CS to RDY Delay. Pull-Up 

Resistor 5 kl. 

tcRD 700 875 97S ns max Conversion Time (RD Mode) 

tAcco 
3 Data Access Time (RD Mode) 

tcRD + 2S tcRD +30 [CRD +35 ns max CL~20pF 

tcRD +50 tcRD +65 tcRD +75 ns max CL~ 100 pF 

ti NTH 
2 so - - ns typ RD to INT Delay (RD Mode) 

80 8S 90 ns max 

loH 
4 15 IS IS nsmin Data Hold Time 

60 70 80 ns max 
Ip· 3SO 42S soo nsmin Delay Time Between Conversions 

lwR 2SO 32S 400 nsmin Write Pulse Width 
10 10 10 µsmax 

!RD 250 350 4SO nsmin Delay Time between WR and RD Pulses 

tREADl 160 20S 240 nsmin RD Pulse Width (WR-RD Mode, see Figure 12b) 
Determined by tAcc1 

tACCI 
3 Data Access Time (WR-RD Mode, see Figure 12b) 

160 205 240 ns max CL~20pF 

18S 23S 27S ns max CL~ 100 pF 

tru ISO 18S 220 ns max RD to INT Delay 

[INTL 
2 380 ns typ WR to INT Delay 

soo 610 700 nsmax 

tREAD2 6S 75 85 nsmin RD Pulse Width (WR-RD Mode, see Figure 12a) 
Determined by tAccz 

Data Access Time (WR-RD Mode, see Figure l2a) 

tACC2 
3 65 7S 8S nsmax CL~ 20 pF 

90 110 130 nsmax CL= 100 pF 

t1HWR 2 80 100 120 nsmax WR to INT Delay (Stand-Alone Operation) 

Im 3 Data Access Time after INT 
(Stand-Alone Operation) 

30 35 40 nsmax CL= 20pF 
4S 60 70 nsmax CL= 100 pF 

NOTES 
1Sample tested at +25°C to ensure compliance. All input control signals are specified with tr= tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
2CL ~SO pF. 
3Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4Defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

Test Circuits 

DBN o--.----4>---0 

DGND 

i CL 

a. High Z toV0 H 

r .. n 

DBN~ 
CL 

iDGND 

b. High Z to VoL 

Figure 1. Load Circuits for Data Access Time Test 

DBN o--;.----<>--<> 

T10pf 

DGND 'V 

a. V0 H to High Z b. V0 L to High Z 

Figure 2. Load Circuits for Data Hold Time Test 

REV.A 

ORDERING GUIDE 

Temperature Total Unadjusted Package 
Model1 Range Error (LSB) Option2 

AD7821KN -40°C to +85°C ±I max N-20 
AD7821KP -40°C to + 8S°C ±l max P-20A 
AD7821KR ~40°c to +85°C ±I max R-20 
AD7821BQ -40°Cto +8S°C ±1 max Q-20 
AD7821TQ -55°C to + 125°C ±1 max Q-20 
AD7821TE -ss•c to + 125°C ±1 max E-20A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to part num
ber. Contact local sales office for military data sheet. 

2E = Leadless .ceramic Chip Carrier; N ~ Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q =. Cerdip; R ~ SOIC. For outline information see Package 
Information section. 
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AD7821 
ABSOLUTE MAXIMUM RATINGS* 
VDD to GND ........................ -0.3 V, +7 V 
Vss to.GND ............ , ......... · .... +0.3 V, 7 V 
Digital Input Voltage to GND 

(Pins 6-8, 13) •.••.•.......•.... -0.3 v, VDD +0.3 v 
Digital Output Voltage to GND 

(Pins 2-S, 9, 14-18) ............... -0.3 V, VDD +0.3 V 
VREF (+)to GND ... ·· ......... Vss -0.3 V, VDD +0.3 V 
VREF (-)to GND ............. Vss -0.3 V, VDD +0.3 V 
V1N to GND ...... ; .......... Vss -0.3 V, VDD +0.3 V 
Operating Temperature Range 

Commercial (K Version) ..... · ......... -40°C to +85°C 

Industrial (B Version);, .......•...... -409C to +8S°C 
Extended (T Version) ............... -SS°C to + i2S°C 

Storage Temperature Range .........••. -6S°C to +lSO°C 
Lead Temperature (Soldering, lOsecs) ............ +300°C 
Power Dissipation (Any Package) to +75°C ....... .450 mW 
Derates above +75°C by .................... 6 mW/°C 
*Siresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the. device at these or any other conditions above those indicated 
in the operational sections nf this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION~~~~~~~~~~~'--~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c:J 
~~EDEVICE 

DIPANDSOIC 

v .. 

ilf[ 
DBZ 4 

~B7(MS81 
DB3 5 

DBI liililRDv • 
MOOE 7 

D8' ii6 • 

iii 

v_i+1 

PIN CONFIGURATIONS 

LCCC 

i M J J J 
3212019 

t'... :.:::::i:::;::.::: Y:"" 

'' tJ 

AD7821 
TOP VIEW 

(NottoScolel 

I 10 11 12 13· 

I~~·+~ 
J J 

18 Oft,, 

17 D87( ... S81 

18 DBI 

15 DBI 

14 D84 

PIN FUNCTION DESCRlPTION 

Pin Mnemonic Description 

VIN Analog Input: Range VREp(-):SVIN:S 13 cs 
VREp(+). 

2 DBO Three-State Data Output (LSB). 14-16 DB4-DB6 
3-5 DB1-DB3 Three-State·Data Outputs. 17 DB7 
6 WR/RDY WRITE control input/READY status 18 OFL 

output. See Digital Interface section. 

7 MODE Mode Selection Input. It determines 
whether the device operates in the WR-RD 
or RD mode. This input is internally 
pulled low through a SO µA current source. 
See Digital Interface section. 19 Vss 

8 RD READ Input. RD must be low to access 
data .from the part. See Digital Interface 
section. 20 VDD 

9 INT INTERRUPT Output. INT going low 
. indicates that the conversion is complete. 
INT returns high on the rising edge 
of CS or RD. See Digital Interfaee section. 

10 GND Ground. 

11 Viu;p(-) Lower limit of reference span. 
Range: Vs5:SVREp(-)<VREF( + ). 

12 VREp(+) Upper limit of reference span. 
Range: v REF( - )<V Ri;p( + ):SV DD· 

2-298 ANALOG-TO-DIGITAL. CONVERTERS 

PLCC 

i I l I ~ 

Chip Select Input. The device is 
selected when this input is low. 

Three-State Data Outputs. 

Three-State Data Output (MSB). 

iji'[ 

D87(MS81 

Overflow Output. If the arialog input is 
higher than (VREp(+) -1/2 LSB),.OFL 
will be low at the end of conversion. It 
is a non-three-state output which can 
be used to cascade 2 or mote devices to 
increase resolution. 
Negative supply voltage. 
Vss = 0 V; Unipolar Operation. 
Vss = -5 V; Bipolar Operation. 
Positive supply voltage, +5 V. 

REV.A 



1111111111 ANALOG 
WDEVICES 

3 V to 5 V Single Supply, 200 kSPS, 
Single/Multichannel 12-Bit Sampling ADCs 

FEATURES 
Battery-Compatible Supply Voltage: Guaranteed 
Specs for V00 of 3 V to 5.5 V 
AD7853/ AD7858: 200 kSPS, AD7853L/ AD7858L: 

100 kSPS 
Pseudo-Differential Input with Two Input Ranges 

IAD78531 
8 Single Ended or 4 Pseudo-Differential Inputs (AD7858) 
Self and System Calibration 
Read/Write Capability of Calibration Data 
Low Power 

AD7853/AD7858: 15 mW IV00 = 3 VI 
AD7853L/AD7858L: 5.5 mW (V00 = 3 VI 

Power-Down Mode: 25 µW Power Consumption 
Flexible Serial Interface · 

Three-Wire SPI Compatible 
Two-Wire 8051 Compatible 

24-Pin DIP, SOIC and SSOP Packages 

APPLICATIONS 
Battery-Powered Systems (Portable PCs, Person 

Digital Assistants (PDAsll 
Pen Computers 
Instrumentation and Control SystemsO 
High Speed Modems 1: 

GENERAL DESCRIPTION 
The AD7853/AD7858 are high speed, low power, 12-bit ADCs 
that operate from a single 3 V or 5 V power supply, the AD7853 
being the single channel version and the AD7858 the multi· 
channel version. The ADCs contain self-calibration and system 
calibration options to ensure accurate operation over time and 
temperature. 

The AD7853/AD7858 is capable of 200 kHz throughput rate. 
The input track-and-hold acquires a signal in 500 ns and fea
tures a pseudo-differential sampling scheme. The AD7853 has 
the added advantage of two input voltage ranges (0 V to VREF 
and-VREF/2 to +VREF/2). Input signal range is to the supply and 
the part is capable of converting full power signals to 100 kHz. 

CMOS construction ensures low power dissipation (18 mW typ). 
with power-down mode (25 µW typ). The part is available in 
24-pin, 0.3 inch-wide DIP, 24-lead SOIC and 24-lead SSOP 
packages. 

PRODUCT HIGHLIGHTS . 
1. Operation with either 3 V or 5 V power supplies. 

2. Operates with reference voltages from 1.2 V to the supply. 

3. Unipolar analog input range from 0 V to VsUPPLY· 
4. Self and System calibration including power-down mode. 

This is a preliminary data sheet. To obtaln the most recent version· or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

AD7853/AD7858 I 
FUNCTIONAL BLOCK DIAGRAMS 

AVoo AGND 

·CALIBRATION MEMORY 
AND CONTROLLER 

AD7853/53L 

DOUT SCLK POLARITY 

AD7858/58L 

·SYNC DIN DOUT SCLK 

5. Versatile. serial 1/0 port. 
6. Single channel (AD7853) or 8 channel (AD7858). 

DGND 

AMO DE 

DGNO 

CLKIN 

CONVST 

BUSY 

SLE!lP 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no_ obligation regarding future manufacture unless otherVilise agreed to in writing. 
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ADJ853/AD7858-5 V SPEClfl.CAJIQNS1• 2 (AYoo=DYoo='f-5:0Yt10%,fcuDNi=4MHz;fSAMpL£= 
200 kHz (AD7853/AD7858) 1 ob kHz (AD7853L/AD7858Ll; SLEEP= Logic High; TA= TMiN to TMAX• unless otherWi5e noted.) ·. · 
Parameter A Version1 .B V.;hion1 Units 

DYNAMIC PERFORMANCE 
Signal-to-Nois~ Ratio' (SNR) · 

Total Harmonie Distortion (THO) 
Peak Harmonic or Spurious Noise 
Intermodulation Distortion (IMO) 

Second Order Terms 
Third Order Terms 

Channel-to-Channel Isolation 

DC ACCURACY 
Resolution 
Integral Nonlinearity 
Differential Nonlinearity 
Unipolar Offset Error 
Unipolar Offset Error Match 
Positive Full-Scale Error 
Negative Full-Scale Error 
Full-Scale Error Match5 

Bipolar Zero Error 
Bipolar Zero Error Match 

ANALOGINPLIT 
Input Voltage Ranges (AD7853/AD7858) 
(AD7853 Only) 
Leakage Current 
Input Capacitance 

REFERENCE INPUT/OUTPUT 
REFIN Input Voltage Range 
Input Impedance 
REF oUT Output Voltage 
REFoUT Tempco 

LOGIC INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Current, IIN. 
Input Capacitance, CIN6 

LOGIC OUTPUTS 
Output High Voltage, VoH 

70 

-78 
-78 

-78 
-78 
-80 

12 
±I 
±I 
±1 
2· 
±2 
±2 
2 
±I 

·2 

0 to VREF 
±VREF/2 
±1 
20 

2.3Noo 
30 
23/2.7 
40 

2.4 
0.8 
±10 
10 

4 
0.4 
±10 
10 

71 

-80 
-80 

-80 
-80 
-80 

12 
±0.5 
±0.5 
±0.5 
2 
±1 
±I 
2 
±0.5 
2 

0 to VREF 
±VREp/2 
±1 
20 

±10 
10 

4 

dBmin 

dBmax 
dBmax 

dB typ 
dB typ 
dB max 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
LSBmax 

Volts 
Volts 

Vmin 
0.4 Vmax 
±10 µA max 
10 pF max 

Output Low Voltage,VoL 
Floating-State Leakage Current 
Floating-State Output Capacitance' 
Output Coding (AD7853/AD7858) Straight (Natural) Binary 

(AD7853 Only) 

CONVERSION RATE 
Conversion Time 
Track/Hold Acquisition Time 

POWER REQUIREMENTS 
AVoo,DVoo 
loo 
Sleep Mode 

With External Clock On 

With External Clock Off 

Normal Mode Power Dissipation 
Save Mode Power Dissipation 

With External Clock On 
With External Clock Off 

NOTES 

. 4.5 (9)4 
0.5 (1)4 

+4.5/+5.5 
5.5 (I.8)4 

100 
TBD 
10 
TBD 
30 (10)4 

0.55 
55 

1Temperature ranges aS follows: A,·B Versions: ~0°C to +85°C. 
2Specifications apply after calibration. 
3SNR calculation includes distortion and noise components. 

2s Complement 

4.5 (9)4 
0.5 (1)4 

+4.5/+5.5 
5.5 (1.8)4 

100 
TBD 
10 
TBD 
30 (10)4 

0.55 
55 

4Specifications written within parentheses () refer to the AD78531JAD7858L. 

µs max 
µs max 

Vmin/max 
mAmax 

µAmax 
µAmax 
µAmax 
µAmax 
mW max 

mW max 
µWmax 

Test Conditionsl<;omments 

Typically SNR Is 72 dB 
VIN = I 0 kHz Sine Wave, fSAMPLE = 200 kHz (100 kHz)4 

VIN= 10 kHz Sine Wave, fSAMPLE = 200 kHz (100 kHz)4 

VIN= 10 kHz, fsAMPLE = 200 kHz (JOO kHz)4 

.fa=. 9.983 kHz,fb = 10.05 kHz, fSAMPLE = .200 kHz (100 kHz)4 

fa= 9.983 kHz, tb = 10.05 kHz, fSAMPLE = 200 kHz (100 kHz)4 

(AD7858 Only) 

(Any Channel AD7858 Only) 

Guaranteed No Missed Codes to 12 Bits 

(AD7858 Only) 

(AD7858 Only) 

(AD7858 Only) 

IsouRCE = 200 µA 
IslNK = 0.8 mA 

Unipolar Input Range 
Bipolar Input Range 

(L Versions Only) 
(L Versions Only) 

Typically 4.5 mA (1.5)4; SLEEP = V0~ 
Logic Inputs@ 0 V or V00; SLEEP= 0 V 
Typically 70 µA. PMGT (Control Register) = 1 
PMGT (Control Register) = 0 
Typically 7 µA. PMGT (Control Register) = 1 
PMGT (Control Register) = 0. 
V00 = 5.5 V: Typically 25 mW (8)4; SLEEP= V00 

V00 = 5.5 V: Typically 0.4 mW; SLEEP= O V 
V00 = 5.5 V: Typically 30 µW; SLEEP= 0 V 

5FuU-scale error match is the worst case of the.positive full-scale error match or the negative full-seal~ error match. 
6Sample tested @ +25°C to ensure compliance. 

Specifications subject to change without notice. 

This information applies to a product under development .. Its charac~eristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1 2 AD7853/AD7858 
3 V SPEC If ICAJIQNS ' (AYoo =.DYoo = +3.D Vto +3.6 V, few•= 5 MHz; (2.5 MHz for L versions); fSAMPLE = 2DD kHz 
(AD7853/AD7858) 1 DD kHz (AD7853UAD7858L); filEP = Logic HighiTA = T•i• to 1.0 • unless otherwise noted.) · · 
Parameter A Version1 B Version1 Units 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio' (SNR) 70 71 dBmin 

Total Harmonic Distortion (THD) -78 -80 dB max 
Peak Harmonic or Spurious Noise -78 -80 dBmax 
Intermodulation Distortion (!MD) 

Second Order Terms -78 -80 dB typ 
Third Order Terms -78 -80 dB typ 

Channel-to-Channel Isolation -80 -80 dl,lmax 

DC ACCURACY 
Resolution 12 12 Bits 
Integral Nonlinearity ±1 ±0.5 LSBmax 
Differential Nonlinearity· ±1 ±0.5 LSBmax 
Unipolar Offset Error ±1 ±0.5 LSBmax 
Unipolar Offset Error Match 2 2 LSBmax 
Positive Full-Scale Error ±2 ±1 LSBmax 
Negative Full-Scale Error ±2· ::l;l LSBmax 
Full-Scale Error Match' 2 2 LSBmax 
Bipolar Zero Error ±1 ±o.s LSBmax 
Bipolar Zero Error Match 2 2 LSBmax 

ANALOG INPUT 
Input Voltage Ranges (AD7853/AD7858) 0 to VREF Volts 
(AD7853 Only) ±VRE~/2 
Leakage Current ±1 
Input Capacitance 20 

REFERENCE INPUT/OUTPUT 
REF1N Input Voltage Range 2.3Noo 
Input Impedance 30 
REFoUT Output Voltage 2.3/ 
REFoUT Tempco 40 

LOGIC INPUTS 
Input High Voltage, V1NH 2.1 
Input Low Voltage, VINL 0.6 
Input Current, JIN ±10 
Input Capacitance, CIN6 10 

LOGIC OUTPUTS 
Output High Voltage, VoH 2.4 2.4 Vmin 
Output Low Voltage, v0,: 0.4 0.4 Vmax 
Floating-State Leakage Current ±10 ±10 µAmax 
Floating"State Output Capai::itant:e6 IO 10 pFmax 
Output Coding (AD7853/AD7858) Straight (Natural) Binary 

(AD7853" Only) 2s Complement 

CONVERSION RATE 
Conversion Time 4.5 (9)4 4.5 (9}1 µsmax 
Track/Hold Acquisition Time o.5 en• 0.5 (1)4 µsmax 

POWER REQUIREMENTS 
AVoo,DVoo +3.0/+3.6 +3.0/+3.6 Vmin/max 
loo 5.0 (1.8)4 5.0 (1.8)4 mAmax 
Sleep Mode 

With External Clock On 100 100 µAmax 
TBD TBD µAmax 

With External Clock Off 10 IO µAmax 
TBD TBD µAmax 

Normal Mode Power Dissipation 18 (6.5)4 18 (6.5)4 mW' max 
Standby Mode Power Dissipation 

With External Clock On 0.36 0.36 mW max 
With External Clock Off 36 36 µWmax 

NOTES 
1Temperature ranges as follows: A, B Versions: -40°C to +85°C. 
2Specifications apply after calibration. · 
3SNR calculation includes distortion and noise components. 
4Specifications written within parentheses () refer to the AD7853UAD7858L. 

Test Conditions/Comments 

Typically SNR Is 72 dB 
V1N = 10 kHz Sine Wave, fSAMPLB = 200 kHz (JOO kHz)4 

v,N = IO kHz Sine Wave, fSAMPLE =. 200 kHz (JOO kHz)4 
V1N = 10 kHz, fsAMPLE = 200 kHz (100 kHz)4 

fa= 9.983 kHz, fb = 10.05 kHz, fsAMPLE= 200 kHz (100 kHz) 4 

fa= 9.983 kHz, fb = 10.05 kHz, fsAMPLE·=.200 kHz (100 kHz)4 

(AD7858 Only) 

(Any Channel AD7858 Only) 

Guaranteed No Missed Codes to 12 Bits 

(AD7858 Only) 

(AD7858 Only) 

AIN(-) = 0 v to vl'EF 
AIN(-) = -VREp/2 to +VREF/2 

VIN= 0 VorVoo 

lsouRCE = 200 µA 
isINK = 0.8 mA 

Unipolar Input Range 
Bipolar Input Range 

(L Versions Only) 
(L Versions Only) 

Typically 4.0 mA (l.5)4; SLEEP= Voo 
Logic Inputs @ 0 V or V00; SLEEP = 0 V 
Typically 70 µA. PMGT (Control Register) = 1 
PMGT (Control Register) = 0 
Typically 7 µA. PMGT (Control Register) = 1 
PMGT (Control Register) = 0. 
V00 = 3.6 V: Typically 15 mW (5.4)4; SLEEP= Voo 

V00 = 3.6 V: Typically 0.3 mW; SLEEP = 0 V 
V00 = 3.6 V: Typically 25 µW; SLEEP = 0 V 

5Fult-scale error match is the worst case of the positive full-scale error match or the negative full-scale error match. 
6Sample tested @ +25°C to ensure compliance. 
Specifications subject to change without notice. 

This information applies to a product under development .. Its ctiaracteristics and specifications i:ire subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture: 11nless otherwise agreed to .in writing. 
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AB7853/AD7858 
TIMING SPECIFICATIONS1··'2 (V~~ =+UV to +5.5 V;fc~'" =4MHz; TA= r.,.to Tw .. unles~ ilt~erwlsen~ted} 

'' . . ' ''. .. . .. ' 

Limit at T~ TMAX 
Parameter (A, B, S Versions) 

fCLKIN 500 
4 

fsCLK ftLKIN 
t1 .1003 

t2 50 

tcONVERT 4.5 (18 x tel.KIN) 

Units 

kHz min 
MHz max 
MHz max 
nsmin 

ns.max 
µsmax 

De&cription 

Master Clock Frequency 
, (2 MHz for the AD78531JAD7858L) 
Serial Clock Input Frequency 

CONVST Pulse Width 
CONVST to BUSY Propagation Delay 

Conversion Time 

t3 60 (60/0.4 x tscU<) '· 

t3A 60 
ns min (minimax) 
nsmin 

SYNC to SCLK falling Edge Setup Time (Continuous SCLK input). 
S)!'NC to SCLK falling Edge Setup Time (AD7853 only). 

4 604 nsmax Delay from SYNC until DOUT 3-state disabled. 

4A 704 nsmax Delay from SYNC until DIN 3-state disabled. 

ts 604 nsmax Data Access time after falling edge of SCLK. 

t6 40 nsmin Data Setup Time Prior to rising edge of SCLK 

t1 0 nsmin Data Valid to SCLK Hold Time. 

ts 0.4 X tsCLK5 nsmin SCLK High Pu.lse Width 

t9 0.4 X tscLK5 nsmin 

t10 30 (30/0.4 x t8cU<) 

t10A 30 

ns niin (min/max) 

nsmin 
Time (Continuous-SCLK). 
Time (AD7853 only). 

t1 I 604 nsmax tate enabled. 

t11A 704 nsmax 

t12 804 nsmax 

t13 604 nsmax 

t14 100 nsmax 

t15 50 nsmax 

tcAL N2 x tel.KIN time, N2 an integer. 

tcAL1 N3 x tel.KIN C plus system full-scale calibration time, N3· an integer .. 

tcAL2 N4x tcLK1N System offset calibration time; N4 an integer. 

NOTES · · 
'Sample tested at +25°C to ensure compliance. The timing figures here are for the AD7853/AD7858 only and not for the AD7853IJAD78S8L,~o the timingftgures -
for the AD7853IJAD7858L will reflect that the AD7853IJAD7858L operates at half the speed of the AD7853, and an example of this is given with the max master 
clock frequency of 2.5 MHz for the AD7853IJAD7858L. All input signals are specified with tr.= tf = 5 ns (10% to 90% ofV00) and timed from a voltage level of 
L6V. . . .. . 

'See Table I and Figures 2, 4, 5, 6, 8 where all the timing-diasrams are for ADC output data as distinct from calibration or control register data in \Vhicli case there 
would· not be the 4 leading zeros with the output data. Instead· there would be 4 data bits DBl5-DBl2' in their place. · · 

3The CONVST pulse width will depend on the way the pan is being operated. For operation where the BUSY is not connected to th.e SLEEP pin'then the 
CONVST pulse width is I 00 ns min as stated above. If BUSY is connected to the SLEEP pin .so that the pan goes into sleep mode after conversion the conversion 
time will be different and will also be depend.ent on the PMGT bit in the control register. · . 

4t4is measured with the load circuit of Figure I and defined as the time required for the output to cross 0.8 Vor 2.4 V . 
. 5SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 

+2.1V 

Figure 1. Load Circuit for Digital Output Timing Specifications 

This information· applies to a product under development. ·Its characteristics ·and specifications are subjectto change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TYPICAL TIMING DIAGRAM 
All the timing diagrams (Figures 2-9) are for ADC output data 
from the part, and this is why there are 4 leading zeros before 
the 12 bits of data. However for a control register or calibration 
register read, there will not be 4 leading zeros on the output 
data. These 4 leading zeros will be replaced by data bits DB l 5-
DB12 for this read operations. 

In Figure 2 below we have a typical read and write timing dia
gram with the CONVST and BUSY. The essence of this is to 
show exactly what most of the timing numbers relate to. Here 
the reading from and writing to the part is shown after the con
version so in this case the maximum conversion rate cannot be 
achieved. To achieve the maximum throughput rate of 100 kHz 
(AD7853L) or 200 kHz (AD7853) the user must read from and 
write to the part during conversion. 

There is a very useful mode of operation for reducing power 
consumption. In this power save mode of operation the BUSY 
can be connected to the SLEEP pin so that at the end of conver
sion the part automatically goes into sleep mode. However on 
the next CONVST pulse, the part then must be allowed a rea
sonable time to "wake up" before converting the signal on the 
AIN pin. Thus the CONVST pulse width must be made longer 
and will extend well beyond the rising edge of the BUSY (see 
specification for CONVST pulse width) so that it caters for 
what is called "wake-up" time. 

POLARITY PIN LOGIC HIGH 

CONVST(l/P) 

BUSY(O/P) 

SCLK 

DOUT(O/P) 

DIN(l/P) 

Model 

AD7853AN 
AD7853BN 
AD7853LAN 
AD7853LBN 
AD7853AR 
AD7853BR 
AD7853LAR 
AD7853LBR 
AD7853LARS 

AD7858AN 
AD7858BN 
AD7858LAN 
AD7858LBN 
AD7858AR 
AD7858BR 
AD7858LAR 
AD7858LBR •••.• , 
AD7858 

A07853/AD7858 
ORDERING GUIDE 

Linearity Power Package 
Error (LSB) Dissipation (mW) Option* 

±1 18 N-24 
±112 18 N-24 
±I 6.5 N-24 
±112 6.5 N-24 
±1 18 R-24 
±112 18 R-24 
±I 6.5 R-24 
±112 6.5 R-24 
±I 6.5 RS-24 

±I 18 N-24 
±112 18 N-24 
±I 6.5 N-24 
±112 6.5 N-24 
±I 18 R-24 
±112 18 R-24 
±I 6.5 R-24 

."ll::i/2 6.5 R-24 
:;ti> 6.5 RS-24 

NOTE: •coNVERT = 4.5 IJS MAX, •1=100 ns MIN, t5 = 60 ns MAX, ts= 40 ns MIN, •1 = 0 ns MIN. 

Figure 2. AD7853 Timing Diagram (Typical Read or Write Operation) 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV.O ANALOG-TO-DIGITAL CONVERTERS 2-303 

Ill 



AD7853/AD7858 
ABSOLUTE MAXIMUM RATINGS' 
(TA= +25°C unless otherwise noted) 

AV0 o to AGND .................. , ...... -0.3 V to +7 V 
DVoo to DGND ........................ -0.3 V to +7 V 
Analog Input Voltage to AGND ..... -0.3 V to AV00 + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to DV00 + 0.3 V 
Digital Output Voltage to DGND ... -0.3 V to DV00 + 0.3 V 
REFIN/REFoUT to AGND .......... -0.3 V to AV00 + 0.3 V 
Input Current to any Pin except Supplies2 ••••••••• ±I 0 mA 
Operating Temperature Range 

Commercial (A, B Versions) ............. -40°C t.o .+S5°C 
Storage Temperature Range ............ -65°C to + 150°C 

Junction Temperature ......................... +150°C 
Plastic DIP Package Power, Power Dissipation ...... 450 mW 

eJA Thermal Impedance . . . . . . . . . . . . . . . . . . . . . l 05°C/W 
01c Thermal Impedance ...................... 35°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

SOIC, SSOP Package, Power Dissipation .......... 450 mW 
0JA Thermal Impedance . 75°C/W (SOIC) l l 5°C/W (SSOP) 
01c Thermal Impedance . . 25°C/W (SOIC) 35°C/W {SSOP) 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ....................... +2 ! 5°C 
Infrared (15 sec) .......................... +220°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functiorial 
operation of the device at these or any other conditions above those indicated i 
operational section of this specification .is not implied. Exposure 
maximum rating conditions for extended periods may affect device 

2Transient currents of uP to 100 mA will not cause SCR latch up. 

PIN CONFIGURATIONS 

DIP, SOIC and SSOP 

SLEEP 3 

REF,..iREFouT 4 

AIN(+) 9 

AIN(-) 

NC 

NC 

NC= NO CONNECT 

.SYNC 

SCLK 

CLKIN 

DIN 

OOUT 

DGND 

DVoo 

CAL 

SM2 

SM1 

POLARITY 

AMO DE 

SYNC 

SCLK 

CLKIN 

DIN 

DOUT 

DGNO 

DVoo 

CAL 

AIN7 

AIN6 

AINS 

AIN4 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and tes.t equipment and ca~ discharge without detection. 
Although the AD7853/AD7858 features proprietary ESD protection circuitry, permanent dam-
age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or lo.ss of functionality. 

~~@ 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.' 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin Mnemonic 

CONVST 

2 BUSY 

AD7853/AD7858 
AD78S3 PIN DESCRIPTIONS 

Description 

Convert start. Logic input. A low to high transition on this input puts the track/hold into its hold mode and 
starts conversion. 
Busy output. The busy output goes high when conversion begins (note that BUSY goes high before 
CONVST goes high) and stays high until conversion is completed, at which time it goes low. BUSY is 
also used to indicate when the AD7853 has completed its on-chip calibration sequence. 

3 SLEEP Sleep input/Low power mode. With this pin logic low all circuitry is powered down including the internal 
voltage reference. Calibration data is retained. With the pin logic high normal operation results. 

4 REFIN/REFoUT Reference input/output. This pin is connected to the internal reference via a resistor so chat the reference 
voltage appears at this pin from the internal reference. An external reference can be applied to overdrive 
this pin. This pin is the reference source for the analog-to-digital converter, and the nominal reference 

5 AVoo 
6 AGND 

7 CREF1 

8 CREF2 

9 AIN(+) 

10 AIN(-) 

11, 12 NC 

13 AMO DE 

14 POLARITY 

15 SM! 

16 SM2 

17 CAL 

18 DVoo 
19 DGND 

20 DOUT 
21 DIN 

22 CLKIN 

23 SCLK 

24 

voltage is 2.5 V but can be as high as AV00 to give a larger reference for the analog-co-digital converter. 

Analog positive supply voltage, +3.0 V to +5.5 V. 

Analog ground. Ground reference for track/hold, reference and DAC. 

Reference capacitor (0.1 µF multilayer ceramic). This external capacitor is used as a charge source for the 
internal DAC. 
Reference capacitor (0.01 µF ceramic disc). This external capaci1\l>lr is used in conjunction with the on-chip 
reference. 
Analog input. Positive input of the differential anal 

Analog input. Negative input of the differe 

No Connect pins. 

Analog mode pin. This pin allo 
0 to VREFIN (i.e., AIN(+) -
AIN(+) -AIN(-) = 

es to be selected: A logic 0 selects range 
lects range -VREFiN/2 to +VREFIN/2 (i.e., 

This pin determin ich the data is latched and transferred to the 
DOUT pin or latch e mode of operation then the output data can be 
clocked out on the rising or lock (SCLK). The data input is always latched on the 
rising edge of the serial clock ( of the state of the POLARITY pin. It is best to see the 
timing diagrams for each of the operating modes co see which edges of the SCLK are critical for the output 
data and for the input data. All the timing diagrams are with the POLARITY pin high, so bringing the 
POLARITY pin low will reverse the edge of the SCLK that the data input is latched in on and will 
also reverse the edge of the SCLK that the output data is clocked out on. 
Serial mode select pin. When this pin is high, the device is in its self-clocking mode; when it is low, the device 
is in its external clocking mode. This pin is used in conjunction with SM2 to give different modes of 
operation as shown in Table III. 
Serial mode select pin. This pin is used in conjunction with the SM! pin in order to give the different modes 
of operation as shown in Table III. 
Calibration input. A logic 0 on this input resets all logic and initiates a calibration on its rising edge. This 
input overrides all other internal operations. 
Digital supply voltage, +3.0 V to +5.5 V. 

Digital ground. Ground reference point for digital circuitry. 

Serial data output. The data output is supplied to this pin as a 16-bit serial word. 
Serial data input. The data to be loaded to the control register is applied to this pin in serial form ( 16-bit 
word). This pin can act as an input pin or as a I/O pin depending on the mode the part is in (see Table III). 
Master clock signal for the device (4 MHz). Sets the conversion and calibration times. 

Serial port clock. Logic input/output. The SCLK pin is configured as an input or output, dependent on the 
type of serial data transmission (self-clocking or external-clocking) that has been selected by the SM! 
and SM2 pins. The data is latched on the rising or falling edge of SCLK depending on the POLARITY input 
logic level. 
This pin can be an input level triggered active low (similar to a chip select in one case and to a frame sync 
in the other case) or an output (similar to a frame sync) pin depending on SM! and SM2 (see Table III). 

This information applies to a produc;t under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7853/AD7858 

Pin Mnemonic 

CONVST 

2 BUSY 

3 

AD7858 PIN DESCRIPTIONS 

Description 

Convert Stl\rt. Logic input. A low to high transition on this input puts the track/hold into its hold mode and 
starts conversion. If the CONVST is tied to the BUSY pin, then the part will go into sleep mode once conversion 
is complete and on the next conversion cycle the part needs to "wake-up" before a conversion can take place. 

Busy output. The busy output goes high when conversion begiris (note that BUSY goes high before CONVST 
goes high) and stays high until conversion is completed, at which time it goes low. BUSY is also used to 
indicate when the AD7858 has completed its on-chip calibration sequence. 

Sleep input/low power mode. With this pin logic low all circuitry is powered down including the internal 

voltage reference. Calibration data is retained. With the pin logic high normal operation results. 

4 REF1N/REF0 ur Reference input/output. This pin is connected to the internal reference via a resistor so that the reference 

5 AVDD 

6 AGND 

7 CREF! 

8 CREF2 

9-16 AIN1-AIN8 

17 CAL 

18 DVDD 

19 DGND 

20 DOUT 

21 DIN 

22 CLKIN 

23 SCLK 

24 SYNC 

voltage appears at this pin from the internal reference. An external reference can be applied to overdrive this 
pin. This pin is the reference source for the analog-to-digital converter and the nominal reference voltage is 
2.5 V. However this pin can be taken as high as AV DD to give a larger reference for the analog-to-digital converter. 

Analog positive supply voltage, +3.0 V to +5.5 V. 

Analog ground. Ground reference for track/hold, reference and DAC. 

Reference capacitor (0.1 µF multilayer ceramic). This external capacitor is used as a charge source for the 
internal DAC. 

Reference capacitor (0.01 µF ceramic disc). This external capacitor· 
reference. 
Analog inputs. Eight analog inputs which can be used 
four pseudo differential inputs where AIN 1 would b 
input and similarly for pairs AIN3 AIN4, AIN5 

negative input cannot be taken below 
can be programmed via the SG 
conversion can be program 

Calibration input. A logic 0 o 

This input overrides all other interna 

Digital supply voltage, +3.0 V to +5.5 

conjunction with the on-chip 

puts (referenced to AGND) or 
2 would be the negative 

differential means that the 

libration on its rising edge. 

Serial data output. The data output is supplied to this pin as a 16-bit serial word. 

Serial data input. The data to be loaded to the control register is applied to this pin in serial form (16-bit word). 
This pin can act as an input pin or as a I/O pin depending on the mode the part is in (see Operating Modes). 

Master clock signal for the device ( 4 MHz). Sets the conversion and calibration times. 

Serial port clock. The SCLK pin is configured as an input pin, and the user must provide 16 clock pulses at 
this pin for correct operation. The input data is latched on the rising edge of SCLK, and the output data is 
clocked out on the falling edge of SCLK (see timing diagrams). 

The user must provide a frame sync signal at this pin and this signal is level triggered active low. This pin 
can be tied permanently low. When this input is high then the part will not read in the input data and 
output data will also be disabled. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7853/AD7858 
CONTROIJSTATUS REGISTER 

The power-up/default state of all bits in the control/status register is 0. 

When writing to the control register, the first two bits are used in determining whether it is the control/status register or the calibra
tion register that is being written to. A 11 in the first two bits ensures that it is the control/status register that you are writing to, and a 
I 0 tells the part that it is the calibration register that is being written to. Also a 00 in the first two bits does not have any effect and a 
0 I is not allowed. 

Bit 

0 

I 
2 

3 

4 

5 

6 
7 

8 

9 

10 
11 
12 

13 

14 

Mnemonic 

ST CAL 

CALSLTl 
CALSLT2 

CAI.MD 

CONVST 

2/JMODE 

RDSLTI 
RDSLT2 

SLEEP 

PMGT 

*CHSLTO 
*CHSLTI 
*cHSLT2 

*SGL/DIFF 

BUSY 

Comment 

Start calibration bit. The type of calibration is determined by the setting of CALSL TI and CALSL T2 
and also whether it is a system or device calibration is set by the calibration mode (CALMD) bit. The 
default/Power up setting is for full device calibration (i.e., calibration of DAG, Offset, and Gain). 

These two bits are for calibration control so that one can select the type of calibration that is to be 
performed depending on the value of the bits. A 00 will give a full DAC + Offset + Gain calibration, a 01 
will give an Offset + Gain calibration, a 10 combination will give just an Offset calibration, and a 11 will 
give a Gain calibration. The calibration can be a system or device calibration depending on the setting of 
the calibration mode bit (see Table I). 

This is the calibration mode bit. A 0 here selects the device itself for calibration and a 1 selects a system 
calibration. The default/power-up state is a 0 so that it is a device calibration is selected unless this bit is 
changed (see Table I). •• > 
This is the conversion start bit. This is used for initiapµg , .• ::' .. '•:.;~sion start and it is also used in conjunc-
tion with system calibration as shown in the cal~~~llfi .. , ' iagram of Figure 6. 

The interface mode select bit. With this tl>'t::r interface mode is enabled where DIN is 

are set to 00, a 01 comb· 
combination allows,~e , 

This is the sleep bit '*~ic 
determined by the power 

e part. ADC data will be read when the bits 
d contains no useful user information, a I 0 

nd a 11 ensures reading of control register data. 

en 1 and the extent of the power down is 

hen put into sleep mode there will be a full power down 
whereas if set to 1 there will only be a se e power down. 

(AD7858 only, should be 0 for AD7853.) These three bits are used to select the channel to be converted. 
With three bits then we can address all the eight channels. One should refer to Table II for the combinations 
of these three bits for different channel selections. The default selection is the pseudo differential mode with 
positive channel AIN1 and negative channel AIN2 • 

(AD7858 only, should be 0 for AD7853) This is the bit which determines whether the input channels are 
in the single ended mode or in the pseudo differential mode. With this bit set to 1 then the singled ended 
mode is enabled. The default setting of this bit is 0 so that the input channels are in the pseudo differential 
mode. This bit is used in conjunction with the three channel selection bits CHSLTO, CHSLTI, CHSLT2 
and one should refer to Table II for the bit combinations for different selections. 
This is the conversion/calibration busy bit which is read only and tells you when the part is finished 
conversion or calibration. 

It is important to note that in writing to the control register it is Bit 15 (the MSB) that is the first bit in the data stream and not Bit 0, 
so that the first bit to be written to the control register will be Bit 15 then Bit 14, Bit 13 and so on down to Bit 0. 

*These bits for the chan'nel selection and the channel configuration are only valid for the AD7858 and for the AD7853 these bits must all be made 0 when writing to 
the control register. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7853/AD7858 
Shown below are the tables for the different types of calibration and the different types of configurations for the analog inputs 
(AD7858 only) that can be selected in the control register. 

CALSLT2 

0 

0 

0 

0 

NOTE 

CALSLTl 

0 

0 

0 
0 

Table I. Calibration Selection in the Control Register (AD78531AD7858) 

CALMD Calibration Type 

0 A full internal calibration is initiated where the internal DAC is calibrated then the 
Internal Offset Error is calibrated out and finally the Internal Gain Error is calibrated out. 
A full system calibration is initiated here where firstly the Internal DAC is calibrated 

0 

0 
1 
0 
1 

and then the System Offset Error is calibrated out and fmally the System Gain Error 
is calibrated out. 
Here the Internal Offset Error is calibrated out and then the Internal Gain Error is 
calibrated out. 
Here the System Offset Error is calibrated out and then the System Gain Error is 
calibrated out. 

This calibrates out the Internal Offset Error only. 
This calibrates out the System Offset Error only. 
This calibrates out the Internal Gain Error only. 
This calibrates out the System Gain Error only. 

There is more information on the calibration features of the part under the Calibration section of this d3 

SGL/DIFF CHSLT2 CH(-) 

0 0 0 AIN1 AIN2 
0 0 0 . AIN3 AIN4 
0 0 1 AIN5 AIN6 
0 0 1 AIN1 AIN8 

0 0 AIN2 AIN1 
0 0 1 AIN4 AIN3 
0 0 AIN6 AINs 
0 1 AIN8 AIN1 

0 0 0 AIN1 AGND 
0 0 1 AIN3 AGND 
0 1 0 AINs AGND 
0 1 1 AIN7 AGND 

0 0 AIN2 AGND 
0 1 AIN4 AGND 

0 AIN6 AGND 
AINs AGND 

NOTE 
The four selection bits are in the control register. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future ·manufacture unless otherwise ·agreed to in writing. 
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TERMINOLOGY1 

Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. The end
points of the transfer function are zero scale (which is AIN ( +) = 
AIN(-) -112 LSB in unipolar mode (AD7853/AD7858), and 
AIN(+) =AIN(-) -VREF/2- 112 LSB in bipolar mode (AD7853 
only)), a point 112 LSB below the first code transition (00 ... 
000 to 00 ... 001) and full scale (which is AIN(+) = AIN(-) 
+ VREF + 112 LSB in unipolar range,(AD7853/AD7858), and 
AIN(+) = AIN(-) +VREF/2 + 112 LSB in bipolar mode (AD7853 
only)), a point 112 LSB above the last code transition (11 ... 
llOtoll ... lll). 

Differential Nonlinearity 
This is the difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the ADC. 

Unipolar Offset Error 
This is the deviation of the first code transition (00 ... 000 to 
00 ... 001) from the ideal AIN(+) voltage (AIN(-) + 112 LSB) 
when operating in the unipolar mode. 

Positive Full-Scale Error 
This applies to the unipolar and bipolar modes and is the devia
tion of the last code transition ( ll ... ll 0 to 11 ... 1 ll (for 
unipolar mode (AD7853/AD7858)) and 01 ... 110 to 01 ... 111 
(jor bipolar mode (AD7853 only)) from the ideal (AIN(+) = 
AIN(-) +Full Scale - 1.5 LSB) after the offset error · 
offset error or bipolar offset error) has been adjusted 

Negative Full-Scale Error 
This applies to the bipolar mode only and is 
first code transition ( 10 ... 000 to 10 ... 001) from t 
(AIN(+) = AIN(-) - Vru;.F/2 + 0.5 LSB (bipolar mode (A 
only))). 

Bipolar Zero Error 
This is the deviation of the midscale transition (all Os to all ls) 
from the ideal AIN(+) voltage (AIN(-) - 112 LSB). 

Channel-to-Channel Isolation 
Channel-to-channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full
scale 1 kHz signal to the other seven inputs and determining 
how much that signal is attenuated in the channel of interest. 
The figure given is the worst case for all channels. 

Track/Hold Acquisition Time 
Track/hold acquisition time is the time required for the output of 
the track/hold amplifier to reach its final value, within ± 112 LSB, 
after the end of conversion (the point at which the track/hold 
returns into track mode). It also applies to a situation where a 
change in the selected input channel takes place (AD7858 only) 
or where there is a step input change on the input voltage ap
plied to the selected VIN input of the AD7853/AD7858. It 
means that the user must wait for the duration of the track/hold 
acquisition time after the end of conversion or after a channel 
c\1.ange/step input change to V1N before starting another conver
sion, to ensure the part operates to specification. 

1AIN(-) refers to the negative input of the pseudo differential input pairs or to 
AGND for the AD7858 depending on the channel configuration, and AIN(-) 
refers to the negative input for the AD7853. 

AD7853/AD7858 
Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID converter. The signal is the rms amplitude of 
the fundamental. Noise is the sum of all nonfundamental signals 
up to half the sampling frequency (fs/2), excluding de. The ratio 
is dependent on the number of quantization levels in the digiti
zation process; the more levels, the smaller the quantization 
noise. The theoretical signal to (noise + distortion) ratio for an 
ideal N-bit converter with a sine wave input is given by: 

Signal to (Noise+ Distortion) = (6.02N +1.76) dB 

Thus for a 12-bit converter, this is 7 4 dB. 

Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7853, it is defined as: 

~ 2 2 2 2 2 THD(dB)=201og(V2 +V3 +v. +Vs +V6 )/VI 

where V1 is therms amplitude of the fundamental and V2, V3, 

V 4, V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonics. 

urious Noise 
rious noise is defined as the ratio of the 

e next largest component in the ADC output 
,, excluding de) to the rms value of the 

ally, the value of this specification is deter
est harmonic in the spectrum, but for parts 
ics are buried in the noise floor, it will be a 

ts consisting of sine waves at two frequencies, fa and 
any active device with nonlinearities will create distortion 

products at sum and difference frequencies of mfa ± ntb where 
m, n = 0, 1, 2, 3, etc. Intermodulation distortion terms are 
those for which neither m or n are equal to zero. For example, 
the second order terms include (fa+ tb) and (fa - tb), while the 
third order terms include (2fa + fb), (2fa - fb), (fa + 2tb) and 
(fa - 2tb). 

The AD7853 is tested using the CCIF standard where two in
put frequencies near the top end of the input bandwidth are 
used. In this case, the second order terms are usually distanced 
in frequency from the original sine waves while the third order 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa
rately. The calculation of the intermodulation distortion is as 
per the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7853/AD7858 
Table IU. Digital Interface Operating Modes 

No. SMl SM2 SYNC DIN DOUT SCLK Comment 

1 (AD7853/AD7858) 0 0 Ifpl IIO 

2 (AD7853/AD7858) 0 0 Ifpl I!P 

3 (AD7853 Only) 0 I/P3 IIP 

4 (AD7853 Only) .1 0 O/P3 IIP 

5 (AD7853 Only) O/P3 IIP 

NOTES 
!IP: Input, 1/0: Input/Output, 0/P: Output 
1SYNC pin is an io.put pin which is level triggered active low. 

(O/P)2 IIP 

OIP IIP 

OIP IIP 

O!P O/P4 

TWO-WIRE MODE (8051). In this mode of operation the user 
must supply the serial clock (SCLK with a total of 16 clock 
cycles). This mode can only be entered by programming the 
interfaced mode select (2/3 MODE) bit in the control register. 
The SYNC pin must also be provided by the user; it is level trig
gered and can be tied low permanently in this mode. The DIN 
pin is used for inputting the data (in serial form) as well as 
providing the output data in serial form. 

THREE-WIRE MODE (SPI). In this mode ofoperation the 
user must supply the frame sync signal (SYNC) and serial clock 
(SCLK with a total of 16 clock cycles). This is the default mode. 
Here the DOUT pin is used for the output data and DIN pin is 
used for the input data only. 

DSP MASTER MODE. In this mode of operation a frame sync 
input is needed at the SYNC pin and a serial clock SCLK is 
needed with a continuo clock or 16 clock cycles from when 
the SYNC goes 1 

mode of operation is where the part 
ial clock (SCLK with a total of 16 
nc (SYNC). 

mode of operation where the part 
OUS CLOCK (TMS) signal (SCLK) 
(SYNC). 

20utput data may appear at the DOUT pin but the pin is not used and should be left uncon 
3A frame sync signal (input or output) which is edge triggered (high to low). 
4NonCOnt~nuous serial clock. 
5Continuous serial clock. 

OPERA TING SETUPS 
From Table III it is clear that all the interface modes apply to 
the AD7853 (and AD7853L) but that only interface modes 1 
and 2 apply to the AD7858 (and AD7858L). In all the timing 
diagrams the reference to the Polarity, SM! and SM2 pins only 
applies to the AD7853. Next, before describing the operating 
modes in more detail, the different arrangements for reading, 
writing and starting conversions will be described. 

The most useful arrangement is where the writing and reading 
takes place during conversion as shown in Figure 3. This allows 
for the maximum throughput rate (200 kHz AD7853/AD7858, 
100 kHz AD7853LJAD7858L). It is clear from Figure 3 that the 
read on the DOUT pin is for the previous conversion and the 
write on the DIN pin is for the next conversion. 

The arrangement in Figure 3 is only valid for the three-wire 
mode and the DSP Master Mode (AD7853 only) of operation. 
The different arrangements for the other modes of operation are 
shown under the respective operating mode section. 

There are other less common arrangements that can be used. 
These involve initiating a write in synchronization with the start 
of conversion and then waiting for the conversion to be complete 

THE CONVERSION RESULT DUE TO WRITE N+ 1 
IS READ HERE 

Figure 3. 

WRITEN+3 

before reading from the part. The reverse of this can also be 
used where a read is initiated in synchronization with the start of 
conversion, and writing to the part once the conversion is com
plete. Alternatively the conversion can be initiated by setting the 
CONVST bit in the control register to 1 when writing to the 
part. These arrangements are similar to the arrangements shown 
in Figures 4c, 4d, and 4e for the two-wire mode of operation, 
but both the reading and writing would not take place on the 
DIN pin. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

2-310 ANALOG-TO-DIGITAL CONVERTERS REV.O 



Timing 
The two timing figures t3 and t 10 need to be explained due to 
their complexity. Theses times apply to Figures 4d, 4e, 5a, 5b, 
and 6 only where the SYNC and the SCLK are both inputs to 
the part. For Figure 8 where SYNC and SCLK are outputs 
from the part, t3A and tioA are used and· these are explained 
under the DSP Slave Mode section. 

Taking t3 first and a continuous SCLK situation (which only ap
plies for Figures 4d, Sa and 6), t3 has a minimum spec of 60 ns so 
that the part will have enough time to prepare for the first 
SCLK edge. The max spec for t3 (which only applies with a con
tinuous SCLK) is 0.4 tscLK which ensures that the SYNC does 
not go low before the rising edge A of the dashed SCLK (shown 
in the timing diagrams). This ensures that the part does not clock 
in an incorrect data bit from the DIN pin as DB15. 

Next take the time t10 and a continuous SCLK situation (again 
this only applies to Figures 4d, Sa and 6 ), t 10 has a minimum spec 
of 30 ns which is so that the part will have enough time to pre
pare for the rising edge of SYNC. The max spec for t10 (which 
only applies with a continuous SCLK) is 0.4 tscLK which ensures. 
that the SYNC goes high before the falling edge B of the dashed 
SCLK (shown in the timing diagrams). This ensures that the part 
does not offset the next write sequence and also so that an extra 
bit will not be clocked out onto the DOUT pin. 

Both t3 and t10 only have a minimum spec when there is 
noncontinuous SCLK to allow the part enough time 
for the following edge of the relevant signal. 
mum spec for t3 and t10 as there is no dange 
clock edge to upset the operation of the part. 

Two-Wire Mode (AD78S3 and AD78S8) 
The different setup arrangements for reading and writing to the 
part in the two-wire mode are shown in Figures 4a, 4b, and 4c. 
The read and writing takes place on the DIN line and the con
version start take place on the CONVST line. (Note that the 
write to the part must set the 2/3 MODE bit in the control reg
ister to 1 for all cases 4a, 4b, 4c. Also the conversion can be 
started by setting the CONVST bit in the control register to 1, 
and so the CONVST pin does not need to be used in cases 4b 
and 4c.) 

In Figure 4a a write is initiated in synchronization with the start 
of a conversion cycle (thus with this setup the write cannot initiate 
the start of conversion via the control register, but the 213 MODE bit 
must be set to 1 in all the write sequences to the part ) . Then after 
the conversion is finished, a read operation is started and the 
data read here is from conversion N-1 and does not correspond· 
to the previous write. You must wait until the next conversion 
(conversion N) before reading data corresponding to the initial 
write (write N). The very first read from the part here will not 
contain a result from a conversion under tlie two-wire mode due 
to the fact that the write sequence is one sequence behind the 
conversion sequence. The time for the read and write operation 

AD7853/AD7858 
given is for a serial clock .of 4 MHz (2 MHz is ma;ic for L ver
sions), but is still only an approximate time. Thus the 9.5 µs 
shown is the fastest throughput time for the two-wire interface 
operating mode which corresponds to a frequency of 105 kHz 
(S2 kHz for L versions). 

WRITEN 

THE CONVERSION RESULT DUE 
TO WRITE N IS READ HERE 

CONVERSION N-1 CONVERSION N CONVERSION N+t 

I 14.Sµsl 14.5µsl I -Sµs- - _,µs_ - -5µs-
-9.5µs-

Figure 4a. 

Figure 4b is the same as Figure 4a except that the conversion is 
initiated in synchronizations with a read. op_eration instead of a 
write operation. Again the data read from the part is one conver
sion behind the corresponding write operation. (The write to the 
part must enable the two-wire mode and may also initiate a conver-
sion, and so the h re CONVST signal is not needed.) 

Figure 4b. 

gute 4c shows another way of operating the part in the two
wire mode where getting the fastest throughput rate is not es
sential. It is the most basic way to operate the part. A write is 
initiated (which enables the two-wire mode and may also initiate the 
start of conv~rsion). After this a conversion is started, and when 
conversion is complete, the resUlt is read back. From these dia
grams it can be seen that the part cannot be run at its max 
throughput rate in the two-wire mode due to the time taken to 
read:and write data on the same pin. 

. ·THE CONVERSION RESULT OUE 
TO WRITE N IS READ HERE 

I 4.Sµs I : .... 
Figure 4c. 
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AD7853/AD7858 
Below in Figure 4d and in Figure 4e are the timing diagrams for 
operating mode No. 1 in Table I where we are in the 2-wire in
terface mode. Here the DIN pin is used for both input and out
put as shown. The SYNC input is level triggered active low and 
can be pulsed (Figure 4d) or can be constantly low (Figure 4e). 

In Figure 4a the part samples the input data on the rising edge 
of SCLK. When the SYNC is taken high, the DIN pin is con
figured as an output and is then 3-stated. Taking SYNC low 
disables the 3-state on the DIN pin, and the first SCLK falling 
edge clocks out the first data bit. Once the 16 clocks have been 
provided and the SYNC taken high, the DIN pin will automati
cally revert back to being an input after a time tn. Note that a 
continuous SCLK shown by the dotted waveform in Figure 4d 
can be used provided that the SYNC is low for only 16 clock 
pulses in each of the read and write cycles. 

POLARITY PIN LOGIC HIGH 

SYNC(llP)~ 

A "- . 13 --114--
SCLK(llP) 

In Figure 4e the SYNC line is tied low permanently, and this.re
sults in a different timing arrangement for the DIN pin. The dif
ference between SYNC being tied low and being pulsed is that 
the DIN pin will never be 3-stated in this mode, and it is also 
the last rising edge of the SCLK that causes the DIN pin to go 
from being an input to an output and back to an input pin. Here 
a continuous SCLK cannot be used as the SYNC is tied low 
permanently. 

DIN BECOMES 
AN INPUT 

Figure 4d. Timing Diagram for Read/Write Op 
(i.e., Operating Mode No. 1, SM1 = SM2 =OJ 

SCLK(llP) 

POLARITY PIN LOGIC HIGH 

DIN BECOMES 
AN OUTPUT 
{3·STATED) 

·~ 
4LEADING l~t,3 

ZEROS DB11 DBO 

!+-----DATA READ \ 

DIN BECOMES 
AN INPUT 

NOTE: t5 = 60 ns MAX, t6 = 40 ns MIN, t7 = 0 ns MIN, t12 =BO ns MAX, t13 = 60 ns MAX. 

Figure 4e. Timing Diagram for Read/Write Operations with DIN as an Input/Output and SYNC Input Tied Low 
(i.e., Operating Mode No. 1, SM1 = SM2 = 0) 
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Three-Wire Mode (AD7853 and AD7858) 
In Figure Sa and Figure Sb we have the timing diagrams for 
operating mode No. 2 in Table I which is the three-wire inter
face mode. Here the SYNC input is active low and can be 
pulsed (Figure Sa) or can be constantly low, (Figure Sb). If 
SYNC is constantly low, the serial clock input (SCLK) must 
supply 16 clock pulses for the part to operate correctly; other
wise with a pulsed SYNC input, a continuous SCLK can be 
used provided SYNC is low for only 16 clock cycles. In Figure 
Sa the SYNC going low disables the 3-state on the DOUT pin. 
The first falling edge of the SCLK after the SYNC going low 
clocks out the first leading zero on the DOUT pin. The DOUT 

POLARITY PIN LOGIC HIGH 

SYNC (UP) 

A 

SCLK(l/P) 

Figure 5a. Timing Diagram for Reactft 
Input Pulsed (i.e., Operating Mode N~,2, 

SCLK(UP) 

NOTE: t5 = 60 ns MAX, 16 = 40 ns MIN, t, = 0 ns MIN 

AD7853/AD7858 
pin is 3-stated again a time t11 after the SYNC goes high. With 
the DIN pin the data input has to be set up a time t,; before the 
SCLK rising edge as the part samples the input data on the 
SCLK rising edge. 

Figure Sb shows the timing diagram for the three-wire interface 
mode where the SYNC input has been tied permanently low. 
The only difference between this timing diagram and the one in Ill 
Figure Sa is that the DOUT pin is never 3-stated since the 
SYNC input is never brought high. Also the LSB of the output 
data will remain on the DOUT pin until the next read cycle 
where the first SCLK falling edge will clock out the first leading 
zero of the next conversion. 

B 

DBO lV//'/ // 

and DOUT as Output and SYNC 

DB• Vm/Z 

Figure 5b. Timing Diagram for Read/Write Operations with DIN as an Input and DOUT as Output and SYNC Input 
Tied Low (i.e., Operating Mode No. 2, SM1 = SM2 = 0) 
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AD7853/AD7858 
POLARITY PIN LOGIC HIGH 

NOTE: 13 = 60 ns MIN (NONCONTINUOUS SCLK), 60/0.4lscLK ns MINIMAX (CONTINUOUS SCLK), 

t5 = 60 ns MAX, 'ls= 40 ns MIN, t7 = 0 ns MIN, t10 = 30 ns MIN (NONCONTINUOUS SCLK),30/0.4tscLK ns MINIMAX (CONTINUOUS SCLK) 

Figure 6. Timing Diagram for Read/Write Operation with SYNC Input Edge Triggered 
(i.e., Operating Mode No. 3, SM7 = O SM2 = 1) 

DSP Master Mode (AD7853 Only) 
In Figure 6 the timing diagram for operating mode No. 3 is 
shown. In this mode the DSP is the master and the part is the 
slave. Here the SYNC input is edge triggered going from high to 
low, and the 16 clock pulses are counted from this edge so that 
you can have a continuous clock input or a noncontinuous dock 
input that provides 16 dock pulses after the falling edge of the 
SYNC input. If a continuous dock is being used, the SYNC 
must go high after 16 dock pulses to disable the effec 
more docks. The falling edge of SYNC disables the 
the DOUT pin, and the data is docked out on the f g e 
of SCLK. Once SYNC goes high, the 3-state on the DOU 
is enabled. The data input is sampled on the rising edge of 
SCLK and thus has to be valid a time t.; before this rising edge. 

DSP Slave Mode (AD7853 Only) (Continuous and 
Noncontinuous SCLK) 
The timing diagram here is for operating mode Nos. 4 and 5, 
the only difference being the continuous and noncontinuous 
dock outputs. These modes of operation are ·especially different 
from all the other modes since the SCLK and SYNC are out
puts. The SYNC is generated by the part as is the SCLK, and 
the dotted line shows the case of the continuous dock. The 
master dock at the CLKIN pin is routed directly to the SCLK 
pin for operating mode No. 5 (Continuous SCLK), and the 
CLKIN input is gated with the SYNC to give the SCLK in op
erating mode No. 4 (Noncontinuous SCLK). 

The most important point about these two operation modes is 
that the result of the current conversion is docked out during 
the same conversion, and a write to the part during this conver
sion is for the next conversion. The arrangement is shown in 
Figure 7. First the conversion is initiated with the CONVST sig
nal going low, and then when part is ready, the SYNC will go 
low and the SCLK will dock out the data on the DOUT pin 

during conversion. Also the data on the DIN pin is docked in 
by the same SCLK for ext conversion. All the timing wave-
forms in Figure 8 a conversion. Thus in these two 
modes of um throughput rate of 200 kHz 
(AD78 7853L) can be obtained with the 
ad t read during conversion is the re-

and not the result of the previous 
operation. 

·snow the master and the DSP is the 
docked out from the part to the 

ng edge of SCLK, and the input data to 
pin is also docked in to the part on the ris

e SCLK. 

THE CONVERSION RESULT DUE 
TO WRITE N+ 1 IS READ HERE 

WRITEN+3 

READN+2 

1-Sµ•-1-Sµs~-Sµs-1 

Figure 7. 

Some of the timing numbers for the timing diagram of Figure 8 
need explaining due to their complexity. First, t3A has only a 
min spec and no max spec as the part will ensure that the SYNC 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7853/AD7858 
POLARITY PIN LOGIC HIGH 

D 

NOTE: t3A = 60 na MIN, Is= 60 na MAX, Is= 40 na MIN, t7 = 0 na MIN, t10A = 30 na MIN 

Figure 8. Timing Diagram for Read/Write with SYNC Output and SCLK Output (Continuous and Noncontinuous) 
(i.e., Operating Mode Nos. 4 and 5, SM1 = 1, SM2 = 1 and OJ 

goes low after the rising edge C of the dashed SCLK in Figure 8 
(if there is a continuous SCLK) so that the part will not clock in 
an incorrect data bit from the DIN pin as DB15. The other time 
is tioA which again only has a min spec and no max spec as the 
part will again ensure that the SYNC has gone high before the 
rising edge D of the dashed SCLK in Figure 8 (if there is a con
tinuous SCLK). This ensures both that the SCLK will not clock 
in an extra bit from the DIN pin which would offset the next 
write sequence, and also that another bit will not be doc 
of the part onto the DOUT pin. 

CALIBRATION 
There are two main calibration features on th 
AD7858; these are a self or device calibration and a s 
bration. For both system and self-calibrations there are 
ber of different types of calibration that can be selected 
depending on the setting of various bits in the control register. 
These options are covered by Table I. · 

There are a number of points that are useful to state before de
scribing the procedure for initiating a system calibration. The 
first point is that the maximum calibration range is approxi
mately ±3% ofVREF for both the system offset and gain errors. 
Also, if the errors are outside this range, the system calibration 
algorithm will reduce the errors as much as the trim range 

allows. Large system errors can be reduced in an incremental 
fashion by doing multiple system (gain + offset) calibrations. 
This is possible due to the way that the system calibration algo-
rithm works. In ar mode (.AD7853 only) it is the midscale 

1 full-scale error that are adjusted; in unipo
ero-scale error and the positive full-scale error 

ng diagram in Figure 9 is for a system cali
falling edge of CAL initiates an internal reset 
alibration. (Note that if the part is in the 

where BUSY is connected to SLEEP so that the 
mode after conversion, then t1 will be as for the 

to allow for the "wake-up" time; again depending on the 
e of sleep mode that the part is in, there will be different "wake

up" times.) Then the rising edge of CAL starts calibration of the 
internal DAC. Then if the control register is set for I! full cali
bration, the CONVST must be used also. The full-scale system 
voltage should be applied to the analog input pins from the start 
of calibration. Then the offset voltage due to the system must be 
present on the AIN pin (after the full-scale system offset is com
pleted) for a minimum setup time (tsErur) of 100 ns before the 
rising edge of the CONVST. 

CAL(UP)~~" 
BUSY(OIP) --------! ))I~----! 

lc..L1 ___, 

CONYST(l/P) 

AIN(UP) 

NOTE: ti= 100 na MIN, 114 =100 ns MIN, '1s =SO ns MIN, lcALL = N2'lcLKIN• fcAL2 = Na'tcLKIN 

Figure 9. Calibration Timing Diagram for Full System Calibration 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in,writing. 
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AD7853/AD7858 
Self-Calibration 
For a self or device calibration the procedure is similar to that of 
the calibration timing diagram of Figure 9, but the BUSY line 
will stay high for the full length of the self-calibration and will 
not pulse like in the system calibration diagram. So a self
calibration is initiated by bringing the CAL pin low (which ini
tiates an internal reset as in system calibration) and then high 
again. (Note that if the part is in the autoshut-off mode where BUSY 
is connected to SLEEP so that the part goes into sleep mode after con
version, then t1 will be as for the CONVST to allow for the "wake
up" time; again depending on the type of sleep mode that the part is 
in, there will be different "wake-up" times.) The BUSY line is trig
gered high from the rising edge of CAL and BUSY will go low 
when the self-calibration is complete. 

POWER-DOWN MODES 
There are two power-down modes on the part, one being a full 
power down, the other a selective power down where only cer
tain internal circuitry is powered down. The advantage of the 
selective power down is that the part will not require as much 
time to "wake up" as for the full power down. The type of 
power down is selected by programming the power management 
bit (PMGT) in the control register, 0 for a full power down and 
1 for a selective power down. 

There is an automatic power-down mode which is achieved by 
connecting the BUSY pin to the SLEEP pin where the part goes 
into power-down mode after the end of conversion. Again the 
power management bit (PMGT) in the control register deter
mines whether this is a full or selective power down. With this 
setup the part will take longer to "wake-up" than in the normal 
mode, and this time will also depend on the capacitor connected 
to the CREF pins. Table IV contains power~up times for different 
values of capacitors connected to the CREF pins and for the two 
different power-down modes (full power down or selective 
power down). 

Table IV. 

CREFI CREF2 Power-Down Mode Power-Up Delay 
(µF) (µF) (sec) 

0.1 0.01 Full TBD 
0.1 0.01 Selective TBD 
1.0 0.1 Full TBD 
1.0 0.1 TBD 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1'11111111 ANALOG 
WDEVICES 

LC2MOS 
Complete, 12-Bit, 100 kHz, Sampling AD Cs 

AD7870/AD7870A/AD7875/AD7876 I 
FEATURES 
Complete Monolithic 12-Bit ADC with: 

2 µs Track/Hold Amplifier 
8 µs A/D Converter 
On-Chip Reference 
Laser-Trimmed Clock 
Parallel, Byte and Serial Digital Interface 

72 dB SNR at 10 kHz Input Frequency (AD7870, 
AD7870A, AD7875) 

57 ns Data Access Time 
Low Power -60 mW typ 
Variety of Input Ranges: 

±3 V for AD7870/AD7870A 
Oto +5 V for AD7875 
±10 V for AD7876 

GENERAL DESCRIPTION 
The AD7870/AD7870A/AD7875/AD7876 is a fast, complete, 
12-bit AID converter. It consists of a track/hold amplifier, 8 µs 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained 
internal clock which is laser trimmed to guarantee accurate con
trol of conversion time. No external clock timing components 
are required; the on-chip clock may be overridden by an exter
nal clock if required. 

The parts offer a choice of three data output formats: a single, 
parallel, 12-bit word; two 8-bit bytes, or serial data. Fast bus 
access times and standard control inputs ensure easy interfacing 
to modern microprocessors and digital signal processors. 

All parts operate from ±5 V power supplies. The AD7870 and 
AD7876 accept input signal ranges of ±3 V and ±10 V, respec
tively, while the AD7875 accepts a unipolar 0 to +S V input 
range. The parts can convert full power signals up to 50 kHz. 

The AD7870/AD7870A/AD7875/AD7876 feature de accuracy 
specifications such as linearity, full-scale and offset error. In 
addition, the AD7870/AD7870A and AD7875 are fully specified 
for dynamic performance parameters including distortion and 
signal-to-noise ratio. 

The parts are fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The parts are available in a 24-pin, 0.3 inch-wide, plastic or her
metic dual-in-line package (DIP). The AD7870/AD7870A and 
AD7875 are available in a 28-pin plastic leaded chip carrier 
(PLCC), while the AD7876 is available and in a 24-pin small 
outline (SOIC) package. 

This is, an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.B 

FUNCTIONAL BLOCK DIAGRAM 

AGND REF OUT v,. Voo 

CS RD BOSV1 oa11 DBO OGNO Vss 

INT 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit ADC on a Chip. 

The AD7870/AD7870A/AD7875/AD7876 provides all the 
functions necessary for analog-to-digital conversion and com
bines a 12-bit ADC with internal clock, track/hold amplifier 
and reference on a single chip. 

2. Dynamic Specifications for DSP Users. 
The AD7870/AD7870A and AD7875 are fully specified and 
tested for ac parameters, including signal-to-noise ratio, har
monic distortion and intermodulation distortion. 

3. Fast Microprocessor Interface. 
Data access times of 57 ns make the parts compatible with 
modern 8- and 16-bit microprocessors and digital signal pro
cessors. Key digital timing parameters are tested and guaran
teed over the full operating temperature range. 
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ADJ8JQ/ADJ8JQA/ADJ875/ADJ876-SPEClflCAJIQNS (V00 =+5 V ± 5%, Yss 
=-5 V ± 5%, AGND = DGND = 0 V, fcLK = 2.5 MHz external, unless otherwise stated. All Specifications Tmin to Tmax unless otherwise noted.) 

AD7870/AD7870A 
Parameter J,A' K,B1 L,C' S' T' Units Test Conditions/Comments 

DYNAMIC PERFORMANCE2 

Signal to Noise Ratio' (SNR) 
@ +2S°C 70 70 72 69 69 dB min VIN= lOkHzSineWave, fsAMPLE = 100 kHz 
Tmin to Tmax 70 70 71 69 69 dB min Typically 71.S dB for 0 < V1,.; < SO kHz 

Total Harmonic Distortion (THD) -80 -80 -80 -78 -78 dBmax VIN= 10 kHzSineWave,fsAMPLE = lOOkHz 
Typically -86 dB for 0 < VIN < SO kHz 

Peak Harmonic or Spurious Noise -80 -80 -80 -78 -78 dBmax v IN = 10 kHz, fsAMPLE = 100 kHz 
Typically -86 dB for 0 < V1N <SO kHz 

Intermodulation Distortion (IMD) 
Second Order Terms -80 -80 -80 -78 -78 dBmax fa= 9 kHz, fb = 9.S kHz, fsAMPLE =so kHz 
Third Order Terms -80 -80 -80 -78 -78 dBmax fa= 9 kHz, fb = 9.S kHz, fsAMPLE = so kHz 
Track/Hold Acquisition Time 2 2 2 2 2 µsmax 

DC ACCURACY 
Resolution 12 12 12 12 12 Bits 
Minimum Resolution for which 

No Missing Codes are Guaranteed 12 12 12 12 12 Bits 
Integral Nonlinearity ±1/2 ±112 ±114 ±112 ±112 LSB typ 
Integral Nonlinearity ±] ±112 ±] LSB max 
Differential Nonlinearity ±I ±] ±1 LSB max 
Bipolar Zero Error ±S ±S ±S ±S ±S LSB max 
Positive Full-Scale Error4 ±S ±S ±S ±S ±S LSB max 
Negative Full-Scale Error4 ±S ±S ±S ±S ±S LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 ±3 ±3 Volts 
Input Current ±SOO ±SOO ±SOO ±SOO ±SOO µAmax 

REFERENCE OUTPUT 
REF OUT @ + 2S°C 2.99 2.99 2.99 2.99 2.99 Vmin 

3.01 3.01 3.01 3.01 3.01 Vmax 
REF OUT Tempco ±60 ±60 ±3S ±60 ±3S ppml°C max 
Reference Load Sensitivity (LI.REF OUT/LI.I) ±1 ±1 ±1 ±1 ±1 mVmax Reference Load Current Change (0--500 µA) 

Reference Load Should Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, VrNH 2.4 2.4 2.4 2.4 2.4 Vmin Von= 5 V ± S% 
Input Low Voltage, VrNL 0.8 0.8 0.8 0.8 0.8 Vmax Voo = 5 V ± 5% 
Input Current, 11N ±10 ±IO ±IO ±10 ±IO µAmax V1N = OVtoV00 

Input Current (12/S/CLK Input Only) ±IO ±10 ±10 ±10 ±IO µAmax VIN= Vss to V00 

Input Capacitance, CIN 5 IO 10 10 IO 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, V0 H 4.0 4.0 4.0 4.0 4.0 Vmin lsoURCE = 40 µA 
Output Low Voltage, V0 L 0.4 0.4 0.4 0.4 0.4 Vmax ls INK = I. 6 mA 
DBll-DBO 

Floating-State Leakage Current. ±IO ±IO ±IO ±10 ±10 µAmax 
Floating-State Output Capacitance' 15 15 15 lS 15 pFmax 

CONVERSION TIME 
External Clock (fcLK = 2.S MHz) 8 8 8 8 8 µsmax 
Internal Clock 719 719 719 719 719 µs min/µs max 

POWER REQUIREMENTS 
Voo +s +s +s +s +s Vnom ±S% for Specified Performance 
v,, -s -5 -5 -s -5 Vnom ±5% for Specified Performance 

loo 13 13 13 13 13 mAmax Typically 8 mA 
1,, 6 6 6 6 6 mAmax Typically 4 mA 
Power Dissipation 95 95 95 95 95 mW max Typically 60 mW 

NOTES 
1Temperature ranges are as follows: J, K, L Versions; 0 to +70°C: A, B, C Versions; -25°C to -T:-85°C: S, T Versions; -55°C to+ 125°C. AD7870A has only 
J Version. 

2V1N (pk-pk) = ±3 V. 
3SNR calculation includes distortion and noise components. 
4Measured with respect to internal reference and includes bipolar offset error. 
'Sample tested @ + 2S'C to ensure compliance. 

Specifications subject to change without notice. 
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AD7870/AD7870A/AD7875/AD7876 
AD7875/AD7876 

Parameter K,B1 L,C1 T' Units Test Conditions/Comments 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 12 12 12 Bits 
Integral Nonlinearity @ + 25°C ±l ±112 ±l LSB max 

T min to T mox (AD7875 Only) ±l ±l ±l LSB max 
T min to Tm" (AD7876 Only) ±1 ±l/2 ±1 LSB max 

Differential Nonlinearity ±l ±1 -1, +l.5 LSB max 
Unipolar Offset Error (AD7875 Only) ±5 ±5 ±5 LSB max 
Bipolar Zero Error (AD7876 Only) ±6 ±2 ±6 LSB max 
Full-Scale Error at + 25'C2 ±8 ±8 ±8 LSB max Typical full-scale error is ± l LSB 
Full-Scale TC2 ±60 ±35 ±60 ppml'C max Typical TC is ± 20 ppml'C 
Track/Hold Acquisition Time 2 2 2 µ,smax 

DYNAMIC PERFORMANCE' (AD7875 ONLY) 
Signal-to-Noise Ratio4 (SNR) 

@ +25'C 70 72 69 dB min vlN = 10 kHz Sine Wave, fsAMPLE = 100 kHz 
Tmin to Tmax 70 71 69 dBmin Typically 71.5 dB for 0 < VlN < 50 kHz 

Total Harmonic Distortion (THD) -80 -80 -78 dB max v,N = 10 kHz Sine Wave, fsAMPLE = 100 kHz 
Typically -86 dB for 0 < V1N < 50 kHz 

Peak Harmonic or Spurious Noise -80 -80 -78 dB max VIN = 10 kHz, fsAMPLE = 100 kHz 
Typically -86 dB for 0 < VlN < 50 kHz 

Intermodulation Distortion (!MD) 
Second Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 
Third Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 

ANALOG INPUT 
AD7875 Input Voltage Range 0 to +5 0 to +5 0 to +5 Volts 
AD7875 Input Current 500 500 500 µ,Amax 
AD7876 Input Voltage Range ±10 ±10 ±10 Volts 
AD7876 Input current ±600 ±600 ±600 µ,A max 

REFERENCE OUTPUT 
REF OUT@ +25'C 2.99 2.99 2.99 Vmin 

3.01 3.01 3.01 V max 
REF OUT Tempco ±60 ±35 ±60 ppml'C max Typical Tempco is ± 20 ppml'C 
Reference Load Sensitivity (AREF OUT/Al) -1 -1 -l mVmax Reference Load Current Change (0--500 µ,A) 

Reference Load Should Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 Vmin V00 = 5 V ± 5% 
Input Low Voltage, VINL 0.8 0.8 0.8 Vmax V00 = 5 V ± 5% 
Input Current, JIN ±10 ±10 ±10 µ,Amax vlN = OVtoVDD 
Input Current (12/li/CLK Input Only) ±10 ±10 ±10 µ,Amax VIN= Vss to Voo 
Input Capacitance, CIN 5 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VoH 4.0 4.0 4.0 Vmin lsoURCE = 40 µ,A 
Output Low Voltage, V0 L 0.4 0.4 0.4 Vmax lsINK = 1.6 mA 
DBll-DBO 

Floating-State Leakage Current 10 10 10 µ,Amax 
Floating-State Output Capacitance' 15 15 15 pFmax 

CONVERSION TIME 
External Clock (fcLK = 2.5 MHz) 8 8 8 µ,s max 
Internal Clock 719 719 719 µ.s min/µ.s max 

POWER REQUIREMENTS As per AD7870/AD7870A 

NOTES 
'Temperature ranges are as follows: AD7875: K, L Versions, 0 to +70'C; B, C Versions, -40'C to +85'C; T Version, -55'C to + 125'C. AD7876: B, C Ver
sions, -40°C to +85°C; T Version, -55°C to + 125°C. 

2Includes internal reference error and is calculated after unipolar offset error (AD7875) or bipolar zero error (AD7876) has been adjusted out. 
Full-scale error refers to both positive and negative full-scale error for the AD7876. 

'Dynamic performance parameters are not tested on the AD7876 but these are typically the same as for the AD7875 . 
. 4SNR calculation jncludes distortion and noise components. 
'Sample tested @ + 25'C to ensure ciimpliance. 
Specifications· subject to change. without notice. 
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AD7870/AD7870A/AD7875/AD7876 
TIMING CHARACTERISTICS1• 2 (V00 = +5V :!: 5%,Yss = -5 V :!: 5%,AGNO = DGND = 0 V. Seefigures9, 10, 11and12.J 

Limit at T min' T max Limit at T min' T max 

Parameter (J, K, L, A, B, C Versions) (S, T Versions) Units Conditions/Comments 

t1 so so nsmin CONVST Pulse Width 
t, 0 0 nsmin CS to RD Setup Time (Mode I) 
t, 60 75 nsmin RD Pulse Width 
t. 0 0 nsmin CS to RD Hold Time (Mode I) 
ts 70 70 nsmax RD to INT Delay 
t.' 57 70 ns max Data Access Time after RD 
t,4 s 5 ns min Bus Relinquish Time after RD 

50 50 nsmax 
ts 0 0 ns min HBEN to RD Setup Time 
to 0 0 nsmin HBEN to RD Hold Time 
t10 100 100 nsmin SSTRB to SCLK Falling Edge Setup Time 
t11 s 370 370 nsmin SCLK Cycle Time 
11/ 13S ISO nsmax SCLK to Valid Data Delay. CL =3S pF 
t13 20 20 nsmin SCLK Rising Edge to SSTRB 

100 100 ns max 
t14 10 10 ns min Bus Relinquish Time after SCLK 

100 100 ns max 

tis 60 60 nsmin CS to RD Setup Time (Mode 2) 
t16 120 120 nsmax CS to BUSY Propagation Delay 
t17 200 200 nsmin Data Setup Time Prior to BUSY 
tis 0 0 nsmin CS to RD Hold Time (Mode 2) 

t19 0 0 nsmin HBEN to CS Setup Time 
tio 0 0 nsmin HBEN to CS Hold Time 

NOTES 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at + 25°C to ensure compliance. All input signals are 
specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of l.6 V. 

2Serial timing is measured with a 4.7 kil pull-up resistor on SDATA and SSTRB and a 2 k!l pull-up on SCLK. The capacitance on all three outputs is 35 pF. 
3t 6 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4t7 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
'SCLK mark/space ratio (measured from a voltage level of 1.6 V) is 40/60 to 60/40. 
6SDATA will drive higher capacitive loads but this will add to t 12 since it increases the external RC time constant (4.7 kOllCL) and hence the time to 

reach 2.4 V. Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND .................... -0.3 V to +7 V 
V88 to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to V00 +0.3 V 
v,N to AGND .................... -15 v to +ts v 
REF OUT to AGND ................... 0 V to V00 

Digital Inputs to DGND ......... -0.3 V to V00 +0.3 V 
Digital Outputs to DGND ........ -0.3 V to V00 +0.3 V 
Operating Temperature Range 

DBN -i:::r::-
~DGNf. 

+SV 

~ 56kfi ·. 

DBN~ 
SOpF 

DGND~ 
Commercial (J, K, L Versions - AD7870) ..... 0 to +70°C 
Commercial (K, L Versions - AD787S) ....... 0 to +70°C 

a. High-Z to VoH b. High-Z to V 0L 

Industrial (A, B, C Versions - AD7870) ... - 2S°C to + 8S°C Figure 1. Load Circuits for Access Time 
Industrial (B, C Versions - AD787S/AD7876) 

............................ -40°C to +8S°C 
Extended (S, T Versions) ............ -SS°C to + 12S°C 

Storage Temperature Range ........... -6S°C to + 1S0°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 
Power Dissipation (Any Package) to +7S°C ....... 4SO mW 
Derates above +7S°C by .................. to mW/"C 

+sv 

-+ 10pf 

DGNDJ 

DBNtF 
3kfi T 1opF 

DGNJV 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

a. V0 H to High-Z b. V0 L to High-Z 

Figure 2. Load Circuits for Output Float Delay 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~-:-~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 
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AD7870 ORDERING GUIDE 

Integral 
Temperature v,N Voltage SNR Nonlinearity 

Model'· 2 Range Range (V) (dBs) (LSB) 

AD7870AJN o to +70°C ±3 70min ± 112 typ 
AD7870JN o to +70°C ±3 70min ± 112 typ 
AD7870KN Oto +70°C ±3 70 min ±I max 
AD7870LN 0 to +70°C ±3 72 min ±112 max 
AD7870JP Oto +70°C ±3 70min ± 112 typ 
AD7870KP Oto +70°C ±3 70min ±1 max 
AD7870LP Oto +70°C ±3 72 min ±112 max 
AD7870AQ -25°C to +85°C ±3 70 min ± 112 typ 
AD7870BQ - 25°C to + 85°C ±3 70 ipin ±1 max 
AD7870CQ - 25°C to + 85°C ±3 72 min ±1/2 max 
AD7870SQ4 -55°C to + 125°C ±3 69 min ± 112 typ 
AD7870TQ4 -55°C to + 125°C ±3 69min ±1 max 

NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 

2Contact local sales office for LCCC (Leadless Ceramic Chip Carrier) availability. 

AD7870/AD7870A/AD7875/AD7876 

Package 
Option' 

N-24 
N-24 
N-24 
N-24 
P-28A 
P-28A 
P-28A 
Q-24 
Q-24 
Q-24 
Q-24 
Q-24 

'N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. For outline 
information see Package Information section. 

4Available to /883B processing only. 

AD7875 ORDERING GUIDE 

Integral 
Temperature VIN Voltage SNR Nonlinearity 

Model1 Range Range (V) (dBs) (LSB) 

AD7875KN Oto +70°C 0 to +5 70min ±1 max 
AD7875LN o to +70°C 0 to +5 72 min ±112 max 
AD7875KR Oto +70°C 0 to +5 70min ±1 max 
AD7875KP Oto +70°C 0 to +5 70min ±1 max 
AD7875LP Oto +70°C 0 to +5 72 min ±112 max 
AD787SBQ -40°C to +85°C 0 to +5 70min ±I max 
AD7875CQ -40°C to +85°C 0 to +5 72 min ±112 max 
AD7875TQ3 -55°C to + 125°C 0 to +5 69min ±1 max 

NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 

Package 
Option2 

N-24 
N-24 
R-24 
P-28A 
P-28A 
Q-24 
Q-24 
Q-24 

2N = Narrow Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip; R = Small Outline IC (SO!C). 
For outline information see Package Information section. 

3 Available to /883B processing only. 

AD7876 ORDERING GUIDE 

Integral 
Temperature VIN Voltage Nonlinearity Package 

Model1 Range Range (V) (LSB) Option2 

AD7876BN -40°C to +85°C ±10 ±1 max N-24 
AD7876CN -40°C to +85°C ±10. ±112 max N-24 
AD7876BR -40°C to +85°C ±10 ±I max R-24 
AD7876CR -40°C to +85°C ±10 ±112 max R-24 
AD7876BQ -40°C to +85°C ±10 ±I max Q-24 
AD7876CQ -40°C to +85°C ±10 ±112 max Q-24 
AD7876TQ3 -55°C to + 125°C ±10 ±I max Q-24 

NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part number. Contact 
local sales office for military data sheet. 

2N = Narrow Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

'Available to /883B processing only. 
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AD7870/AD7870A/AD7875/AD7876 
PIN FUNCTION DESCRIPTION 

DIP Pin 
Pin No. Mnemonic Function 

I RD Read. Active low logic input. This input is used in conjunction with CS low to enable the data outputs. 

2 BUSY /INT Busy/Interrupt, Active low logic output indicating converter status. See timing diagrams. 

3 CLK Clock input. An external TTL-compatible clock may be applied to this input pin. Alternatively, tying this pin to V ss 
enables the internal laser-trimmed clock oscillator. 

4 DBll/HBEN Data Bit 11 (MSB)/High Byte Enable. The function of this pin is dependent on the state of the 12/S/CLK input (see 
below). When 12-bit parallel data is selected, this pin provides the DBll output. When byte data is selected, this pin 
becomes the HBEN logic input. HBEN is used for S-bit bus interfacing. When HBEN is low, DB7/LOW to DBO/DBS 
become DB7 to DBO. With HBEN high, DB7/LOW to DBO/DBS are used for the upper byte of data (see Table I). 

DBIO/SSTRB Data Bit IO/Serial Strobe. When 12-bit parallel data is selected, this pin provides the DBIO output. SSTRB is an 
active low open-drain output that provides a strobe or framing pulse for serial data. An external 4. 7 kO pull-up resis
tor is required on SSTRB. 

6 DB9/SCLK Data Bit 9/Serial Clock. When 12-bit parallel data is selected, this pin provide~the DB9 output. SCLK is the gated 
serial clock output deriv~ from the internal or external ADC clock. If the 12/S/CLK input is at -S V, then SCLK 
runs continuously. If 12/S/CLK is at 0 V, then SCLK is gated off after serial transmission is complete. SCLK is an 
open-drain output and requires an external 2 k!l pull-up resistor. 

7 

S-11 

12 

13-16 

17 

IS 

19 

20 

21 

22 

23 

24 
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DBS/SDATA 

DB7/LOW-
DB4/LOW 

DGND 

DB3/DB11-
DBOIDBS 

Von 
AGND 

REF OUT 

VIN 

Vss 
12/S/CLK 

CO NV ST 

cs 

Data Bit S/Serial Data. When 12-bit parallel data is selected, this pin provides the DBS output. SDA TA is an open
drain serial data output which is used with SCLK and SSTRB for serial data transfer. Serial data is valid on the fall
ing edge of SCLK while SSTRB is low. An external 4.7 k!l pull-up resistor is required on SDATA. 

Three-state data.Qutputs which are controHed by CS and RD. The!! function depends on the 12/S/CLK and HBEN 
inputs. With 12/S/CLK high, they are always DB7-DB4. With 12/S/CLK low or -S V, their function is controHed 
by HBEN (see Table I). 

Digital Ground. Ground reference for digital circuitry. 

Three-state data_!lutputs which are controlled by CS and RD. The.!! function depends on the 12/S/CLK and HBEN 
inputs. With/12/S/CLK high, they are always DB3-DBO. With 12/S/CLK low or -S V, their function is controlled 
by HBEN (see Table I). 

Positive Supply, +S V ±So/o. 

Analog Ground. Ground reference for track/hold, reference and DAC. 

Voltage Reference Output. The internal 3 V reference is provided at this pin. The external load capability is SOO µA. 

Analog Input. The analog input range is ±3 V for the AD7S70, ±IO V for the AD7S76 and 0 to +S V for the AD7S7S. 

Negative Supply, -5 V ±So/o. 

Three Function Input. Defines the data format and serial clock format. With this pin at + S V, the output data for
mat is 12-bit parallel only. With this pin at 0 V, either byte or serial data is available and SCLK is not continuous. 
With this pin at -S V, byte or serial data is again available but SCLK is now continuous. 

Convert Start. A low to high transition on this input puts the track/hold into its hold mode and starts conversion. 
This input is asynchronous to the CLK inp11t. 

Chip Select. Active low logic input. The device is selected when this input is active. With CONVST tied low, a new 
conversion is initiated when CS goes low. 

HBEN DB7/LOW DB6/LOW DBS/LOW DB4/LOW DB3/DB11 DB2/DB10 DB1/DB9 DBO/DB8 

HIGH LOW LOW LOW LOW DBll (MSB) DBIO DB9 DBS 

LOW DB7 DB6 DBS DB4 DB3 DB2 DBI DBO (LSB) 

Table I. Output Data for Byte Interfacing 

PIN CONFIGURATIONS' 
DIP and SOIC2 PLCC2 

I~ 

I~ d 
cs d Ii I~ fi! 11'.l 

1; 
CONVST 

121ii1CLK 

v,, 

V1N 
Vw 

REF OUT 

NC 

Voo 

1PIN CONFIGURATIONS ARE THE SAME FOR 
THE AD7870, AD7876 AND AD787&. 

~ ~ Q fi! ~ 2THE AD7870 AND AD7875 ARE AVAILABLE IN 

i 
z 

DIP AND Pl.CC; THE AD7870A IS AVAILABLE IN " PLASTIC DIP; THE AD7875 AND AD7876 ARE ~ 
Q 

~ AVAILABLE IN SOIC AND DIP. Q NC "" NO CONNECT 
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r'lll ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic 14-Bit ADC 
2s Complement Coding 
Parallel, Byte and Serial Digital Interface 
80 dB SNR at 10 kHz Input Frequency 
57 ns Data Access Time 
Low Power-50 mW typ 
83 kSPS Throughput Rate 
16-Lead SOIC (AD7872) 

APPLICATIONS 
Digital Signal Processing 
High Speed Modems 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7871 and AD7872 are fast, complete, 14-bit analog-to
digital converters. They consist of a track/hold amplifier, 
successive-approximation ADC, 3 V buried Zener reference and 
versatile interface logic. The ADC features a self-contained, la
ser trimmed internal clock, so no external clock timing compo· 
nents are required. The on-chip clock may be overridden to 
synchronize ADC operation to the digital system for minimum 
noise. 

The AD7871 offers a choice of three data output formats: a sin
gle, parallel, 14-bit word; two 8-bit bytes or a 14-bit serial data 
stream. The AD7872 is a serial output device only. The two 
parts are capable of interfacing to all modern microprocessors 
and digital signal processors. 

The AD7871 and AD7872 operate from ±5 V power supplies, 
accept bipolar input signals of ± 3 V and can convert full power 
signals up to 41.5 kHz. 

In addition to the traditional de accuracy specifications, the 
AD7871 and AD7872 are also fully specified for dynamic perfor
mance parameters including distortion and signal-to-noise ratio. 

Both devices are fabricated in Analog Devices' LC2MOS mixed 
technology process. The AD7871 is available in 28-pin plastic 
DIP, hermetic DIP and PLCC packages. The AD7872 is avail
able in 16-pin plastic and hermetic DIP packages or 
16-lead SOIC. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, Call our fax retrieval system at 1-800-446-6212. 

REV.B 

LC2MOS 
Complete 14-Bit Sampling ADCs 

AD7871/AD7872 I 
FUNCTIONAL BLOCK DIAGRAMS 

CS Rfi BUSY/ 0813 DBO DGND Vss 

INT 

SSTfte SCLK SDATA DGNO Vss 

PRODUCT HIGHLIGHTS 
I. Complete 14-Bit ADC on a Chip. 

2. Dynamic Specifications for DSP Users. 

3. Low Power. 
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(V00 = +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = 

AD7871/AD7872-SPECIFICATIONS O V, fcLK = 2 MHz external, fsAMPL~ = 83 kHz unless otherwise 
stated.JAii Specifications Tmin to. Tmax unless otherwise noted. 

J,A K,B T 
7 

Parameter Versions1 Versions1 Vetsion1 Units Test Conditions/Comments 

DYNAMIC PERFORMANCE2 

Signal to Noise Ratio3 (SNR)@ +25°C 80 80 79 dB min VIN = 10 kHz Sine Wave 

Tmin to Tmax 80 80 79 dBmin SNR is Typically 82 dB for <VIN<41.5 kHz; 
Total Harmonic Distortion (THO) -86 -90 dBmax VIN = 10 kHz Sine Wave; 

-85 dB typ 
Peak Harmonic or Spurious Noise -86 -90 dB max VIN= IO kHz. 

-85 dB typ 
Intermodulation Distortion (IMO) 

Second Order Terms -86 '--90 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 
-85 dB typ 

Third Order Terms -86 -90 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 
-85 dB typ 

Track/Hold Acquisition Time 2 2 2 µ.s max 

DC ACCURACY 
Resolution 14 14 14 Bits 
Minimum Resolution for Which 

No Missing Codes Are Guaranteed 14 14 14 Bits 
Integral Nonlinearity@ +25°C ±112 ±112 LSB typ 
Integral Nonlinearity ±1 ±1 LSB max 
Bipolar Zero Error ±12 ±12 ±12 LSB max 
Positive Gain Error4 ±12 ±12 ±12 LSBmax 
Negative Gain Error4 ±12 ±12 ±12 LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±500 ±500 ±500 µAmax 

REFERENCE OUTPUT 
REF OUT@ +25°C 2.99/3.01 2.99/3.01 2.99/3.01 Vmin/Vmax 

Tmin to Tmax 2.98/3.02 2.98/3.02 2.98/3.02 V min/V max 
REF OUT Tempco ±40 ±40 ppm/°C max Typically 35 ppm 
Reference Load Sensitivity 

(AREF OUT/Al) ±I ±1 ±1 mVmax Reference Load Current Change (0-500 µA); 
Reference Load Should Not Be Changed During Convei:sion 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 Vmin V00 = 5 V ± 5% 
Input Low Voltage, VINL 0.8 0.8 0.8 Vmax Voo =.5 V ± 5% 
Input Current, IIN ±JO ±10 ±IO µAmax VIN=OVtoVoo 
Input Current (14/S/CLK Input Only) ±IO ±10 ±IO µAmax VIN= V88 to V00 

Input Capacitance, CIN 5 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, V0 H 4.0 4.0 4.0 Vmin lsoURCE = 40 µA 
Output Low Voltage, V 0L 0.4 0.4 0.4 Vmax ls!NK = 1.6 mA 
DBl3-DBO 

Floating-State Leakage Current 10 IO IO µAmax 
Floating-State Output Capacitance' 15 15 15 pFmax 

_:_ 
CONVERSION TIME 

External Clock 10 IO IO µsmax 
Internal Clock I0.5 I0.5 I0.5 µs max The Internal Clock Has a Nominal Value of 2 MHz 

POWER REQUIREMENTS 

Voo +5 +5 +5 Vnom ±5% for Specified Performance 

Vss -5 -5 -5 Vnom ±5% for Specified Performance 

loo 13 13 13 mAmax Typically 6 mA 

lss 6 6 6 mAmax Typically 4 mA 
Power Dissipation 95 95 95 mW max Typically 50 mW 

NOTES 
1Temperature ranges are as follows: J, K versions, 0°C to +70°C; A, B versions, ~40°C to +85°C; T version; -55°C to +125°C. 
2V1N = ±3 V. 
3SNR calculation includes distortion and noise components. 
4Measured with respect to internal reference. 
5Sample tested @ + 25"C to ensure compliance. 

Specifications subject to change without notice. 
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AD7871 /AD7872 

TIMING CHARACTERISTICS1' 2 (V00 = +5 V ± 5%, Yss = -5 V ± 5%, AGND DGND 0 V. See Figures 3, 4, 5 and 6.) 
Limit at T min' T max Limit at T min' T max 

Parameter U, K, A, B Versions) (T Version) Units Conditions/Comments 

ti 50 50 nsmin CONVST Pulse Width 
ti 0 0 ns min CS to RD Setup Time (Mode 1) 
t, 60 75 ns min RD Pulse Width 
t4 0 0 nsmin CS to RD Hold Time (Mode I) 
ts 70 70 ns min RD to INT Delay 
to' 57 70 ns max Data Access Time after RD 
t,4 5 5 nsmin Bus Relinquish Time after RD 

50 50 ns max -
tg 0 0 ns min HBEN to RD Setup Time 
t9 0 0 ns min HBEN to RD Hold Time 
tw 100 100 nsmin SSTRB to SCLK Falling Edge Setup Time 
tn s 440 440 nsmin SCLK Cycle Time 
tiz 6 155 155 ns max SCLK to Valid Data Delay. CL= 35 pF 
t13 140 150 ns max SCLK Rising Edge to SSTRB 

20 20 nsmin 
ti4 4 4 nsmin Bus Relinquish Time after SCLK 

100 100 ns max 
tis 60 60 nsmin CS to RD Setup Time (Mode 2) 
ti6 120 120 ns max CS to BUSY Propagation Delay 
t17 3 200 200 nsmin Data Setup Time Prior to BUSY 
tis 0 0 nsmin CS to RD Hold Time (Mode 2) 
ti9 0 0 nsmin HBEN to CS Setup Time 
tzo 0 0 nsmin HBEN to CS Hold Time 
NOTES 
1Timing Specifications in bold print are 100% production tested. All other times are sample tested at + 25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns 
(10% to 90% of S V) and timed from a voltage level of 1.6 V. 

2Serial timing is measured with a 4.7 kO pull-up resistor on SDATA and SSTRB and a 2 k!l pull-up resistor on'SCLK. The capacitance on all three outputs is 35 pF. 
3t6 and t17 are measured with the load circuits of Figure land defined as the time required for an output to cross 0.8 V or 2.4 V. 
4t7 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrapolated back to remove 

the effects of charging or discharging the 50 pF capacitor. This means that the time, t7 , quoted in the Timing Characteristics is the true bus relinquish time of the part and is 
independent of bus loading. 

5SCLK mark/space ratio (measured from a voltage level of I.6 V) is 40/60 to 60/40. 
6SDATA will drive higher capacitive loads, but this will add to t 12 since it increases ~he. external RC time constant (4.7 kf!//CL) and hence the time to reach 2.4 V. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
VDD to AGND .... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND ............. -0.3 V to V DD + 0.3 V 

+2.lV 
V1N to AGND ............ Vss - 0.3 V to VDD + 0.3 V 
REF OUT, CREF to AGND ............... 0 V to VDD 
Digital Inputs to DGND . . . . -0.3 V to VDD + 0.3 V 
Digital Outputs to DGND . . . . -0.3 V to V DD + 0.3 V 
Operating Temperature Range 

Commercial (J, K Versions) .... 0°C to +70°C Figure 1. Load Circuit for Access Time 

Industrial (A, B Versions) . . . . -40°C to +85°C 
Extended (T Version) . . . . . . . . . . -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW +2.1V 
Derates above +7S°C by ................... 6 mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Figure 2. Load Circuit for Output Float Delay 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! eJ 
~~EDEVICE 
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AD7871/AD7872 

D89 

D89 

087 

oaa 

DGND 

DIP 

NC = NO CONNECT 

PIN CONFIGURATIONS 

DIP,SOIC 

14fi/CLOCK 

v,. 

REFOUT 

NC 

c. .. 
AONO 

DB13/HSEN I 

DB121Siiiii 7 

0811/SCLK 8 

DB0/088 
NC = NO CONNECT 

DB10/SDATA 9 

DBI 

oaa 
081/089 

DB2/DB10 

D83/DB11 NC = NO CONNECT 

OM/0812 

D85/DB13 

Model1 • 2 

AD7871JN 
AD7871KN 
AD7871JP 
AD7871KP 
AD7871AQ 
AD7871BQ 
AD7871TQ4 

NOTES 

AD7871 ORDERING GUIDE 

Temperature Relative Package 
Range SNR Accuracy Option• 

0°C to +70°C 80 dBs min N-28 
0°C to +70°C 80 dBs min ±1 max N-28 
0°C to +70°C 80 dBs min P-28A 
0°C to +70°C 80 dBs min ±1 max P-28A 
-40°C to +85°C 80 dBs min Q-28 
-40°C to +85°C 80 dBs min ±1 max Q-28 
-ss0c to + 125°C 79 dBs min ±1 max Q-28 

1To order MJL-STD-883, Class B, processed parts, add /883B to part 
number. Contact local sales office for militarY data sheet. 

'Contact. local sales office for LCCC availability. 
3N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline information see Package Information section. 

4Available to /883B processing only. 

AD7872 ORDERING GUIDE 

Temperature Relative Package 
Model1 Range SNR Accuracy Option2 

AD7872AN -40°C to +85°C 80 dBs min N-16 
AD7872JN 0°C to +70°C 80 dBs min N-16 
AD7872KN 0°c to +70°c 80 dBs min ±1 max N-16 
AD7872JR 0°C to +70°C 80 dBs min R-16 
AD7872KR 0°C to +70°C 80 dBs min ±1 max R-16 
AD7872AQ -40°C to +85°C 80 dBs min Q-16 
AD7872BQ -40°C to +85°C 80 dBs min ±1 max Q-16 
AD7872TQ3 -55°C to + 125°C 79 dBs min ±1 max Q-16 

NOTES 
'To order MIL-STD-883, class B, processed par.ts, add /8S3B to part 
number. Contact local sales office for military data sheet. 

'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

3 Available to /883B processing only. 
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TOP VIEW 
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DATA 

TRACK/HOLD 
GOES INTO HOW 

-·~~Mom: u 
TRACK. SIGNALACOUl~SITION -.i I 
BEGINS t, , 1:: 

--- ''°·~ .. - .. --i ; ., I 
THREE-STATE fViijij\ 

~>----

0813-080 

Figure 3. Mode 1 Timing Diagram, 14-Bit Parallel Read 

SCLK3 I \ I \ I ' I ',_ f ' . ... ,, I ' .,_,, I ' .,_,, ' ' .,_,, \ .. J 

AD7871/AD7872 

I ' .,_,, 
~ ......... • .. --I~·" 
-J \..J \.J ::i \...I -

SOATA ---~~E .... -'-··---------------' . ..... 

SERIAL DATA 
NOTES 
;~J5~~4j-k'ti :~~L~~:~~~~ME FOR A HIGH BYTE READ AS FOR·A LOW BYTE READ. 

3EXT£RNAL Z kU PULL-UP RESISTOR. CONTINUOUS SCLK (DASHED UNEI WHEN 14/ii/CLK 
(CONTROL)"' -5 V; NONCONTINUOUS WHEN 14/l/CLK (CONTROL) : DV. 

Figure 4. Mode 1 Timing Diagram, Byte or Serial Read 
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AD7871/AD7872 

•'---------<I~ 
~ ~-tco--.,-----i ~ I 

t1f1 TRACK/HOLD RETURNS TO 
---'---.! TRACK. SIGNALA:==n::-CQU.ISITION 

BEGINS· . ·1 
BUSY --eoj 

~------<. • .. _, ~ ., I 
THREE·STAtE ~ 

DATA-------------~~ 

0813-080 

Figure 5. Mode 2 Timing Diagram, 14-Bit Parallel Read 

HBEN' ~ U w //J 
-±I- --+1-.. . . . t-- TRACK/HOLD _J : Y." ~r--•o __ .. __ •NT __ o __ •OLD-------i1t•------J--. ~,~ ... 

. If -1 ~---"-'~-tcot.w~llT ----'--------i t,, TRACK/HOLD RETURNS TO TRACK. 
SIGNAL ACQUISITION BEGINS. · -------------------

BUSY \ --l 
'" I.- ., 

THREE-ST ATE 

NOTES 
~~~it,lj 'kn ~Llf P~ FOR A HIGH BYTE READ AS FOR A LOW BYTE REA~. 
:tcoN11NUOUS SCLK IDASHEO LINE) WHEN 1411/ClK ICONTROLI • -5'V; NONCONTINUOUS WHEN 
1<1/llCUC ICONTROLJ "" 0 V. EXTBINAL 2 kJ) PUll-UP RESISTOR. 

Figure 6. Mode 2 Timing Diagram, .Byte or SeriaJ Bead 
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1111111111 ANALOG 
WDEVICES 

LC2MOS 4-Channel, 12~Bit Simultaneous 
Sampling Data Acquisition System 

FEATURES 
Four On-Chip Track/Hold Amplifiers 
Simultaneous Sampling of 4 Channels 
Fast 12-Bit ADC with 8 µs Conversion Time/Channel 
29 kHz Sample Rate for All Four Channels 
On-Chip Reference 
:t10 V Input Range 
:t5 V Supplies 

APPLICATIONS 
Sonar 
Motor Controllers 
Adaptive Filters 
Digital Signal Processing 

GENERAL DESCRIPTION 
The AD7874 is a four-channel simultaneous sampling, 12-bit 
data acquisition system. The part contains a high speed 12-bit 
ADC, on-chip reference, on-chip clock and four track/hold 
amplifiers. This latter feature allows the four input channels to 
be sampled simultaneously, thus preserving the relative phase 
information of the four input channels, which is not possible if 
all four channels share a single track/hold amplifier. This makes 
the AD7874 ideal for applications such as phased-array sonar 
and ac motor controllers where the relative phase information is 
important. 

The aperture delay of the four track/hold amplifiel'S is small and 
specified with minimum and maximum limits. This allows sev
eral AD7874s to sample multiple input channels simultaneously 
without incurring phase errors between signals connected to sev
eral devices. A reference output/reference input facility also 
allows several AD7874s to be driven from the same reference 
source. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7874 is also fully 
specified for dynamic performance parameters including distor
tion and signal-to-noise ratio. 

The AD7874 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low-power CMOS logic. 
The part is available in a 28-pin, 0.6" wide, plastic or hermetic 
dual-in-line package (DIP), in a 28-terminal leadless ceramic 
chip carrier (LCCC) and in a 28-pin SOIC. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call onr fax retrieval system at l ·800·446-6212. 

REV.C 

AD7874 I 
FUNCTIONAL BLOCK DIAGRAM 

AGND DGND V99 

PRODUCT HIGHLIGHTS .. . 
1. Simultaneous Sampling of Four Input ChaMels: 

CLK 

DBO 

DB11 

REFIN 

REF OUT 

Four input channels, each with its own track/hold amplifier, 
allow simultaneous sampling of input signals. Track/hold 
acquisition time is 2 µs, and. tJi.e conversion time per channel 
is 8 µs, allowing 29 kHz sample rate for all four channels. 

2. Tight Aperture Delay Matching. 
The aperture delay for each channel is small and the aperture 
delay matching between the four channels is less than 4 ns. 
Additionally, the aperture delay specification has upper and 
.lower limits allowing multiple AD7874s to sample more than 
four channels. 

3. Fast Microprocessor Interface. 
The high speed digital interface of the AD7874 allows direct 
connection to all modern 16-bit microprocessors and digital 
signal processors. 
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AD7874-SPEClflCA'JIQNS (VDD =+5V'.Yss= -5V,AGND = DGND =OV~REFI~ = ":3Y,f1:111=2.5MHz 
. ft external All specifications T1111 to T unless othelWlsa noted) · · · • - . ·~. 

~ .. 
Parameter AVenlon B.Venioa SVenioa Units 

SAMPl:E:.AND·HqLD 
Acquisition Time2 to 0.01 % 2 2 2 µ.s max· 
Droop Rate2· • 1 1 2 mV/msmax 
- 3 dB Small Sijpiai Bandwidth3 500 500 500 kHz typ 
Aperture Delay2 . 0 0 0 nsmin 

40 40 40 nsmax 
Aperture Jitter" • 200 200 200 ps typ 
Aperture Delay Matchin82 4 4 4 nsmax 

SAMPLE-ANDcHOLD AND.ADC 
DYNAMIC PERFORMANCE 
Signal-to-Nciise Ratio 70 71 70 dB min 
Total Harmonic Distortion -78 -80. -78 dB max 
Peak Harmonic or Spurious Noise -78 -'80 -78 dB max 
Intermodulation Distortion 

2nd Order Terms -80 -80 -80 dB max 
3rd Order Terms -'80 -80 -80 dB max 

Channel·to-CbiUmel Ilolatimr' -80 -80 -80 dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Relative Acc11racy ±1 ±112 ±1 LSBmax 
Differentiai Nonlinearity ±1 ±1 ±1 LSBmax 
Positive Full-Scale Error4 .• ±5 ±5 ±5 LSBmax 
Negative Fuil'Scale Error4 ±5 ±5 ±5 LSBmax 
Full-Scale Error Match 5 5 5 LSBmax 
Bipnlar Zero Error ±5 ±5 ±5 LSBmax 
Bipolar Zero Error Match 4 4 4 LSBmax 

ANALOG INPUTS 
Input Voltage Range ±10 ±10 ±10 Volts 
Input Current ±600 ±600 ±600 µAmax 

REFERENCE OUTPUT' . 
REF OUT 3 3 3 Vnom 
REF OUT Error@ +25"C ±0.33 ±0.33 ±0.33 %max 

T-toT.,.. ±1 ±1 ±1 %max 
REF OUT Temperature Coefficient ±35 ±35 ±35 ppml"C typ 
Reference Load Change ±1 ±1 ±2 mVmax 

REFERENCE INPUT 
Input Voltage Range 2.85/3.15 2.85/3.15 2.8513.15 Vmin/Vmax 
Input Current ±I ±1 ±1 µAmax 
Input Capacitsnce' 10 10 10 pF~ 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 2.4 Vmin 
Input Low Voltage, VINL 0.8 0;8 0.8 Vmax 
Input Current, Im ±10 ±10 ±10 µAmax 
Input Capacitance, c,N• 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VoH 4.0 4.0 4.0 Vmin 
Output Low Voltage, V0 L 0.4 0.4 0.4 Vmax 
D:QO-DBll ' , 

Floating,State Leakage Current ±10 ±10 ±10 µAmail: 
Floating-State Outi>ut Capacitance 10 10 10 pFmax 
Output Coding 2s COMPLEMENT 

POWER REQUIREMENTS 
Von +5 +5 +5 Vnom 

Vss -5 -5 -5 Vnom 

Inn 18 18 18 mAmax 
lss 12 12 12 mAmax 
Power Dissipation 150 150 150 mW max 

NOTES 
'Temperature r._ are as follows: A, B Versions: -40"C to +85"C; S Version: -SS"C to+ 125"C. 
2See Terminology. 
'Sample tested @ + 2S"C to ensure compliance. 
4Measured with respect to the REF IN voltage and includes bipolar offset error. 
'For capacitive loads greater than SO pF a series resistor is required. 

Specificationa subject to change without notice. 
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Teat~ 

VIN = 500 mV p-p 

flN = 10 kHz' Sine Wave, fSAMPLE = 29,kHz 
flN = 10 kHz Sine Wave, fSAMPu = 29 kHz 
flN = 10 kHz Sine Wave, fSAMPLE = 29 kHz 
fa= 9 kHz, fb = 9.5 kHz, fSAMPLE = 29 kHz 

No Missing Codes Guaranteed 
Any Channel, 
AnyChannel 
Between Channels 
Any Channel 
Between Channels ' 

Reference Load Current Cbange (0-500 µA) 
Reference Load Should Not Be Changed During Conversion 

3V ± 5% 

V00 = 5 V ±5% 
Von= 5 V ±5% 
VIN= OVtoVnn 

V00 = 5 V ±5%; IsoUkCE = 40 µA 
V00 = 5 V ±5%; lsJNK = 1.6 mA 

VIN= OVtoVnn 

±5% for Specified Performance 
±5% for Specified Performance 
CS= RD= CONVST = +5 V; Typically 12 mA 
CS =RD = CONVST = +5 V; Typically 8 mA 
CS = RD = CONVST = +5 V; Typically 100 mW 

REV.C 



AD7874 

TIMING CHARACTERISTlcsl (V00 = +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = 0 V, fcLK = 2.5 MHz external 
unless otherwise stated.) 

Parameter A, B Versions S Version Units Conditions/Comments 

t1 so so ns min CONVST Pulse Width 
t, 0 0 nsmin CS to RD Setup Time 
t, 60 70 ns min RD Pulse Width 
t. 0 0 ns min CS to RD Hold Time 
ts 60 60 ns max RD to INT Delay 
t.2 57 70 ns max Data Access Time after RD 
t,' 5 5 ns min Bus Relinquish Time after RD 

45 50 ns max 
ts 130 lSO ns min Delay Time between Reads 

l:coNV 31 31 µs min CONVST to INT, External Clock 
32.S 32.S µs max CONVST to INT, External Clock 
31 31 µsmin CONVST to INT, Internal Clock 
3S 3S µs max CONVST to INT, Internal Clock 

l:cLK 10 10 µs max Minimum Input Clock Period 

NOTES 
1Timing Specifications in bold print are 100% production tested. All other times are sample tested at + 25°C to ensure compliance. All input signals 
are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

2t6 is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t 7 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 2. The measured number is then extrap-
• olated back to remove the effects of charging or discharging the SO pF capacitor. This means that the time, tn quoted in the timing characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 

Specifications subject to change without notice. 

+2.1V 

Figure 1. Load Circuit for Access Time 

TO OUTPUT 
PIN 

+2.1V 

Figure 2. Load Circuit for Bus Relinquish Time 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

V00 to AGND .................... -0.3 V to +7 V 
Vnn to DGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to V00+0.3 V 
V1N to AGND ..................... -15 V to +lS V 
REF OUT to AGND ................... 0 V to V00 

Digital Inputs to DGND ......... -0.3 V to V00 +0.3 V 
Digital Outputs to DGND ........ -0.3 V to V00 +0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ........... -40°C to +85°C 
Extended (S Version) .............. -SS°C to + 12S°C 

Storage Temperature Range ........... -6S°C to + 1S0°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ...... 1,000 mW 
Derates above +7S°C by .................. 10 mW/°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro· 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! ~ 
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AD7874 
ORDERING GUIDE 

Relative 
Temperatul'e SNR Accuracy Package 

Model1 Range (dBs) (LSB) Option2 

AD7874AN -4.0°C to +85°C 70min ±1 max N-28 
AD7874BN -40°C to +85°C 72 min ±l/2max N-28 
AD7874AR -40°C to +85°C 70 min ±1 max R-28 
AD7874BR -40°C to +85°C 72 min ±1/2 max R-28 
AD7874AQ -40°C to +85°C 70 min ±1 max Q-28 
AP7874BQ -40°C to +85°C 72 min ±112 max Q-28 
AD7874SQ3 -55°C to + 125°C 70 min ±1 max Q-28 
AD7874SE3 -55°C to + 125°C 70 min ±1 max E-28A 

NOTES 
'To order MIL-STD-.883, Class B processed parts, add /883B to part number. 
Contact our. local sales office for military data sheet and availability. 

2E = Leaded Ceramic Chip Carrier; N = Plastic DIP; Q = Cerdip; R = SOIC. 
For outline information see Package Information section. 

'Available to /883B processing only. 

PIN CONFIGURATIONS 

DIP and SOIC 

DB11 (MSB) 

DB10 

DB9 

DBS 

DGND 

LCCC 

I~ >BJ J J J.} 

COtiVsT 5 

Rii a 
Cs 7 

CLK 8 

Voo 9 

DB11 (MSB) 10 

DB10 11 

4321282726 

12 13 14 15 16 17 18 

~ ~ I ~ ~ ~ ~ 

v, .. 
VIN3 

Yss 

REF OUT 

REFIN 

AGND 

DBO(LSB) 

DB1 

DB2 

DB3 

DB4 

DBS 

DB& 

DB7 

25 REF OUT 

24 REFIN 

23 AGND 

22 DBO(LSB) 

21 DB1 

20 DB2 

19 DB3 
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TRACK/HOLDS GO 
INTO HOLD 

t, 

~~~r~•~.~~·~1----
DATA HIGH-IMPEDANCE HIGH·Z 

~~~~--11--~J~~·~·~J~~·~·~J~~~:I----

TIMES t,, t,, t,, t6 , 17 AND t8 ARE THE SAME FOR All FOUR READ OPERATIONS. 

Figure 7. AD7874 Timing Diagram 
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LC2MOS. Complete 12-Bit 
100 kHz Sampling ADC with DSP Interface 

I 
FEATURES 
Complete ADC with DSP Interface, Comprising: 

Track/Hold Amplifier with 2 µs Acquisition Time 
7 µs A/D Converter 
3 V Zener Reference 
s~word FIFO and Interface Logic 

7.2 dB SNR at 10 kHz Input Frequency 
Interfaces to High Speed DSP Processors, e.g., 

ADSP-2100, TMS32010, TMS32020 
41 ns max Data Access Time 
Low Power, 60 mW typ 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7878 is a fast, complete 12-bit AID converter with a 
versatile DSP interface consisting of an 8-word, first-in, first-out 
(FIFO) memory and associated control logic. 

The FII:O memory allows up to eight samples to be digitized 
before the microprocessor is required to service the AID con
verter. The eight words can then be read out of the FIFO at 
maximum microprocessor speed. A fast data access time of 41 ns 
allows direct interfacing to DSP processors and high speed 
16-bit microprocessors. 

An on-chip status/control register allows the user to program the 
effective length of the FIFO and contains the FIFO out of 
range, FIFO empty and FIFO word count information. 

The analog input of the AD7878 has a bipolar range of ± 3 V. 
The AD7878 can convert full power signals up to 50 kHz and is 
fully specified for dynamic parameters such as signal-to-noise 
ratio and harmonic distortion. 

The AD7878 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in four package styles, 28-pin plastic and 
hermetic dual-in-line package (DIP), leadless ceramic chip car
rier (LCCC) or plasticleaded chip carrier (PLCC). 

PRODUCT HIGHLIGHTS 
1. Complete AID Function with DSP Interface 

The AD7878 provides the complete function for digitizing ac 
signals to 12-bit accuracy. The part features an on-chip track/ 
hold, on-chip reference and 12-bit AID converter. The addi
tional feature of an 8-word FIFO reduces the high software 
overheads associated with servicing interrupts in DSP 
processors. 

This is an abridged data sheet. To obtain tbe most recent vetsion or 
complete data sheet, call our fax retrieval system at 1·800-446-6i12. 

REV.A 

AD7878 I 
FUNCTIONAL BLOCK DIAGRAM 

DGND DB11 080 v .. 

2. Dynamic Specifications for DSP Users 
The AD7878 is fully specified and tested for ac parameters, 
including signal-to-noise ratio, harmonic distortion. and inter· 
modulation distortion. Key digital timing param.eters ate also 
tested and specified over the full operating temperature 
range. 

· 3. Fast Microprocessor Interface 
Data access time of 41 ns is the fastest ever achieved in a 
monolithic AID converter and makes the AD7878 compatible 
with all modern 16-bit microprocessors and digital signal 
processors. 

ORDERING GUIDE 

Temperature Signal-to- Data Access Package 
Model1• 2 Range Noise Ratio Time Options• 

AD7878JN 0°C to +70°C 70 dB 57 ns N-28 
AD7878AQ -25°C to +85°C 70 dB 57 ns Q-28 
AD7878SQ -55°C to + l25°C 70 dB 57 ns Q-28 
AD7878KN 0°C to +70°C 72 dB 57 ns N-28 
AD7878BQ -25°C to +85°C 72 dB 57 ns Q-28 
AD7878LN 0°c to +70°C 72 dB 41 ns N-28 
AD7878SE4 -55°C to + 125°C 70 dB 57 ns E·28A 
AD7878JP 0°c to +70°C 70 dB 57 ns P-28A 
AD7878KP 0°C to +70°C 72 dB 57 ns P-28A 
AD7878LP 0°c to + 70°C · 72 dB 41 ns P-28A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to part num
ber. Contact our local sales office for military data sheet. 

'Analog Devices re.serves the rigl).t to ship either ceramic (D-28) packages or 
cerdip (Q-28) hermetic packages. 

'For outline information see Package Information· Section. 
4Available to /883B processing only. 

ANALOG-TO-DIGITAL CONVERTERS 2-333 



AD7878 SPECIFl.CAJIONS <Yoo= +5 Y ± 5%, Yee= +5 Y ± 5%, Yss = -5 y ±· 5%, AGND = DGND = 
• . - . · . . ·. . · . . DY, feLK = 8 MHz. All Specifications Tmin tolmax• unless otherwi~e noted.) 

.·. J,A K,L,B s 
Parameter Ve:rsions1 Versions Version Units Test Conditions/Comments 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio (SNR)3 @ 25'C 70 72 70 dB min v,N = 10 kHz Sine Wave, fsAMPLE = 100 kHz 
Tmin to Tmax 70 71 70 dBmin Typically 71.5 dB for O<V IN<SO kHz 

Total Harmonic Distortion (THO) -80 -80 -78 dB max VIN = 10 kHz Sine Wave, fsAMPLE = 100 kHz 
Typically -86 dB for O<V11;<50 kHz 

Peak Harmonic or Spurious Noise -80 -80 -78 dB max VIN = 10 kHz, fsAMPLE = 100 kHz 
Typically -86 dB for O<VIN<SO kHz 

lntermodulation Distortion (IMO) 
Second Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 
Third Order Terms -80 -80 -78 dBmax fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = so. kHz 

Track/Hold Acquisition Time 2 2 2 µs max See Throughput Rate Section. 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for which 

No Missing Codes are Guaranteed 12 12 12 Bits 
Relative Accuracy ±1/2 ±1/4 ±112 LSB typ 
Differential Nonlinearity ±112 ±112 ±112 LSB typ 
Bipolar Zero Error ±6 ±6 ±6 LSB max 
Positive Full Scale Error4 ±6 ±6 ±6 LSBmax 
Negative Full Scale Error' ±6 ±6 ±6 LSB max 

. ·~ ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±550 ±550 ±550 µAmax 

REFERENCE OUTPUT5 

REF OUT 3 3 3 Vnom 
REF OUT Error @ 25°C ±10 ±10 ±10 mVmax 

Tmin to Tmax ±15 ±15 ±15 mVmax 
Reference Load Sens.itivity 

(LIREF OUT/Lil) ±1 ±I ±1 mVmax Reference Load Current Change (0-500 µA). 
Reference Load Should Not Be Changed 
During Conversion. 

LOGIC INPUTS 
Input High Voltage, ViNH +2.4 +2.4 +2.4 Vmin Vee= +5 V ± 5% 
Input'Low Voltage, ViNL +0.8 +0.8 +0.8 Vmax Vee= +5 V ± 5% 
Input Current, IIN ±10 ±10 ±10 µAmax VIN=OtoVcc 
Input Capacitance, c,N 6 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VoH +2.7 +2.7 +2.7 Vmin IsouRcE = 40 µA 
Output Low Voltage, V 0L +0.4 +0.4 +0.4 Vmax IsINK = 1.6 mA 
DBll-DBO 

Floating State Leakage Current ±10 ±10 ±10 ±10 µAmax 
Floating State Output Capacitance6 15 15 15 15 pFmax 

CONVERSION TIME 
717.125 7/7.125 7/7.125 µs min/µs max Assuming No External Read/Write Operations 
719.250 719.250 719.250 µs min/µs max Assuming 17 External Read/Write Operations 

See Internal <:;omparator Timing Section 

POWER REQUIREMENTS 
Voo +5 +5 +5 Vnom ±5% for Specified Performance 
Vee +5 +5 +5 Vnom ±5% for Specified Performance 
Vss -5 -5 -5 Vnom ±5% for Specified Performance 
loo 13 13 13 mAmax CS = DMWR = DMRD = 5 V 
Ice 100 100 100 µAmax CS = DMWR = DMRD = 5 V 
Iss 6 6 6 mAmax CS. = DMWR = DMRD = 5 V 
Power Dissipation 95.5 95.5 95.5 mW max Typically 60 mW 

NOTES 
1Temperature range as follows: J, K, L verSioµs: 0 to +70°C; A, B versions: -25°C to +85°C; S version: -55°C to +125°C. 
2VIN = ±3 v. See Dynamic Spedfications section. 
3SNR calculation includes distortion and noise \:Omponents. 
4Measured with respect to the Internal Reference. 
5For Capacitive Loads greater thait 50 pF a _series resistor is required (see Internal Reference section). 
6Sample tested @ + 25'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7878 

TIMING CHARACTERISTICS1 (Y00 = 5 Y ± 5%, Yee= 5 Y ± 5%, Yss = -5 Y ± 5%) 

Limit at T min' T max Limit at Tmm' Tmax Limit at Tmm' Tmax 
Parameter (L Grade) (J, K, A, B Grades) (S Grade) Units Conditions/Comments 

t, 65 65 75 nsmax CLK IN to BUSY Low Propagation Delay 

12 65 65 75 ns max CLK IN to BUSY High Propagation Delay 
t, 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles min CONVST Pulse Width 

c.. 0 0 0 ns min CS to DMRDIREGISTER ENABLE Setup Time 
t, 0 0 0 nsmin CS to DMRDIREGISTER ENABLE Hold Time 

1. 45 60 60 ns min DMRD Pulse Width 
50 50 50 µ.smax 

!7 16 16 16 ns min ADDO to DMRDIREGISTER ENABLE Setup Time 

Is 0 0 0 ns min ADDO to DMRD/REGISTER ENABLE Hold Time 
c,,2 41 57 57 nsmin Data Access Time after DMRD 
t103 5 5 5 nsmin Bus Relinquish Time 

45 45 45 nsmax 
In 42 42 55 ·ns min REGISTER ENABLE Pulse Width 

so 50 50 µ.s max 

112 20 20 30 ns min Data Valid to REGISTER ENABLE Setup Time 

113 10 10 10 ns min Data Hold Time after REGISTER ENABLE 

t1./ 41 57 57 ns min Data Access Time after BUSY 

tRESET 2 CLK IN cycles 2 CLK IN cycles 2 CLK IN cycles min RESET Pulse Width 

NOTES 
'Timing Specifications in bold print are 100% production tested. All other times are sample tested at + 25°C to ensure compliance. All input signals are specified 
with tr= tf = S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 

2r.,, and t14 are measured with the load circuits of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t10 is defined as the time required for the data lines to change 0.5 V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

56k 50pF 
DBNtF 

DGN~ 
a. High-Z to VOH 

SV 

} 56k 

DBN----c-
50pF 

DGND~ 
b. High-Z to VoL 

Figure 1. Load Circuits for Access Time 

5V 

DBN--rr 
3k T tOpF 

DGND'\J 
-+ TtOpF 

DGND9 
a; VOH to High-Z b. VoL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise stated) 

VDD to DGND .................... -0.3 V to +7 V 
Vc.c to DGND ..................... -0.3 V to +7 V 
Vss to DGND ..................... +0.3 V to -7 V 
VDD to Vc,c ..................... -0.3 V to +0.3 V 
AGND to DGND .............. -0.3 V to VDD +0.3 V 
VIN to AGND ...................... -15 V to +15 V 
REF OUT to AGND ..................... 0 to V DD 
Digital Inputs to DGND 

CLK IN, DMWR, DMRD, RESET, 
CS, CONVST, ADDO ......... -0.3 V to VDD +0.3 V 

Digital Outputs to DGND 
ALFL, BUSY ............... -0.3 V to VDD +0.3 V 

Data Pins 
DBll-DBO ................. -0.3 V to VDD +0.3 V 

Operating Temperature Range 
J, K, L Versions ..................... 0 to +70°C 
A, B Versions .................... -25°C to +85°C 
S Version ...................... -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 

Derates above + 75°C by ................. 10 mW re 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (eiectrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, perman,ent damage may occur on unconnected devices subject to high energy Clectro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! c:J 
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AD7878 
PIN FUNCTION DESCRIPTION 

Pin Pin 
Number Mnemonic Function 

2 

4 

6 

7 

8 

9 

10-IS 

16-19 

20 

21 

22 

23 

24 

2S 

26 

27 

28 

ADDO 

cs 
DMWR 

DMRD 

BUSY 

DGND 

Vee 

DBll 

DB IO-DBS 

DB4-DBI 

DBO 

Voo 

AGND 

REF OUT 

VIN 

Vss 

CONVST 

RESET 

CLKIN 

Address Inpµt. This control input deteriuines whether the word placed on the output data bus duriog a read operation is a 
data word from the FIFO Ri}M or the c.ontents of the status/control register. A logic low accesses the data word from 
Location 0 of the FIFO while a logic high selects the contents of the register (see Status/Control Register section). 

Chip Sdect. Active··low logic input. The device is selected when this input is active. 

D~ta Memory Write. Active low logic inpu(. DMWR is used in conjunction with CS low and ADDO high to write data to 
the status/control register. Corresponds .to DMWR (ADSP-2100), R!W (MC68000, TMS32020), WE (TMS32010). 

Data Memory READ. Active low logic ioput. DMRD is used io conjunction with CS low to enable the three-state output 
buffers. Corresponds directly to DMRD (ADSP-2100), DEN (TMS32010). 

Active low logic output. This output goes low when the ADC receives a CONVST pulse and remaios low until the 
track/hold has gone into its hold mode. The three-state drivers of the AD7878 can be disabled while the BUSY signal is low 
(see Extended READ/WRITE section). This is achieved by writing a logic 0 to DBS (DISO) of the status/control r~gister. 
Writing a logic I to DBS of the status/control register allows data to be accessed from the AD7878 while BUSY is low. 

FIFO Almost Full. A logic low iodicates that the word count (i.e., number of conversion results) in the FIFO memory has 
reached the programmed word count in the status/control register. ALFL is updated at the end of each conversion. The 
ALFL output is reset to a logic high when a word is read from the.FIFO memory and the word count is less than the 
preprogrammed word count. It can also be set high by writing a logic I to DB7 (ENAF) of the status/control register. 

Digital Ground. Ground reference for digital circuitry. 

Digital supply voltage,· +S V ±So/o. Positive supply voltage for digital circuitry. 

Data Bit II (MSB). Three-state.TTL output. Codiog for the data words io FIFO RAM is 2s complement. 

Data Bit 10 to Data Bit S. Three-state TTL input/outputs. 

Data Bit 4 to Data Bit I. Three-state TTL outputs. 

Data Bit 0 (LSB). Three-state TTL output. 

Analog positive supply voltage, +S V ±So/o. 

Analog Ground. Ground reference for track/hold, reference and DAG. 

Voltage Reference Output. The internal 3 V analog reference is provided at this pin. The external load.capability of the 
reference is SOO µA. 

Analog Input. Analog input range is ± 3 V. 

Analog negative supply voltage, -S V ±So/o. 

Convert Start. Logic input. A low to high transition on this input puts the track/hold ioto its hold mode and starts 
conversion. The CONVST ioput is asynchronous to CLK IN and is independent of CS, DMWR and DMRD. 

Reset. Active low logic input. A logic low sets the words in FIFO memory to 1000 0000 0000 and resets the .ALFL output 
and status/control register. 

Clock Input. TTL-compatible logic input. Used as the clock source for the AID converter. The mark-space ratio of this 
clock can vary from 3S/6S to 6S/3S. 

PIN CONFIGURATIONS 

DIP 

CUUN --Vu 

v,; 

REF OUT 

AGND 

.Voo 

DBO 

0810 081 DB10 

D82 

DOI .-
081 ""' 
°"' 

I'~' 
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PLCC 

BUSY 5 

Alfi 6 

DGND 7 

v~ 8 

LCCC 

4321282726 

AD7878 
TOP VIEW 

25 Va 

24 v.,. 
23 REFOUT 

22 AGND 

OB11 9 !Not to Seate! 21 Yoo 

DB10 10 20 D80 

D89 ~1 19 DB1 
\.l!:::===::::!..IJ 

12 13 14 ·15 16 17 18 
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FEATURES 
12-Bit Monolithic A/D Converter 
66 kHz Throughput Rate 

12 µs Conversion Time 
3 µs On-Chip Track/Hold Amplifier 

Low Power 
Power Save Mode: 2 mW typ 
Normal Operation: 25 mW typ 

70dB SNR 
Fast Data Access Time: 57 ns 
Small 24-Lead SOIC and 0.3" DIP Packages 

APPLICATIONS 
Battery Powered Portable Systems 
Digital Signal Processing 
Speech Recognition and Synthesis 
High Speed Modems 
Control and Instrumentation 

GENERAL DESCRIPTION 
The AD7880 is a high speed, low power; 12-bit AID converter 
which operates from a single + 5 V supply. It consists of a 3 µs 
track/hold amplifier, a 12 µs successive-approximation ADC, 
versatile interface logic and a multiple-input-range circuit. The 
part also includes a power save feature. 

An internal resistor network allows the part to accept both uni
polar and bipolar input signals while operating from a single 
+ 5 V supply. Fast bus access times and standard control inputs 
ensure easy interfacing to modern microprocessors and digital 
signal processors. 

The AD7880 features a total throughput time of 15 µs and can 
convert full power signals up to 33 kHz with a sampling fre
quency of 66 kHz. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7880 is also fully 
specified for dynamic performance parameters including har
monic distortion and signal-to-noise ratio. 

The AD7880 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic or her
metic dual-in-line package (DIP) as well as a small 24-lead SOIC 
package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

LC2MOS Single + 5 V Supply, 
Low Power, 12-Bit Sampling ADC 

AD7880 I 
FUNCTIONAL BLOCK DIAGRAM 
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PRODUCT HIGHLIGHTS 
1. Fast Conversion Time. 

12 µs conversion time and 3 µs acquisition time allow for 
large input signal bandwidth. This performance is ideally 
suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 

2. Low Power Consumption. 
2 mW power consumption in the power-down mode makes 
the part ideally suited for portable, hand held, battery pow
ered applications. 

3. Multiple Input Ranges. 
The part features three user-determined input ranges, 0 to 
+5 V, 0 to 10 V and :tS V. These unipolar and bipolar 
ranges are achieved with a 5 V only power supply. 
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AD7880-SPECIFICATIONS 
(Y00 = +5 Y ± 5%, YREF = Y00, AGND = DGND = 0 Y, fcLKIN = 2.5 MHz, 
MODE = Y00 unless otherwise noted. All Specifications Tmin to Tmax unless 
otherwise noted.) 

Parameter B Versioas1 C Versioas1 Uaits Test Coaditioas/Comments 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio3 (SNR) 70 70 dB min Typically SNR Is 72 dB 
VIN = l kHz Sine Wave, fsAMPLE = 66 kHz 

Total Harmonic Distortion (THD) -80 -80 dB typ v,N = l kHz Sine Wave, fsAMPLE = 66 kHz 
Peak Harmonic or Spurious Noise -80 -80 dBtyp VIN= l kHz, fsAMPLE = 66 kHz 
Intermodulation Distortion (IMD) 

Second Order Terms -80 -80 dB typ fa = 0.983 kHz, fb = 1.05 kHz, fsAMPLE = 66 kHz 
Third Order Terms -80 -80 dB typ fa = 0.983 kHz, fb = 1.05 kHz, fsAMPLE = 66 kHz 

DC ACCURACY 
Resolution 12 12 Bits All DC ACCURACY Specifications Apply for 

the Three Analog Input Ranges 
Integral Nonlinearity ±1 ±1 LSB max 
Differential Nonlinearity ±1 ±1 LSB max Guaranteed Monotonic 
Full-Scale Error ±15 ±5 LSB max 
Bipolar Zero Error ±10 ±5 LSBmax 
Unipolar Offset Error ±5 ±5 LSBmax 

ANALOG INPUT 
Input Voltage Ranges OtoVREF. 0 to VREF Volts See Figure 5 

Oto2VREF Oto2VREF Volts See Figure 6 
±VREF ±VREF Volts See Figure 7 

Input Resistance 10 10 MO min 0 to V REF Range 
5/12 5112 kl1min/max 8 kl1 typical: 0 to 2V REF Range 
5/12 5/12 kl1 minimax 8 kQ typical: ± V REF Range 

REFERENCE INPU! 
VREF (For Specified Performance) 5 5 v ±5%: Normally VREF = VDD (See Reference Input Section) 
!REF 1.5 1.5 
Nominal Reference Range 2.5NDD 2.5NDD 

LOGIC INPUTS 
CONVST, RD, CS, CLKIN 

Input High Voltage, VrNH 2.4 2.4 
Input Low Voltage, ViNL 0.8 0.8 
Input Current, I1N ±10 ±10 
Input Capacitance, c,N 4 10 10 

MODE INPUT 
Input High Voltage, V INH 4 4 
Input Low Voltage, ViNL l l 
Input Current, IIN ±125 ±125 
Input Capacitance, c,N 4 10 10 

LOGIC OUTPUTS 
DBll-DBO, BUSY 

Output High Voltage, VoH 4.0 4.0 
Output Low Voltage, V0 L 0.4 0.4 

DBU-DBO 
Floating-State Leakage Current ±10 ±10 
Floating-State Output Capacitance• 10 10 

CONVERSION 
Conversion Time 12 12 
Track/Hold Acquisition Time 3 3 

POWER REQUIREMENTS 
VDo +5 +5 
loo 

Normal Power Mode@ +25'C 7.5 7.5 
Tmm to Tmax 10 10 

Power Save Mode @ + 25'C 750 750 
Tmin to Tmax l l 

Power Dissipation 
Normal Power Mode@ +25'C 37.5 37.5 

Tmin to Tmax 50 50 
Power Save Mode@ +25'C 3.75 3.75 

Tmin to Tmax 5 5 

NOTES 
'Temperature Ranges are as follows: B/C Versions, -40'C to +85'C. 
2V1N = 0 to VREF· 
3SNR calculation includes distortion and noise components. 
4Sample tested @2S'C to ensure compliance. 

Specifications subject to change without notice. 
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mAmax 
V min/max See Figure 3 for Degradation in Performance Down to 2.5 V 

Vmin 
Vmax 
µ.Amax v,N = 0 v or VDD 
pFmax 

Vmin 
Vmax 
µ.Amax v,N = 0 Vor VDD 
pFmax 

Vmin IsoURcE = 400 µ.A 
Vmax Is1NK = 1.6 mA 

µ.A max 
pFmax 

µsmax fcLKIN = 2.5 MHz 
µ.smax 

Vnom ±5% for Specified Performance 

mAmax Typically 4 mA; MODE = V Do 
mAmax Typically 5 mA; MODE = VDo 
µ.Amax Logic Inputs @ 0 V or V DD; MODE = 0 V 
mAmax Logic Inputs @ 0 V or V 00; MODE = 0 V 

mW max V0 D = 5 V: Typically 20 mW; MODE= V0 D 
mW max V00 = 5 V: Typically 25 mW; MODE= V00 

mW max VDD = 5 V: Typically 2 mW; MODE= 0 V 
mW max VDo = 5 V: Typically 2.5 mW; MODE= 0 V 

REV.O 



AD7880 

TIMING CHARACTERISTICS1 CV00 = +5 Y ± 5%, YREF = V00, AGND = DGND = D V) 

Limit at 25°C Limit at T mln• T max 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

t, 50 50 nsmin CONVST Pulse Width 

ti 130 130 nsmin CONVST to BUSY Falling Edge 

t3 0 0 ns min BUSY to CS Setup Time 

t4 0 0 nsmin CS to RD Setup Time 

ts 0 0 nsmin CS to RD Hold Time 

~ 60 75 ns min RD Pulse Width 

t/ 57 70 ns max Data Access Time after RD 

ta3 5 5 ns min Bus Relinquish Time after RD 
50 50 nsmax 

NOTES 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at 25'C to ensure compliance. All input signals are specified 
with tr= tf = S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 

2t7 is measured with the load circuit of Figure 2 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t8 is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 2. The measured number is then 
extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the time, t8 , quoted in the timing characteristics is the true bus relin· 
quish time of the part and as such is independent of external bus loading capacitances. 

iiii 

THREE·STATE 
080-0811---------------

Figure 1. Timing Diagram 

+2.1V 

Figure 2. Load Circuit for Access and Relinquish Time 

Table I. AD7880 Truth Table 

cs CONVST RD Function 

1 1 x Not Selected 
1 v 1 Start Conversion S' 
0 1 0 Enable ADC Data 
0 1 1 Data Bus Three Stated 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND .................... -0.3 V to +7 V 
V00 to DGND .................... -0.3 V to +7 V 
AGND to DGND .............. -0.3 V to V00 +0.3 V 
VINA> V1Ns to AGND (Fig 5) ...... -0.3 V to V00 +0.3 V 
VINA to AGND (Fig 6) ......... -0.6 V to 2 V00 +0.6 V 
VINA to AGND(Fig 7) ....... -V00-0.3 V to V00+0.3 V 
VREF to AGND ...................... 0.3 V to V00 

Digital Inputs to DGND ......... -0.3 V to V00 +0.3 V 
Digital Outputs to DGND ........ -0.3 V to V00 +0.3 V 
Operating Temperature Range 

Industrial (B, C Versions) ............ -40°C to +85°C 
Storage Temperature Range .......... -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 10 mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a streSs raiing only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum raiing conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro· 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! LJ 
~~EDEVICE 
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AD7880 
ORDERING GUIDE 

Bipolar 
-:-

Full-Scale Zero 
Temperature Error Error. Package 

Model Range (LSBs) (LSBs) Option· 

AD7880BN -40°C to +85°C ±15 ±10 N-24 
AD7880BQ -40°C to +85°C ±15 ±10 0:24 
AD7880CN -40°C to +85°C ±5 ±5 N-24 
AD7880CQ -40°C to +85°C ±5 ±5 Q-24 
AD7880BR -40°C to +85°C ±15 ±10 R-24 
AD7880CR -40°C to +85°C ±5 ±5 R-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC (Small Outline Integrated 
Circuit). For outline information see Package InformatiOn sectiOn. 

PIN FUNCTION DESCRIPTION 

PIN CONFIGURATION 

Pin Pin 
No. Mnemonic 

VINA 

2 V1NB 

3 AGND 

4 VREF 

5 cs 
6 CONVST 

Function 

Analog Input. 

Analog Input. 

Analog Ground. 

Voltage Reference Input. This is normally tied to V00. 

Chip Select. Active Low Logic input. The device is selected when this input is active. 

Convert Start. A low to hightransition on this input puts the track/hold into hold mode and starts 
conversion. This input is asynchronous to the CLKIN and is independent of CS and RD. 

7 

8 

9 

RD 

BUSY 

CLKIN 

Read. Active Low Logic Input. This input is used in conjunction with CS low to enable data QUtputs. 

Active Low Logic Output. This status line indicates converter status. BUSY is low.during conversion. 

Clock Input. TTL-compatible logic input. Used as the clock source for the AID converter. The mark/ 
space ratio of the clock can vary from 40/60 to 60/40. 

JO DGND 

II ... 22 DBO-DBll 

23 MODE 

24 

Digital Ground. 

Three-State Data Outputs. These become active when CS and RD are brought low. 

MODE Input. This input is used to put the device into the power save mode (MODE = 0 V). During 
normal operation, the MODE input will be a logic high (MODE = V00). 

Power Supply. Thisis nominally +5 V. 
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FEATURES 
2.5 µs Throughput Time 
16-Bit Sampling ADC 
Self-Calibration 
High Speed Parallel Interface 
92 dB Signal-to-Noise Ratio 
Low Power: 200 mW typ 

1 mW in Power-Down Mode 
Unipolar and Bipolar Input Signal Ranges 
On-Chip 2.5 V Reference 
Operates from ±5 V Supplies 

APPLICATIONS 
Data Acquisition Systems 
Digital Signal Processing 
Spectrum Analysis 
DSP Servo Control 

GENERAL DESCRIPTION "' 
The AD7882 is a fast, 16-bit self-calibrating Alb c 
consists of a sample-and-hold amplifier, a self-calibra 
ADC, a 2.5 V reference and versatile interface logic. An on
chip controller manages the self-calibrating algorithm that 
reduces linearity, offset and gain errors to ±0.0015%. System 
offset and gain errors, caused by external conditioning circuitry, 
can also be included in the calibration procedure. Throughput 
time is minimized at 2.5 µs by the use of a dual sample-and-hold 
amplifier. The ADC also has a self-contained internal clock 
which is laser trimmed to guarantee accurate control of conver
sion time; alternatively, an external clock may be used. 

Another feature of the AD7882 is a power-down mode that 
reduces power dissipation from its normal operating value of 
200 mW to I mW. 

The AD7882 operates from ±5 V supplies. Analog input ranges 
can be unipolar, 0 to 2.5 V or bipolar, ±2.5 V. The analog in
put bandwidth is 200 kHz. 

In addition to traditional de accuracy specifications such as lin
earity, the AD7882 is also fully specified for dynamic perfor
mance parameters including harmonic dist9rtion and 
signal-to-noise ratio (SNR). 

The AD7882 is fabricated in Analog Devices' Linear Compat
ible CMOS (LC2MOS), an advanced, mixed technology process 
that combines precision bipolar circuits with low power high
speed CMOS logic. The part is available in a 44-pin plastic 
quad flatpack (PQFP) and 40-pin cerdip. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

LC2MOS 
16-Bit, 2.5 µs, Sampling ADC 

AD7882 I 
FUNCTIONAL BLOCK DIAGRAM 

AVss 

~lW~ BLIGHTS 
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VREFOUT 

AGND 

DGND 

ADDO 

cs 
Rii 
WR 

DBO 

DB15 

2\it> µs Throughput Time 
'!' 2.5 µs throughput time makes the AD7882 suitable for 
~ wide range of data acquisition applications. 

2. Self-Calibration Achieves High Accuracy 
A self-calibrating algorithm minimizes linearity, offset and 
gain errors. The calibration procedure can also include ex
ternal offset and gain errors. 

3. Dynamic Specifications for DSP Users 
In addition to traditional de specifications, the AD7882 is 
specified for ac parameters including signal-to-noise ratio 
and harmonic distortion. These parameters along with im
portant timing parameters are tested on every device. 

4. Fast, Versatile Microprocessor Interface 
Fast bus access times and standard control signals make the 
AD7882 easy to interface to microprocessors. 

5. Low Power 
Low power monolithic solution allows ease of application. 
The AD7882 also has a power down facility. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD,7882-SPEClflCATIQNS(AYnn= 5 Y± 5%, DYno = 5 V± 5%, AYss=-5 Y± 5%, Y1m1=2.5Y, 
AGND :: DGND = 0 V, fctKIN = 10 MHz, fwtPLE = 400 kHz. All specifications TM11 to TMAX unless otherwise noted.) 

A,S B,T 
Parameter Versions1 Versions1 Units Test Conditions/Comments 

DYNAMIC PERFORMANCE2 

Sigrial to (Noise + Distortion Ratio) 90 90 dBmin AIN = 10 kHz, Typical SNR = 92 dB 
85 85 dBmin AIN = 100 kHz, Typical SNR = 87 dB 

THD -95 -95 dBmax AIN = 10 kHz, Typical THD = -100 dB 
-88 -88 dBmax AIN = 100 kHz, Typical THO= -90 dB 

Peak Harmonic or Spurious_ Noise -98 -98 dBmax AIN = 10 kHz, Typical Peak Harmonic= ;-100 dB 
-90 -90 dBmax AIN = 100 kHz, Typical Peak Harmonic= :...92 dB 

Intermodulation Distortion (IMD) 
2nd Order Terms -88 -88 dBmax fA = 98 kHz, fB = 100 kHz 
3rd Order Terms -88 -88 dBmax 

Throughput Time 2.5 2.5 µsmax 
Aperture Delay 10 10 nstyp 
Aperture Jitter 20 20 ps typ 
Noise 70 70 µVrmstyp 

DC ACCURACY2 
Resolution 16 16 Bits 
Minimum Resolution for Which No Missing 

Codes are Guaranteed 16 16 
Integral Nonlinearity ±112 ±112 
Integral Nonlinearity ±1.0 
Differential Nonlinearity ±0.9 ±0.5 
Unipolar Offset Error ±2 ±2 
Unipolar Gain Error ±2 
Bipolar Zero Error ±2 
Bipolar Positive Gain Error ±2 
Bipolar Negative Gain Error ±2 

POWER SUPPLY REJECTION 
AVnoOnly 84 
AVssOnly 84 

ANALOGl/P 
Input Current ±1 ±l µAmax Input Range= 0 V to +2.5 V or ±2.5 V 
Input Capacitance3 20 20 pFmax 

REFERENCE OUTPUT 
VREFOUT@ +25°C 2.5 2.5 Volts Nominal ±1% 
VREFOUT Tempco 20 20 ppm/°C typ 

REFERENCE INPUT 
V REFIN Range 2,5 2.5 Volts ±2% 
V REFIN Current ±1 ±1 µAmax 

LOGIC INPUTS 
Input High Voltage, V INH 2.4 2.4 Volts min 
Input Low Voltage, V INL 0.8 0.8 Volts max 
Input Current ±10 ±10 µAmax 
Input Capacitance3 10 10 pFmax 

SLEEP INPUT 
Input High Voltage, VINH Vnn-0.2 Von-0.2 Volts min 
Input Low Voltage, VINL 0.2 0.2 Volts max 

CLKININPUT 
Negative Trigger Level -2 -2 Volts min This is the Trigger Level for Choosing Internal 

Clock Operatioi;i of the Device 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

LOGIC OUTPUTS 
Output High Voltage, VoH 
Output Low Voltage, VoL 
DB15-DBO 

Floating-State Leakage Current 
Floating-State Output Capacitance' 

POWER REQUIREMENTS 
DVoo 
AVoo 
AVss 
Normal Mode 

Dioo 
Aioo 
Aiss 
Power Dissipation 

Sleep Mode 
Dioo 
Aioo 
Aiss 
Power Dissipation 

A,S 
Versions' 

2.4 
0.4 

±10 
20 

+5 
+5 
-5 

1 
29 
27 
300 

40 
50 
40 

B,T 
Versions' Units 

2.4 
0.4 

±10 
20 

+5 
+5 
-5 

1 
29 
27 
300 

40 
50 
40 

Volts min 
Volts max 

µAmax 
pFmax 

Volts 
Volts 
Volts 

mAmax 
mAmax 
mAmax 
mW max 

µAmax 
µAmax 
µAmax 
mW max 

Test Conditions/Comments 

IsoURCE = 200 µA 
Is1NK = 1.6 mA 

±5% 
±5% 
±5% 

AD7882 

Typically 200 mW, CLKIN not Running 

;·\.t"~pically 500 µW, Input Logic Levels of 0.2 V 
"\./;:;:;.ano V00 -0.2 V, CLKIN Not Running. 

'" Typically 1.5 mW with CLKIN Running 
~~~~~~~~~~~~~-"~~~~-"~~~~~~~~__,_~ 

NOTES 
1Temperature ranges are as follows: A, .JJ Versions: -40°C to +8S°C; S, TV 
2Specifications apply after calibration. 
3Sample tested at +25°C tO ensure compliance. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7882 
(AV00 = 5 V ± 5%, DVoo = 5 V ± 5%, AVss = -5 V ± 5%, VmiN = 2.5 V, AGN.D = DGND = 0 V, 

TIMING SPECIFICATIONS1 fcLKIN = 10 MHz, fsAMPLE = 400 kHz. All specifications TM1N to TMAX unless otherwise noted.) 

Limit@ +25°C 
Parameter (All Versions) 

t1 10 

t2 5 
t, 10 

t4 5 

ts 30 

t,; 30 

t1 5 

tcoNVERT 22 tcLKIN 
2.3 

tsAMPLE 25 lcLKIN 
2.6 

ts 30 
tg 20 

t10 0 

t11 0 

t12 40 
t132 40 

t1l 10 
75 

t15 10 

tl6 5 

t17 40 

tis 20 
t,, 10 

tzo 0 

tz1 30 

tn 20 

tz3 20 

tcALI 9276744 tcLKIN 

kAL2 6359324 tcLKIN 

tcAL3 1475104 tcLKIN 

tcAL4 1442324 tcI.KIN 

NOTES 

Limit@TMIN• TMAX Limit@ TMIN• TMAx 
(A, B Versions) (S, T Versions) 

15 
5 
15 
5 
40 
40 

22 tcLKIN 
2.3 
25 tel.KIN 
2.6 
40 
30 
0 
0 
50 
50 
10 
75 
15 

40 
30 
20 
0 
40 
30 
30 

20 
10 
20 
10 
50 
50 
10 

22 tcLKIN 
2.3 
25 lcLKIN 
2.6 
50 
40 
0 
0 
60 
60 
10 
75 
20 
10 

40 
40 

Units Conditions/Comments 

ns min ADDO to WR Setup Time 
ns min ADDO to WR Hold Time 
ns min CS to WR Setup Time 
ns min CS to WR Hold Time 
ns min WR Pulse Width 
ns min Data Setup Time 
ns min Data Hold Time 

Conversion Time: Synchronous Operation 
µs max Conversion Time: Internal Clock Operation 

Time Between Samples: Synchronous Operation 
µs max Time Between Samples: Internal Clock Operation 
ns min CONVST Pulse Width 
ns max CONVST High to BUSY Low Delay 
ns min CS to RD Setup Time 
ns min CS to RD . old Time 

RD P idth 
ata Valid Delay (Data Access Time) 

ime After RD (Bus Relinquish Time) 

etup Time 
Hold Time 

CAL High to BUSY Low Delay 
ns max CONVST High to BUSY Low Delay: System 

CAL Mode 
Device Calibration Time: Device CAL Mode 
DAC Calibration Time: System CAL Mode 
Offset Calibration Time: System CAL Mode 
Gain Calibration Time: System CAL Mode 

1Timing Specifications in bold print are 100% production tested. All other times are sample tested at +25°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

2t 13 is measured with the load circuit of Figure l and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t14 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, t 14, quoted in the Timing Specifications is the true bus relin
quish time of the part and as such is independent of external bus loading capacitances. 

Specifications subject to change without notice 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1DOpF I 

+2.1V 

ADDO 

D815- D80 --------< 

Figure 1. Load Circuit for Bus Access and Relinquish Time Figure 2. Write Timing Diagram 

D815-D80 

ADDO 

ANALOG 
INPUT 

Figure 3. Read Timing Diagram, Asynchronous Operation (MIS = Low; CAL = High) 

D815-D80 

ANALOG 
INPUT 

SAMPLED 

1
•.j--1CONVERT i 
"~--

117 

OLD DATA )><::r---------N-E_W_D_A_T_A-----~ 

Figure 4. Read Timing Diagram, Asynchronous Operation (M/S, CS, RD, ADDO = Low; CAL = High) 

AD7882 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7882 

.. CLKIN 

D815-DBO DATA (N-1) 

ANALOG INPUT 
(l,,)SAllPLED 

Figure 5. Read Timing Diagram, Synchronous Operation u:;s, RD= Low: MIS, CAL = High) 

( STARTOF 
'CALIBRATION 

-1 .. 

CART OF DAC CALIBRATION 

START OF rET cALIBRATION START OF GAIN CALIBRATION 

~ ,,.. ______ _ 

Figure 7. System Calibration Timing (MIS= High; RD, WR= High) 

This .information applies to a product under devekipment. Its characteristics imd specifications .are subject to change without notice. 
Analog Devices assumes no obligation regarding future m1mufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS1• 2 

(TA :: +25°C unless otherwise noted) 

AV00 to AGND ........................ -0 . .3 V to +7 V 
AVsstoAGND ......................... +0.3Vto-7V 
AGND to DGND ...................... -0.3 V to +0.3 V 
AV00 to DV00 ....•.......•......•... -0.3 V to +0.3 V 
Analog Inputs to AGND ...... AVss- 0.3 V to AV00 + 0.3 V 
Reference Inputs to AGND ... AVss- 0.3 V to AV00 + 0.3 V 
Digital Inputs to DGND ........... -0.3 V to DV00 + 0.3 V 
Digital Outputs to DGND ......... -0.3 V to DV00 + 0.3 V 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ....... -40°C to +85°C 
Extended Hermetic (S, T Versions) ...... -55°C to +125°C 

Storage Temperature Range .............. -65°C to +!50°C 
Junction Temperature ......................... +150°C 
Lead Temperature (Soldering, 10 sec) ............ +300°C 
Cerdip Package, Power Dissipation .............. 1000 mW 

01A Thermal Impedance ...................... 50°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

PQFP Package, Power Dissipation ............... 875 mW 
01A Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase ( 60 sec) . . . . . . . . . . . . . . . . . . . . . . 
Infrared (15 sec) 

NOTES 
1Stresses above those listed under "Absolute Maxim 
permanent damage to the device. This is a stress rat 
operation of the device at these or any other conditions ab 
operational sections of this specification is not implied. Exposure ute 
maximum rating conditions for extended periods may affect device reliability. 

2Transient currents of up to 100 mA will not cause SCR latch-up. 
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CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7882 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~g 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7882 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Function 

Power Supply 
DV00 Digital positive supply, +5 V ± 5%. 
AV ss Analog negative supply, -5 V ± 5%. 
AVnn Analog positive supply, +5 V ± 5%. 
DGND Digital Ground. Ground reference for digital circuitry. 
AGND Analog Ground. Ground reference for analog circuitry. 
Analog and Reference Pins 

Interface 
RD 
cs 
ADDO 

Analog Inputs. Both analog inputs must be tied together. The input ranges are; 0 V to 2.5 V and ±2.5 V. 
Voltage Reference Input. The AD7882 is specified with a voltage reference of 2.5 V, which can be provided 
externally or by the on-chip voltage reference. 
Voltage Reference Output. The internal 2.5 V reference is provided at this pin. It has an output impedance 
which is nominally 20 k.Q. 

10 µF Reference Capacitor. This is a charge reservoir for the coarse internal reference buffer, and it damps 
voltage excursions at the buffer output. This must be a high quality, low series inductance capacitor. 
0.2 µF Reference Capacitor. This is a charge reservoir for the fine internal erence buffer, and it damps 
voltage excursions at the buffer output. This must be a high quality, s inductance capacitor. 

Address Input. This control input determi 
operation is an ADC conversion result o 
result while a logic high accesses th 
destination. If ADDO is low, th 
Write, active low logic input. Th 

enable the three-state data outputs. 
ive. 

e output data bus during a read 
er. A logic low accesses a conversion 
DO is high, the control register is the 

DB15-DBO Three-state data outputs which are contro 
Timing and Control 
CLKIN Clock input, an external TTL-compatible clock may be applied to this input pin. Alternatively, tying this pin 

to AV ss enables the internal clock oscillator. 
BUSY' 
CONVST 

BIP/UP 

MIS 

This output indicates converter status. BUSY is low during conversion and calibration. 
Conversion Start. A low to high transition on this logic input pin, when the AD7882 is configured for 
asynchronous operation, places the sample-and-hold amplifier in the hold mode and starts conversion. 
Bipolar/Unipolar select logic input. A logic high selects the bipolar input range CAIN Range= ±VREFIN), and a 
logic low selects the unipolar range (A1N Range = 0 to V REFIN). 
Sleep function, active low logic input. Once asserted, the AD7882 enters the low power mode. All internal 
circuitry including the internal voltage reference is powered down. Calibration data is retained. 
Active low logic input. A logic low on this input resets all internal logic and initiates a calibration. Initiating 
a calibration overrides all other internal operations and if a conversion is in progress, it will be terminated. 
Mode/Sync Logic Input. This is a dual function pin. When the device is in the CAL mode (CAL input low), it 
determines.the calibration mode. When the device is in the normal operating mode, it determines whether 
conversion is synchronous or asynchronous. Synchronous operation means that the device continuously converts 

. the input in synchronism with the clock. Asynchronous operation means that the device converts the analog input 
in response to the application of a CONVST signal. See Table I for the CAL, MIS Truth Table. Note that 
the control register can be used to disable this input pin. See Control Register Section. 

CAL 

1 
0 
0 

Table I. AD7882 Operating Modes 

MIS 
0 
1 
0 
1 

Function 

Asynchronous Operation 
Synchronous Operation 
Device Calibration 
System Calibration 

This information applies to a product under development. Its characteristics and specifications are subject to change without. notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TERMINOLOGY 
Integral Nonlinearity 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the ADC transfer function. 
The endpoints of the transfer function are zero scale (not to be 
confused with bipolar zero), a point 0.5 LSB below the first 
code transition (000 ... 000 to 000 ... 001) and full scale, a 
point 0.5 LSB above the last code transition (111 ... 110 to 
111 ... 111). The error is expressed in LSBs. 

Differential Nonlinearity/No Missed Codes 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 
Differential linearity .error is expressed in LSBs. A differential 
linearity error of±0.9 LSB or less guarantees no missed codes 
to the full resolution of the device. Thus, the AD7882 has no 
missed codes guaranteed to 16 bits. 

Unipolar Offset Error 
When the device is operating in the 0 to +VREFIN range, the de
viation of the first code transition from the ideal ( +0.5 LSB) is 
the unipolar offset error. It is expressed in LSBs. 

Unipolar Gain Error 
This is the deviation of the last code transition (0 I ... ll 0 to 
01 ... ll l) from the ideal (VREFIN - 1.5 LSB) after bipolar zero 
error has been adjusted out. 

Bipolar Zero Error 
This is the deviation of the midscale transition (all 
from the ideal (AGND). 

Positive Gain Error i¥;,Jii 
This is the deviation of the last code transition''(o I 
01 ... ll l) from the ideal (VREFIN - 1.5 LSB) after bi 
error has been adjusted out. 

Negative Gain Error 
This is the deviation of the first code transition ( l 0 ... 000 to 
10 ... 001) from the ideal (-VREFIN + 0.5 LSB) after bipolar 
zero error has been adjusted out. 

Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID converter. The signal is the rms amplitude of 
the fundamental. Noise is therms sum of all nonfundamental 
signals up to half the sampling frequency (f8/2), excluding de. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the quan
tization noise. The theoretical signal to (noise +distortion) ratio 
for an ideal N-bit converter with a sine wave input is given by: 

Signal to (Noise+ Distortion) = (6.02N + 1.76) dB 

Thus for a 16-bit converter, this is 98 dB. 

AD7882 
Total Hannonic Distortion 
Total harmonic distortion (THD) is the ratio of therms sum of 
harmonics to the fundamental. For the AD7882, it is defined as 

I 2 2 2 2 2 
THD(dB)=201og -yV2 +V3 +V4 +Vs +V6 

v, 
where V1 is therms amplitude of the fundamental and V,, V3, • 

V 4, V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonics. 

Peak Hannonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f8/2 and excluding de) to the rms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intennodulation Distortion 
With inputs consistiµg of sine waves at two frequencies, fa and 
fb, any active d.. · ith nonlinearities will create distortion 
products. ifference frequencies of mfa ± nfb where 

Intermodulation terms are those for 
er m l;lpr n are equal to zero. For example, the sec-

.' e (fa + fb) and (fa - fb), while the third 
(2fa + fb), (2fa - fb), (fa+ 2fb) and (fa -

ested using the CCIF standard where two input 
the top end of the input bandwidth are used. 

1the second and third order terms are of different 
nee. The second order terms are usually distanced in 

uency from the original sine waves, while the third order 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa
rately. The calculation of the intermodulation distortion is as 
per the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 

Power Supply Rejection Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in AVnn, DVnn or AV88 . It is a de measurement. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7B82 
CIRCUIT DESCRIPTION 
Analog 'Input 
The analog input circuitry includes two SHAs in a ping-pong 
configuration as in Figure 8. The SHAs alternatively acquire 
the analog inpui and hold the output constant for the ADC con
versions. During conversion, one of the SHAs is in the hold 
mode while the other is in the sample mode. The sample and 

Figure 8. Input SHA Configuration· 

hold states are then switched. after every .conversion. The ben
efit of this configuration is to eliminate the need for ac;qµisition 
time between conversions. The throughput time is now effec
tively equal to the conversion time which·is 2,5 µs. The analog 
input range can be either uriipolar or bipolar depending on the 
status of the BIP/UP input. The transfer function for the unipo
lar range is straight binary while the traiisfer function for the bi
polar input is 28 complement. These lite shown in Figures 9 
and 10. 

OUTPUT 
CODE 

1111 .•• 111 

1111'..110 

1111 •• 1,01 

1111 ... 100 

'0000 ... 011 

0000 •.. 010 

'0000 ••• 001 

.. t LSB= :;! 

oooti •.• 000 '-''-+--+--II-'---+-+--+-+-
1 2 3 ! FS 

VIN, INPUT VOLTAGE (LsBs) T 
':. , f6'...1LSB 

Figure 9. Unipolar .Transfer.Functipn, 

OUTPUT 
CODE 

0111 ... 111 

0111...110 

0000 ... 011 

0000 •• 010 

0000 ... 001 

0000 •.• 000 

1111 ... 111 

1111 ... 110 

1000 ... 010 

1000 ... 001 

1000 ... QIJO 

-FS 
2 

I 
I YI 

F 
I 

1 LSB:.f!L 
211 

I 

VIN, INPUT VOLTAGE (LSBs) 

Figure 10. Bipolar Transfer Function 

Cah"bration 
The AD7882 conversion procedure is based on the successive.'.·. 
approximation algorithm. Acc\lracy of the individual comp<>
nents, such as the DAC and comparatot, is critical to aChieve , 
16-bit performance. The comparator uses an autozero tech
nique to null both internal and external offsets. Another advan
tage of this seheme is thllt it nulls 1/f noise. The autozero 
switchirig~occurs well above the 1/f roll-off frequency, thus the 
noise appears as a de offset which gets cancelled, 

The internal DAC uses binary weighted capacitors instead of 
the traditional R-2 R ladder type. This allows· the AD7882 to 
employ a calibration routine that nulls the errors of the indi" 
vidual DAC segments along with offset and gain errors. Each 
segment of the capacitor DAC contains multiple capacitors that 
are used to trim for absolute accuracy. During a calibration 
routine, the DAC segments are compared against other seg· 
ments and trimmed to 114 LSB accuracy. Offset and gain errors 
are then calibrated either against the device AGND and VREFib! 
inputs or enema! reference voltages that are applied at the AIN 
input. 

calibration methods; system cali
. Both modes calibrate the intel!· 
ffset and gairi errors; A system 
calibrates its full scale and offset 

applied voltages. For a device c'ali
t are calibrated against the VREFIN 

e that a calibration must always be 
to meet the device performance 

'be initiated in hardware by asserting the CAL 
software by writing the appropriate word to the control 

register. The AD7882 will always perform a full calibration .if. 
initiated in hardware. However, under software control, partial 
calibration options including only offset and gain, can· be per
formed. These options are shown in Table III. 

Device Calibration 
Device calibration is initiated by pulsing CAL low; see Figure.6. 
Offset and gain are calibrated against the AGND and VREFiN' in
puts respectively; This calibration procedure takes 928 ms; 
wheri using a 10 MHz clock. 

System Calibration . 
System calibration is initiated by a positive edge on CAL as 
sho\vn iri Figure 7.. BUSY goes lpw three times during the cali" 
bration procedure correspimding to the DAC, offset and gain 
calibrations respectively. The rising edge of the first BUSY 
pulse indicates that the DAC calibration is complete and the 
AD7882 is now ready to calibrate the offset. This is ai:hieved by 
applying an external 0 V input at the A1N input and asserting the 
CONVST input. Note, the external 0 V input must be within 
± 1.5% of AGND. The rising edge of the second BUSY pulse 
indicates that the part is ready to calibrate full scale. This time, 
the full scale input voltage must be applied to the analog input, 
and CONVST must be asserted once again. The full-scale input 
voltage must be within± 1.5% of the reference input voltage. 
Complete calibration time is 928 ms plus the width of the two 
CONVST start pulses, when using a 10 MHz clock for the 
device. 

This information ;applies to a product under development. It$ characteristics ·and specifications are subject to change without notice. 
Analog Devices assumes i:io obligation regarding future manufacture unless otherwise agreed to in writing. · 
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Configuring the MIS Input 
The MIS input with conjunction with the CAL input deter
mines the type of calibration initiated when CAL is taken low. 
It also determines whether the conversion is asynchronous (con
trolled by the CONVST input) or synchronous (with CLKIN). 
In all, they can be configured in four different ways as shown in 
Figure 11. The CAL input is asserted by a positive edge, when 
calibration is required. Then, for example if synchronous op
eration and device calibration is required, MIS is tied to CAL. 
Note, an inverter can be used between the CAL and the MIS 
inputs when asynchronous operation and system calibration is 
required. 

If CAL is high, then the user can start a Calibration from the 
Control Register. 

CALIBRATION 

DEVICE SYSTEM 
CALIBRATION CALIBRATION 

~ CAL MIS CAL MIS 

z 0 0 £ LJ~ ~ 
0 x LJ 
~ ~ ~ 
0 

~ ~ CAL MIS " CAL MIS :5 

I -u-O_J z 0--0 
LJ 

Figure 11. MIS Input Configurati 

Timing and Control !i''.l~ 
Data communication with the AD7882 is contf~lled ~'ti 
control inputs: CS, RD, WR and ADDO. The data t~~\£ 
consists of reading and writing to the control register or 'C:'oeffi
cients register and reading the conversion result from the output 
data register. 

Conversion Control and Data Reads 
Conversion can be controlled in hardware by asserting the 
CONVST input (Asynchronous Mode) or the device can be set 
up for continuous "back-to-back" conversions (Synchronous 
Mode). The MIS input controls these as outlined above. In 
synchronous mode, a power-up, CAL or CONVST will initiate 
operation. 

AD7882 
The data outputs are controlled by the CS and RD inputs. The 
possible timing configurations are shown in Figures 3, 4 and 5. 
If CS and RD are tied permanently low, then the data bus will 
always be active. However, it will change state at the end of 
conversion to reflect the most recent result. Reading the data 
bus must be avoided at this time. 

Control Register 
The control register serves the dual function of providing -
control and monitoring the status of the AD7882. This register 
is directly accessible through the data bus with a read or write 
operation while ADDO is high. One of the option settings in 
the control register is to set up the coefficients register for 
reading or writing. The coefficient registers contain the calibra-
tion coefficients. Loading the coefficients to the register con-
sists of writing forty 16-bit words. This activity is considerably 
shorter for almost any processor than performing a calibration. 
Thus, a typical application might read all the coefficients after 
calibration, store them in the backup memory and rewrite them 
to the AD7882 in future power-up initialization routines. Read-
ing the calibration cqefficients consists of forty read cycles to 
the AD7882. ThiS..Will return forty 16-bit words to the 
micropr0<;~sS'~r." · ·· 

t~:dle AD7882 
Ile w.ri,ttel?, .. to either the control register or the coeffi-

r. i~:;tjPleal timing diagram is shown in Figure 12. 
':e 

DB15-DBO 

VALID 

VALID 
DATA 

Figure 12. Typical Write Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7882 

Bit Location 

CRO 
CRl 

CR2 

CR3 

CR4 

CR5 

CR6 

CR7 

CRB 
CR9 

CRlO 

CRll 

CR12 

CR13 

CRI4 

CR15 

VO Option 

Read Only 
Read Only 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read/Write 

Read 

Read 

Read/Write 

Read/Write 

CR7 

0 
0 
0 
0 
0 
0 
0 
0 
l 
I 

I 
I 
I 
I 
I 
I 

Table II. Control Register Bit Functions 

·Power-Up 
Default Function 

0 
0 
BIP/UP 

0 

0 

0 

0 

0 

l 

Conversion status. This bit is high during conversion. 
Calibration status. This.bit is high during calibration .. 

BIP/UP Select. Unipolar operation is selected when CR2 is O; bipolar operation 
is selected when CR2 is I. This assumes that CR3 is I. When CR3 is 0, CR2. 
reflects the BIP/UP input. 
If CR3 = I, then Control Register bits CR2, CR9 and CRI 0 have priority. 
Otherwise external pins, SLEEP and BIP/UP, have priority. 
CR4 to CR7 determine the calibration function, see Table III. 

Calibration function, See CR4. 

Calibration function, See CR4. 

Calibration function, See CR4. 

Not Used 

. Sleep Control Bit. When CR3 is 1, setting CR9 to 0 powers down all circuitry 
except the reference. When CR3 is O, CR9 eflects the state of the SLEEP input. 
Reference power down. When CR3 rence is powered by writing a 0 to 
CR10. When CR3 is 0, CRIO s te of the SLEEP input. 

gain adjust is require 
A 1 in this loca 
gain adj 
No 

n A1N in the last conversion and a 
within range. 
Arn in the last conversion and a 

back within range. 

Calibration can be 

s reset when a 0 is written to this location. 
Reset ns on th dge ofWR. If there is a subsequent.control , 
register read all bits except CRI 5 will have power-up default setting. Therefore, 
to restart after a software reset, it is necessary to write a I back into CRI.5. 

Table m. Calibration Options Using the Control Register 

CR6 CRS CR4 Function 

0 0 0 Normal Conversion, No Calibration 
0 0 1 Normal Conversion, No Calibration 
0 l 0 Gain Error Only-Device Calibration 
0 I I Gain Error Only-System Calibration 
I 0 0 Offset Error Only-Device Calibration 
I 0 I Offset Error Only-System Calibration 
I I 0 Offset and Gain Error Only-Device Calibration 
I I I Offset and Gain Error Only-System Calibration 
0 0 0 Read All Calibration Coefficients 
0 0 I Write All Calibration Coefficients 

0 I 0 Read Gain Calibration Coefficients Only 
0 I I Write Gain Calibration Coefficients Only 
I 0 0 Read Offset Calibration Coefficients Only 
I 0 l Write Offset Calibration Coefficients Only 
I I 0 Full Device Calibration 
I I I Full System Calibration 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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r.ANALOG 
1.1111111 ·oEVICES 

FEATURES 
Battery-Compatible Supply Voltage: Guaranteed Specs 

for V00 of 3 V to 3.6 V 
12-Bit Monolithic A/D Converter 
50 kHz Throughput Rate 

15 µs Conversion Time 
5 µs On-Chip Track/Hold Amplifier 

Low Power 
Power Save Mode: 1 mW typ 
Normal Operation: 8 mW typ 

70dB SNR 
Small 24-Lead SOIC and 0.3" DIP Packages 

APPLICATIONS 
Battery Powered Portable Systems 
Laptop Computers 

GENERAL DESCRIPTION 
The AD7883 is a high speed, low power, 12-bit AID converter 
which operates from a single + 3 V to + 3.6 V supply. It consists 
of a S µs track/hold amplifier, a 1 S µs successive-approximation 
ADC, versatile interface logic and a multiple-input-range circuit. 
The part also includes a power save feature. 

Fast bus access times and standard control inputs ensure easy 
interfacing to modem microprocessors and digital signal 
processors. 

The AD7883 features a total throughput time of 20 µs and can 
convert full power signals up to 25 kHz with a sampling fre
quency of SO kHz. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7883 is also fully 
specified for dynamic performance parameters including har
monic distortion and signal-to-noise ratio. 

The AD7883 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin, 0.3 inch-wide, plastic dual-in
line package (DIP) as well as a small 24-lead SOIC package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at I-800C446-6212. 

REV.O 

LC2MOS 
12-Bit, 3.3 V Sampling ADC 

AD7883 I 
FUNCTIONAL BLOCK DIAGRAM 

v ••• (').. ______ ,,.----, 

AGNDl.,)'-----~---~-...J 

cs 
CLKIN 

CONVsT 
Ro 

BUSY 

PRODUCT HIGHLIGHTS 
I. 3 V Operation 

MODE 

DGND 

The AD7883 is guaranteed and tested with a supply voltage 
of 3 V to 3.6 V. This makes it ideal for battery-powered 
applications where 12-bit AID conversion is required. 

2. Fast Conversion Time 
1 S µs conversion time and S µs acquisition time allow for 
large input signal bandwidth. This performance is ideally 
suited for applications in areas such as telecommunications, 
audio, sonar and radar signal processing. 

3. Low Power Consumption 
1 mW power consumption in the power-down mode makes 
the part ideally suited for portable, hand held, battery pow
ered applications. 
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A07883-SPEClflCAJIQNS (Y00 = +3 Y to +3.6 Y, YREF = Y00, AGND = DGND = 0 Y, fcuuN = 2 MHz, 
MOOE = Logic High. All specifications T MIN to T MAX unless otherwise noted.) 

Parameter B Versions' 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio3 (SNR) 69 

Total Harmonic Distortion (THD) -80 
Peak Harmonic or Spurious Noise -80 
Intermodulation Distortion (IMD) 

Second Order Terms -80 
Third Order Terms -80 

DC ACCURACY 
Resolution 12 

Integral Nonlinearity ±2 
Differential Nonlinearity ±1 
Full-Scale Error ±20 
Bipolar Zero Error ±12 
Unipolar Offset Error ±3 

ANALOG INPUT 
Input Voltage Ranges 0 to VREF 

±VREF 
Input Resistance 10 

5/12 

REFERENCE INPUT 
VREF (For Specified Performance) Yoo 
IREF 1.2 

LOGIC INPUTS 
CONVST, RD, CS, CLKIN 

Input High Voltage, VINH 2.1 
Input Low Voltage, VINL 0.6 
Input Current, JIN ±10 
Input Capacitance, c,N 4 10 

MODE INPUT 
Input High.Voltage, ViNH V00 -0.2 
Input Low Voltage, ViNL 0.2 
Input Current, JIN ±100 
Input Capacitance, C1N 4 10 

LOGIC OUTPUTS 
DBll-DBO, BUSY 

Output High Voltage, VoH 2.4 
Output Low Voltage, V 0L 0.4 

DBll-DBO 
Floating-State Leakage Current ±10 
Floating-State Output Capacitance4 10 

CONVERSION 
Conversion Time 15 
Track/Hold Acquisition Time 5 

POWER REQUIREMENTS 
Yoo +3.3 
loo 

Normal Power Mode @ + 25°C 3 
TMIN to TMAX 4 

Power Save Mode @ + 25°C 400 
TMIN to TMAX 800 

Power Dissipation 
Normal Power Mode @ + 25°C 11 

TMIN to TMAX 15 
Power Save Mode @ + 25°C 1.5 

TMIN to TMAX 3 
NOTES 
1Ternperature range is as follows: B Version~: -40°C to +85°C. 
2V1N = o to VREF· 
3SNR calculation includes distortion and noise components. 
4Sample tested @ + 25°C to ensure compliance. 

Specifications subject to change without notice. 
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Units 

dB min 

dB typ 
dB typ 

dB typ 
dB typ 

Bits 

LSBmax 
LSBmax 
LSBmax 
LSB max 
LSB max 

Volts 
Volts 
M!lmin 
k!l minimax 

v 
mAmax 

V min 
Vmax 
µAmax 
pFmax 

v 
v 
µAmax 
pFmax 

V min 
Vmax 

µAmax 
pFmax 

µsmax 
µsmax 

Vnom 

mAmax 
mAmax 
µAmax 
µAmax 

mW max 
mW max 
mW max 
mW max 

Test Conditions/Comments 

Typically SNR Is 71 dB 
v,N = 1 kHz Sine Wave, fsAMPLE = 50 kHz 
v,N = 1 kHz Sine Wave, fsAMPLE = 50 kHz 
VIN = 1 kHz, fsAMPLE = 50 kHz 

fa = 0.983 kHz, fb = 1.05 kHz, fsAMPLE = 50 kHz 
fa= 0.983 kHz, fb = 1.05 kHz, fsAMPLE = 50 kHz 

All DC ACCURACY Specifications Apply for 
the Two Analog Input Ranges 

Guaranteed Monotonic 

See Figure 4 
See Figure 5 
0 to V REF Range 
8 k!l typical: ±VREF Range 

v,N = 0 v or Yoo 

V1N = OVorVoo 

lsoURCE = 200 µA 
JSINK = 0.8 mA 

fcLKIN = 2 MHz 

+ 3 V to + 3.6 V for Specified Performance 

Typically 2 mA; MODE= V00 

Typically 2.5 mA; MODE= V00 

Logic Inputs@ 0 V or V00; MODE= 0 V; Typically 250 µA 
Logic Inputs@ 0 V or V00; MODE= 0 V; Typically 300 µA 

V00 = 3.6 V: Typically 8 mW; MODE= V00 

V00 = 3.6 V: Typically 9 mW; MODE= V00 

V00 = 3.6 V: Typically 1 mW; MODE = 0 V 
V00 = 3.6 V: Typically 1 mW; MODE= 0 V 

REV.O 



AD7883 

TIMING CHARACTERISTICS1 (V00 = +3 Y to +3.6 Y, YREF = Y00, AGND = DGND = 0 VJ 

Limit lit + 25°C Limit at T MIN• T MAX 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

t, 50 60 nsmin CONVST Pulse Width 
t2 200 200 ns max CONVST to BUSY Falling Edge 
t3 0 0 nsmin BUSY to CS Setup Time 
t4 0 0 OS µlin CS to RD Setup Time 
ts 0 0 ns min CS to RD Hold Time 
t,, 110 150 nsmin RD Pulse Width 
t/ 100 140 ns max Data Access Time after RD 
ta3 5 5 nsmin Bus Relinquish Time after RD 

90 90 ns max 

NOTES 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at 25"C to ensure compliance. All input signals are specified 
with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

2t7 is measured with the load circuit of Figure 2 and defined as the time required for an ourput to cross 0.8 V or 2.4 V. 
3t8 is derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 2. The measured number is then 
extrapolated back to remove the effects of charging the 50 pF capacitor. This means that the time, t8 , quoted in the timing characteri.stics is the true bus relin
quish time of the pan and as such is indepeodent of external bus loading capacitances. 

CONVST :;:_TRACK/HOLD ·~ . IE INTO HOLD - . ~=j 
BUSY II 

I 
DBO- DBtt ------'T'-'HR;.;;E:.:E:..:.S:..:T:..:AT:..:E:_ ____ __. 

Figure 1. Timing Diagram 

Model 

AD7883BN 
AD7883BR 

TO 
OUTPUT 0---<-... 

PIN 

Figure 2. Load Circuit for Access and Relinquish Time 

Table I. AD7883 Truth Table 

cs CONVST RD Function 

l l x Not Selected 
l U" l Start Conversion ~ 
0 l 0 Enable ADC Data 
0 1 l Data Bus Three Stated 

ORDERnlJG GUIDE 
.--". 

Temperature Range 

-40°C to + 85"C 
-40"C to +8S"C 

Package 
Option* 

N-24 
R-24 

*N = Plastic DIP; R = SOIC (Small Outline Integrated Circuit). 
For outline information see Package Information section. 
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AD7883 
ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND .................... -0.3 V to +7 V 
V00 to DGND .................... -0.3 V to +7 V 
AGND to DGND .............. -0.3 V to V00 +0.3 V 
VINA> VINB to AGND (Fig 4) ...... -0.3 V to V00 +0.3 V 
VINA to AGND (Fig 5) ....... -V00-0.3 V to V00+0.3 V 
VREF to AGND ...................... 0.3 V to V00 

Digital Inputs to DGND ......... -0.3 V to V00 +0.3 V 
Digital Outputs to DGND ........ -0.3 V to V00 +0.3 V 
Operating Temperature Range • 

Industrial (B Version) ............... -40°C to +85°C 
Storage Temperature Range .......... -65°C to + 150°C 

Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 10 mW/°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

PIN CONFIGURATION 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! cJ 
~~EDEVICE 

Pin 
No. 

1 

2 
3· 

4 

5 

6 

7 

8 

9 

10 

11 ... 22 

23 

24 

Pin 
Mnemonic 

VINA 

VINB 
AGND 

VREF 
cs 
CONVST 

RD 

BUSY 

CLKIN 

DGND 

DBO-DBll 

MODE 

Function 

Analog Input. 

Analog Input. 

Analog Ground. 

PIN FUNCTION DESCRIPTION 

Voltage Reference Input. This is normally tied to V 00. 

Chip Select. Active Low Logic input. The device is selected when this input is active. 

Convert Start. A low to high transition on this input puts the track/hold into hold mode and starts 
conversion. This input is asynchronous to the CLKIN and is independent of CS and RD. 

Read. Active Low Logic Input. This input is used in conjunction with CS low to enable data outputs. 

Active Low Logic Output. This status line indicates converter status. BUSY is low during conversion. 

Clock Input. TTL-compatible logic input. Used as the clock source for the AID converter. The mark/ 
space ratio of the clock can vary from 40/60 to 60/40. 

Digital Ground. 

Three-State Data Outputs. These become active when CS and RD are brought low. 

MODE Input. This input is used to put the device into the power save mode (MODE = 0 V). During 
normal operation, the MODE input will be a logic high (MODE = V00). 

Power Supply. This is nominally +3.3 V. 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Monolithic Construction 
Fast Conversion: 5.3 µs 
High Throughput: 166 kSPS 
Low Power: 250 mW 

APPLICATIONS 
Automatic Test Equipment 
Medical Instrumentation 
Industrial Control 
Data Acquisition Systems 
Robotics 

GENERAL DESCRIPTION 
The AD7884/AD7885 is a 16-bit monolithic analog-to-digital 
converter with internal sample-and-hold and a conversion time 
of 5.3 µs. The maximum throughput rate is 166 kSPS. It uses a 
two pass flash architecture to achieve this speed. Two input 
ranges are available: ±5 V and ±3 V. Conversion is initiated by 
the CONVST signal. The result can be read into a microproces
sor using the CS and RD inputs on the device. The AD7884 has 
a 16-bit parallel reading structure while the AD7885 has a byte 
reading structure. The. conversion result is in Zs complement 
code. 

The AD7884/ AD7885 has its own internal oscillator which con
trols conversion. It runs from ±5 V supplies and needs a VREF+ 
of +3 V. 

The AD7884 is available in a 40-pin plastic DIP package and in 
a 44-pin PLCC package. 

The AD7885 is available in a 28-pin plastic DIP package and 
the AD7885A is available in a 44-pin PLCC package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.B 

LC2MOS 
16-Bit, High Speed Sampling ADCs 

AD7884/AD7885 I 
FUNCTIONAL BLOCK DIAGRAMS 

RB 
2kn 

AGNDS AGNDF AVoo AVss Voo Vss 

VREF+ F VREF+S V1Nv VREF- GND Co'NV5T BUSY OGND 

RB 
2kQ 

AGNDS AGNDF AVoo AVss Voo Vss 

VREF+ F VREF+S V1NV VREF- GND CONVST BUSY DGND 

0815 

DBO 

cs 
RD 

DB7 

DBO 

cs 
iiii 

HBEN 
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AD7884/AD7885/AD7885A-SPEClflCATIQNS (V00 =HY± 5%,.Yss = -5V .± 5%, 
YREF+S = +3 V; AGND = DGND = GND = 0 V; fsAMPLE = 166 kHz. All specifications TMiN to TMAX• unless othei:Wise noted). 

A B 
Parameter ·VerSion1• 2•, 3 Versioni, 2• 3 

DC ACCURACY 
Resolution 16 16 
Minll:num0 Resolution for Whlch 

No Missing Codes Are Guaranteed 16 16 
Integral Nonlinearity ±0.006 
Positive Gain Error ±0.03 ±0.03 
Positive Gain Error ±0.05 

Gain TC4 ±2 ±2 
Bipolar Zero Error ±0.05 ±0.05 
Bipolar Zero Error ±0.15 

Bipolar Zero TC4 ±8 ±8 
Negative Gain Error ±0.03 ±0.03 
Negative Gain Error ±0.05 

Offset TC4 ±2 ±2 
Noise 120 120 

DYNAMIC PERFORMANCE 
Signal to (Noise + Distortion) Ratio 84 84 

Bi 82 
Total Harmonic Distortion -88 -88 

-84 -84 
Peak Harmonic or Spurious Noise -88 -88 
Intermodulation Distortion (IMD) 

2nd Order Terms -84 -84 
3rd Order Terms -84 -84 

CONVERSION TIME i 

Conversion Time 5.3 5.3 
Acquisition Time 2~5 2.5 
Throughput Rate 166 166 

ANALOG INPUT 
Voltage Range. ±5 ±5 

±3 ±3 
Input Current ±4 ±4 

REFERENCE INPUT 
Reference Input Current ±5 ±5 

LOGIC INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current, IIN ±10 ±10 
Input Capacitance, C1N 4 10 10 

LOGIC OUTPUTS 
Outpµt High Voltage, V0 H 4.0 4.0 
Output Low Voltage, V oL 0.4 0.4 
DB15-DBO 

Floating-State Leakage Current 10 10 
Floating-State Output Capacitance4 15 15 

POWER REQUIREMENTS 
Von +5 +5 
Vss -'5 -5 
Inn 35 35 
lss 30 30 
Power Supply Rejection Ratio 

Ll.Gain/Ll.V00 86 86 
Ll.Gain/Ll.Vss 86 86. 

Power Dissipation 325 325 

NOTES 
1Temperature Ranges are as follows: A, B Versions: -40°C to +85°C. 
2yIN .= ±5 V. 
'The AD7885AAP has the same specs as the AD7884AP. 
The AD7885ABP has the same specs as the AD7884BP. 

4Sample tested to ensure compliance. 
Specifications subject to change without notice. 

2-358 ANALOG-TO-DIGITAL CONVERTERS 

Units Test Conditions/Comnients 

Bits 

Bi\s 
% FSRmax Typically 0.003% FSR 
% FSR typ AD7885AN/BN: 0.1% typ 
% FSRmax AD7885BN: 0.2% max 
ppm FSRl°C typ 
% FSR typ 
% FSRmax 
ppm FSRl°C typ 
% FSR typ AD7885AN/BN: 0.1% typ 
% FSRmax AD7885BN: 0.2% max 
ppm FSRl°C typ 
µVrms typ 78 µ V rms typical in ±3 V Input Range 

dB min Input Signal: ±5 V, 1 kHz Sine Wave, Typically 86 dB 
dB typ Input Signal: ±5 V, 12 kHz Sine Wave 
dB max Input Signal: ±5 V, 1 kHz Sine Wave 
dB typ Input Signal: ±5 V, 12 kHz Sine Wave 
dB max Input Signal: ±5 V, .1 kHz Sine Wave 

dB typ fA = 11.5 kHz, fa= 12 kHz, fsAMPLE = 166 kHz 
dB typ fA = 11.5 kHz, fs = 12 kHz, fsAMPLE = 166 kHz 

µs max 
µsmax 
kSPS max There is an overlap between conversion and acquisition. 

Volts 
Volts 
mAmax 

mAmax VREF+S=+3V 

Vmin Von= 5V± 5% 
Vmax Von= 5V± 5% 
µAmax Input Level = 0 V to V 00 

pF max 

V min lsoURCE = 40 µA 
Vmax ls!NK = J.6 mA 

µAmax 
pFmax 

Vnom ± 5% for Specified Performance 
Vnom ± 5% for Specified Performance 
mAmax Typically 25 mA 
mAmax Typically 25 mA ' 
dB typ 
dB typ 
mW max Typically 250 mW 
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AD7884/AD7885 

TIMING CHARACTERISTICS1, 2 ~~od 5~ +5 V ± 5%, Vss = -5 V ± 5%, AGND = DGND = GND = 0 V. See Figures 2, 3, 4 

Limit at +25°C Limit at TMIN• TMAX 
Parameter (All Versions) (A, B Versions) Units Conditions/Comments 

t, so so ns min CONVST Pulse Width 
t, 100 100 ns max CONVST to BUSY Low Delay 

t3 0 0 ns min CS to RD Setup Time 

t4 60 60 ns min RD Pulse Width 
ls 0 0 ns min CS to RD Hold Time 
t 2 

6 S7 S7 ns max Data 1\ccess Time after RD 
t 3 

7 s s ns min Bus Relinquish Time after RD 
so so ns max 

ls 40 40 ns min New Data Valid before Rising Edge of BUSY 
!9 10 80 ns min HBEN to RD Setup Time 
!10 2S 2S ns min HBEN to RD Hold Time 
!11 60 60 ns min HBEN Low Pulse Duration 
t,, 60 60 ns min HBEN High Pulse Duration 

!13 SS 70 ns max Propagation Delay from HBEN Falling to 
Data Valid 

t,. SS 70 ns max Propagation Delay from HBEN Rising to 
Data Valid 

NOTES 
1Timing specifications in bold print are 100% production tested. All other times are sample tested at + 5°C to ensure compliance. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

2t6 is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t 7 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrap~ 
olated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time, tn quoted in the Timing Characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading capacitances. 

Specifications subject to change without notice. 

ORDERING GUIDE 

Linearity 
Temperature Error SNR Package 

Model1 Range (% FSR) (dB) Option2 

AD7884AN -40°C to +8S°C 84 N-40A 
AD7884BN -40°C to +8S°C ±0.006 84 N-40A 
AD7884AP -40°C to +8S°C 84 P-44A 
AD7884BP -40°C to +8S°C ±0.006 84 P-44A 

AD788SAN -40°C to + 8S°C 84 N-28A 
AD7885BN -40°C to +8S°C ±0.006 84 N-28A 
AD788SABP -40°C to + 8S°C 84 P-44A 
AD788SAAP -40°C to +8S°C ±0.006 84 P-44A 

NOTES 
1 Analog Devices reserves the right to ship cerdip (Q) in lieu of plastic DIP. 
2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC). For outline 
information see Package Information section. 

REV.B 

TO OUTPUT PIN 
+2.1V 

CL 
100pF I 

Figure 1. Load Circuit for Access Time and Bus Relinquish 
Time 
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AD7884/AD7885 

CONVST 
t, 

Figure 2. AD7884 Timing Diagram, Using CS and RD 

CONVST 

HBEN 

cs 

RD 

BUSY 

DATA 

CONVST 

BUSY 
~~~~tc_o_•_v•_•_T~ 

~~ta 
DATA OLD DATA VALID NEW DATA VALID 

Figure 3. AD7884 Timing Diagram, with CS and RD 
Permanently Low 

DBO-DB7 DB8-DB15 

Figure 4. AD7885 Timing Diagram, Using CS.and RD 

CONVST 

BUSY 

DATA 
OLD DATA VALID 

(088-0815) 

Is 

Figure 5. AD7885 Timing Diagram, with CS and RD Permanently Low 
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NEW DATA VALID 
(DB0-087) 
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ABSOLUTE MAXIMUM RATINGS1 

V00 to AGND -0.3 V to +7 V 
AV00 to AGND -0.3 V to +7 V 
Vss to AGND . . +0.3 V to -7 V 
AVss to AGND . -0.3 V to -7 V 
AGND Pins to DGND ........... -0.3 V to V00 +0.3 V 
AV00 to V002 •...• -0.3 V to +7 V 
AVss to Vs/ ...................... +0.3 V to -7 V 
GND to DGND ............... -0.3 V to V00 +0.3 V 
VINS, VINF to AGND . Vss -0.3 V to V00 +0.3 V 
VREF+ to AGND . . . Vss -0.3 V to V00 +0.3 V 
VREF- to AGND . . . . Vss -0.3 V to V00 +0.3 V 
VINv to AGND . Vss -0.3 V to V00 +0.3 V 
Digital Inputs to DGND -0.3 V to V00 +0.3 V 
Digital Outputs to DGND ....... -0.3 V to V00 +0.3 V 

AD7884/AD7885 
Operating Temperature Range 

Commercial Plastic (A, B Versions) . -40°C to +85°C 
Industrial Cerdip (A, B Versions) . . -40°C to +85°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 1000 mW 
Derates above +7S°C by .................. 10 mW!°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2If the AD7884/AD7885 is being powered from separate analog and digital 
supplies, AV88 should always come up before V88 . See Figure 13 for a 
recommended protection circuit using Schottky diodes. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

PIN CONFIGURATIONS 
DIP 

~ '!! ~ >~ V1NV ~ V1NV VREF ... S VREF-

VREF+F ±3V1N VREF+S 

±3V1NS OB1S VFIEF+F 

DB14 DB7 

0813 OB6 

AVoo 
-z.5V1NF 0812 DBS 

AGNDS 0811 DB4 NC 

AGNDF DB10 DGND GNO 

GNO 
DB9 DB3 

Vss 

AVss DBS Vss DB2 Vss 

GND DGND Voo DB1 Voo 

GND Yoo CONVST OBO 

11 1 ~ I~ ~ BUSY 

HBEN 

Vss DB7 cs 

Vss DB6 RD 

Voo DBS 0 ~ 0 

• ~ >~ ~ 7. CONVST DB4 

cs DB3 

RD DB2 

Vss DB1 

BUSY DBO 
AVoo 

NC 

GNO 

GNO 

v .. 

Vss 

Voo 

II I~ I~ ~ 
" 

WARNING! QJ 
~~EOEVICE 

PLCC 

0 ~ v M 
~ ~ >~ ~ m m m 

> >" 0 0 0 

0812 

0811 

0810 

089 

088 

NC 

DGND 

v •• 

086 

085 

I~ ~ ~ m ~ m m 
0 0 0 

NC = NO CONNECT 

0 ~ 

~ >~ u >" 
u u 11 > z z z 

087 

088 

NC 

085 

084 

NC 

DGND 

v •• 

082 

081 

I~ 11 ~ u ~ 11 
0 

z m 
0 

NC= NO CONNECT 
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AD7884/AD7885 
PIN FUNCTION DESCRIPTION 

AD7884 AD7885 AD788SA Description 

VINV VINv VINV This pin is c~nnectedt-0 the invening terminal of an op amp, as in Figure 6, and allows the 
inversion of the supplied + 3 V reference. 

VREF- VREF- VREF- This is the negative reference input, and it can be obtained by using an external amplifier to 
invert the positive reference input. In this case, the amplifier output is connected to V REF-. 
See Figure 6. 

±3V1NS - ±3VINS This is the analog input sense pin for the ±3 volt analog input range on the AD7884 and 
AD7885A. 

±3V1NF - ±3V1NF This is the analog input force pin for the ±3 volt analog input range on the AD7884 and 
AD7885A. Wjien using this input range, the ±5 V1NF and ±5 V1NS pins should be tied to 
AGND. 

- ±3VIN - This is the analog input pin for the ±3 volt analog input range on the AD7885. When using 
: this input range, the ±5 VINF and ±5 V1NS pins should be tied to AGND. 

±SVINS '±SVINS ±SV1NS This is the analog input sense pin for the ±5 volt analog input range on both the AD7884,,, 
AD7885 and AD788SA; 

±SV1NF ±SVINF ±SVINF This is the analog input force pin for the ±5 volt analog input range on both the AD7884, 
AD7885 and AD7885A. When using this input range, the ±3 V1NF and ±3 V1NS pins 
should be tied to AGND. 

AGNDS AGNDS AGNDS This is the giound return sense pin for the 9-bit ADC and the on-chip residue amplifier. 

AGNDF AGNDF AGNDF This is the giound return force pin for the 9-bit ADC and the on-chip residue amplifier. 

AV no AV no AV no Positive analog power rail for the sample-and-hold amplifier and ,the residue amplifier. 

AVss AVss AVss Negative analog power rail for the sample-and-hold amplifier and the residue amplifier. 

GND GND GND This is the giound return for sample-and-hold section. 

Vss Vss Vss Negative supply for the 9-bit ADC. 

Von Von Von Positive supply for the 9-bit ADC and all device logic. 

CONVST CONVST CONVST This asynchronous control input starts conversion. 

cs cs cs Chip Select control input. 

RD RD RD Read control input. This is used in conjunction with CS to read the conversion result from 
the device output latch. 

- HBEN HBEN High Byte Enable. Active high control input for the AD7885. It selects either the high or 
the low byte of the conversion for reading. 

BUSY BUSY BUSY Busy output. The Busy output goes low when conversion begins and stays low until it is 
completed, at which time it goes high. 

DBO-DBIS - - Sixteen-bit parallel data word output on the AD7884. 

- DBO-DB7 DBO-DB7 Eight-bit parallel data byte output on the AD7885. 

DGND DGND DGND Ground return for all device logic. 

VREF+F VREF+F VREF+F Reference force input. 

VREF+S VREF+S VREF+S Reference sense input. The device operates from a + 3 V reference. 
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TERMINOLOGY 
Integral Nonlinearity 
This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 
I LSB change between any two adjacent codes in the ADC. 

Bipolar Zero Error 
This is the deviation of the midscale transition (all Os to all ls) 
from the ideal (AGND). 

Positive Gain Error 
This is the deviation of the last code transition (01 . . . ll 0 to 
01 ... Ill) from the ideal ( + VREF+ S - I LSB), after Bipolar 
Zero Error has been adjusted out. 

Negative Gain Error 
This is the deviation of the first code transition (10 ... 000 to 
I 0 ... 001) from the ideal ( - V REF+ S + 1 LSB), after Bipolar 
Zero Error has been adjusted out. 

Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the ND converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding de. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 

Signal to (Noise+ Distortion)= (6.02N + 1.76) dB 

Thus for an ideal 16-bit converter, this is 98 dB. 

Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7884/AD7885, it is 
defined as: 

THD (dB) 
YV2 + vi + V24 + V2s + v26 

20/og 2 3 

Vi 

where V 1 is the rms amplitude of the fundamental and V z, V 3 , 

V4 , V5 and V6 are therms amplitudes of the second through the 
sixth harmonics. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding de) to therms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, I, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb), while the third 
order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and 
(fa - 2fb). 

REV. B 

AD7884/AD7885 
The AD7884/AD7885 is tested using the CCIFF standard where 
two input frequencies near the top end of the input bandwidth 
are used. In this case, the second and third order terms are of 
different significance. The second order terms are usually dis
tanced in frequency from the original sine waves while the third 
order terms are usually at a frequency close to the input fre
quencies. As a result, the second and third order terms are 
specified separately. The calculation of the intermodulation dis- Ill 
tortion is as per the THD specification where it is the ratio of 
the rms sum of the individual distortion products to the rms 
amplitude of the fundamental expressed in dBs. 

Power Supply Rejection Ratio 
This is the ratio, in dBs, of the change in positive gain error to 
the change in V DD or V ss. It is a de measurement. 

OPERATIONAL DIAGRAM 
An operational diagram for the AD7884/AD7885 is shown in 
Figure 6. It is set up for an analog input range of ± 5 V. If a 
±3 V input range is required, Al should drive ±3 VINS and 
±3 VINF with ±5 V1NS, ±5 VINF being tied to system AGND. 

+SV -SV 

AVoo Voo AVss Vss 

±SV1NS 

v,. :tSV1Nf 

±3V1NS 

±3V1NF AD7884 
AD7885 

AGNDS 

AD817 
AGNDF 

CONTROL 
INPUTS 

VREF+ S 

V REF+ F 

V1NV 

VREF-

NOTE: POWER SUPPLY DECOUPLING NOT SHOWN 

Figure 6. AD7884/AD7885 Operational Diagram 

The chosen input buffer amplifier (Al) should have low noise 
and distortion and fast settling time for high bandwidth applica
tions. Both the AD7ll and the AD845 are suitable amplifiers. 

AZ is the force, sense amplifier for AGND. The AGNDS pin 
should be at zero potential. Therefore, the amplifier must have a 
low input offset voltage and good noise performance. It must 
also have the ability to deal with fast current transients on the 
AGNDS pin. The AD817 has the required performance and is 
the recommended amplifier. 

If AGNDS and AGNDF are simply tied together to Star 
Ground instead of buffering, the SNR and THD are not signifi
cantly degraded. However, de specifications like INL, Bipolar 
Zero and Gain Error will be degraded. 
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AD7884/AD7885 
,·, . ·'· 

The required + 3 V reference is derived from the AD780 .and 
buffered by the high-speed amplifier A~ (AD845, AD817 or . 
equivaleµi:). A4 is a unity gain inverter which pro'vides the - 3 V 
negative reference.· The gain setting resistors are on~hip and are 
factory trimmed to ensure precise tracking of VREF~· Figure~ 
shows A3 :rod A4 as AD845s or AD817s .. These have the ability 
to respond to the ~pidly chaniing reference input impedance-, 

CIRCUIT l>ESCRIY.('ION 
Analog Input Section 
The analog input section of the' AD7884/AD7885 is shown in 
Figure 7. It contains both the input sigrial conditioning and . 
sample-and-hold amplifier. Note that the iUtalog input is trµly 
benign. When SWla goes open circuit to put the SHA into the 
hold mode, SWlb is closed. This means that the input resistors, 
RI and R2 are always connected to either virtual ground or true 
ground. 

R33kQ 

TO 
>-e-~vv1t-..... ---l~•BIT 

TO RESIDUE 
AMPUFIERA2 

R54k!l 

VREF-

ADC 

Figure 7. AD78841AD7885 Analog Input Section 

When the ±3 V1NS and ±3 VINF inputs are tied to 0 V, the 
input section has a gain of -0.6 and transforms an input signal 
of ±5 volts to'.the required ±3 volts. When the ±5 VINS and 
±5 V1NF'inputs are grounded, the input section has a gain of 
-1 and so the analog input range is now ± 3 volts. Resistors R4 
and RS, at the amplifier output, further condition the ±3 volts 
signal to be 0 to - 3 volts. This is the required input for the 
9-bit AID converter section. 

With SWla closed, the output of Al follows the input (the 
sample-and-hold is in the track mode). On the rising edge of the 
CONVST pulse, SW la goes open' circuit, and capacitor Cl 
holds the voltage on the output of Al. The sample-and-hold is 
now in the hold mode. The, aperture delay time for the sample
and-hold is nominally, 50 ns .. 
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AID Converter Section 
The ·AD7884/AD7885 uses a two-pass flash technique in order 
to achiev.e .the required speed and resolution. When. the · 
CONVST control input goes from low to high, the sample-and
hold amplifier goes into the hold mode and a 0 V to - 3 V signal 
is presented to the input of the 9-bit ADC. The first phase of 
conversion 'generates the 9 MSBs of the. 16-bit'result and trans
fers these to the latch and ALU combination. They are also fed 
back to the 9 MSBs of the 16-bit DAC. The 7 LSBs of the 
DAC are permanently loaded with Os. The DAC output is sub
tracted from the analog input with the result being amplified 
and offset in the Residue Amplifier Section. The signal at )he 
output of A2 is proportional to the error, between the first phase 
result and the. actual anaiog input signal and is digitized in the 
second conversion phase. This second phase begins when the 
16-bit DAC and the Residue Error. Amplifier have both settled. 
First, SW2 is turned off and SW3 is turned on. Then, the SHA 
section of the Residue Amplifier goes into hold mode. Next· 
SW2 is mrned <>ff and SW3 is turned on. The 9-bit result is 
transferred to the output latch and ALU. An error correction 
algorithm now compensates for the <>ffset inserted in the Resi
due Amplifier Section and errors .introduced in the first pass 
conversioµ and combines both results to give the 16-bit answer. 

>3VSIGNAL 
FROM INPUT-.... -1\Nlr->---"""o--...i 

SHA. 
R6 

2k!l 

Res1DUEAMP 
+SHA 

Figure 8. AID Converter Section 
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Timing and Control Section 
Figure 9 shows the timing and control sequence for. the 
AD7884/AD7885. When the part receives a CONVST pulse, the 
conversion begins. The input sample-and-hold goes into the 
hold mode 50 ns after the rising edge of CONVST and BUSY 
goes low. This is the first phase of conversion and takes 3.35 µs 
to complete. The second phase of conversion begins when SW2 
is turned off and SW3 turned on. The Residue Amplifier and 
SHA section (A2 in Figure 8) goes into hold mode at this point 
and allows the input sample-and-hold to go back into sample 
mode. Thus, while the second phase of conversion is ongoing, 
the input sample-and-hold is also acquiring the input signal for 
the next conversion. This overlap between conversion and acqui
sition allows throughput rates of 166 kSPS to be achieved. 

CONVST SECOND 
FIRST PHASE 

_...u._----- 3.Sµs ---------L--
BUSY 

INPUT HOLD 
SHA SAMPLE 

FIRST PHASE OF CONVERSION 
1ST 9-BIT CONVERSION 
DAC SETTLING TIME 
RESIDUE AMPLIFIER 
SETTLING TIME 

SECOND PHASE OF CONVERSION 
2ND 9-BIT CONVERSION 
ERROR CORRECTION 
OUTPUT LATCH UPDATE 

Figure 9. Timing and Control Sequence 

USING THE AD7884/AD7885 
Analog Input Ranges 
The AD7884/AD7885 can be set up to have either a ±3 volts 
analog input range or a ± 5 volts analog input range. Figures 10 
and 11 show the necessary corrections for each of these. The 
output code is 2s complement and the ideal code table for both 
input ranges is shown in Table I. 

Reference Considerations 
The AD7884/AD7885 operates from a ±3 volt reference. This 
can be derived simply using the AD780 as shown in Figure 6. 

AD7884/AD7885 

~------1 :t:5V1NS 

V1NV 

Figure 10. ±5 V Input Range Connection 

Figure 11. ±3 V Input Range Connections 

The critical performance specification for a reference in a 16-bit 
application is noise. The reference pk-pk noise should be insig
nificant in comparison to the ADC noise. The AD7884/AD7885 
has a typical rms noise of 120 µ V. For example a reasonable 
target would be to keep the total rms noise less than 125 µ V. 
To do this the reference noise needs to be less than 35 µ V rms. 
In the 100 kHz band, the AD780 noise is less than 30 µ V rms, 
making it a very suitable reference. 

The buffer amplifier used to drive the device V REF+ should 
have low enough noise performance so as not to affect the over
all system noise requirement. The AD845 and AD817 achieve 
this. 

Table I. Ideal Output Code Table for the AD7884/AD7885 
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Analog Input Digital Output 
In Terms of FSR2 ±3 V Range3 ±5 V Range4 Code Transition' 

+ FSR/2 - I LSB 2.999908 4.999847 Oil ... Ill to Oil ... llO 
+ FSR/2 - 2 LSBs 2.999817 4.999695 Oil ... 110 to 011 ... 101 
+ FSR/2 - 3 LSBs 2.999726 4.999543 Oil ... 101 to Oil ... 100 

AGND + l LSB 0.000092 0.000153 000 ... 001 to 000 ... 000 
AGND 0.000000 0.000000 000 ... 000 to Ill ... 111 
AGND - l LSB -0.000092 -0.000153 Ill ... lll to Ill ... llO 

-(FSR/2 - 3 LSBs) -2.999726 -4.999543 100 ... Oil to 100 ... 010 
-(FSR/2 - 2 LSBs) -2.999817 -4.999695 100 ... 010 to 100 ... 001 
-(FSR/2 - l LSB) -2.999908 -4.999847 100 ... 001 to 100 ... 000 

NOTES 
1This table applies for VREF+S = +3 V. 
2FSR (Full-Scale Range) is 6 volts for the ±3 V input range and 10 volts for the ±5 V input range. 
31 LSB on the ±3 V range is FSR/2 16 and is equal to 91.5 µV. 
4 1 LSB on the ±5 V range is FSR/2 16 and is equal to 152.6 µV. 
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AD7884/AD7885 
Decoupling and Grounding 
The AD7884 and AD788SA have one AV DD pin and two V DD 
pins. They also have one AVss pin and three Vss pins. The 
AD7885 has one AV DD pin, one V DD pin, one AV ss pin and 
one Vss pin. Figure 6 shows how a common +S V supply 
should be used for the positive supply pins and a common -5 V 
supply for the negative supply pins; 

For decoupling purposes, the critical pins on both devices are 
the AV DD and AV ss pins. Each of these should be decoupled to 
system AGND with 10 µF tantalum and 0.1 µF ceramic capaci
tors right at the pins. With the V DD and V ss pins, it is suffi
cient to decouple each of these with ceramic l µF capacitors. 

AGNDS, AGNDF are the ground return points for the on-chip 
9-bit ADC. They should be driven by a buffer amplifier as 
shown in Figure 6. If they are tied directly together and then 
to ground, there will be a marginal degradation in linearity 
performance. 

The GND pin is µie analog ground return for the on-chip linear 
circuitry. It should be connected to system analog ground. 

The DGND pin is the ground return for the on-chip digital cir
cuitry. It should be connected to the ground terminal of the 
V DD and V ss supplies. If a common analog supply is used for 
AVDD and VnD then DGND should be connected to the com
mon ground poinL 

Power Supply Sequencing 
AV DD and V DD .are connected to a common substrate and there 
is typically 17 n resistance between them. If they are powered 
by separate + S V supplies, then these should come up simulta
neously. Otherwise, the one that comes up first will have to 
drive + S V into a 17 0 load for a short period of time. How
ever, the standard short-circuit protection on regulators like the 
7800 series will ensure that there is no possibility of damage to 
the driving device. 

AV ss should always come up either before or at the same time 
as Vss· If this cannot be guaranteed, Schottky diodes should be 
used to ensure that V ss never exceeds AV ss by more than 
0.3 V. Arranging the power supplies as in Figure 6 and using 
the recommended decoupling ensures that there are no power 
supply sequencing issues as well as giving the specified noise 
performance. 

+SV +SV -sv 

AVoo Voo 

AD7884/ AD7885 

-SV 
HP5082·2810 

OR 
EQUIVALENT 

Figure 12. Schottky Diodes Used to Protect Against 
Incorrect Power Supply Sequencing 
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AD7884/AD7885 PERFORMANCE 
Linearity 
The linearity of the AD7884/ AD7885 is determined by the 
on-chip 16-bit DIA converter. This is a segmented DAC which 
is laser trimmed for 16-bit DNL performance to ensure that 
there are no missing codes in the ADC transfer function. Figure 
13 shows a typical INL plot for the AD7884/AD7885. 

• 2.0'-r-----r-~----r------.----~ 
~ Voe= +SV 

0:1 1.s-<------+------+------1'- Vss = -sv 
0 TA=::+25°C 
0: ffi 1.o+-----,.----+----c>t----+------1------1 

r: 
~ 0.5 

z 
:::J 

16384 32768 

OUTPUT CODE 

49152 65535 

Figure 13. AD7884/AD7885 Typical Linearity Performance 

Noise 
In an AID converter, noise exhibits itself as code uncertainty in 
de applications and as the noise floor (in an FFT, for example) 
in ac applications. 

In a sampling AID converter like the AD7884/AD7885, all 
information about the analog input appears in the baseband 
from de to 112 the sampling frequency. An antialiasing filter will 
remove unwanted signals above fs/2 in the input signal but the 
converter wideband noise will alias into the baseband. In the 
AD7884/AD7885, this noise is made up of sample-and-hold 
noise and aid converter noise. The sample-and-hold section con
tributes 51 µ V rms and the ADC section contributes 59 µ V 
rms. These add up to a total rms noise of 78 µ V. 'fhis is the 
input referred noise in the ±3 V analog input range. When 
operating in the ±5 V input range, the input gain is. reduced to 
-0.6. This means that the input referred noise is now increased 
by a factor of 1.66 to 120 µ V rms. 

Figure 14 shows a histogram plot for 5000 conversions of a de 
input using the AD7884/AD7885 in the ±5 V input range. The 
analog input was set as close as possible to the center of a code 
transition. All codes other than the center code are due to the 
ADC noise. In this case, the spread is six codes. 
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Figure 14. Histogram of 5000 Conversions of a DC Input 
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If the noise in the converter is too high for an application, it can 
be reduced by oversampling and digital filtering. This involves 
sampling the input at higher than the required word rate and 
then averaging to arrive at the final result. The very fast conver
sion time of the AD7884/AD7885 makes it very suitable for 
oversampling. For example, if the required input bandwidth is 
40 kHz, the AD7884/AD7885 could be oversampled by a factor 
of 2. This yields a 3 dB improvement in the effective SNR per
formance. The noise performance in the ±5 volt input range is 
now effectively 85 µ V rms and the resultant spread of codes for 
2500 conversions will be four. This is shown in Figure IS. 
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Figure 15. Histogram of 2500 Conversions of a DC Input 
Using a x2 Oversampling Ratio 

Dynamic Performance 
With a combined conversion and acquisition time of 6 µs, the 
AD7884/AD7885 is ideal for wide bandwidth signal processing 
applications. Signal to (Noise + Distortion), Total Harmonic 
Distortion, Peak Harmonic or Spurious Noise and Intermodula
tion Distortion are all specified. Figure 16 shows a typical FFT 
plot of a 1.8 kHz, ± 5 V input after being digitized by the 
AD7884/ AD7885. 

., ... 

f1N = 1.8kHz, z SV SINE WAVE 

fsAMPLE = 163kHz 
-30 H-------- SNR = 87dB 

THO= -95dB 

2048 POINT FFT 

Figure 16. AD7884/AD7885 FFT Plot 

Effective Number of Bits 
The formula for SNR (see Terminology Section) is related to .the 
resolution or number of bits in the converter. Rewriting the for
mula, below, gives a measure of performance expressed in effec
tive number of bits (N). 

N = (SNR - 1.76)/6.02 
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Figure 17. Effective Number of Bits vs. Frequency 

The effective number of bits for a device can be calculated from 
its measured SNR. Figure 17 shows a typical plot of effective 
number of bits versus frequency for the AD7884. The sampling 
frequency is 166 kHz. 

MICROPROCESSOR INTERFACING 
The AD7884/AD7885 is designed on a high speed process which 
results in very fast interfacing timing (Data Access Time of 
57 ns max). The AD7884 has a full 16-bit parallel bus, and the 
AD7885 has an 8-bit wide bus. The AD7884, with its parallel 
interface, is suited to 16-bit parallel machines whereas the 
AD7885, with its byte interface, is suited to 8-bit machines. 
Some examples of typical interface configurations follow. 

AD7884 to MC68000 Interface 
Figure 18 shows a general interface diagram for the MC68000, 
16-bit microprocessor to the AD7884. In Figure 18, conversion 
is initiated by bringing CSA low (i.e., writing to the appropriate 
address). This allows the processor to maintain control over the 
complete conversion process. In some cases it may be more 
desirable to control conversion independent from the processor. 
This can be done by using an external sampling timer. 

A23-A1 ADDRESS BUS 

MC68000 AD7884 

CONVST DTACK 
Cs 

AS 
RD 

R/W 

015-00 DATA BUS DB15- DBO 

Figure 18. AD7884 to MC68000 Interface 

Once conversion has been started, the processor must wait until 
it is completed before reading the result. There are two ways of 
ensuring this. The first way is to simply use a software delay to 
wait for 6.5 µs before bringing CS and RD low to read the data. 
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AD7884/AD7885 
The second. way is to use the BUSY output of the AD7884 to 
generate an interrupt in the MC68000. Because of the nature of 
its interrupts, the MC68000 requires additional logic (not shown 
in Figlire 18) to allow it to be interrupted correctly. For full 
information on this, consult the MC68000 User's Manual. 

AD7885 to 8088 Interface 
The AD7885, with its byte (8 + 8) data format, is ideal for use 
with the 8088 microprocessor. Figure 19 is the interface dia
gram. Conversion is started by enabling CSA. At the end of 
conversion, data is read into the processor. The read instruc
tions are: 

MOV AX, COOl 
MOV AX, COOO 

Read 8 MSBs of data 
Read. 8 LSBs of data 

MN/MX 

A15-A8 

101i.I HBEN 

8088 
CONVST 

Cs 
RD Rii 

ALE AD7885 

AD7-ADO DB7-DBO 

Figure 19., AD7885 to 8088 Interface 

AD7884 to ADSP-2101 Interface 
Figure 20 shows an interface between the AD7884 and the 
ADSP-2101. Conversion is initiated using a timer which'allows 
very accurate control of the sampling instant. The· AD7884 
BUSY line provides an interrupt to the ADSP-2101 when con
version is completed. The RD pulse width of the processor can 
be programmed using the Data Memory Wait State Control 
Register. The result can then be read from the ADC using the 
following instruction: 

MRO = DM (ADC) 

where MRO is the ADSP-2101 MRO register, and 
ADC is the AD7884 address. · 

0MA13-DMAO ADDRESS BUS 

ADSP-2101 
ADDRESS 

DECODE LOGIC 
AD7884 

DMs Eti CONvSr 
C$ 

iiiOn BUSY 

RD RD 

DMD15-DMDO DATA BUS DB15-DBO 

Figure 20 .. AD7884 to ADSP-2101 Interface 
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Stand-Alone Operation 
If CS and RD. are *d permanently low on the AD7884, then, 
when a conversion is. completed, output data will be valid on the 
ri~ing edge of BUSY. This makes the device very suitable for 
stand-alone operation. All that is required to run the device is 
an external CONVST pulse which can be supplied by a sample 
timer. Figure 21 shows the.AD7884 set up in this mode with 
the BUSY signal providing the clock for the 74HC574 3.-state 
latches. · 

AO 

HBEN 

CONVST 

DB15-DB8 

AD7884 

DB7-DBO 

BUSY t-----.--p 
cs 
RD 

Figure 21. Stand-Alone Operation 

Digital Feedthrough from an Active Bus ;'1 
It is very important when using the AD7884/AD7885 in a 
microprocessor-based system to isolate the ADC data bus from 
the active processor bus while a conversion is being executed. 
This will yield the best noise performan~e from the ADC. 
Latches like the 74HCS74 can be used to do this. If the device 
is connected dir~tly to an active bus then the converter noise 
will typically increase by a factor of 30%. ' 
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N.ANALOG 
WDEVICES 

LC2MOS 
12-Bit, 750 kHz/1 MHz, Sampling ADC 

FEATURES 
750 kHz/1 MHz Throughput Rate 
1 µs/750 ns Conversion Time 
12-Bit No Missed Codes Over Temperature 
67 dB SNR at 100 kHz Input Frequency 
Low Power-250 mW typ 
Fast Bus Access Time-57 ns max 

APPLICATIONS 
Digital Signal. Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7886 is 12-bit ADC with a sample-and-hold amplifier 
offering high speed performance combined with low power dissi
pation. The AD7886 is a triple pass flash ADC, which uses 15 
comparators in a 4-bit flash technique to achieve 12-bit accuracy 
in I µs/750 ns conversion time. An on-chip clock oscillator pro
vides the appropriate timing for each of the three conversion 
stages eliminating the need for any external clocks. Acquisition 
time of the sample-and-hold amplifier gives a resulting through
put rate of 750 kHz/I MHz.* 

The AD7886 operates from ±5 V power supplies. Pin
strappable inputs offer a choice of three analog input ranges; 
0 to 5 V, 0 to 10 V or ±5 V. 

In addition to the traditional de accuracy specifications such as 
linearity, offset and full-scale e~rs, the AD7886 is also speci
fied for dynamic performance.parameters including harmonic 
distortion and signal-to-noise ratio. 

The AD7886 has a high speed digital interface with three-state 
data outputs. Conversion control is provided by a CONVST 
input. Data access is controlled by CS and RD inputs, standard 
microprocessor signals. The data access time of less thlin 57 ns 
means that the AD7886 can interface directly to most modern 
microprocessors including DSP. processors. 

*Contact your local salespenon for further information on the 1 MHz 
venion. 

This is an abridged dsta sheet. To obtain the most recent version or 
complete dsta sheet, call our fax retrieval s,.tem at 1·800-446-6212. 
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AD7886 I 
FUNCTIONAL BLOCK DIAGRAM 

+5REF 

SUM 

AGND 

4096 
RESISTOR 

DAC 

DB11 

DBO 

Vss D,GND 

The AD7886 is fabricated in Analog Devices' Linear Compatible 
CMOS process; a mixed technology process that combines preci· 
sion bipolar circuits with low power CMOS logic. 

The AD7886 is available in both a 28-pin DIP and in a 28-pin 
leaded chip carrier. 

PRODUCT HIGHLIGHTS 
l. Fast l.33 µs/I µs Throughput Time. 

Fast throughput time makes the AD7886 suitable for a wide 
range of data acquisition applications. 

2. Dynamic Specifications for DSP Users. 
The AD7886 is specified for ac parameters, including signal
to-noise ratio, harmonic distortion and intermodulation dis· 
tortion. Key digital timing parameters are also tested and 
guaranteed over the full operating temperature range. 

3. Fast Microprocessor Interface. 
Standard control signals, CS and RD, and fast bus access 
times make the AD7886 easy to interface to· microprocessors. 

4. Low Power. 
LC2MOS fabrication process gives low power disSipation of 
250mW. 
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<Vao = +5 V ± 5%, Yss = -5 V ± 5%, AGND = DGND = • V, Ym =;: "73.5 V, 'AD788. &-SPECIFIC. ATIQNS connectad as shown in Figure 2. All Specifi~ons T.,,,. tci T~ unless otheiwise 
. . I\ I notad. Specttlcatlons apply for 750 kHz version.) . · · · · 
P8rameter J versicin' K, B Venions1 TVenlon1 Units Test Conditiouteommeats 
DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio3 (SNR) 65 67 65 dB min VIN = 100 kHz Sine Wave, fSAMPLE = 750 kHz 
Total Harmonic Distortion (TIID) -75 -75 -75 dB 1Yl> VIN = 1.00 kHz S~ Wave, fSAMPLE = 750 kHz 
Peak Harinonic or Spurious Noise -77 -77 -77 dBtyp VIN = 100 kHz Sine Wave, fSAMPLE = 750 kHz 
Intermodulation Distortion (IMD) 

Second Order Terms -SQ -80 -80 dBtyp fa = 96 kHz, fb = 103 kHz, fSAMPLE = 750 kHz 
Third Order Terms -80 -80 -80 dBtyp 

ACCURACY 
Resolution 12 12 12 Bits 
Integral Linearity T m1n to T.,.. ±2 ±2 LSBmax 
Minimum Resolution for Which 

No Missin3 Codes Are Guaranteed 12 12 12 Bits 
Unipolar Offset Error @ + 25"C ±5 ±5 ±5 LSB max Input Range: 0 to 5·v or 0 to 10 v 

Tm1n to T- ±5 ±5 ±5 LSB max 
Bipolar OftSet Error·@ + 25"C ±5 ±5 ±5 LSB max Input Range: ±5 V 

T.mntoT,... ±5 ±5 ±5 LSB max 
Unipolar Gain Error@ +25"C ±5 ±5 . ±5 LSBmax Input Range: 0 to 5 V or 0 to 10 V 

Tm1n toT .... ±5 ±5 ±5 LSBmax 
Bipolar Gain Error @ + 25"C ±5 ±5 ±5 LSBmax Input Range: ±5 V 

T.,;;,toT...,; ±5 ±5 ±5 LSBmax 

ANALOG INPUT 
Unipolar Input Current 1.5 1.5 1.5 mAmax Input Ranges: 0 to 5 V or 0 to 10 V 
Bipolar Input Current ±0.7S ±0.7S ±0.75 . mAmax Input Range: ±S V 

REFERENCE INPUT 
VREF -3.S -3.5 -3.S Volts ±2% For Specified Performance 
Input Reference Cllrrent -10 -10 -10 mAmax 
Rl, Resistsqce 9 9 9 lcOnom ±25% 
R2, Resistance 6.3 6.3 6.3 kOnom ±25% 
R2/Rl Ratio 0.7 0.7 0.7 nom ±0.1% 

POWER SUPPLY REJECTION 
V00 Only, (FS Change) o.s o.s o.s LSB typ V88 = -S V, V00 = +4.7S V to +S.2S·V 
V88 Only, (FS Change) o.s o.s o.s LSB typ V00 = +S V, V88 = -4.7S V to -5.2S V 

LOGIC INPUTS 
Input High Voltage, vlNH 2.4 2.4 2.4 Vmin Von= S V ±,S% 
Input Low Voltage, VINL 0.8 0;8 0.8 Vmax V00 = 5 V ± 5% 
Input Current, IIN ±10 ±10 ±10 µAmax VIN= OVtoV00 

Input Capacitsnce, CIN 4 10 10 10 pFmax 

LOGIC OUTPUTS 
DBll-DBO, BUSY 

Qutput High Voltage, VoH 4 4 4 Vmin lsoURCE = 200 µA 
Output Low Voltage, VoL 0.4 0.4 0.4 Vmax ISINK = 1.6 mA 

DBll-DBO 
Floating-State Leakage Current ±10 ±10 ±10 µAmax 
Floatirig-State Output Capacitance• 15 IS IS pFmax 

POWER REQUIREMENTS 
VDD +5 +5 +s Vnom ±5% for Specified Performance 

v •• -s -5 -s Vnom ±5% for Specified Performance 

Inn 3S 3S 3S mAmax Typically 2S mA, CONVST = CS = RD = V00 

Iss -3S .,-3S -3S mAmax ~2S mA, CONVST =CS= RD= V00 

Power Dissipation 2SO 250 2SO mWtyp CONVST = CS = RD = V00 

3SO 3SO 3SO mW max 

NOTES 
'Teinperaiure ranges are as followS: J, K Vers.ions: O"C to +70"C; B Vers.ion: -40"C to +8S"C; T Vers.ion: -SS"C to + 12S"C. 
2Applies to all three input ranges, VIN = 0 to FS, pk·to-pk V. 
3SNR calculation includes distortion 111d noise components. 
4Sample tested @+ 2S"C to ensure compliance. 
Specifications subject to change without notice. 
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AD7886 

TIMING CHARACTERISTICS1 (Vaa = +5 V ± 5%, Yss = -5 V ± 5%, AGND = DGND = 0 VJ 

Limit at Limit at Limit at 
Tmin' Tmax TminJ Tmax Tmin' Tmax 

Parameter CT, K Versions) (B Version) (T Version) Units Conditions/Comments 

t, so so so ns min CONVST Pulse Width 
I I l µs max 

t1 0 0 0 ns min CS to RD Setup Time 
t, 0 0 0 ns min CS to RD Hold Time 
t, 60 60 75 ns min RD Pulse Width 
t, JOO JOO 100 ns max CONVST to BUSY Propagation Delay, (CL = 10 pF) 
t 2 
6 57 57 70 ns max Data Access Time After RD 
t/ 10 10 10 ns min Bus Relinquish Time After RD 

50 50 60 ns max 
lg 20 20 14 ns min Data Setup Time Prior to BUSY, (CL = 20 pF) 

10 JO 0 ns min Data Setup Time Prior to BUSY, (CL = JOO pF) 
t/ JO JO 10 ns min Bus Relinquish Time After CONVST 

JOO 100 100 ns max 
t10 0 0 0 ns min CS High to CONVST Low 
t11 0 0 0 ns min BUSY High to RD Low 
t12 2SO 2SO 2SO ns typ BUSY High to CONVST Low, SHA Acquisition Time 
t13 1.333 1.333 1.333 µs min Sampling Interval 
tcoNv 9SO 9SO 9SO ns typ Conversion Time 

1000 1000 1000 ns max 

NOTES 
1Timing specifications in bold print are 100% production tested. All ocher times are sample tested at + 25°C to ensure compliance. All input signals are 
specified with tr = tf = S ns (10% to 90% of S V) and timed from a voltage level of 1.6 V. 

2t6 is measured with the load circuit of Figure l and defined as the time required for an output to cross 0.8 V or 2.4 V. 
3t 7 and t 9 are derived from the measured time taken by the data outputs to change by 0.5 V when loaded with the circuit of Figure 1. The measured 
number is then extrapolated back to remove the effects of charging or discharging the load capacitor, CL. This means that the tilnes, t7 and t9 , quoted in the 
timing characteristics are the true bus relinquish times of the part and as such are independent of external bus loading capacitances .. 

Specifications subject to change without notice. 

+2.1V 

Figure 1. Load Circuit for Bus Access and Relinquish Time 

ABSOLUTE MAXIMUM RATINGS1• 2 

(TA = + 25°C unless otherwise noted) 

V00 to AGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to V 00 +0.3 V 

VIN!, VIN2, SUM, +SREF to AGND .... -IS V to +IS V 
VREF to AGND ............ Vss -0.3 V to V00 +0.3 V 
Digital Inputs to DGND 

CS, RD, CONVST ........... -0.3 V to V00 +0.3 V 
Digital Outputs to DGND 

DBO to DBll, BUSY .......... -0.3 V to V00 +0.3V 
Operating Temperature Range 

Commercial (J, K Versions) ............. 0°C to +70°C 
Industrial (B Version) ............... -40°C to +8S°C 
Extended (T Version) . . . . . . . . . . . . . . - SS °C to + l 2S °C 

Storage Temperature Range .. : ........ -6S°C to + 1S0°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ....... JOOO mW 
Derates above +7S°C by ..........•....... 10 mW/°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
'If V ss is open circuited with V DD and AGND applied, the V ss pin will be 
pulled positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode from V ss to DGND (cathode end to GND) ensures 
that the Absolute Maximum Ratings will be observed. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! ~ 

~~EDEVICE 
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AD7886 

DIP Pin 

ORDERING GUIDE 

Integral 
Temperature SNR Nonlinearity . Package 

Mode11• 2 Range (dBs) (LSBs) Option3 

AD7886JD 0°c to +70°c 65 D-Z8 
AD7886KD o•c to +70°c 67 ±Z.O D-Z8 
AD7886JP 0°c to +70°c 65 P-Z8A2 

AD7886KP o•c to +70°c 67 ±Z.O P-Z8A2 

AD7886BD -40°C ro +85°C 67 ±Z.O D-Z8 
AD7886TD -55°Cto +125°C 65 ±Z.O D-Z8 

NOTES 
'Contact your sales office for availability of AD7886BD, AD7886TD and I MHz version. 
2 An<ilog Devices reserves the right to ship J-Leaded Ceramic Chip Carrier (JLCCC) 
in lieu of PLCC packages. 

30 = Ceramic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information. section. 

PIN FUNCTION DESCRIPTION 

Number Mnemonic Description 

Power Supply 
10 & 19 V00 

15 & Z4 V88 

16 & Z3 AGND 
5 'oGND 

Positive Power Supply, +5 V ± 5%. Both V00 pins must be tied together. 
Negative Power Supply, -5 V ± 5%. Both V88 pins must be tied together. 
Analog Ground. Both A.GND pins must be tied together. 
Digital Ground. 

Analog and Reference Inputs 
17 & 18 VIN Analog Inputs, VINl and VINZ. The part can be pin strapped for any one of three analog input ranges; 

ZO +5REF 

Zl SUM 

zz VREF 

Interface and Control 
1-4, DB7-DB4 
6-9, DB3-DBO 
25-28 DBll-DB8 
11 BUSY 
12 cs 
13 RD 

Range Pin Strap Signal Input 

Oto 5 V Connect VINZ to VINl VINl & VINZ 

0 to lOV Connect VINZ to GND VIN! 
±5V Connect VINZ to + 5 V VIN! 

+5 V Reference input._This input is used in conjunction with SUM and VREF inputs to scale an external 
+5 V reference to -3.5 V, ·the required reference for the part, see Figure Z. 
Summing Point. This input is used in conjunction with +5REF and VREF inputs to scale an external 
+5 V reference to -3.5 V, the required reference for the part, see.Figure Z. 
Voltage Reference Input. The AD7886 is specified with VREF = -3.5 V. 

Three-state data outputs~ 
These outputs are controlled by.CS and RD. DBll is the.Most Significant Bit (MSB). 

BUSY Output indicates converter status. BUSY is low during conversion. 
Chip Select Input. The device is selected when this input is low. 
Read Input. This active !Ow signal, in conjunction with CS, is used to enable the output data three-state 
drivers. 

14 CONVST · Conversion Start Input. This input is used to start conversion. 
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AD7886 
PIN CONFIGURATIONS 

DB7 

DB6 

DBS 

DGND 

DB3 

DB2 

DB1 

DBO 

Yoo 

BUSY 

Cs 
R6 

CONVST 

TERMINOLOGY 
Unipolar Offset Error 

DIP 

DBS 

DB9 

DB10 

DB11 

Yss 

AGND 

VREF 

SUM 

+5REF 

Yoo 

VIN2 

VIN1 

AGND 

Yss 

The ideal first code transition should occur when the analog in
put is 1 LSB above AGND. The deviation of the actual transi
tion from that point is termed the offset error. 

Bipolar Zero Error 
The ideal midscale transition (i.e., Olli 1111 1111 to 1000 0000 
0000 for the ±5 V range should occur when the analog input is 
at zero volts. Bipolar zero error is the deviation of the actual 
transition from that point; 

Gain Error 
In the unipolar mode, gain error is measured with respect to the 
first and last code transition points. The ideal difference be
tween these points if FS-2 LSBs. For bipolar applications, the 
gain error is measured from the midscale transition to both the 
first and last code transitions. The ideal difference in this case is 
FS/2-1 LSB. The gain error is defined as the deviation between 
the ideal difference, given above, and the measured difference. 
For the bipolar case, there are two gain errors, the figure in the 
specification page represents the worst case. Ideal FS depends 
on the +5REF input; for the 0 to 5 V input, ideal FS = 

+5REF and for the 0 to 10 V and ±5 V ranges, ideal FS = 2 x 
+5REF. 

CONVERTER DETAILS 
The AD7886 is a triple-pass flash ADC which uses 15 compara
tors in a 4-bit flash technique to perform the 12-bit conversion 
procedure. Each of the 4096 quantization levels is realized inter
nally with a precision resistor DAC. 

The fifteen comparators first compare the analog input voltage 
to the VRE¢16 voltages of the resistor array. This determines 
the four most significant bits and selects 1 out of 16 voltage seg
ments. The comparators are then switched to 15 subvoltages on 
that segment to determine the next four bits and select 1 out of 
256 voltage segments. A further switching of the comparators to 

REV.B 

PLCC 

iii "' :I! ... :l! 
.,, 0 

m m m iii 
Q Q Q Q Q Q Q 

DGND DB11 

DB3 Yss 

DB2 
AD7886 

DB1 VREF 

DBO 
TOP VIEW 

(Not to Scale) SUM 

Yoo +5REF 

BUSY 

another 15 subvoltages produces the complete 12-bit conversion 
result. The 12 bits of data are then stored internally in a three
state output latch. 

REFERENCE INPUT 
The AD7886 operates from a - 3.5 V reference which must be 
provided at the V REF input. Two on-chip resistors for use with 
an external amplifier can be used for deriving - 3.5 V from 
standard 5 V references. Figure 2 shows an example with the 
AD586 which a is a high performance voltage reference which 
exhibits excellent stability performance, 5 ppm/"C max. The ex
ternal amplifier serves a second function of force/sensing the 
V REF input. Force/sensing minimizes error contributions from 

+V 

+VIN 

Your 
+5V +5REF 

AD586 R1 

GND 
9k 

SUM 
AD7886* 

AD707 
R2 
6.3k 

-3.SV VREF 

TODAC 

C1 C2 
10µF~· 

~ •ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 2. Typical Reference Circuitry 
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AD7886 
voltage or IR drops along the internal conductors. IR drops in 
the reference path cause a gain error, and typically the external 
amplifier reduces this error by 2 LSBs. In systems where a 
- 3. 5 V reference is available then it can be applied to the V REF 

input directly causing a slight increase in gain error. A low op 
amp offset voltage is important as any offse't voltage will add 
directly to the voltage that is being force/sensed. Suitable op 
amps for this application are precision op amps such as the 
AD705 or the AD707 which feature offset voltages of less than 
100 µV. 

Proper decoupling on the op amp output is important to sup
press high speed transients during the conversion procedure. 
Note, connecting capacitors directly to op amp outputs can 
cause stability problems. However, the use of large capacitors, 
10 µF in Figure 2, limits the open-loop bandwidth preventing 
any closed-loop oscillations. 

TRACK-AND~HOLD AMPLIFIER 
The analog input is sampled by an on-chip track-and-hold am
plifier before being applied to the ADC. The 3dB bandwidth of 
this amplifier is typically 20 MHz which is much greater than 
the Nyquist limit of the ADC, so it can be used for undersam
pling applications. The track-and-hold amplifier acquires the 
input signal to 12-bit accuracy in less than 333 ns. The overall 
throughput time is equal to the conversion time plus the track/ 
hold amplifier acquisition time which is 1.333 µs for the 
AD7886. 

The operation of the track/hold amplifier is essentially transpar
ent to the user. The track-to-hold transition occurs at the start 
of conversion on the falling edge of CONVST. The conversion 
procedure does not start until the rising edge of CONVST. The 
width of the CONVST pulse low time determines the track-to
hold settling time. The track/hold reverts back to the track 
mode at the end of conversion when BUSY has returned high. 

OTO SV ANALOG INPUT RANGE 

3.Sk 

VIN1 

VIN2 

OTOSV 

0 TO 10V ANALOG INPUT RANGE 

3.Sk 

±SV ANALOG INPUT RANGE 

±SV VIN1 

+SV VIN2 

Figure 3. Analog Input Range Configurations 
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ANALOG INPUT RANGES 
The AD7886 has three user selectable analog input ranges: 0 to 
5 V, 0 to 10 V and ±5 V. Figure 3 shows how to configure the 
two analog inputs (VIN! and VINZ) for these ranges. 

UNIPOLAR OPERATION 
Figure 4 shows a typical unipolar circuit for the AD7886. The 
ideai input/output characteristic is shown in Figure 5. The de
signed code transitions occur on integer multiples of l LSB. 

The output code is natural binary with l LSB = FS/4096. FS is 
either +5Vor+10 V depending on how the analog inputs are 
configured. 

+5V 

AIN VDD VIN1 
OT05V 

OR 
OTO 10V VIN2" 

+V AGND 

AD7886* 
+VIN 

VOUT +SV 
+5REF 

AD586 

GND 

SUM 

'ADDITIONAL PINS OMITTED FOR CLARITY 
"0 TO 5V RANGE: CONNECT VIN2 TO VIN1 

0 TO 10V RANGE: CONNECT VIN2 TO AONO 

Figure 4. Unipolar Operation 

OUTPUT 
CODE 

11 ••• 111 

/ 11 ••• 110 

11 ••• 101 

11 ••• 100 

00 ••• 011 

00 ••• 010 

00 ... 001 

FS 1LSB: 4096 

00 .•• 00D '---+-+--i--{'$f--t--+--tl--tl-t•~ 

t FS 
1 2 3 

VIN, INPUT VOLTAGE (LSBS) 

FS -1LSB 

Figure 5: Ideal Input/Output Transfer Characteristic for 
Unipolar Operation 

REV.B 



11111111111 ANALOG 
Llllll DEVICES 

FEATURES 
Fast 12-Bit ADC with 1.3 µs Conversion Time 
600 kSPS Throughput Rate (AD7892-3) 
500 kSPS Throughput Rate (AD7892-1, AD7892-2) 
Single Supply Operation 
On-Chip Track/Hold Amplifier 
Selection of Input Ranges: 

±10 V or ±5 V for AD7892-1 
0 V to +2.5 V for AD7892-2 
±2.5 V for AD7892-3 

High Speed Serial and Parallel Interface 
Low Power, 60 mW typ 
Overvoltage Protection on Analog Inputs (AD7892-1 

and AD7892-3) · 

GENERAL DESCRIPTION 
The AD7892 is a high speed, low power, 12-bit ND converter 
that operates from a single +5 V supply. The part contains a 
1.3 µs successive approximation ADC, an on-chip track/hold 
amplifier, an internal +2.5 V reference and on-chip versatile 
interface structures that allow both serial and parallel connec
tion to a microprocessor. The part accepts an analog input range 
of±IO V or ±5 V (AD7892-1), 0 V to +2.5 V (AD7892-2) and 
±2.5 V (AD7892-3). Overvoltage protection on the analog in
puts for the AD7892-1 and AD7892-3 allows the input voltage 
to go to ± 17 V or ± 7 V respectively without damaging the ports. 

The AD7892 offers a choice of two data output formats: a 
single, parallel, 12-bit word or serial data. Fast bus access times 
and standard control inputs ensure easy parallel interface to 
microprocessors and digital signal processors. A high speed 
serial interface allows direct connection to the serial ports of 
microcontrollers and digital signal processors. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

· · LC2MOS Single Supply, 
12-Bit 600 kSPS ADC 

AD7892 I 
FUNCTIONAL BLOCK DIAGRAM 

REF OUT/REF IN 

AD7892 MODE 

r---,. __ ..J>(') DBO 

12-BIT 
ADC 

DB2 

DB3/RFS 
DB4/SCLK 
DBS/SDATA 
DB1M.OW 

L..--,-...r---,,v DB11/LOW 

Cs iiii EOC CONVsT AGND DGND SiiNiiiiY 

The AD7892 is fabricated in Analog Devices' Linear Compat
ible CMOS (LC2MOS) process, a mixed technology process 
that combines precision bipolar circuits with low-power CMOS 
logic. It is available in a 24-pin, 0.3" wide, plastic or hermetic 
DIP or in a 24-pin SOIC. 

PRODUCT HIGHLIGHTS 
I. The AD7892-3 features a conversion time of 1.3 µs and a 

track/hold acquisition time of 0.35 µs. This allows a 
throughput rate for the part up to 600 ksps. The AD7892-1' · 
and AD7892-2 operate with throughput rates of 500 ksps: 

2. The AD7892 operates from a single +5 V supply and con
sumes 60 mW typ making it ideal for low power and portable 
applications. 

3. The part offers a high speed, flexible interface arrangement 
with parallel and serial interfaces for easy connection to 
microprocessors, microcontrollers and digital signal 
processors. 
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A07892~SPEC1f ICATIONS ~~~:s ::h!!~;~:~e~~)= DGND =DY, REF IN.= +2.5 V. All specificationsT111tto TMAX 

Parameter A Versions1 B Versions S Version2 Units Test Conditions/Comments· 
. 

DYNAMIC PERFORMANCE .. fIN = I 00 kHz. fs,\MPLE = 500 ksps 
(AD7892-l and AD7892-2) and 600 ksps 
(AD7892-3) 

Signal to {Noise + Distortion) Ratio' 70 70 70 dB min 
Total Harmonic Distortion' -80 -80 -80 dB max 
Peak Harmonic or Spurious Noise' -81 -81 -81 dB max· 
Intermodulation Distortion' fa = 49 kHz, lb = 50 kHz 

2nd Order Terms -80 -80 -80 dB max 
3rd Order Terms -80 -80 -80 dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which No 

Missing Codes Are Guaranteed 12 12 12 Bits 
Relative Accuracy' ±1 ±1 LSBmax 
Differential Nonlinearity' ±1 ±1 LSBmax 
Positive Full-Scale Error' ±4 ±4. ±4 LSBmax 
AD7892-l and AD7892-3 

Negative Full-Scale Error' ±4 ±4 ±4 LSBmax 
Bipolar Zero Error' ±3 ±2 ±3 LSBmax 

AD7892-2 Only 
Unipolar Offset Error' ±3 ±2 ±3 LSBmax 

ANALOG INPUT 
AD7892-l 

Input Voltage Range ±10 ±10 ±10 Volts Input Applied to V1N1 with V1N2 Grounded 
Input Voltage Range ±5. ±5 ±5 Volts Input Applied to VIN1. and VIN2 

Input Resistan~e 8 8 8 lillmin Input Applied to VIN1 with VIN2 Grounded 
AD7892-2 

Input Voltage Range on VIN1 0 to +2.5 o to +2.5 0 to +2.5 Volts Input Applied to VIN1 and 'Referenced to VIN2 
·' 

Input Current 50 50 50 nAmax 
Input Voltage Range on VIN2 ±50 ±50 ±50 mVmax 

AD7892-3 
Input Voltage Range on VIN, ±2.5 ±2.5 ±2.5 Volts Input Applied to VIN1 with ViN2 Unconnected 
Input Resistance 2 2 2 lillmin 

~ 

REFERENCEOUTPUTnNPUT 
REF IN Input Voltage Range 2.375/2.625 2.375/2.625 2.375/2.625 VminNmax 2.5 V± 5% 
Input Impedance 1.6 1.6 1.6 lillmin Resistor Connected to Internal Reference Node 
Input Capacitance• 10 10 10 pFmax 
REF OUT Output Voltage 2.5 2.5 2.5 Vnom 
REF OUT Error @ +25°C ±10 ±10 ±10 mVmax 

TMIN to TMAX ±20 ±20 ±25 mVmax 
REF OUT Temperature Coefficient 25 25 25 ppffi!oc typ 

REF OUT Output Impedance 5.5 5.5 5.5 lillnom 

LOGIC INPUTS 
Input High Voltage, V1NH 2.4 2.4 2.4 Vmin V00 = 5V± 5% 
Input Low Voltage, V INL 0.8 0.8 0.8 Vmax Yoo= ~V± 5% 
Input Current, IIN ±10 ±10 ±10 µAmax VIN= OVtci Yoo 
lnp\lt Capacitance, CIN 4 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, VoH 4.0 4.0 4.0 Vmin IsoURCE = 200 µA 
Output Low Voltage, VoL 0.4 o'.4 0.4 Vmax Is1NK = 1.6 mA 
DBll-DBO 

Floating-State Leakage Current ±10 ±10 ±10 µAmax 
Floating-State Capacitance• 15 15 15 pFmax 

Output Coding 
AD7892-l and AD7892-3 2s Complement 
AD7892-2 Straight (Natural) Binary 
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AD7892 
Parameter A Versions1 B Versions S Version2 Units Test Conditions/Comments 

CONVERSION RATE 
Conversion Time 1.3 1.3 µs max AD7892-3 
Track/Hold Acquisition Time3 0.35 0.35 µs max AD7892-3 
Conversion Time 1.6 1.6 1.6 µs max AD7892-l and AD7892-2 
Track/Hold Acquisition Time3 0.4 0.4 0.4 µs max AD7892-l and AD7892-2 

POWER REQUIREMENTS 
Von +5 +5 +5 Vnom ±5% for Specified Performance 

loo 
Normal Operation 18 18 18 mAmax 
Standby Mode5 250 250 250 µA typ 

Power Dissipation 
Normal Operation 90 90 90 mW max V00 = +5 V. Typically 60 mW 
Standby Mode5 1.25 1.25 1.25 mWtyp 

NOTES 
'Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to+ 125°C. 
2S Version available on AD7892-1 and AD7892-2. 
3See Terminology. 
4Sample tested@ +25°C to ensure compliance. 
5This standby current is achieved with resistors to either DGND or V 00 on Pins 8, 9, 16 and 17. A conversion should not be initiated on the part within 30 µs of 
exiting standby mode. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA= +25°C unless otherwise noted) 

V00 to AGND .......................... -0.3 V to +7 V 
V00 to DGND .......................... -0.3 V to +7 V 
Analog Input Voltage to AGND 

AD7892-l ................................. ± 17 V 
AD7892-2 ............................. -0.3 V, V00 

AD7892-3 .................................. ±7 V 
Reference Input Voltage to AGND .... -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND ...... -0.3 V to Vnn + 0.3 V 
Digital Output Voltage to DGND ..... -0.3 V to Vnn + 0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ............. -40°C to +85°C 
Extended (S Version) ................. -55°C to+ 125°C 

Storage Temperature Range ............. -65°C to + l 50°C 

Junction Temperature ......................... + l 50°C 
Plastic DIP Package, Power Dissipation ........... 450 mW 

91A Thermal Impedance ..................... 105°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

Cerdip Package, Power Dissipation ............... 450 mW 
91A Thermal Impedance ...................... 70°C/W 
Lead Temperature (Soldering, 10 sec) ........... +300°C 

SOIC Package, Power Dissipation. . ............. .450 mW 
91A Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ORDERING GUIDE 

Model Input Range Sample Rate Relative Accuracy Temperature Range Package Option* 

AD7892AN-l ±5Vor±IOV 500 ksps -40°C to +85°C N-24 
AD7892BN-l ±5Vor±l0V 500 ksps ±1 LSB -40°C to +85°C N-24 
AD7892AR-l ±5 Vor±lO V 500 ksps -40°C to +85°C R-24 
AD7892BR-l ±5Vor±l0V 500 ksps ±1 LSB -40°C to +85°C R-24 
AD7892SQ-l ±5 Vor±lO V 500 ksps ±1 LSB -55°C to + 125°C Q-24 
AD7892AN-2 0 V to +2.5 V 500 ksps -40°C to +85°C N-24 
AD7892BN-2 0 V to +2.5 V 500 ksps ±1 LSB -40°C to +85°C N-24 
AD7892AR-2 0 Vto +2.5 V 500 ksps -40°C to +85°C R-24 
AD7892BR-2 0 Vto +2.5 V 500 ksps ±1 LSB -40°C to +85°C R-24 
AD7892SQ-2 OV to +2.5 V 500 ksps ±1 LSB -55°C to + 125°C Q-24 
AD7892AN-3 ±2.5 v 600 ksps -40°C to +85°C N-24 
AD7892BN-3 ±2.5V 600 ksps ±1 LSB -40°C to +85°C N-24 
AD7892AR-3 ±2.5 v 600 ksps -40°C to +85°C R-24 
AD7892BR-3 ±2.5 v 600 ksps ±1 LSB -40°C to +85°C R-24 

*N = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see Package Information section. 
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AD7892 
TIMING CHARACTERISTICS1• 2 (Yoo= +5 V ± 5%, AGNO.: DGND = 0 V, REF IN= +2.5N) 

_.:::_ '' 

A,B s 
Parameter Versions Version Units Test Conditions/Comments 

" 
tcoNV 1.3 µsmax Conversion Time for AD7892-3 

1.6 1.6 µsmax Conversion Tiine for AD7892-l, AD7892-2 
tACQ 350 nsmin Acquisition Time for AD7892<;l 

400 400 nsmin Acquisition Time for AD7892-l, AD7892-2 

Parallel Interface 
t1 35 45 nsmin CONVST Pulse Width 
tz 60 60 nsmin EOC Pulse Width 
t3 0 0 nsmin Hoc Falling Edge to CS Falling Edge Setup Time 
t4 0 0 nsmin CS to RD Setup Time 
t5 35 45 nsmm Read· Pulse Width 
t63 35 40 nsmax Data Access Time After Falling Edge of RD 
t14 5 5 nsmin Bus Relinquish Time After Rising Edge of RD 

30 40 nsmax 
ts 0 0 nsmin CS to RD Hold Time. 
tl 100 100 nsmin RD to CONVST Setup Time 

Serial Interface 
t10 30 35 nsmin RFS Low to SCLK Falling Edge Setup Time 
tu 3 25 30 nsmax RFS Low to Data Valid Delay 
t12 25 25 nsmin SCLK High Pulse Width 
t13 25 25 nsmin ' .SCLK Low Pulse Width 
t14 3 5 5 nsmin SCLK Rising Edge to Data Valid Hold Time 
t15 3 25 30 nsmax SCLK Rising Edge to Data Valid Delay 
t16 20 30 nsmin RFS to SCLK Falling Edge Hold Time 
t174 0 0 nsmin Bus Relinquish Time after Rising Edge of RFS 

30 30 nsmax 
' 

t11A 4 0 () nsmin Bus Relinquish Time after Rising Edge of SCLK 
30 :30 nsmax 

NOTES 
1Sampli tested at +25°C to ensure compliance. All input signals are measured with tr= ,tf = 1 ns (10% to 90% of +5 V) and timed from a v~ltage level of+ 1.6 V. 
2See Figures 2 and 3: 
'Measured with the load 'circuit of Figure 1 and defined as the time required for an output to i:toss·0.8 V or 2.4 V. 
'These times are derived from the measured time taken by the data.outputs to change 0.5 V when loaded with the circuit of Figure !.·The measured number is tllen 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are the true bus 
relinquish times of the pan and as such are independent of external bus loading capacitances. 

'Assumes CMOS loads on data bits. With TTL loads, more cunent is drawn from the data lines and the RD to CONVST time needs to be extended to 300 ns min. 
Specifications subject to change without notice. 

TO 
OUTPUT 
PIN 

+1.&V 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 

CAUTION~~~~~~~~~~~~~~~~~--,--~~~~~--,--~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7892 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, propei ESD · 
precautions are recommended to avoid performance·degradation or loss of functionality. 

2-378 ANALOG-TO-DIGITAL CONVERTERS 

~~c:=: 
ESD SENSITIVE DEVICE 

REV.O 



Pin 
No. 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

REV.O 

Mnemonic 

Yoo 
STANDBY 

REF OUT/REF IN 

AGND 

MODE 

DBll/LOW 

DBlO/LOW 

DB9 

DBS 

DB7 

DB6 

DGND 

DB5/SDATA 

AD7892 
PIN FUNCTION DESCRIPTION 

Description 

Positive supply voltage, +5 V ± 5%. 
Standby Input. Logic Input. With this input at a logic high, the part is in its normal operating 
mode; with this input at a logic low, the part is placed in its standby or power-down mode, 
which reduces power consumption to 5 mW typical. 
Analog Input 2. For the AD7892-1, this input either connects to AGND or to V1N1 to 
determine the analog input voltage range. With V1N2 connected to AGND on the AD7892-1, 
the analog input range at the V1NI input is± 10 V. With V1N2 connected to V1N 1 on the 
AD7892-l, the analog input range to the part is ±5 V. 
For the AD7892-2, the voltage range at the V1N 1 input is referenced to the voltage applied to 
th~ V1N2 input. The allowable span for the V1N2 voltage is ±50 mV. With V1N2 at AGND on 
the AD7892-2, the analog input voltage range at the V1N 1 input is 0 to +2.5 V. · 
For the AD7892-3, this input should be connected to AGND. 
Analog Input 1. The analog input voltage to be converted by the AD7892 is applied to this 
input. For the AD7892~1, the input voltage range is either ±5Vor±10 V depending on where 
the V1N2 input is connected. For the AD7892-2, the voltage range on the VIN1 input is 0 V to 
+2.5 V with respect to the voltage appearing at the V1N2 input. For the AD7892-3, the voltage 
range on the V1NI input is ±2.5 V. 
Voltage Reference Output/Input. The part can be used with either its own internal reference 
or with an external reference source. The on-chip +2.5 V reference is provided at this pin. 
When using this internal reference as the reference source for the part, REF OUT shoiild be 
decoupled to AGND with a 0.1 µF disc ceramic capacitor. The output impedance of this 
reference source is typically 5.5 kQ. When using an external reference source as the reference 
voltage for the part, the refererwe source should be connected to this pin. This overdrives the 
internal reference and provides the reference source for the part. The REF IN input is buf
fered on-chip but must be able to sink or source current through the resistor t<i the output 
of the on-chip reference. The nominal reference voltage for correct operation of the AD7892 
is +2.5 V. 
Analog Ground. Ground reference for track/hold, comparator and DAC. 

Mode. Control input which determines the interface mode for the AD7892. With this pin at a 
logic low, the device is in its serial interface mode; with this pin at a logic high, the device is in 
its parallel interface mode. 
Data Bit 11/Test Pin. When the device is in its parallel mode, this pin is Data Bit 11 (MSB), a 
three-state TTL-com:patible,:output. When the device is in its serial mode, this is used as a test 
pin which must be tied to a logic low for correct operation of the AD7892 
Data Bit 10/Test Pin. When the device is in its parallel mode, this pin is Data Bit 10, a three
state TTL-compatible output. When the device is in its serial mode, this is used as a test pin 
which must be tied to a logic low for correci: operation of the AD7892. 
Data Bit 9. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 
Data Bit 8. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 
Data Bit 7. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 
Data Bit 6. Three-state TTL-compatible output. This output should be left unconnected when 
the device is in its serial mode. 
Digital Ground. Ground reference for digital circuitry. 
Data Bit 5/Serial Data. When the device is in its parallel mode, this pin is Data Bit 5, a 
three-state TTL-compatible output. When the device is in its serial mode, this becomes 
the serial data output line. Sixteen bits of serial data are provided with four leading 
zeros preceding the 12-bits of valid data. Serial data is valid on the falling edge of 
SCLK for sixteen edges after RFS goes low. Output coding is 2s complement for AD7892-1 
and AD7892-3 and straight (natural) binary for AD7892-2. 
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AD7892 
Pin 
No. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Mnemonic 

DB4/SCLK 

DB3/RFS 

DB2 

DBl 

DBO 

RD 

cs 
EOC 

CONVST 

Description 

Data Bit 4/Serial Clock. When the device is in its parallel mode, this pin is Data Bit 4, a three-state 
TTL-compatible output. When the device is in its serial mode, this becomes the serial clock pin, 
SCLK. SCLK is an input and an external serial clock must be provided at this pin to obtain serial 
data from the AD7892. Serial data is clocked out from the output shift register on the rising edges 
of SCLK after RFS goes low. 
Data Bit 3/Receive Frame Synchronization. When the device is in its parallel mode, this pin is 
Data Bit 3, a three-state TTL-compatible output. When the device is in its serial mode, this 
becomes the receive frame synchronization input with RFS provided externally to obtain serial 
data from the AD7892. 
Data Bit 2. Three-state TTL-compatible output. This output should be left unconnected when the 
device is in its serial mode. 
Data Bit 1. Three-state TTL-compatible output. This output should be left unconnected when the 
device is in its serial mode. 
Data Bit 0 (LSB). Three-state TTL-compatible output. Output coding is Zs complement for 
AD789.2-l and AD7892-3 and straight (natural) binary for AD7892-2. This output should be left 
unconnected when the device is in its serial mode. 
Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 

Chip Select. Active low logic input which is used in conjunction with RD to enable he data outputs. 

End-of-Conversion. Active low logic output indicating converter status. The end of conversion is 
signified by a low-going pulse on this line. The duration of this EOC pulse is nominally 100 ns. 
Convert Start. Logic Input. A low to high transition on this input puts the track/hold into its hold 
mode and starts conversion. 

PIN CONFIGURATION 

DIPandSOIC 

COtiVST 
EOC 

cs 
Ril 
DBO(LSB) 

DB1 

DB2 

DB3/RFS 

DB4/CSCLK 

DB5/SDATA 

DGND 

DB6 
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CIRCUIT DESCRIPTION 
The AD7892 is a fast, 12-bit single supply ND converter. It 
provides the user with signal scaling, track/hold, reference, ND 
converter and versatile interface logic functions on a single chip. 
The signal scaling on the AD7892-l allows the part to handle 
either ± 5 V or ± 10 V input signals while operating from a single 
+5 V supply. The AD7892-2 handles a 0 to +2.5 V analog in
put range, while signal scaling on the AD7892-3 allows it to 
handle ±2.5 V input signals when operating from a single sup
ply. The part requires a +2.5 V reference which can be pro
vided from the part's own internal reference or from an external 
reference source. 

Conversion is initiated on the AD7892 by pulsing the CONVST 
input. On the rising edge of CONVST, the track/hold goes 
from track mode to hold mode and the conversion sequence is 
started. At the end of conversion (falling edge of EOC), the 
track/hold returns to tracking mode and the acquisition time be
gins. Conversion time for the part is 1.3 µs (AD7892-3) and the 
track/hold acquisition time is 350 ns (AD7892-3). This allows 
the AD7892-3 to operate at throughput rates up to 600 ksps. 
The AD7892-l and AD7892-2 are specified with a 1.6 µs con
version and 400 ns acquisition time allowing a throughput rate 
of 500 ksps. 

Track/Hold Section 
The track/hold amplifier on the AD7892 allows the ADC to ac
curately convert an input sine wave of full-scale amplitude to 
12-bit accuracy. The input bandwidth of the track/hold is 
greater than the Nyquist rate of the ADC even when the ADC is 
operated at its maximum throughput rate of 600 kHz (i.e., the 
track/hold can handle input frequencies in excess of 300 kHz). 

The track/hold amplifier acquires an input signal to 12-bit accu
racy in less than 350 ns. The operation of the track/hold is es
sentially transparent to the user. The track/hold amplifier goes 
from its tracking mode to its hold mode on the rising edge of 
CONVST. The aperture time for the track/hold (i.e., the delay 
time between the external CONVST signal and the track/hold 
actually going into hold) is typically 15 ns. At the end of con
version, the part returns to its tracking mode. The acquisition 
time of the track/hold amplifier begins at this point. 

Reference Section 
The AD7892 contains a single reference pin, labelled 
REF OUT/REF IN, which either provides access to the part's 
own +2.5 V reference or to which an external +2.5 V reference 

AD7892 
can be connected to provide the reference source for the part. 
The part is specified with a +2.5 V reference voltage. Errors in 
the reference source will result in gain errors in the AD7892's 
transfer function and will add to the specified full-scale errors 
on the part. On the AD7892-l and AD7892-3, it will also re
sult in an offset error injected in the attenuator stage. 

The AD7892 contains an on-chip +2.5 V reference. To use this 
reference as the reference source for the AD7892, simply con
nect a 0.1 µF disc ceramic capacitor from the REF OUT/ 
REF IN pin to AGND. The voltage that appears at this pin is 
internally buffered before being applied to the ADC. If this ref
erence is required for use external to the AD7892, it should be 
buffered as the part has a FET switch in series with the refer
ence output resulting in a source impedance for this output of 
5.5 kQ nominal. The tolerance on the internal reference is 
± 10 mV at 25°C with a typical temperature coefficient of 
25 ppm/°C and a maximum error over temperature of±25 mV. 

If the application requires a reference with a tighter tolerance or 
the AD7892 needs to be used with a system reference, then the 
user has the option of connecting an external reference to this 
REF OUT/REF IN pin. The external reference will effectively 
overdrive the internal reference and thus provide the reference 
source for the ADC. The reference input is buffered before be
ing applied to the ADC with the maximum input current is 
± 100 µA. Suitable reference sources for the AD7892 include the 
AD680, AD780 and REF43 precision +2.5 V references. 

INTERFACING 
The part provides two interface options, a 12-bit parallel inter
face and a three-wire serial interface. The required interface 
mode is selected via the MODE pin. The two interface modes 
are discussed in the following sections. 

Parallel Interface Mode 
The parallel interface mode is selected by tying the MODE in
put to a logic high. Figure 2 shows a timing diagram illustrating 
the operational sequence of the AD7892. The on-chip track/ 
hold goes into hold mode, and conversion is initiated on the ris
ing edge of the CONVST signal. When conversion is complete, 
the end of conversion line (EOC) pulses low to indicate that 
new data is available in the AD7892's output register. This 
EOC line can be used to drive an edge-triggered interrupt of a 
microprocessor. The read operation should be completed 
200 ns prior to the next rising edge of CONVST. CS and RD 

CONVsT(I) ~s: ~ 
-+I 11 :..- 1~-----------'l•ca----.i 

REV. 0 

-------------'•T----+l.c.., 1, i.- : 
I I 
- ICONV -:.__13~ ... 1 ---19 -

s L_JJ 
1,-+1 ~~ i.-1. 

I I I 
------------'•T-------~L::J~----------

1 -+I ~17 

EOC(O) 

CS(I) 

RD(I) 

3-STATE t. -- i.-~ALID I 3-STATE 
DBO-DB11 (D) ------------'>!---------I r---------DATA 

NOTE: 
I = INPUT; 0 = OUTPUT 

Figure 2. Parallel Mode Timing Diagram 
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A078'92 
going ,low accesse.s ):he 12-bit con11,ersion result. In systems , 
where the part is interfaced to'. a gate array or ASIC, this EOC 
pulse ~ be appl\ed to the CS and RD inputs to latch data out 
of the AD7892 'and into the gate array or ASIC. This eliminates 
the !i>gk required in the.~te array or ASIC to recognize the end 
of conversion and generate the read signal for the AD7892. To 
obtain optimum performance from the AD7892, it is not recom
mended to tie CS and RD permanently low as this keeps the 
three~state active during conversion. 

Serial Interface Mode 
The AD7892 is cqnfigured for serial mode interlaci11g by tying 
the MODE input low.· It proyides for a three.-wire, serial link 
between the AD7.892 .and industry-standard microprocessors, 
microcontrollers and digital signal processors. SCLK and RFS 
of the AD7.892 are inputs, and the AD7892's serial i.n,terface is 
designed for direct interface to systems that provide a serial 
clock input that is synchronized to the serial data output includ
ing microcontrollers such as the 80C51, 87C51, 68HC11 and 
68HC05 and most digital signal processors. 

Figure 3 shows the timing diagram for reading from the 
AD7892 in the serial interface mode. RFS goes low to access 
data from the.AD7892. The serial clock input does not have to 
be continuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the .duration of the 
data transfer operation.' Sixteen bits of data are transmitted 

with four ·leading zeros followed by the l 2-bit conversion result 
starting with the MSB. Seri1d data is clocked out of the device 
on the rising edge of SCLK, Old data is .guaranteed to be valid 
for 5 ns after this edge .. This is ;useful for high speed s.erial clocks. 
where the access time of the part would not allow sufficient set
up time for the data. to be accepted on the falling edge of the 
clock.' In this case, care must be taken that RFS does not go just 
prior to a rising edge of SCLK. For slower serial clocks .data is 
valid on the falli.n,g edge of SCLK. At the. end of the read opera
tion, the SDATA line is three-stated by a rising edge on either 
the SCLK of RFS inputs, whichever occurs first: Seria.1 data 
caiinot be read during conversion to avoid feedthrough prob
lems from the serial clock to the conversion process. For opti
mum performance, a serial read should also be avoided within 
400 ns of the rising edge of CONVST to avoid feedthrough into 
the track/hold during its acquisition time. The serial read 
should, theref~re;occlir between the end of conversion .(EOC 
falling edge) and 400 ns prior to the next rising edge of 
CONVST. Tills limits the maximum achievable throughput 
rate in seriai mode (assuming 20 MHz serial clock) to 400 ksps 
for the AD7892-3 and 357 ksps for the. AD7892-1 and 
AD7892-2. . 

RFS(I) ~ ,r--
~I -----------------1.i:s-----i 

. t,.~ ~' -..i t,, 14- ~ ~ t, • 

..:.it!+- I ·1. ~ 
I+- I 13 1 ~ ~t,4i'1 t11A +J 14- "'7 

I I t1s-+l 14-- · 13-STATE 
SDATA(O) ----11 FOURLEADINGZEROS / oe11 k oa1o q~ 

SLCK(I) 

NOTE: 
I = INPUT; 0 = OUTPUT 

Figure 3. Serial Mode Timing Diagram 
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NANALOG 
WDEVICES 

FEATURES 
Fast 12-Bit ADC with 6 µs Conversion Time 
8-Pin Mini-DIP and SOIC 
Single Supply Operation 
High Speed, Easy-to-Use, Serial Interface 
On-Chip Track/Hold Amplifier 
Selection of Input Ranges 

±10 V for AD7893·10 
0 V to +2.5 V for AD7893-2 

Low Power: 25 mW typ 

GENERAL DESCRIPTION 
The AD7893 is a fast, 12-bit ADC which operates from a single 
+5 V supply and is housed in a small 8-pin mini-DIP and 8-pin 
SOIC. The part contains a 6 µs successive approximation AID 
converter, an on-chip track/hold amplifier, an on-chip clock and 
a high speed serial interface. 

Output data from the AD7893 is provided via a high speed, 
serial interface port. This two-wire serial interface has a serial 
clock input and a serial data output with the external serial 
clock accessing the serial data from the part. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7893 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 

The part accepts an analog input range of ±10 V (AD7893-10) 
or 0 V to +2.5 V (AD7893-2) and operates from a single +5 V 
supply consuming only 25 mW typical. 

The AD7893 is fabricated in Analog Devices' Linear Compatible 
CMOS (LC2MOS) process, a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The part is available in a small, 8-pin, 0.3" wide, plastic or her
metic dual-in-line package (mini-DIP) and in an 8-pin, small
outline IC (SOIC). 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800-446-6212. 

REV.B 

LC2MOS 12-Bit, Serial 6 µs 
ADC in 8-Pin Package 

AD7893 I 
FUNCTIONAL BLOCK DIAGRAM 

v,. 

AGND DGND 

*AD71193-10 ONLY 

PRODUCT HIGHLIGHTS 

REFIN 

1. Fast, 12-Bit ADC in 8-Pin Package 

SCLK SDATA 

The AD7893 contains a 6 µs ADC, a track/hold amplifier, 
control logic and a high speed serial interface, all in an 8-pin 
package. This offers considerable space saving over alterna
tive solutions. 

2. Low Power, Single Supply Operation 
The AD7893 operates from a single +5 V supply and con
sumes only 25 mW. This low power, single supply operation 
makes it ideal for battery-powered or portable applications. 

3. High Speed Serial Interface 
The part provides high speed serial data and serial clock lines 
allowing for an easy, two-wire serial interface arrangement. 
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AD7893. SPEClflCA'JIQNS !Yoo= +5 V, AGN~ = DGND = 0 V, REF IN= +2.5 V. All Specifications TM1~ to 
- K TMAX unless otherwise noted.) 

A B s 
Parameter Versions1 Versions Version Units 

DYNAMIC PERFORMANCE 
Signal to (Noise + Distortion) Ratio2 

@ +25°C 70 70 70 dB min 
TMIN to TMAX 70 dB min 

Total Harmonic Distortion (THD)2 -80 -80 -80 dB max 
Peak Harmonic or Spurious Noise2 -80 -80 -80 dBmax 
Intermodulation Distortion (IMD)2 

2nd Order Terms -80 -80 -80 dB max 
3rd Order Terms -80 -80 -80 dB max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for which 
No Missing Codes are Guaranteed 12 12 12 Bits 
Relative Accuracy' ±I ±1/2 ±I LSB max 
Differential N onlinearity2 ±I ±] ±I LSB max 
Positive Full-Scale Error2 ±3 ±1.5 ±3 LSB max 
AD7893-2 Only 

Unipolar Offset Error ±4 ±3 ±4 LSB max 
AD7893-10 Only 

Negative Full-Scale Error2 ±3 ±1.5 ±3 LSB max 
Bipolar Zero Error ±4 ±2 ±4 LSB max 

ANALOG INPUT 
AD7893-10 

Input Voltage Range ±10 ±10 ±10 Volts 
Input Resistance 16 16 16 k!lmin 

AD7893-5 
Input Voltage Range 0 to +5 0 to +5 0 to +5 Volts 
Input Resistance 9 9 9 k!lmin 

AD7893-2 
Input Voltage Range Oto +2.5 0 to +2.5 Oto +2.5 Volts 
Input Current 500 500 500 nAmax 

REFERENCE INPUT 
REF IN Input Voltage Range 2.375/2.625 2.375/2.625 2.375/2.625 V min/Vmax 
Input Current 2 2 10 µAmax 
Input Capacitance3 10 10 10 pF max 

LOGIC INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 0.8 Vmax 
Input Current, IIN ±10 ±10 ±10 µAmax 
Input Capacitance, CIN 3 10 10 10 pFmax 

LOGIC OUTPUTS 
Output High Voltage, V0 H 4.0 4.0 4.0 Vmin 
Output Low Voltage, V0 L 0.4 0.4 0.4 Vmax 
Output Coding 

AD7893-10 2s Complement 
AD7893-2 Straight (Natural) Binary 

CONVERSION RATE 
Conversion Time 6 6 6 µsmax 
Track/Hold Acquisition Time2 1.5 1.5 1.5 µsmax 

POWER REQUIREMENTS 
Voo +5 +5 +5 Vnom 
loo 9 9 9 mAmax 
Power Dissipation 45 45 45 mW max 

NOTES 
'Temperature Ranges are as follows: A, B Versions: -40°C to +8S°C; S Version: -SS°C to + 125°C. 
2See Terminology. 
3Saniple tested @ + 2S'C to ensure compliance. 

Specifications subject to change without notice. 

2-384 ANALOG-TO-DIGITAL CONVERTERS 

Test Conditions/Comments 

fIN = 10 kHz Sine Wave, fsAMPLE = 117 kHz 

f1N = JO kHz Sine Wave, fsAMPLE = 117 kHz 
fIN = 10 kHz Sine Wave, fsAMPLE = 117 kHz 
fa= 9 kHz, fb = 9.5 kHz, fsAMPLE = 117 kHz 

2.5 v ± 5% 

V00 = 5 V ± 5% 
V00 = 5 V ± 5% 
VIN= OVtoV0 o 

IsouRcE = 200 µA 
IsINK = 1.6 mA 

± 5% for Specified Performance 

Typically 25 mW 
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AD7893 

TIMING CHARACTERISTICS1• 2 (V00 = +5 V, AGND = DGND = 0 V, REF IN= +2.5 V) 

A,B s 
Parameter Versions Version Units Test Conditions/Comments 

t, 50 50 ns min CONVST Pulse Width 
t2 60 70 ns min SCLK High Pulse Width 
t3 30 40 ns min SCLK Low Pulse Width 
t/ 50 60 ns max SCLK Rising Edge to Data Valid Delay 
ts4 10 10 nsmin Bus Relinquish Time after Falling Edge of SCLK 

100 100 nsmax 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are measured with tr= tf = 1 ns (10% to 90% of +5 V) and timed from a voltage level of 
+1.6 v. 

'See Figure 5. 
'Measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
4Derived from the measured time taken by the data outpUts to change 0.5 V when loaded with the circuit of Figure I. The measured number is then extrapo
lated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, t,, quoted in the timing characteristics is the true 
bus relinquish time of the part and as such is independent of external bus loading ·capacitances. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

V00 to AGND ..............•..... -0.3 V to +7 V 
V00 to DGND ..•................. -0.3 V to +7 V 
Analog Input Voltage to AGND 

AD7893-10, AD7893-5 ............•....... ±17 V 
AD7893-2 ..•..................... -5 V, +10 V 

Reference Input Voltage to AGND .. -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to V00 + 0.3 V 
Digital Output Voltage to DGND ... -0.3 V to V00 + 0.3 V 
Operating Temperature Range 

TO 
OUTPUT 0-_..__.. +2.1V 

PIN 

Commercial (A, B Versions) ......•.... -40°C to +85°C 
Extended (S Version) •...........•. -ss0c to + 12s0c 

Storage Temperature Range ........... -65°C to + lSO°C 
Junction. Temperature ...................... + 1S0°C 

Figure 1. Load Circuit for Access Time and Bus 
Relinquish Time 

Plastic DIP Package, Power Dissipation ...•...... 450 mW 
91A Thermal Impedance .................. 130°C/W 
Lead Temperature, (Soldering, 10 sec) ......... +260°C 

Cerdip Package, Power Dissipation •.........•.. 450 mW 
a1A Thermal Impedance .................. 125°C/W 
Lead Temperature, (Soldering, 10 secs) ......... +300°C 

SOIC Package, Power Dissipation •....•...•.... 450 mW 
a1A Thermal Impedance .................. 170°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... + 21s0c 
Infrared (15 sec) .....................• + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7893 features proprietary BSD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper BSD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! cJ 
~~EDEVICE 
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AD7893 

Pin 
No. 

2 

3 

4 

5 

6 

7 

8 

Pin 
Mnemonic 

REFIN 

VIN 

AGND 

SCLK 

SDATA 

DGND 

CONVST 

PIN FUNCTION DESCRIPTION 

Description 

Voltage Reference Input. An external reference source should be connected to this pin to provide the reference 
voltage for the AD7893's conversion process. The REF IN input is buffered on-chip. The nominal reference 
voltage for correct operation of the AD7893 is +2.5 V. 

Analog Input Channel. The analog input range is ±10 V (AD7893-10), 0 to +5 V (AD7893-5) and 0 to 
+2.5 V (AD7893-2). 

Analog Ground. Ground reference for track/hold, comparator and DAC. 

Serial Clock Input. An external serial clock is applied to this input to obtain serial data from the AD7893. A 
new serial.data bit is clocked out on the rising edge of this serial clock and data is valid on the falling edge. 
The serial clock input should be taken low at the end of the serial data transmission. 

Serial Data Output. ·Serial data from the AD7893 is provided at this output. The serial data is clocked out by 
the rising edge of SCLK and is. valid on the falling edge of SCLK. Sixteen bits of serial data are provided with 
four!eading zeros followed by the 12-bits of conversion data. On the s,ixteenth falling edge of ScLK, the 
SDATA line is disabled (three-stated). Output data coding is twos complement for the AD7893-10 and 
straight binary for the AD7893-2 and AD7893-5. 

Digital Ground. Ground reference for digital circuitry. 

Convert Start. Edge-triggered logic input. On the falling edge of this input, the serial clock counter is res.et to 
zero. On the rising edge of this input, the track/hold goes into its hold mode and conversion is initiated, 

Positive supply voltage, +5 V ± 5%. 

Model 

AD7893AN-2 
AD7893BN-2 
AD7893AR-2 
AD7893BR-2 
AD7893SQ-2 

AD7893AN-S 
AD7893BN-5 
AD7893AR-5 
AD7893BR-S 
AD7893SQ-5 

AD7893AN-10 
AD7893BN"l0 
AD7893AR-IO 
AD7893BR-10 
AD7893SQ-10 

PIN CONFIGURATION 

DIP and SOIC 

ORDERING GUIDE 

Temperature Linearity 
Range Error (LSB) 

-40°C to +85°C ±1 LSB 
-40°C to +85°c ±112 LSB 
-40°c to +8S0 c ±1 LSB 
-40°C to +85°c ±1/2 LSB 
-55°c to + 125°C ::t)LSB 

-40°C to +85°c ±1 LSB 
-40°C to +85°C ±112 LSB 
-40°C to +8S°C ±1 LSB 
-40°C to +85°C ±112 LSB 
-55°c to + 125°C ±1 LSB 

--'40°c to +85°C ±1 LSB 
-A0°C to + 85°C ±112 LSB 
-40°C to +85°C ±1 LSB 
-40°C to+8S°C ±.112 LSB 
-SS°C to + 125°C ±1 LSB 

SNR Package 
(dB) Option* 

70 dB N-8 
72 dB N-8 
70 dB S0-8 
72 dB S0-8 
70 dB Q-8 

70 dB N-8 
72 dB N-8 
70 dB S0-8 
72 dB S0-8 
70 dB Q-8 

70 dB N-8 
72 dB N-8 
70 dB S0-8 
72 dB so,8 
70 dB Q-8 

*N = Plastic DIP, Q = Cerdip, SO = SOIC. For outline information see Package 
Information section. 
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TERMINOLOGY 
Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID. converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding de. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 

Signal to (Noise +Distortion) = (6.02N + I. 76) dB 

Thus for a 12-bit converter, this is 74 dB. 

Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7893, it is defined as: 

vvi + vi + vi + vi + vi 
THD(dB) = 20 log i 3 4 5 6 

V1 

where V1 is therms amplitude of the fundamental and V2, V3, 

V4, V5 and V6 are the rms amplitudes of the second through 
the sixth harmonics. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding de) to the rms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, l, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb), while the third 
order terms include (2 fa + fb), (2 fa - fb), (fa + 2 fb) and 
(fa - 2 fb). 

The AD7893 is tested using the CCIF standard where two input 
frequencies near the top end of the input bandwidth are used. 
In this case, the second and third order terms are of different 
significance. The second order terms are usually distanced in 
frequency from the original sine waves, while the third order 
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AD7893 
terms are usually at a frequency close to the input frequencies. 
As a result, the second and third order terms are specified sepa
rately. The calculation of the intermodulation distortion is as .per 
the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 

Relative Accuracy 
Relative accuracy or endpoint nonlinearity is the maximum devi- I.II 
ation from a straight line passing through the endpoints of the 
ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 
1 LSB change between any two adjacent codes in the ADC. 

Positive Full-Scale Error (AD7893-10) 
This is the deviation of the last code transition (01 . . . 110 to 
01 ... 111) from the ideal (4 x REF IN - 1 LSB) after the 
Bipolar Zero Error has been adjusted out. 

Positive Full-Scale Error (AD7893-5) 
This is the deviation of the last code transition (11 ... 110 to 
11 ... 111) from the ideal (2 x REF IN - 1 LSB) after the 
Unipolar Offset Error has been adjusted out. 

Positive Full-Scale Error (AD7893-2) 
This is the deviation of the last code transition (11 ... 110 to 
11 ... 111) from the ideal (REF IN - I LSB) after the U nipo
lar Offset Error has been adjusted out. 

Bipolar Zero Error (AD7893-10) 
This is the deviation of the midscale transition (all Os to all ls) 
from the ideal 0 V (AGND). 

Unipolar Offset Error (AD7893-2, AD789J-5) 
This is the deviation of the first code transition (00 . . . . 000 to 
00 ... 001) from the ideal 1 LSB. 

Negative Full-Scale Error (AD7893-10) 
This is the deviation of the first code transition (10 ... 000 to 
10 ... 001) from the ideal (-4 x REF IN + 1 LSB) after 
Bipolar Zero Error has been adjusted out. 

Track/Hold Acquisition Time 
Track/Hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 
± 112 LSB, after the end of conversion (the point at which the 
track/hold returns to track mode). It also applies to situations 
where there is a step input change on the input voltage applied 
to the VIN input of the AD7893. This means that the user must 
wait for the duration of the track/hold acquisition time after the 
end of conversion or after a step input change to VIN before 
starting another conversion, to ensure that the part operates to 
specification. 
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AD7893 
CONVERTER DETAILS 
The AD7893 is a fast, 12-bit single supply AID converter. It 
provides the user with signal scaling (AD7893-10), track/hold, 
AID converter and serial interface logic functions on ·a single 
chip. The AID converter section of the AD7893· consists of a 
conventional successive-approximation converter based around 
an R-2R ladder structure. The signal scaling on the AD7893-10 
and AD7893-5 allows the part to handle ±10 V and Oto +5 V 
input signals respectively while operating from a single +5 V 
supply. The AD7893-2 accepts an analog input range of 0 V to 
+2.5 V. The part requires an external +2.5 V reference. The 
reference input to the part is buffered on~chip. 

A major advantage of the AD7893 is that it provides all of the 
above functions in an 8-pin package, either 8-pin mini-DIP or 
SOIC. This offers the user considerable spacing saving a,dvan
tages over alterµative solutions. The AD7893 consumes only 
25 mW typical making it ideal for battery-powered applications. 

Conversion is initiated on the AD7893 by pulsing the CONVST 
input. On the rising edge of CONVST, the on-chip track/hold 
goes from track to hold mode and the'conversion sequence is 
started. The conversion clock for the part is generated internally 
using a laser-trimmed clock oscillator circuit. Conversion time 
for the AD7893 is 6 µs and the track/hold acquisition time is 
1.5 µs. To obtain optimum performance 'from the part, the read 
operation should not occur during the conversion or during 
600 ns prior to the next conversion. This allows the part to 
operate at throughput rates up to 117 kHz and achieve data 
sheet specifications. The part can operate at higher thi-oughput 
rates (up to 133 kHz) with slightly degraded performance (see 
Timing and Control section). 

CIRCUIT DESCRIPTION 
Analog Input Section 
The AD7893 is offered as three part types, the AD7893-10 
which handles a ±10 V input voltage range, the AD7893-5 
which handles a 0 to +5 V input range and the AD7893-2 
which handles a 0 V to +2.5 V input voltage range. 

Figure 2 shows the analog input section for the AD7893-10 and 
AD7893-5. The analog input range of the AD7893-10 is ±10 V 
into an input resistance of typically 33 k!l. The input range .on 
the AD7893-5 is 0 to + 5 V into an input resistance of typically 
11 k!l. This input is benign with no dynamic charging currents 
as the resistor .stage is followed by a high input impedance stage 

TO ADC 
REFERENCE 

'-----.----CIRCUITRY 

TO INTERNAL 
COMPARATOR 

AD7893-10/AD7893-S 

Figure 2. AD7893-10/AD7893-5 Analog Input Structure 
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of the track/hold amplifier. For the AD7893-10, Rl = 30.k!l, 
R2 = 7.5 kn and R3 = 10 k!l. For the AD7893-5, Rl and R3 
= 5 k!l while R2 is open-circuit. 

For the AD7893-10, the designed code transitions occur on suc
cessive integer LSB values (i.e.; 1 LSB, 2 LSBs, 3 LSBs : .. ). 
Output coding is 2s complement binary with 1 LSB = FS/4096 
= 20 V/4096 = 4.88 mV. The ideal input/output transfer func
tion for'the AD7893-10 is shown in Table I. 

Table I. Ideal Input/Output Code Table for the AD7893-10 

Analog. Input• 

+FSR/2 - 1 LSB2 (9.995117) 
+FSR/2 - 2 LSBs (9.990234) 
+FSR/2 - 3 L,SBs (9.985352) 

AGND + I LSB (0.004883) 
AGND (0.000000) 
AGND - 1 LSB (-0.004883) 

-FSR/2 + 3 LSBs (,--9.985352) 
-FSR/2 + 2 LSBs (-9.990234) 
-FSR/2 + 1 LSB (-9.995117) 

NOTES 

Digital Output 
Code Transition 

011 ... 110 to 011 •.. 111 
011 ... 101 to 011 ... 110 
011 ... 100 to 011 ... 101 

000 ... 000 to 000 ... 001 
111 ... 111 to 000 ... 000 
111 ... 110 to lll ... 111 

100 .•. 010 to 100 ... 011 
100 ... 001 to 100 •.. 010 
100 ... 000 to 100 ... 001 

1FSR is full-scale range and is 20 V with REF IN= +2.5 V. 
21 LSB = FSR/4096 = 4.883 mV with REF IN= +2.5 V. 

For the AD7893-5, the designed code transitions again occur on 
successive integer LSB values. Output coding is straight (natu
ral) binary with 1 LSB = FS/4096 = 5 V/4096 = 1.22 mV. The 
ideal input/output transfer function for the AD7893-5 is shown 
in Table II. 

The analog input section for the AD7893-2 contaii)s no biasing 
resistors. and the VIN pin drives the input to . the track/hold 
amplifier directly. The analog input range is 0 V to +2.5 V into 
a high impedance stage with an input current of less than 
500 nA. This input is benign with no dynamic charging cur
rents. Once again, the designed code transitjons occur on suc
cessive integer LSB values. Output coding iS straight (natural) 
binary with 1 LSB = FS/4096 = 2.5 V/4096 = 0.61 mV. Table 
II also shows the ideal input/output transfer function for the 
AD7893-2. . 

Table II. Ideal Input/Output Code Table for 
AD7893-2/AD7893-5 , 

Analog Input1 

+FSR - 1 LSB2 

+FSR - 2 LSB 
+FSR - 3 LSB 

AGND + 3 LSB 
AGND + 2 LSB 
AGND + 1 LSB 

NOTES 

Digital Output 
Code Transition 

111 ... 110 to 111 ..• 111 
111 ••. 101 to 111 ... 110 
111 ••. 100 to 111 ... 101 

000 .•. 010 to 000 ... 011 
000 ..• 001 to 000 ... 010 
000 ..• 000 to 000 ... 001 

1FSR is Full Scale Range and is 5 V for AD7893-5 and 2.5 V for AD7893-2 
with REF IN= +2.5 V. 

21 LSB = FSR/4096 and is 1.22 mV for AD7893·5 and 0.61 mV for 
AD7893-2 with REF IN= +2.5 V. 
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Track/Hold Section 
The track/hold amplifier on the analog input of the AD7893 
allows the ADC to accurately convert an input sine wave of full
scale amplitude to 12-bit accuracy. The input bandwidth of the 
track/hold is greater than the Nyquist rate of the ADC even 
when the ADC is operated at its maximum throughput rate of 
117 kHz (i.e., the track/hold can handle input frequencies in 
excess of 58 kHz). 

The track/hold amplifier acquires an input signal to 12-bit accu
racy in less than 1.5 µs. The operation of the track/hold is 
essentially transparent to the user. The track/hold amplifier goes 
from its tracking mode to its hold mode at the start of conver
sion (i.e., the rising edge of CONVST). The aperture time for 
the track/hold (i.e. the delay time between the external CON
VST signal and the track/hold actually going into hold) is typi
cally 15 ns. At the end of conversion (6 µs after the rising edge 
of CONVST) the part returns to its tracking mode. The acquisi
tion time of the track/hold amplifier begins at this point. 

Reference Input 
The reference input to the AD7893 is buffered on-chip with a 
maximum reference input current of 1 µA. The part is specified 
with a + 2.5 V reference input voltage. Errors in the reference 
source will result in gain errors in the AD7893's transfer func
tion and will add to the specified full-scale errors on the part. 
On the AD7893-10 it will alsb result in an offset error injected 
in the attenuator stage. Suitable reference sources for the 
AD7893 include the AD780 and AD680 precision + 2.5 V 
references. 

Timing and Control Section 
Figure 4 shows the timing and control sequence required to 
obtain optimum performance from the AD7893. In the sequence 
shown, conversion is initiated on the rising edge of CONVST 
and new data from this conversion is available in the output reg
ister of the AD7893 6 µs later. Once the read operation has 
taken place, a further 600 ns should be allowed before the next 
rising edge of CONVST to optimize the settling of the track/ 
hold amplifier before the next conversion is initiated. With the 
serial clock frequency at its maximum of 8.33 MHz, the achiev
able throughput rate for the part is 6 µs (conversion time) plus 
1.92 µs (read time) plus 0.6 µs (acquisition time). This results 
in a minimum throughput time of 8.52 µs (equivalent to a 
throughput rate of 117 kHz). 

CONVERSION IS INmATED 
AND TRACKIHOLD GOES 

INTO HOLD 

CONVERSION ENDS 
&µa LATER 

AD7893 
The read operation consists of sixteen serial clock pulses to the 
output shift register of the AD7893. After sixteen serial clock 
pulses the shift register is reset and the SDAT A line is three
stated. If there are more serial clock pulses after the sixteenth 
clock, the shift register will be moved on past its reset state. 
However, the shift register will be reset again on the falling edge 
of the CONVST signal to ensure that the part returns to a 
known state every conversion cycle. As a result, a read operation 
from the output register should not straddle across the falling 
edge of CONVST as the output shift register will be reset in the 
middle of the read operation and the data read back into the 
microprocessor will appear invalid. 

The throughput rate of the part can be increased by reading 
data during conversion or during the acquisition time. If the 
data is read during conversion, a throughput time of6 µs (con
version time) plus 1.5 µsis achieved. This minimum through
put time of 7.5 µsis achieved with a slight reduction in 
performance from the AD7893. The signal to (noise + distor
tion) number is likely to degrade by approximately 1. 5 dB while 
the code flicker from the part will also increase (see AD7893 
PERFORMANCE section). 

Because the AD7893 is provided in an 8-pin package to mini
mize board space, the number of pins available for interfacing is 
very limited. As a result; no status signal.is provided from the 
AD7893 to indicate when conversion is complete. In many 
applications this will not be a problem as the data can be read 
from the AD7893 during i;on.version or after conversion. How
ever, applications which want to achieve optimum performance 
from the AD7893 will have to ensure that tlie data read does not 
occur during conversion or during 600 ns prior to the rising 
edge of CONVST. This can be achieved in either· of two ways. 
The first is to ensure in· software that the read operation· is not 
initiated until 6 µs after the rising edge of CONVST. This will 
only be possible if the software knows when the CONVST com
mand is issued. The second scheme would be to use the CON
VSTsignal as both the conversion start signal and an interrupt 
signal. The simplest way to do this would be to generate a 
square wave signal for CONVST with high and low times of 
6 µs (see Figure 4). Conversion is initiated on the rising edge of. 
CONVST. The falling edge of CONVST occurs 6 µslater 
and can be used as either an active low or falling edge-triggered 
interrupt signal to tell the processor to read the data from the 

SERIAL READ 
OPERATION 

llOOiia MIN 

READ OPERATION 
SHOULD END 600no 

PRIOR TO NEXT 
RISING EDGE OF 

CONVST 

OUTPUT SERIAL 
SHIFT REGISTER IS 

RESET 

Figure 3. Timing Sequence for Optimum Performance from the AD7893 
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CONVST _J 
SCLK --"1-1--.4 ::::::::::==:::::-lc-oNVE-""-RT=...:::::...::::::::::.:::::-_.;:;-.1----..+-'.. ~~MIN 
CONVERSION IS INITIATED 
AND TRACKIHDLD GOES 

INTOHOLD . 

C0NVsT INDICATES 
TOµPTHAT 

CONVERSION IS 
.COMPLETE 

µP INT SERVICE 
OR POLLING 

ROUTINE 

SERIAL READ READ OPERATION 
OPERATION SHOULD END 600ns 

PRIOR TO NEXT 
RISING EDGE OF 

CONVsT 

Figure 4. CONVST Used as Status Signal .. 

AD7893. Provided the read operation is completed 600 ns 
before .the rising edge ofCONVST, the AD7893 will operate to 
specification;·· 

This scheme limits the throughput rate to 12 µs minimum. 
However, depending upon the response time of the microproces
sor to the interrupt signal and· the tiine taken by the processor 
to read the data, this may the fastest which the system could 
have operated. fa any case, the CONVST signal does not have 
to have a 50:50 duty cycle. This can be tailored to optimize the 
throughput rate of the part for a given system. 

Alternatively, the CONVST signal can be used as a normal nar' 
row pulse width. The rising edge of CONVST can be used as an 
active high or rising edge-triggered interrupt. A software delay 
of6 µs can then be implemented before data is read from the 
pa~. . . 

Serial Interface 
The serial interface to the AD7893 consists· of just two wires, a 
serial clock input (SCLF;:) and the serial data output (SDATA). 
This allows for an easy'to-use interface. to most microcontrollers, 
DSP processors and shift registers .. 

Figure 5 shows the timing diagram for the read operation to the 
AD7893. The serial clock input (SCLK) provides the clock 
source for the serial interface. Serial data is clocked out from the 
SDA TA line on the rising edge of ~his clock and is valid on the 
falling edge of SCLK. Sixteen clock pulses must be provided to 
the part to access to full conversion result. The AD7893 prcr 
vides four leading zeros followed by the 12-bit conversion result 
starting with the MSB (DBll). The last data bit to be clocked 
out on the final rising clock edge is the .LSB (DBO). On the six-

SCLK (I) ____ _, 

teenth falling edge of SCLK, the SDATA line is. disabled (three
stated). ·After .this last bit has been clocked out, the SCLK input 
should return low and remain low ·until the next serial data ri:ad 
operation. If there .are extra clock pulses after the sixteenth 
clock, the AD7893 will start over again with outputting data 
from its output register and the data bus will no longer be three
stated even when the clock stops. Provided the serial clock has 
stopped before the next falling edge of CONVST, the AD7893 
will continue to operate correctly with' the output shift register 
being reset on the falling edge of CONVST. However, the 
SCLK line must be low when CQNVST goes low in order to 
reset the output shift register ~orrectly. 

The serial clock input does. not have to be continuous during the 
serial read operation. The sixteen bits of data (four leading zeros 
and 12 bit conversion result) can be r.ead from the AD7893 in a 
number of bytes. However, the SCLK input must remain low 
between the two bytes. 

Normally, the output register is updated at the end of conver
sion. However, if a serial read from the output register is in 
progress when conversion is complete, .the updating of the out
put register is deferred. In this case, the output register is 
updated when the serial read is completed. If the serial read has 
not been completed before the next falling edge•of CONVST, · 
then the output register will be updated on the falling edge of 
CONVST and the output shift register count is reset. In appli
cations where the data read has been started and not completed 
before the falling edge of CONVST, the user must provide a 
CONVST pulse width of greater than 1.5 µs to ensure correct 
setup of the AD7893 before the next conversion is initiated. In 

Figure 5. Data Read Operation 
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applications where the output update takes place either at the 
end of conversion or at the end of a serial read which is com
pleted l.5 µ.s before the rising edge of CONVST, the normal 
pulse width of 50 ns minimum applies to CONVST. 

The AD7893 counts the serial clock edges to know which bit 
from the output register should be placed on the SDATA out
put. To ensure that the part does not lose synchronization, the 
serial clock counter is reset on the falling edge of the CONVST 
input provided the SCLK line is low. The user should ensure 
that a falling edge on the CONVST input does not occur, while 
a serial data read operation is in progress. 

MICROPROCESSOR/MICROCONTROLLERINTERFACE 
The AD7893 provides a two-wire serial interface which can be 
used for connection to the serial ports of DSP processors and 
microcontrollers. Figures 6 through 9 show the AD7893 inter
faced to a number of different microcontrollers and DSP proces
sors. The AD7893 accepts an external serial clock and as a 
result, in all interfaces shown here, the processor/controller is 
configured as the master, providing the serial clock, with the 
AD7893 configured as the slave in the system. 

AD7893-8051 Interface 
Figure 6 shows an interface between the AD7893 and the 
8XC51 microcontroller. The 8XC51 is configured for its Mode 0 

• serial interface mode. The diagram shows the simplest form of 
the interface where the AD7893 is the only part connected to 
the serial port of the 8XC51 and, therefore, no decoding of the 
serial read operations is required. It also makes no provisions for 
monitoring when conversion is complete on the AD7893. 

Either of these two tasks can readily be accomplished with 
minor modifications to the interface. To chip select the AD7893 
in systems where more than one device is connected to the 
8XC5l's serial port, a port bit, configured as an output, from 
one of the 8XC51 's parallel ports can be used to gate on or off 
the serial clock to the AD7893. A simple AND function on this 
port bit and the serial clock from the 8XCS 1 will provide this 
function. The port bit should be high to select the AD7893 and 
low when it is not selected. 

8XC51 AD7893 

P3.0 SDATA 

P3.1 SCLK 

Figure 6. AD7893 to BXC51 Interface 
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To monitor the conversion time on the AD7893 a scheme such 
as outlined previously with CONVST can be used. This can be 
implemented in two ways. One is to connect the CONVST line 
to another parallel port bit which is configured as an input. This 
port bit can then be polled to determine when conversion is 
complete. An alternative is to use an interrupt driven system in 
which case the CONVST line should be connected to the INTI 111 input of the 8XC5l. 

The serial clock rate from the 8XC51 is limited to significantly 
Jess than the allowable input serial clock frequency with which 
the AD7893 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7893 cannot run at its maximum 
throughput rate·when used with the 8XC51. 

AD7893-68HC11 Interface 
An interface circuit between the AD7893 and the 68HC11 
microcontroller is shown in Figure 7. For the interface shown, 
the 68HC11 SPI port is used and the 68HC11 is configured in 
its single-chip mode. The 68HC11 is configured in the master 
mode with its CPOL bit set to a logic zero and its CPHA bit set 
to a logic one. As with the previous interface, the diagram 
shows the simplest form of the interface where the AD7893 is 
the only part connected to the serial port of the 68HC11 and, 
therefore, no decoding of the serial read operations is required. 
It also makes no provisions for monitoring when conversion is 
complete on the AD7893. 

Once again, either of these two tasks can readily be accom
plished with minor modifications to the interface. To chip select 
the AD7893 in systems where more than one device is con
nected to the 68HC11 's serial port, a port bit, configured as an 
output, from one of the 68HC11 's parallel ports can be used to 
gate on or off the serial clock to the AD7893. A simple AND 
function on this port bit and the serial clock from the 68HC11 
will provide this function. The port bit should be high to select 
the AD7893 and low when it is not selected. 

To monitor the conversion time on the AD7893 a scheme, such 
as outlined in the previous interface with CONVST, can be 
used. This can be implemented in two ways. One is to connect 
the CONVST line to another parallel port bit which is config
ured as an input. This port bit can then be polled to determine 
when conversion is complete. An alternative is to use an inter
rupt driven system in which case the CONVST line should be 
connected to the IRQ input of the 68HC11. 

Figure 7. AD7893 to 68HC11 Interface 
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The serial clock rate from the 68HC1l .is limited to significantly· 
less than the allowable input serial clock frequency with which 
the AD7893 can operate. As a result, the time to read data.from 
the. part will actually be longer than the conversion time of the 
part. This means that the AD7893 cannot run at its maximum 
throughput rate when used with the 68HC11. 

AD7893-ADSP·2105 Interface 
An interface circuit between the AD7893 and the ADSP-Z105 
DSP processor is shown in: Figure 8. In the interface shown, the 
RFSl output from the ADSP,2105's SPORT! serial port is used 
to gate the serial clock (SCLKl) of the ADSP-2105 before it is 
applied to the SCLK input of the AD7893.The RFSl output is 
configured for active high operation. The interface ensures a 
noncontinuous clock for the AD7893's seriahlock input,. with 
only sixteen serial clock pulses provided and .the serial clock line 
of the AD7893 remaining low between d.ata transfers. The 
SDATA line from the AD7893 is connected to the DRl line of 
the ADSP-2105's serial port. 

figure 8. AD7893 to ADSP-2105 Interface 

The timing relationship between the. SCLKl and Rl1Sl outputs 
of the ADSP-2105 are such that the delay between the rising 
edge of the SCLKl and the rising edge of an active high Rl1Sl 
is up to 25 ns. There is also a requirement that data must be 
setup 10 ns prior to the falling edge of the SCLKl to be read 
correctly by the ADSP-2105. The data access time for the 
AD7893 is 50 ns from the rising edge of its SCLK input. 
Assuming a 10 ns propagation delay through the external AND 
gate, the high time of the SCLKl output of the ADSP-2105 
must be 2: (50 + 25 + 10 + 10) ns, i.e., ;;,, 95 ns. This means 
that the serial clock frequency with which the interface of Fig-
ure 13 can work with is limited to 5.26'MHz. · 

An alternative scheme is to \:Onfigure the ADSP-2105 such that 
it accepts an external serial clock. In this case, an external non
continuous serial clock is provided which drives the serial clock 
inputs of both the ADSP-2105 and the AD7893 . .In this scheme, 
the serial clock frequency is limited to 5 MHz by the ADSP-2105. 

To monitor the conversion time on the AD7893 a scheme, such 
as outlined in previous interfaces with CONVST, can be used. 
This can be implemented by connecting the CONVST line 
directly to the IRQ2 input of the ADSP-2105. 
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AD7.893-DSP56000 Interface 
Figure 9 shows. an interface circuit between .. the AD7893 and the 
DSP56000 DSP processor; The DSP5600 is configured for nor
mal mode asynchronous operation with gated clock; It is also set 
up for aJ6-bit word with the gated serial clock being generated 
by the DSP56000 and appears on the SCO pip.. The SCO pin 
should be cop.figured as an output by setting bit SCDO to I. In 
this mode,' the DSP56000 provides sixteen serial clock pulses to 
the AD7893 in a serial read operation. The DSP56000 assumes 
valid data on the first falling edge of SCK so the interface is 
simply two-wire as shownjn Figure 9. . 

To monitor the conversion time on the AD7893 a scheme, such 
as outlined in previous interface examples with CONVST, can 
be used. This can be implemented by connecting the CONVST 
line directly to the IRQA input of the DSP56000; 

Figure 9. AD7893 to DSP56000 Interface 

AD7893 PERFORMANCE 
Figure 10 shows a histogram· plot for 8192 conversions~of a de 
input using the AD7893. The analog input was set at the.center 
of a code transition. The timing and control sequep.ce used was 
as per F,igure 3 where the optimum performance of the ADC 
was achieved. It can be seen that almost all the codes appear in. 
the one output bin indicating very good noise perfonruince fr~m 
the .ADC. The rms noise performan~e for the AD7893-2 for the 
above plot was 87 f" V. Since the analog input range, and hence 
LSB size, on the AD7893, 10 is eight times what it is for the 
AD7893-2, the same output code distribution results in an out
put rms noise of 700 f"V for the AD7893-10. 
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Figure 10. Histogram of 8192 Conversions of a DC Input 
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1'1111 ANALOG 
L.lllDEVICES 

FEATURES 
Fast 12-Bit ADC with 8 µs Conversion Time 
8-Pin Mini-DIP and SOIC 
Single 3 V Supply Operation 
High Speed, Easy-to-Use, Serial Interface 
On-Chip Track/Hold Amplifier 
Analog Input Range is 0 V to V0o 
High Input Impedance 
Low Power: 10 mW typ 

GENERAL DESCRIPTION 
The AD7896 is a fast, 12-bit ADC which operates from a sin 
+3 V supply and is housed in a small 8-pin mini-DIP 
SOIC. The part contains an 8 µs successive appro · 
converter, an on-chip track/hold amplifier, an 
a high speed serial interface. 

Output data from the AD7896 is provided via a "gh 
serial interface port. This two-wire serial interface has na 
clock input and a serial data output with the external serial clock 
accessing the serial data from the part. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7896 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 

The part accepts an analog input range of 0 V to VDD and oper
ates from a single +3 V supply consuming only 10 mW typical. 
The V DD input is also used as the reference for the part so that 
no external reference is required. 

The AD7896 features a high sampling rate mode and, for low 
power applications, a proprietary automatic power down mode 
where the part automatically goes into power down once con
version is complete and "wakes up" before the next conversion 
cycle. 

The AD7896 is fabricated in Analog Devices' Linear Compat
ible CMOS (LC2MOS) process, a mixed tetjmology process 
that combines precision bipolar circuits with low power CMOS 
logic. The part is available in a small, 8-pin, 0.3" wide, plastic 
or hermetic dual-in-line package (mini-DIP) and in an 8-pin, 
small outline IC (SOIC). 

•Patent pending. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, caU our fax retrieval system at 1-800-446-6212. 

3 V, LC2MOS 12-Bit, Serial 8 ~ 
ADC in 8-Pin Package 

AD7896* I 
FUNCTIONAL BLOCK DIAGRAM 

AD7896 
mACK/HOLD 

CONVST u-------e---i~ 

12-BIT 
ADC 

BUSY SCLK SDATA 

C in 8-Pin Package 
ntains an 8 µs ADC, a track/hold amplifier, 

and a high speed serial interface, all in an 8-pin 
input is used as the reference for the part so 
rence is needed. This offers considerable 

w ower, Single Supply Operation 
The AD7896 operates from a single +3 V supply and con
sumes only 10 mW typical. The automatic power down 
mode, where the part goes into power down once conversion 
is complete and "wakes up" before the next conversion cycle, 
makes the AD7896 ideal for battery powered or portable 
applications. 

3. High Speed Serial Interface 
The part provides high speed serial data and serial clock lines 
allowing for an easy, two-wire serial interface arrangement. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assu.mes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7896 SPEC IFICATIQNS (Yoo =+3.0V~o +3.6 V, AGND = DGND = 0 V. All specifications TMiN to TMAX 

- . 1 I . unless otherwise noted) . 

A B s 
Parameter Versions1 Versions Version 

DYNAMIC PERFORMANCE 2 

Signal to (Noise + Distortion) Ratio3 

@+25°C 70 70 70 
TMIN toTMAX 70 

Total Harmonic Distortion (THD) 3 -80 -80 -80 
Peak Harmonic or Spurious Noise3 -80 -80 -80 
Intermodulation Distortion (IMD)3 

2nd Order Terms -80 -80 -80 
3rd Order Terms -80 -80 -80 

DC ACCURACY 
Resolution 12 12 12 
Minimum Resolution for which No 

Missing Codes are Guaranteed 12 12 12 
Relative Accuracy3 ±1 ±112 ±1 
Differential Nonlinearity3 ±1 ±1 ±1 
Positive Full-Scale Error3 ±3 ±1.5 ±3 
Unipolar Offset Error ±4 ±3 ±4 

ANALOG INPUT 
Input Voltage Range 0Vto+V00 0Vto+V00 

Input Current 50 50 

LOGIC INPUTS 
Input High Voltage, ViNH 2.0 
Input Low Voltage, VINL 0.8 
Input Current, 11N ±10 
Input Capacitance, CIN 4 10 

LOGIC OUTPUTS 
Output High Voltage, Yott 2.4 2.4 
Output Low Voltage, VoL 0.4 0.4 
Output Coding Straight (Natural) Binary 

CONVERSION RATE 
Conversion Time: 

Mode I Operation 8 8 8 
Mode 2 Operation5 13 13 13 

Track/Hold Acquisition Time3 1.5 1.5 1.5 

POWER REQUIREMENTS 
Yoo +3.0/+3.6 +3.0/+3.6 +3.0/+3.6 
loo 4.5 4.5 4.5 
Power Dissipation 15 15 15 
Power-Down Mode 

loo 10 10 10 
Power Dissipation 36 36 36 

NOTES 
'Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to+ 125°C. 
2Applies to Mode 1 operation. See section on operating modes. 
3See Terminology. 
4Sample tested@ +25°C to ensure compliance. 

Units Test. Conditions/Comments 

dBmin fIN =10 kHz Sine Wave, fsAMPLE = 100 kHz 
dBmin 
dB max fIN = 10 kHz Sine Wave, fSAMPLE = 100 kHz 
dB max fIN = 10 kHz Sine Wave, fsAMPLE = 100 kHz 

fa= 9 Hz, fb = 9.5 kHz, fsAMPLE = 100 kHz 
dB max 
dB max 

Bits 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 

lsoURCE = 2 mA 
lsINK: 2 mA 

µsmax 
µsmax 
µsmax 

Vmin/max 
mAmax 
mW max V00 = 3.3 V, Typically 10 mW 

µAmax 
µWmax 

5This 13 µs includes the "wake-up" time from standby. This "wake-up" time is timed from the rising edge of CONVST, whereas conversion is timed from the 
falling edge of CONVST, for narrow CONVST pulse width the conversion time is effectively the "wake-up" time plus conversion time hence 13 µs. This can be 
seen from Figure 3. Note that if the CONVST pulse width is greater than 5 µs then the effective conversion time will increase beyond 13 µs. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7896 

TIMING CHARACTERISTICS1 (Yoo= +3.0 Vto +3.6 V, AGNO = DGNO = 0 V) 

A,B s 
Parameter Versions Version Units Test Conditions/Comments 

t1 50 50 nsmin CONVST Pulse Width 
t2 50 50 nsmin SCLK High Pulse Width 
t3 50 50 nsmin SCLK Low Pulse Width 
t4 802 802 nsmax Data Access Time After Falling Edge of SCLK 
t5 15 15 nsmin Data Hold Time After Falling Edge of SCLK 
t6 1003 1003 nsmax Bus Relinquish Time After Falling Edge of SCLK 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are measured with tr = tf = 1 ns (10% to 90% of +3.3 V) and timed from a voltage level of+ 1.6 V. 
'Measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.0 V. 
'Derived from the measured time taken by the data outputs to charige 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated back 
to remove the effects of charging or discharging the 50 pF capacitor. This means that the time, t 6, quoted in the timing characteristics is the true bus relinquish time 
of the part a.nd as such is independent of external bus loading capacitances. 

ABSOLUTE MAXIMUM RATINGS* 
(T • = +25°C unless otherwise noted) 

Voo to AGND .......................... -0.3 V to +7 V 
Voo to DGND .......................... -0.3 V to +7 V 
Analog Input Voltage to AGND ...... -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND ...... -0.3 V to V00 + 0.3 V 
Digital Output Voltage to DGND ..... -0.3 V to V00 + 0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ............ -40°C 
Extended (S Version) ................. -5 

+1.6V 

Storage Temperature Range ........... . 
Junction Temperature ................. . 

~ Circuit for Access Time and Bus Relinquish 

Plastic DIP Package, Power Dissipation ........ . 
eJA Thermal Impedance .................... . 
Bic Thermal Impedance. . .................... 50°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

SOIC Package, Power Dissipation ................ 450 mW 
0JA Thermal Impedance . . . . . . . . . . . . . . . . . . . . . l 60°C/W 
Bic Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

I"' 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge Without detection. 
Although the AD7896 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~L 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications.are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7896 

Pin 
No. 

2 

3 

4 

5 

6 
7 

8 

Pin 
Mnemonic 

V1N 

Voo 
AGND 

SCLK 

SDATA 

DGND 

CO NV ST 

BUSY 

Model 

AD7896AN 
AD7896BN 
AD7896AQ 
AD7896BQ 
AD7896AR 
AD7896BR 
AD7896SQ 

PIN FUNCTION DESCRIPTION 

Description 

Analog Input. The analog input range is 0 V to V00. 

Positive supply voltage, +3.0 V to 3.6 V. 
Analog Ground. Ground reference for track/hold, comparator and DAC. 

S~rial Clock Input. An external serial dock is applied to this input to obtain serial data from 
the AD7896. A new serial data bit is docked out on the falling edge of this serial dock. Data 
is guaranteed valid for 15 ns after this falling edge so the µP can accept data on the either the 
falling edge or the rising edge. The serial dock input should be taken low at the end of the 
serial data transmission. 
Serial Data Output. Serial data from the AD7896 is provided at this output. The serial data 
is docked out by the falling edge of SCLK, but the data can also be read on the falling edge 
of the SCLK. This is possible because data bit N is valid for a specified time after the falling 
edge of the SCLK (data hold time) and can be read before data bit N+ I becomes valid a 
specified time after the falling edge of SCLK (data access time) (see Figure 4). Sixteen bits 
of serial data are provided with four leading zeros followed by the 12-bits of conversion data. 
On the sixteenth falling edge of SCLK, the SDAT A Ii Id for the data hold time and 
then disabled (three-stated). Output data coding is 

Convert Start. Edge-triggered logic in 
goes into its hold mode and con 
sion, the part goes into po 
"wakes up" the part. 
The BUSY pin . 
high on the fa! 

ORDERING GUIDE 

Temperature Linearity 
Range Error (LSB) 

-40°C to +85°C ±I LSB 
-40°C to +85°C ±112 LSB 
-40°C to +85°C ±I LSB 
-40°C to +85°C ±112 LSB 
-40.°C to +85°C ±I LSB 
-40°C to +85°C ±112 LSB 
-55°C to + 125°C ±I LSB 

SNR 
(dB) 

70dB 
72 dB 
70dB 
72 dB 
70dB 
72 dB 
70dB 

of this input, the track/hold 
T is low at the end of conver

rising edge ofCONVST 

a conversion. The BUSY pin will go 
when the conversion is complete. 

Package 
Option* 

N-8 
N-8 
Q-8 
Q-8 
R-8 
R-8 
Q-8 

*N :;:: Plastic DIP; Q ::::: Cerdip; R = SOIC. For outlille information see Package Information 'section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.· 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TERMINOLOGY 
Relative Accuracy 
This is the maximum deviation from a straight line passing 
through the endpoints of the ADC transfer function. The end
points of the transfer function are zero scale (which is VrN = 
AGND + 112 LSE) a point 1/2 LSB below the first code transi
tion (00 ... 000 to 00 ... 001) and full scale (which is VIN = 
AGND + Vnn- 112 LSB), a point 112 LSB above the last code 
transition (11 ... 110 to 11 ... 111). 

Differential Nonlinearity 
This is the difference between the measured and the ideal 1 LSB 
change between any two adjacent codes in the ADC. 

Unipolar Offset Error 
This is the deviation of the first code transition (00 ... 000 to 
00 ... 001) from the ideal VIN voltage (AGND + 1 LSB). 

Positive Full-Scale Error 
This is the deviation of the last code transition (11 ... 110 to 
11 ... 111 from the ideal (VIN = AGND + Yoo - 1 LSB) 
after the offset error has been adjusted out, 

Track/Hold Acquisition Time 
Track/hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 
± 112 LSB, after the end of conversion (the Poi~t at which the 
track/hold returns into track mode). It also applies to a situation 
where there is a step input change on the input voltag 
to the selected VIN input of the AD7896. It means 
must wait for the duration of the track/hold ac · 
after the end of conversion or after a step in 
before starting another conversion, to ensure 
to sp~cificatiort. 
Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID converter. The signal is therms amplitude of 
the fundamental; Noise is the sum of a11.nonfundamenta1 signals 
up to half the sampling frequency (fs/2), excluding de .. The rati_o 
is dependent on the number of quantization levels in the digiti
zation process~ the more levels, the smaller the quaµtization 
noise. The theoretical signal to (noise + distortion) ratio for an 
ideal N-bit converter with a sine wave input is given by: · · · 

Signal to (Noise +Distortion) = (6.02N + 1. 76) dB 

Thus for a 12-bit converter, this is 7 4 dB. 

AD7896 
Total Harmonic Distortion 
Total harmonic distortion (THD) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7896, it is defined as: 

I 2 2 2 2 2 
THD (dB)=20log vV2 +V3 .+V4 +Vs +V6 

Vr 

where V1 is therms amplitude of the fundamental and V2, V3, 
V 4, V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonics. · · 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to fs/2 and excluding de) to the rms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise p~ak. 

Intermodulation Di tortion 
With inputs c of sine waves at two frequencies, fa and 
fb, any ac e ·th nonlinearities will create distortion 
prod difference frequencies of mfa ± nfb where 

Intermodulation distortion terms are 
nor n are equal to zero. For example, 

s include (fa+ fb) and (fa - fb), while the 
s include (2fa + fb), (2fa- fb), (fa+ 2fb) and 

9~sted using the CCIF standard where two in
Ts:ar the top end of the input ban.dwidth are 

is case; the second order.terms are u~ually distanced 
equency from the original sine .waves while the third order 

terms are usually at a frequency close to the input frequencies. 
As a result, the. second and third order terms are specified sepa
rately. The calculiltion of the intermodulation distortion is as 
per the THD specification where it is the. ratio of the rms sum. of 
the individual distortion products to the rms amplitude of the 
fundamental expressed .iri dBs. . 

This information applies fo a product under development. Its characteristic$ and specifications are subject to ct\ange without notice. 
Analog Devices assumes no obligation regarding future·nianufacture unless otherwise agreed to in writing. 
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A07896 
OPERATING MODES 
Mode 1 Operation (HigJi.. Sampling Performance} 
The timing diagram in Figure 2 is for optimum performani;e in 
Operating Mode I where the falling edge of CONVST starts 
conversion and puts the Track/Hold amplifier into its hold 
mode. This(alling e~ge of CONVST also causes the BUSY sig
nal to go high to indicate that a conversion is taking place. The 
BUSY signal goes low when the conversion is complete which is 
8 µs max: after the falling edge ofCONVST, and new data froin 
this conversion is available in the output register of the AD7896. 

SCLK 

I 
~ lcoNVERT = 8µo -r ' 
I I 

COl'jVERSION IS 
INrilATED AND 

TRACK/HOLD GOES INTO 
HOLD 

CONVERSION ENDS 
. 8µ9LATER 

Mode 2 Operation (Auto Sleep After Conversio11> 
The timing diagriim in Figure 3 Is for optim\im performa 
Operafoi,g Mode 2 where the part automatically goes into sle . 
mode once BUSY goes low afi:er conversion and "wakes up" be
fore the riext conversion takes place: This is achieved by keeping 
CONVST!ow at the end of conversion whereas it was high at 
the end of conversion for Mode l operation. The rising edge of 
CONVST "wakes up'; the part. This wake-U:p time is 5 µs at ·· 
which point the Track/Hold amplifier goes into its hold mode. 
The conversion takes 8 µs after this, provided ihe CONVST 
has gone low, giving a total of 13 µs from the rising edge of 
CONVST to the conversion being complete which is indicated 
by the BUSY going low. Note that since the wake-up time from 
the rising edge of CONVST is 5 µs, when the CONVST pulse 
width is greater than 5 µs the conversion will take more than the 

A read operation acce,sses this data. This read operation cc:insist:S 
of 16 clock cycles, and the length of this read operation will de
pend on the serial clock frequency. For the fastest throughput 
rate. (with a serial clock of l 0 MHz} the read operation will take 
1.6 µs. The read operation must be complete at least 400 ns 
before the falling edge ·of the next CONVST, and this gives a 
total time of l 0 µs for the full throughput time (equivalent to 
100 kHz). This mode of operation should be used for high sam
pling applications. 

t1 •50na mtn 

L_J 
·. .. I r bd ~ 400nsMIN I 

I 

OUTPUT 
SERIAL 
SHIFT 

REGISTER 
IS RESET 

from the rising edge of CONVST .. This 
ck/Hold amplifier goes into its bold mode on 

ge of CONVST and then the conversion will not be 
com e for a further 8 µs. In this case'the BUSY will be the · 
best indicator for when the conver5iort is complete; Even though 
the part is in· sleep mode, data cart still be read from the part. 
The read operation consists of 16 clock cycles as·in Mode 1 op
eration: For the fastest serial clock ofl 0 MHz the read opera
tion will take 1.6 µs, and this must be complete at least 400 ns 
before the fallirig edge of the next CONVST to allow the Track/ 
Hold amplifier to have enough time to settle: This· mode is very 
useful when the part is converting at a slow rate as the power 
consumption will be significantly i-educed from that of Mode l 
operation. 

j.-t,•J 
CON~~~s~~~~~~~~~r--L 

BUSY i.r·-s -~1 t Ir 

t, •50nsmln 

I I + f.- 400naMIN H 
I I I I SCLK 

I I I 
~tea ..... = 13µ• -1 
I I I 

+ 
I 

CONVERSION TRACK/HOLD 
IS INITIATED GOES INTO 

HOLD 

CONVERSION ENDS SERIAL READ 
13µs LATER OPERATION 

~ 
I 

READ OPERATION 
SHOULD END 400ns 

PRIOR TO NEXT 
RISING EDGE OF 

CONVST 

OUTPUT 
SERIAL 
SHIFT 

REGISTER 
IS RESET 

Figure 3. Mode 2 Timing Diagram Where Automatic Sleep Function Is Initiated 

This information applies. to a product unc;ler rlev.elopment. Its ,c.haracre~istics.and specificatil)ns a~' subject to change without notice. 
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111111111 ANALOG 
WDEVICES 

FEATURES 
77MSPS Encode Rate 
Bipolar Input Range 
Low Error Rate 
Overflow Bit 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
OAM Telecommunications 
Electronic Warfare IECM, ECCM, ESMI 
Radar Guidance Digitizers 

GENERAL DESCRIPTION 
The AD9000 is a 6-bit, high speed, analog-to-digital converter 
with ECL compatible outputs and a bipolar input stage. The 
AD9000 is fabricated in a high-performance bipolar process 
which allows encode rates up to 77MSPS. 

ANALOG 
INPUT 

ANALOG 
GROUND 
ITIETO 
PIN1&) 

The AD9000 employs the standard flash converter architecture 
based on 64 individual comparators which simultaneously deter
mine the precise analog signal level. The comparators are followed 
by two stages of decoding logic, allowing the AD9000 to operate 
with a very low error rate. The low 35pF input capacitance of 
the AD9000 greatly simplifies the analog driver stage. Also 
incorporated into the AD9000 design is an overflow output bit 
as well as a hysteresis control pin to modify comparator 
sensitivity. 

ORDERING GUIDE 

... 
"" ... 

High Speed 
6-Bit AID Converter 

AD9000 I 
FUNCTIONAL BLOCK DIAGRAM 

OVERFLOW 

" .. 

The AD9000 is offered as both an commercial temperature 
range device 0 to + 70°C, and as an extended temperature range 
device - 55°C to + 125°C. Both versions are available. packaged 
in a 16-pin ceramic DIP. The extended temperature range device 
is also available in a 28-pin ceramic LCC package. The extended 
temperature range versions are offered as fully compliant MIL
STD-883 Class B devices. 

PIN DESIGNATIONS 

DIGITAL GROUND 

OVERFLOW 

BIT1!MSBI 

BIT2 

BIT3 

Temperature Package 
Mode11 Range Description Option2 

AD9000JD Oto +70°C 16-PinDIP, Industrial D-16 
AD9000SD - SS°C to + 125°C 16-PinDIP D-16 
AD9000SE - ss·c to + 125°c 28-PinLCC E-28A 

NOTES 
1 MIL-STD-883 versions available, contact factory. 
2D = CeramicDIP;E = LeadlessCeramicChipCarrier. ForoutlineinformationseePackage 
Information section. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD9DOO~SPECIFICATIONS 
ELECTRICAl CHARACJERISTICS ~~:S1y: .5.zv an11 + 5.ov; oiffenlntial ~v-7,iov 

'' ' ' ., ' - ' - ,' ; 

Commel'Cilil Military 
Oto +70-C - ss·c to + 12s-c 
A,D9000JD AD9000SD/S.E 

Parameter Temp Min Typ Max Min Typ Max •Units 

RESOLUTION 6 6 llits 

DC ACCURACY 

Differential Linearity +2S°C 0.2S o.s 0.25 o.s LSB 
Full 1.0 LO LSB 

Integral Linearity +25°C 0.2S o.s 0.25 0.5 LSB 
Full 1.0 1.0 LSB 

No MissingCo<ies Full GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder +25°c 0.3 718 0.3 718 LSB 

Full l.5 l.S LSB 
Bottom of Reference Ladder +2s0c 0.2S 718 0.25 718 LSB 

Full 1.5 l.S LSB 
Offset Drift Coefficient Full 145 145 µVl°C 

ANALOG INPUT 
Input Voltage Range Full ±2.0V ±2.0V v 
Input Bias Current (Sampling)5 Full 800 800 µA 
Input Bias Current (Latched)5 Full 20 20 µA 
Input Resistance +2s0c 3.0 3.0 kn 
Input Capacitance +2s0c 3S So 

. 
~5 so pF 

Fu1JPower Bail.dwidth6 · +1s·c 20 20 MHz 

REFERENCE INPUT2; 3 

Reference.Ladder.Resistance. +1s0c 80 200 80 200 n 
Ladder Temperature Coefficient 0.27S 0.27S ore 
Reference Input Bandwidth +2s0c 20 20 MHz 

',') 

DYNAMIC PERFORMANCE7 

Conversion Rate +2s0c so 70 7S 77 ·MHz 
Conversion Time ( + I c;I9Ck) +2S°C 20 13.3 ns 
Aperture Delay(t0 ) +2S°C 2 2 ns 
Aperture Uncertainty (Jitter) +2s0c 2S 25 ps 
Output Propagation Defay (tp0 ) 8 +2s0c 8 12 8 12 ns 
Output Hold Time (toHl +2S°C 8 14 8 14 ns 
Transient Response10 +2s0c 13 13 ns 
Overvoltage Recovery Time11 +2s0c 11 11 ns 
Output Rise Time12 +2s0c s.o 4.S ns 
Output Fall Time12 +25°c s.o 4.5 ns 
Output Time Skew +2s0c 0,4 0.4 ns 

ENCODE INPUT 
Logic "I" Voltage Full -1.1 -1.1 v 
Logic "O" Voltage Full -1.S -1.5 v 
Logic "1" Current Full JOO 100 µA 
Logic "O" Current Full 100 100 µA 
Input Capacitance +2s0c 2.S s.o 2.S s.o pF 
ENCODE Pulse Width High (tPWH) +2s0c .6.6 6.6 ns 
ENCODE Pulse Width Low (tPWL) +25°c 6.6 6.6 ns. 
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AD9000 

ELECTRICAL CHARACTERISTICS 1coolinuec1> 

Commercial Military 
Oto +1o•c - ss•c to + i2s•c 
AD9000JD AD9000SD/SE 

Parameter Temp Min Typ 

AC LINEARITY11 

Dynamic Linearity12 +25°c 0.5 
In-Band Harmonics 

(DCtolMHz) +25°c 44 
(lMHz to 5MHz) +15°c 42 
(5MHz to 8MHz) +25°c 38 

Signal to Noise Ratio13 +15°c 31 33 
Signal to Noise Ratio14 +15°c 40 42 
Two Tone Intermodulation Rejection15 +25°C 46 
Noise Power Ratio (NPR)16 +25°c 30 

DIGITAL OUTPUTS5 

Logic "I" Voltage Full -1.1 
Logic "O" Voltage Full 

POWERSUPPLY17 

Positive Supply Current ( + 5.0V) +25°c 60 
Full 

Negative Supply Current ( - 5 .2V) +25°c 68 
Full 

Nominal Power Dissipation +25°c 675 
Reference Ladder Dissipation +2s0c 20 

--:-
NOTES 

1AIN= +VaBF· 
2Determined by 3dB reduction in reconstructed output at 75MSPS. 
'Under normal operating conditions, tbe analog input voltages should not 
exceed nominal ± 2V operating range, nor tbe supply voltages 
(+Vs and -Vs), whichever is smaller. 

4Under normal operating conditions tbe differential reference voltage may 
tange from ±0.5V to ±2V; + VRBF;;.-VRBF· 

'Output terminated witb 1000 resistors to -2.0V. 
6Measured from tbe leading edge of ENCODE to data out on Bit 1. (MSB). 
7Measured from tbe trailing edge of ENCODE to data out on Bit 1 (MSB). 
8For full-scale step input; 6-bit accuracy is attained in specified time. 
'Recovers to 6-bit accuracy i1' specified time, after 1500/o full-scale 
input overvoltage. 

ABSOLUTE MAXIMUM RATINGS1 

Positive Supply Voltage . . . . . . . . . . . . - 0.3V to + 6V 
Negative Supply Voltage . . . . . . . . . . -6.0V to +0.3V 
Analog-to-Digital Ground Voltage Differential . . . . . . . 0.5 
Analog Input Voltages (A1N, +VREF> -VREF)2 ...... ±3V 
Differential Reference Voltage ( + VREF to -VREF)3 .... 6V 
ENCODE Input Voltage . . . -Vs to OV 
HYSTERESIS Control Voltage . . . . . . . . . OV to + 3.0V 
Digital Output Current . . . . . . . . . . .' . . . . . . 20mA 
Power Dissipation ( + 25°C Free Air)4 . • • 745mW 
Operating Temperature Range 

AD9000JD ....... . 
AD9000SD/SE . . . . . . 

Storage Temperature Range . 
Junction Temperature .... 
Lead Soldering Temperature ( IOsec) 

REV.A 

o to +70°c 
- 55°c to + 125°c 
-65°C to +150°c 

+ 175°c 
. . . . . +300°C 

Max Min Typ 

0.5 

44 
42 
38 

31 33 
40 42 

46 
30 

-1.1 
-1.5 

70 60 
75 
80 68 
85 

675 
20 

10Measured on Bit 1 (MSB) only. 
11 Measured at 50MSPS encode rate. 
12Analog input frequency = lSMHz. 

Max Units 

LSB 

dBc 
dBc 
dBc 
dB 
dB 
dBc 
dBc 

v 
-1.5 v 

70 mA 
75 mA 
80 mA 
85 mA 

mW 
mW 

13RMS signal to RMS noise, witb 540kHz analog input signal. 
14Peak-to-peak signal to rms noise, witb 540kHz' analog inpui signal. 
15f1 =9.3MHz; f2 =7.6MHz; Encode=42MHz. 
16DC to 8.2MHz noise bandwidtb with 3.886MHz ,slot. 
17Supply voltage should remain stable witbin ± 5% for normal operation. 

Specifications S'1hiect to change without notice. 

NOTES 
1 Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of tbe circuit may be impaired. Functional 
operability under any of tbese conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

2Under normal operating conditions, tbe analog input voltages should not 
exceed nominal ± 2V operating range, nor tbe supply voltages 
(+Vs and - Vs), whichever is smaller. 

'Under normal operating conditions tbe differential reference voltage may 
range from ±0.SV to ±2V; +VREF;;.-VREF• 

'Typical tbermal impedances .•. 
16-PinCeramic 9;, =67°C/W;9;,=7°C/W 
28-PinLCC 9;,=62"C/W; 9;,= 14"C/W 
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1"1111 ANALOG 
WDEVICES 

FEATURES 
150MSPS Encode Rate 
Low Input Capacitance: 17pF 
Low Power: 750mW 
- 5.2V Single Supply 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Radar Systems 
Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receive,.. 
Digital Radio 
Electronic Warfare IECM, ECCM, ESM) 
Communication/Signal Intelligence 

GENERAL DESCRIPTION 
The AD9002 is an 8-bit, high speed; analog-to-digital converter. 
The AD9002 is fabricated in an advanced bipolar process which 
allows operation at sampling rates in excess of 150 megasamples/ 
second. Functionally, the AD9002 is comprised of 256 parallel 
comparator stages whose outputs are decoded to drive the ECL 
compatible output latches. 

An exceptionally wide large signal analog input bandwidth of 
160MHz is due to an innovative comparator design and very 
c10se attention to device layout considerations. The wide input 
bandwidth of the AD9002 allows very accurate acquisition of · 
high speed pulse inputs, without an c:Xternal track·and-hold. 
The comparator output decoding scheme minimizes false codes 
which is critical to high speed linearity. 

The AD9002 provides an external hysteresis control pin which 
can be used to optimize comparator sensitivity to further improve 
performance. Additionally, the AD9002's low power dissipation 
of 750mW m8kes it usable over the full extended temperature 

'nis is u Uridpd data Meet. To obtain the most -t version or 
complete data Meet, call our fax retrieval system at l-llJ0.446.6212. 

2-402 ANALOG-TO-DlGITAL CONVERTERS 

High Speed 8-Bit 
Monolithic AID Converter 

'AD9002 I 
FUNCTIONAL BLOCK DIAGRAM 

OY~ Z!}--------, 

ANALOG IN · }---+H''J 

ENCODE 1n---t-0-----
iNOOii£ 81}------t----~....1 

GND HYSTERESIS - Vs 

BITZ 

BIT 1 ILSBI 

range. The AD9002 also incorporates an overflow bit to indicate 
overrange inputs. This overflow output can be disabled with the 
overflow inhibit pin. 

The AD9002 is available in two grades, one with O.SLSS li~ity 
and one with 0. 75LSB linearity. Both versions are offered in 8n 
industrial grade, - 25°C to + 85°C, packaged in a.28-pin DIP 
and a 28-pin JLCC. The military temperature range devices, 
- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ( - Vs) . . . . . . . . . 
Analog-to-Digital Supply Voltage Differential 
Analog Input Voltage .............. . 
Digital Input Voltage . . . ........... . 
Reference Input Voltage ( + VREF - VREF)2 

Differential Reference Voltage . . . . . . . 
Reference Midpoint Current . . . . . . . 
ENCODE to ENCODE Differential Voltage 

. -6V 

. o.sv 
-Vs co +o.sv 

-Vs to OV 
-3.SV to O.IV 

. 2.IV 
±4mA 
.. 4V 

Digital Output Current . . . . 
Operating Temperature Range 

AD9002AD/BD/ AJ/B J 
AD9002SE/SD/TD/TE . 

Storage Temperature Range 
Junction Temperature3 

Lead Soldering Temperature (lOsec) 

AD9002 

20mA 

- 25°C to + 85°C 
- SS°C to + 125°C 
-6S°C to + IS0°C 

+ 175°C 
+300°C 

Electrical Characteristics (-Vs= -5.2V; Differential Reference Voltage=2.0V, unless otherwise stated) 

Test AD9002AD/AJ AD9002BDIBJ AD9002SD/SE AD9002TDrrE 
Parameter Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 8 8 Bits 

DC ACCURACY 
Differential Linearity +2S°C I 0.6 0.7S 0.4 o.s 0.6 0.7S 0.4 0.5 LSB 

Full VI 1.0 0.7S 1.0 0.7S LSB 
Integral Linearity +2S°C I 0.6 1.0 0.4 o.s 0.6 1.0 0.4 0.5 LSB 

Full VI 1.2 1.2 1.2 1.2 LSB 
NoMissingE:odes Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder +2S°C I 8 I4 8 I4 8 I4 8 I4 mV 

Full VI I7 17 17 17 mV 
Bottom of Reference Ladder +2S°C I 4 10 4 10 4 10 4 10 mV 

Full VI 12 I2 I2 12 mV 
Offset Drift Coefficient Full v 20 20 20 20 µV/°C 

ANALOG INPUT 
Input Bias Currenc4 +25°C I 60 100 60 IOO 60 IOO 60 IOO µA 

Full VI 200 200 200 200 µA 
Input Resistance +2S°C III 100 200 100 200 100 200 IOO 200 kO 
Input Capacitance +2S°C III 17 22 I7 22 I7 22 I7 22 pF 
Large Signal Bandwidth5 +2S°C v 160 160 160 160 MHz 
Input Slew Rate6 +2S°C v 440 440 440 440 V/µs 

REFERENCE INPUT 
Reference Ladder Resistance +2S°C VI 64 80 110 64 80 110 64 80 110 64 80 110 n 
Ladder Temperature Coefficient v 0.2S 0.2S 0.2S 0.2S Ol°C 
Reference Input Bandwidth +2S°C v 10 10 10 10 MHz 

DYNAMIC PERFORMANCE 
Conversion Rate +25°C I 12S ISO 12S ISO 12S ISO 12S ISO MSPS 
Aperture Delay;, +2S°C v 1.3 1.3 1.3 1.3 ns 
Aperture Uncertainty(Jitter) +2S°C v IS IS IS IS ps 
OutputDelay(tp0 )7 ' 8 +2S'C I 2.5 3.7 S.5 2.S 3.7 S.5 2.5 3.7 s.s 2.S 3.7 s.s ns 
Transient Response9 +2S°C v 6 6 6 6 ns 
Overvoltage Recovery Time 10 +2S°C v 6 6 6 6 ns 
Output Rise Time7 +25°C I 3.0 3.0 3.0 3.0 ns 
Output Fall Time7 +2S'C I 2.S 2.5 2.S 2.5 ns 
OutputTimeSkew7' 11 +2S°C v 0.6 0.6 0.6 0.6 ns 

ENCODE INPUT 
Logic "l" Voltage7 Full VI - I.I - I.I -I.I - I.I v 
Logic "O" Voltage7 Full VI -1.S -1.S -1.S -1.S v 
Logic" I" Current Full VI ISO ISO ISO ISO µA 
Logic "O" Current Full VI 120 I20 120 120 µA 
Input Capacitance +2S°C v l 3 3 3 pF 
Encode Pulse Width (Low) 12 +2S°C I I.S 1.5 l.S LS ns 
Encode Pulse Width(High) 12 +2S°C I l.5 l.S I.S l.S ns 

OVERFLOW INHIBIT INPUT 
OV Input €urrent Full VI 144 300 144 300 I44 300 144 300 µA 

AC LINEARITY" 
Effective Bits 14 +2S°C v 7.6 7.6 7.6 7.6 Bits 
In-Band Harmonics 

de to l .23MHz +2S°C I 48 SS 48 SS 48 SS 48 SS dB 
dcto9.3MHz +2S°C v so so so so dB 
dcto 19.3MHz +2S°C v 44 44 44 44 dB 

Signal-to-Noise Ratio 15 +2S°C I 46 47.6 46 47.6 46 47.6 46 47.6 dB 
Two Tone lntermod Rejection 16 +2S°C v 60 60 60 60 dB, 

DIGITALOUTPUTS7 

Logic''l'' Voltage Full VI - I.I -I.I - I.I -I.I v 
Logic "O'! Voltage Full VI -1.S -1.5 -1.S -1.5 v 

POWER SUPPLY 17 
Supply Current ( - 5.2V) +2S°C I 14S 17S 14S 17S I4S 17S I4S I7S mA 

Full VI 200 200 200 200 mA 
Nominal Power Dissipation +2S°C v 7SO 7SO 7SO 7SO mW 
Reference Ladder Dissipation +2S°C v so so so so mW 
Power Supply Rejdction Rati.o 18 +2S°C I 0.8 I.S 0.8 l.S 0.8 l.S 0.8 l.S mVN 
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AD9002 
NOTES 

1 Absolute maximum ratings are limiting values, to be applied individually~ 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. Expos~re to absolute maximum rating conditions for extended 
periods of time may affect device reliability. 

2 + V REF 2! - V REF under all circumstances; 
3Maximum junction temperature (r1 max) should not exceed 175°C 
for ceramic packages, and l S0°C for plastic packages: 
IJ = PD (OJA) + IA 

PD (Oic) + tc 
where 

PD = power dissipation 
OJA = thermal impedance from junction to ambie~t (°C/W) 
Oic = thermal impedance from junction to case (0CIW) 
tA = ambient temperature ('C) 
tc = case temperature (°C) 

typical thermal impedances are: 
Ceramic DIP o1A=56°CIW; 01c=20'CIW 
Plastic DIP OJA =60°CIW; 0Jc=20'CIW 
Ceramic LCC OJA =69°CIW; 0Jc=23°CIW 
PLCC 01A=60°CIW, OJc= 19'CIW. 

Recommended Operating Conditions 

Input Voltage 

Parameter Min Nominal 

-Vs -5.46 -5.20 
+VREF -VREF o.ov 
-VREF -2.1 -2.0 
Analog Input -VREF 

Max 
-4.94 
+0.1 
+VREF 
+VREF 

4Measured with AIN =OV. 
) Measured by FFf analysis where fundamental is - 3dB FS. 
61nput slew rate derived from rise time (10 to 90%) of full scale input. 
'Outputs terminated through 1000 to. -2V . 
. 8Measured from ENCODE in to data out for LSB only. 
9For full-scale step input, 8-bii accuracy is attained in specified time. 

10Recovers to 8-bit accuracy in specified time after 150% full-scale input 
overvoltage. 

"Output time skew includes high-to-low and low-to-high transitions as well 
as bit-to-bit time skew differences. 

12ENCODE signal rise/fall times should be less than lOns for normal 
operation. 

13Measured at 125MSPS encode rate. 
14 Analog input frequency= l.23MHz. 
15RMS signal to rms noise, with 1.23MHz analog input signal. 
16input signals IV p-p @l.23MHz and IV p-p @2.30MHz. 
"Supplies should remain stable within ± 5% for normal operation. 
18Measured at - 5.2V ± 5%. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Levell 
Test Level II 

Test Level III 
Test LevellV 

TestLevelV 
Test Level VI 

- 100% production tested. 
- 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
- Sampletestedorily. 
- Parameter is guaranteed by design and characteriza-

tion testing. 
- Parameter is a typical value only. 
- All devices are I 00% production tested at + 25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 

ORDERING GUIDE 

Package 
Model Linearity Temperature Range Option1 

AD9002AD 0.7SLSB - 2s0c to + 8s0c D-28 
AD9002BD O.SOLSB - 2s0c to + 8S°C D-28 
AD9002AJ 0.75LSB - 2s0c to + 85°C J-28 
AD9002BJ O.SOLSB - 2s0c to + 85°C J-28 
AD9002SD2 0.75LSB - ss0 c to + 12s0c D-28 
AD9002SE2 0.75LSB - ss·c to + 12s0c E-28A 
AD9002TD2 O.SOLSB - ss0 c to + 12s0c D-28 
AD9002TE2 O.SOLSB - ss·c to + 12s0c E-28A 

NOTES 
1D = CeramicDIP;E = LeadlessCeramicChipCarrier;J =Ceramic Leaded 
Chip Carrier. For outline information see Package Information section. 

2 MIL-STD-883 versions. 
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Pin# 

I 
2 

3 

4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16-19 
20 
21,22 

23 
24,25 
26 
27 

28 

REV.B 

Name 

DIGIT AL GROUND 
OVERFLOW INH 

HYSTERESIS 

+VREF 
ANALOG INPUT 
ANALOG GROUND 
ENCODE 

ENCODE 
ANALOG GROUND 
ANALOG INPUT 
-VREF 
REFMio 
DIGITAL GROUND 
DIGITAL-Vs 

DI 
D2-D5 
DIGITAL GROUND 
ANALOG-Vs 

DIGITAL GROUND 
D6,D7 
D8 
OVERFLOW 

DIGITAL-Vs 

DIP 

AD9002 
TOP VIEW 

!NottoSc•l•I 

•SEE FUNCTION DHCRIPTIONS 

AD9002 
FUNCTIONAL DESCRIPTION 

Description 

One of four digital ground pins. All digital ground pins should be connected together. 
OVERFLOW INHIBIT controls the data output polarity for overvoltage inputs. 

OVERFLOW ENABLED 
ANALOG (FLOATING OR -S.2V) OVERFLOW INHIBITED (GND) 

INPUT OF D, Dz D, D4 Ds D• D1 Ds OF D, Dz D, D4 D, Do D1 Ds 

V1N>+VREF I 0 0 0 0 0 0 0 0 0 I I I I I I I I 

V1N"' + VREF 0 x x x x x x x x 0 x x x x x x x x 

The Hysteresis control voltage varies the comparator hysteresis from Om V to lOm V, for a change 
from - 5.2V to - 2.2V at the Hysteresis control pin. Normally connected to -5.2V. 
The most positive reference voltage for the internal resistor ladder. 
One cif two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
Noninverted input of the differential encode input. This pin is driven in conjunction with 
ENCODE. Data is latched on the rising edge of the ENCODE signal. 
Inverted input of the differential encode input. This pin is driven in conjunction with ENCODE. 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint tap on the internal resistor ladder. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative digital supply pins (nominally - 5 .2V). Both digital supply pins should be 
connected together. 
Digital data output (LSB). 
Digital data output. 
One of four digital ground pins. All digital ground pins should be connected together. 
One of two negative analog supply pins (nominally - 5 .2V). Both analog supply pins should be 
connected together. 
One of four digital ground pins. All digital ground pins should be connected together. 
Digital data output. 
Digital data output (MSB). 
Overflow data output. Logic high indicates an input overvoltage (VIN>+ VREF) if OVERFLOW 
INHIBIT is enabled (overflow enabled, - 5.2V). See OVERFLOW INHIBIT. 
One of two negative digital supply pins (nominally - 5.2V). Both digital supply pins should be 
connected together. 

ANALOG INPUT 5 

ANALOG GROUND 6 

ENCODE 1 

ENCODE. 

ANALOG GROUND 9 

ANALOG INPUT 10 

~ . 

PIN DESIGNATIONS 

~ 
~ 

' 

LCC 

~ { 

I ~ i ~ I g 
0 ~ ,; 

' ' " " " = ~ 

AD9002 
TOP VIEW 

INottoScal•I 
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I ~ 22 ANALOG -Vs 

21 ANALOG -Vs 

20 DIGITAL GROUND 

-v .... 11 (._~======JJ19 o, 
~ 

' 
~ 

I 
~ 
~ 

JLCC 

..... , 
TOP VIEW 
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N·ANALOG 
WDEVICES 

FEATURES 
100MSPS Encode Rate 
Very Low Input Capacitance - 16pF 
Low Power - 1W 
TTL Compatible Outputs 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Radar Guidance 
Digital Oscilloscopes/ATE Equipment 
Laser/Radar Warning Receivers 
Digital Radio 
Electronic Warfare IECM, ECCM, ESM) 
Communication/Signal Intelligence 

GENERAL DESCRIPTION 
The AD9012 is an 8-bit, ultrahigh speed, analog-to-digital 
converter. The AD9012 is fabricated in an advanced bipolar 
process, which allows operation at sampling rates up to 100.; 
megasamples/second. Functionally, the AD9012 is comprised of 
256 parallel comparator stages whose outputs are decoded to 
drive the TfL compatible output latches. 

The exceptionally wide large signal analog input bandwidth of 
l60MHz is due to an innovative comparator design and very 
close attention to device layout considerations. The wide input 
bandwidth of the AD9012 allows very accurate acquisition of 
high speed pulse inputs without an external track-and-hold. The 
comparator output decoding scheme minimizes false codes, 
which is critical to high speed linearity. 

The AD9012 is available in two grades, one with O.SLSB linearity 
and one with 0. 75LSB linearity. Both versions are offered in an 
industrial grade, - 25°C to + 85°C, packaged in a 28-pin DIP 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval system at l-IJ00.446.6212. 
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ANALOG IN 

High Speed 8-Bit 
TTLAID Converter 

AD9012 I 
FUNCTIONAL BLOCK DIAGRAM 

GND HYSTERESIS -V8 +Vs 

0.IMSBI 

D, 

Do 

Da 

Dz 

D, ILSBI 

and a 28~pin JLCC. The military temperature range devices, 
- 55°C to + 125°C, are available in ceramic DIP and LCC packages 
and are compliant to MIL-STD-883 Class B. 

The AD9012 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD9012/883B data sheet for detailed specifications. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM. RATINGS 1 

Positive Supply Voltage (+Vs) ........... . +6V 
o.sv 
-6V 

Analog to Digital Supply Voltage Differential ( - Vs) 
Negative Supply Voltage ( - Vs) . 
Analog Input Voltage ...... . -Vs to +o.sv 
ENCODE Input Voltage -o.sv to +sv 

-S.2V to OV 

Reference Midpoint Current 
Digital Output Current . . . 
Operating Temperature Range 

AD9012AQ/BQ/ AJ /BJ 
AD9012SE/SQ/TE/TQ . 

AD9012 

±4mA 
30mA 

- 25°C to + 8S°C 
- SS°C to + 125°C 

OVERFLOW INH Input Voltage 
Reference Input Voltage ( + VREF -VREF)2 

Differential Reference Voltage . . . . . . 
-3.SV to +0.lV 

Storage Temperature Range 
Junction Temperature3 

-6S°C to + 1S0°C 11 + 175°C 
+ 300°C ....... 2.lV Lead Soldering Temperature (lOsec) 

ELECTRICAL CHARACTERISTICS (+Vs= +5.0V; -Vs= -5.2V; Differential ReferenceVollllge=2.0V, unless olhetWise noted) 

Test AD9012AQ/AJ AD9012BQ/BJ AD9012SQ/SE AD9012TQrfE 
Parameter Temp Uvel Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 
RESOLUTION 8 8 8 8 Bits 
DC ACCURACY 

Differential Linearity +2S°C I 0.6 0.75 0.4 0.5 0.6 0.75 0.4 0.5 LSB 
Full VI LO 0.75 1.0 0.75 LSB 

Integral Linearity +2S°C I 0.6 1.0 0.4 0.5 0.6 1.0 0.4 0.5 LSB 
Full VI 1.2 1.2 1.2 1.2 LSB 

No Missing Codes Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
TopofReference Ladder +2S°C I 7 15 7 15 7 15 7 15 mV 

Full VI 18 18 18 18 mV 
Bottom of Reference Ladder +2S°C I 6 IO 6 IO 6 IO 6 IO mV 

Full VI 13 13 13 13 mV 
Offset Drift Coefficient Full v 25 25 25 25 µV/'C 

ANALOG INPUT 
Input Bias Current4 +2S°C I 60 100 60 100 60 100 60 100 µA 

Full VI 200 200 200 200 µA 
Input Resistance +2S°C I 150 200 ISO 200 150 200 150 200 kn 
Input Capacitance +25°C III 16 18 16 18 16 18 16 18 pF 
Large Signal Bandwidth5 +25°C v 160 160 160 160 MHz 
Analog Input Slew Rate6 +25°C v 440 440 440 440 V/µs 

REFERENCE INPUT 
Reference Ladder Resistance +2S°C VI 64 80 llO 64 80 llO 64 80 llO 64 80 llO n 
Ladder Temperature Coefficient v 0.25 0.25 0.25 0.25 nrc 
Reference Input Bandwidth +2S°C v IO IO IO 10 MHz 

DYNAMIC PERFORMANCE 
Conversion Rate +25"C I 75 100 75 :100 75 100 75 100 MSPS 
ApenureDelay +25°C v 3.8 3.8 3.8 3.8 ns 
ApertUre Uncertainty(Jitter) +25°C v 15 15 15 15 ps 
Output Delay (tp0 )7• 8 +25°C I 4 4.9 ll 4 4.9 ll 4 4.9 ll 4 4.9 ll ns 
Transient Response9 +25°C v 8 8 8 8 ns 
Overvoltage Recovery Time10 +25°C v 8 8 8 8 ns 
Output Rise Time7 +2s0c I 6.6 8.0 6.6 8.0 6.6 8.0 6.6 8.0 ns 
Output Fall Time7 +2S°C I 3.3 4.3 3.3 4.3 3.3 4.3 3.3 4.3 ns 
OutputTimeSkew7• 11 +2S°C v 3.0 3.0 3.0 3.0 ns 

ENCODE INPUT 
Logic "l" Voltage7 Full VI 2.0 2.0 2.0 2.0 v 
Logic "O" Voltage7 Full VI 0.8 0.8 0.8 0.8 v 
Logic"l"Current Full VI 250 250 250 250 µA 
Logic "O" Current Full VI 400 400 400 400 µA 
Input Capacitance +25°C v 2.5 2.5 2.5 2.5 pF 

Encode Pulse Width (Low)12 +25°C I 2.5 2.5 2.5 2.5 ns 
Encode Pulse Width (High)12 +2S°C I 2.5 25 2.5 2.5 ns 

OVERFLOW INHIBIT INPUT 
OV Input Current Full VI 200 250 200 250 200 250 200 250 µA 

ACLINEARITY13 

EffectiveBits14 +25°C v 7.5 7.5 7.5 7.5 Bits 
In-Band Hannonics 

de to I.23MHz +2S°C I 48 55 48 55 48 55 48 55 dBc 

dcto9.3MHz +25"C v 50 50 50 50 dBc 

de to 19.3MHz +25"C v 44 44 44 44 dBc 

Signal-to-NoiseRatio15 +25°C I 46 47.6 46 47.6 46 47.6 46 47.6 dBc 

Noise Power Ratio16 +25°C v 37 37 37 37 dBc 

DIGITAL OUTPUT 
Logic"l"Voltage Full VI 2.4 2.4 2.4 2.4 v 
Logic "O" Voltage Full VI 0.4 0.4 0.4 0.4 v 

POWERSUPPLY17 

Positive Supply Current ( + 5.0V) +25"C I 33 45 33 45 33 45 33 45 mA 

Full VI 48 48 48 48 mA 

SupplyCurrent(-5.2V) +25°C I 152 179 152 179 152 179 152 179 mA 

Full VI 191 191 191 191 mA 

Nominal Power Dissipation +25"C v 955 955 955 955 mW 

Reference Ladder Dissipation +25"C v 44 44 44 44 mW 

Power Supply Rejection Ratio18 +25°C I 0.85 2.5 0.85 2.5 0.8 2.5 0.8 2.5 mVN 
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AD9012 
NOTES 

1 Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Fiinctional operability under any of these conditions is not Decessirily 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

"Input slew rate derived from rise time (10% to 90%) of full-scale ~tep 
input. 

2 + Va1;p "' -VRBF under all circumstances. 

70utputs terminated with !WO equiv,alent 'LSOO type loads. (See load 
circuit.) 

8Measured from ENCODE into data out for LSB only. 

3Muimum junction temperature (t1 max) should not exceed + 175'C 
for ceramic packages, and + 150'C for plastic packages: · · 
t1 =PD (81A) + IA 

'For full-acale step input, 8-bit accuracy is attai~ in specified time. 
"'Recovers to 8-bit accuracy in specif"ied time, after I 50% full-scale input 

overvoltage. · 
"Output time skew includes high-to-low and low-to-high transitions as well 

as bit-to-bit time skew differences. PD (81c) + le 
where 12ENCODE signal rise/fall times should be leas than 30ns for normal 

PD= power diasipation 
e1 .. = thenilal impedance from junction to ambient rcJVl) 
81c = thermal impedance from junction to case ("CIW) 
IA= ambient temperature ('C) 

operation. • 
"Measured at 75MSPS encode rate. Haria.onic data based on .,;cirst case 

harmonics. 

le= case temperature ('C) 
typical thermal impedances are: 

14Analog input frequency= J,23MHz. . 
15RMS signal to rms noise, including harmonics with l.23MHz analog input 

signal 
16NPR ;..~ @ 0.5MHz. Noise Source is 250mW (rms) from O.SMHz 

to8MHz. 
Ceramic DIP 81A = 42'C/W; 81c = IO'CIW 
Ceramic LCC 81A=50'CIW; 81c= 15'C/W 
JLCC 81A=59'CIW; 81c=l5'CIW. 

4Measured with Analog Input = OV. 
17Supplies should remain stable within ± 5% for normal operation. 
18Measured at - 5.2V ± 5% and + 5.0V ± 5%. 

5 Measured by FFT analysis where fundamental is - 3dBc. Specifications subject to change without notice. 

Recommended Operating Conditions LOAD CIRCUIT. 

Input Voltage Vs 

Parameter Min Nominal Max 

-5.46 -5.20 -4.94 -Vs 
+Vs +4.75 5.00 +5.25 TTL o-..-i-
+VREF 
-VREF 
Analog Input 

-VREF o.ov +O.I OUTPUT 

-2.1 -2.0 +VREF 15pf 
-VREF +VREF 

EXPLANATION OF TEST LEVELS 
Test Levell 
Test Level II 

Test Level III 
Test Level IV 

TestLevelV 
Test Level VI 

Device 

AD9012AQ 
AD9012BQ 
AD9012AJ 
AD9012BJ 
AD9012SQ 
AD9012SE 
AD9012TQ 
AD9012TE 

- 100% production tested. 
- 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
- Sample tested only. 
- Parameter is guarantei:d by design and characteriza-

tion testing, 
- Parameter is a typical value only. · 
- All devices are 100% production tested at + 25°C. 

1 OO"A. production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. · 

ORDERING GUIDE 

Linearity Temperature Range 
Packa'!' 
Option 

0.75LSB. - 25°C to + 85°C Q-28 
0.50LSB - 25°C to + 85°C Q-28 
0.75LSB - 25·c to + 85°C J-28 
0.50LSB - 25°C to + 85°C J-28 
0.75LSB - 55•c to + 125·c Q-28 
0.75LSB - 55°C to + 125°C E-28A 
0.50LSB - 55°C to + 125°C Q-28 
0.50LSB - 55°C to + 125°c E-28A 

*E = LesdlessCeramicChipCarrier;J = CeramicLeadedChipCarrier;Q = Cerdip. 
For outline information see Pacbge Information section. 
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Pin# 

I 
2 

3 

4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16-19 
20 
21,22 

23 
24,25 
26 
27 

28 

REV.B 

Name 

DIGITAL +Vs 
OVERFLOW INH 

HYSTERESIS 

+VREF 
ANALOG INPUT 
ANALOG GROUND 
ENCODE 
DIGITAL +Vs 
ANALOG GROUND 
ANALOG INPUT 
-VREF 
REF Mm 
DIGITAL +Vs 
DIGITAL-Vs 

D1(LSB) 
Di-Ds 
DIGIT AL GROUND 
ANALOG-Vs 

DIGIT AL GROUND 
D6,D1 
D8 (MSB) 
OVERFLOW 

DIGITAL-Vs 

AD9012 
FUNCTIONAL DESCRIPTION 

Description 

One of three positive digital supply pins (nominally + 5.0V). 
OVERFLOW INHIBIT controls the data output coding for overvoltage inputs (AIN;;. + VREF). 

ANALOG OVERFLOW ENABLED (FLOATING OVERFLOW INHIBITED (GND) 
INPUT OF D1 Di D3 D4 Ds D6 D1 Ds OF D1 Di D3 D4 Ds D6 D1 Dt 

VrN;;.+VREF I 0 0 0 0 0 0 0 0 0 I I I I I I I I 
VrN<+VREF 0 x xx x x x x x 0 x x x x x x x x 

The Hysteresis control voltage varies the comparator hysteresis from OmV to IOmV, for a change 
from - 5.ZV to -2.ZV at the Hysteresis control pin. 
The most positive reference voltage for the internal resistor ladder. 
One of two analog input pins. Both analog input pins should be connected together. 
One of two analog ground pins. Both analog ground pins should be connected together. 
TTL level encode command input. ENCODE is rising edge sensitive. 
One of three positive digital supply pins (nominally + 5.0V). 
One of two analog ground pins. Both analog ground pins should be connected together. 
One of two analog input pins. Both analog inputs should be connected together. 
The most negative reference voltage for the internal resistor ladder. 
The midpoint cap on the internal resistor ladder. 
One of three positive digital supply pins (nominally + 5.0V) 
One of two negative digital supply pins (nominally - 5.2V). Both digital supply pins should be 
connected together. 
Digital data output. D1 (LSB) is the least significant bit of the digital output word. 
Digital data output. 
One of two digital ground pins. Both digital grounds pins should be connected together. 
One of two negative analog supply pins (nominally - 5.2V). Both analog supply pins should be 
connected together. 
One of two digital ground pins. Both digital ground pins should be connected together. 
Digital data output. 
Digital data output D8 (MSB) is the most significant bit of the digital output word. 
Overflow data output. Logic HIGH indicates an input overvoltage (VIN>+ VREF), if OVERFLOW 
INHIBIT is enabled (overflow enabled, floating). See OVERFLOW INHIBIT. 
One of two negative digital supply pins (nominally - 5.2V). Both digital supply pins should be 
connected together. 

PIN DESIGNATIONS 

ANALOG INPUT 5 

ANALOG GROUND 6 

ENCODE 7 

DIGITAL Vs+ 8 

ANALOG GROUND 9 

ANALOG INPUT 10 

! 
4 

> 
> 

> 

12 

l 

x 

~ 
~ + 
~ > 

~ 
~ ~ 
~ ~ 0 

' 

n~ 
~ l; ~ 

3 2 , 28 27 26 
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AD9012 
TOP VIEW 
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lrlll ANALOG 
WDEVICES 

FEATURES 
Monolithic 10-Bit/60 MSPS Converter 
TTL Outputs 
Bipolar (±1.75 V) Analog Input 
56 dB SNR @ 2.3 MHz Input 
Low (45 pF) Input Capacitance 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Digital Oscilloscopes 
Medical Imaging 
Professional Video 
Radar Warning/Guidance Systems 
Infrared Systems 

GENERAL DESCRIPTION 
The AD9020 AID converter is a 10-bit monolithic converter 
capable of word rates of 60 MSPS and above. Innovative archi
tecture using S 12 input comparafors instead of the traditional 
1024 required by other flash converters .reduces. input capaci
tance and improves linearity. 

Encode and outputs are TTL-compatible, making the AD9020 .an 
ideal candidate for use in low power systems. An overflow bit .is 
provided to indicate analog input signals greater than + V SENSE· 

Voltage sense lines are provided to insure accurate driving of the 
::t V REF voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the urtit. 

Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are speeifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to +70°C and -55°C to + 125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy
namic performance is fully characterized and production tested 
at + 25°C. MIL-STD-883 units are available. 

The AD9020 AID Converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Prod
ucts Databook or current AD9020/883B <la.ta sheet for detailed 
specifications. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l-800·446-6212. 
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AD9020 I 
FUNCTIONAL BLOCK DIAGRAM 

AD9020 

MSB LSBS 
INVERT INVERT 

61 .. 

D OVERFLOW 

-V, +Vs GROUND 

REV. A 



SPECIFICATIONS AD9020 
ABSOLUTE MAXIMUM RATINGS' 3/4REF• l/2REF• l/4REF Current ............... ±10 mA 
+Vs ...... · ............................ +6 V Digital Output Current ...................... 20 mA 
-Vs .................................. -6V Operating Temperature 
ANALOG IN ....................... -2 V to +2 V AD9020JE/KEIJZ/KZ .................. 0 to +70°C 
+ V REF• -V REF• 3/4REF• lf2REF• lf4REF · • • • • - 2 V to + 2 V Storage Temperature ................ -65°C to + 150°C 
+VREF to -VREF .......................... 4.0 V Maximum Junction Temperature2 •••••••••••••• + 175°C 
DIGITAL INPUTS .................. -0.5 V to +Vs Lead Soldering Temp (10 sec) ................ +300°C 

ELECTRICAL CHARACTERISTICS (±Vs= ±5 V; ±YsENSE = ±1.7~ V; ENCODE= 40 MSPS unless otherwise noted)3 • 
Test AD9020JEIJZ AD9020KEIKZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 Bits 

DC ACCURACY3 

Differential Nonlinearity +2s0c I 1.0 1.25 0.75 1.0 LSB 
Full VI 1.5 1.25 LSB 

Integral Nonlinearity +2s0c I 1.25 2.0 1.0 1.5 LSB 
Full VI 2.5 2.0 LSB 

No Missing Codes Full VI Guaranteed 

ANALOG INPUT 
Input Bias Current4 +2s0c I 0.4 1.0 0.4 1.0 mA 

Full VI 2.0 .2.0 mA 
Input Resistance +2S0c I 2.0 7.0 2.0 7.0 k!l 
Input Capacitance4 +2s0 c v 45 45 pF 
Analog Bandwidth +2S0c v 175 175 MHz 

REFERENCE INPUT 
Reference Ladder Resistance +25°c I 22 37 56 22 37 56 n 

Full VI 14 66 14 66 n 
Ladder Tempco Full v 0.1 0.1 nl°C 
Reference Ladder Offset 

Top of Ladder +25~C I 45 90 45 90 mV 
Full VI 90 90 mV 

Bottom of Ladder +25°c I 45 90 45 90 mV 
Full VI 90 90 mV 

Offset Drift Coefficient Full v 50 so µVl°C 

SWITCHING PERFORMANCE 
Conversion Rate +25°c I 60 60 MSPS 
Aperture Delay (tA) +2s0c v 1 1 ns 
Aperture Uncertainty (Jitter) +2s0c v 5 5 ps, rms 
Output Delay (t00) 5 +25°c I 6 10 13 6 10 13 ns 
Output Time Skew5 +25°c I 3 5 3 5 ns 

DYNAMIC PERFORMANCE 
Transient Response +2s0c v 10 10 ns 
Overvoltage Recovery Time +2s0c v 10 10 ns 
Effective Number of Bits (ENOB) 

f1N= 2.3 MHz +2s0c I 8.6 9.0 8.6 9.0 Bits 
fiN = 10.3 MHz +25°c IV 8.0 8.4 8.0 8.4 Bits 
f11'/ = 15.3 MHz . +2s0c IV 7.5 8.0 7.5 8.0 Bits 

Signalcto-Noise Ratio6 

f1N = 2.3MHz +2S0 c .I. 54 56 54 56 dB 
f1N = 10.3 MHz. +2s0c I 50 53 50 53 dB 
f1N = 15.3 MHz +2s0c I 47 50 47 50 dB 

Signal-to-Noise Ratio~· 
(Without Harmonics) 

f1N = 2.3 MHz +25°c I 54 56 54 56 dB 
f1N = 10.3 MHz +25°c I 51 54 51 54 dB 
f1N = lS.3 MHz +25°c I 48 52 48 52 dB 
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AD9020 
Test AD9020JEIJZ • AD9020KEIKZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
(CONTINUED) 

Harmonic Distortion 
fIN = 2.3 MHz +2s0c I 61 67 61 67 dBc 
fIN = 10.3 MHz +2S°C I SS S9 SS S9 dBc 
fIN = lS.3 MHz +2S°C I 49 S3 49 S3 dBc 

Two-Tone Intermodulation 
Distortion Rejection 7 +2S°C v 70 70 dBc 

Differential Phase +2S°C v o.s o.s Degree 
Differential Gain +2S°C v 1 1 % 

ENCODE INPUT 
Logic "l" Voltage Full VI 2.0 2.0 v 
Logic "O" Voltage Full VI 0.8 0.8 v 
Logic "l" Current Full VI 20 20 µA 
Logic "O" Current Full VI 800 800 µA 
Input Capacitance +2S°C v s s pF 
Pulse Width (High) +2S°C I 6 6 ns 
Pulse Width (Low) +2S°C I 6 6 ns 

DIGITAL OUTPUTS 
Logic "l" Voltage (loH = 2 mA) Full VI 2.4 2.4 v 
Logic "O" Voltage (10 L = 10 mA) Full VI 0.4 v 

POWER SUPPLY 
+Vs Supply Current +2S°C I 440 S30 440 S30 mA 

Full VI S42 S42 mA 
- Vs Supply Current +2S°C I 140 170 140 170 mA 

Full VI 177 177 mA 
Power Dissipation +2S°C I 2.8 3.3 2.8 3.3 w 

Full VI 3.4 3.4 w 
Power Supply Rejection 

Ratio (PSRR)8 Full VI 6 10 6 10 mVN 

NOTES 
1Absolute niaximum_ ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: 01c = l"CIW; 01A = l7°C/W (no air flow); 01A = 15"C/W 
(air flow = 500 LFM). 68-pin ceramic LCC: 01c = 2.6°CIW; 01A = 15"C/W (no air flow); 01A = 13°CIW (air flow = 500 LFM). 

33/4REF' l/2REF' and l/4REF reference ladder taps are driven from de sources at +0.875 V, 0 V, and -0.875 V, respectively. Accuracy of the overflow compara
tor is not tested and not included in linearity specifications. 

4Measured with ANALOG IN = + V SENSE· 

'Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of D0-D9 , Output 
skew measured as worst-case difference in output delay among D0-D9 • 

6RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
8Measured as the ratio of the worst-case change in transition voltage ofa single comparator for a 5% change in +Vs or-Vs. 

Specifications subject to change without notice. 

ORDERING GUIDE 
EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 
II - 100% production tested at + 2S°C, and sample tested at 

specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 

Device 

AD9020JZ 
AD9020JE 
AD9020KZ 
AD9020KE 
AD9020SZ/883 
AD9020SE/883 
AD9020TZ/883 
AD9020TE/883 
AD9020/PCB 

Temperature 
Range Description 

Oto +70°C 68-Pin Leaded Ceramic 
Oto +70°C 68-Pin Ceramic LCC 
o to +70°C 68-Pin Leaded Ceramic 
O fo +70°C 68-Pin Ceramic LCC 
-ss0c to + 12S°C 68-Pin Leaded Ceramic 
-ss0c to + 12S°C 68-Pin Ceramic LCC 
-ss0c to + 125°C 68-Pin Leaded Ceramic 
-ss0c to + 125°C 68-Pin Ceramic LCC 
Oto +70°C Evaluation Board 

Package 
Option* 

Z-68 
E-68A 
Z-68 
E-68A 
Z-68 
E-68A 
Z-68 
E-68A 

VI - All devices are I 00% production tested at + 2S°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex
tremes for commercial/industrial devices. 

*E =Ceramic Leadless Chip Carrier; Z =Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 
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NC 
+VsENSE 

+VREF 

GND 
ENCODE 

+Vs 
-Vs 

GND 
+Vs 

(LSB) Do 
D, 
D, 
D, 
D, 

NC 
+Vs 
NC 

AD9020 
TOP VIEW 

(Not to scale) 

AD9020 Pin Designations 

AD9020 PIN DESCRIPTIONS 

NC 
LSBs INVERT 
NC 
-VseNSE 

-VREF 

+Vs 
-Vs 
GND 
+Vs 
OVERFLOW 
D9 (MSB) 
D, 
D, 
D, 
D, 
+Vs 
NC 

Pin No. Name Function 

1/2REF Midpoint of internal reference ladder. 

2, 16, 28, 29, 35, -vs Negative supply voltage; nominally -5.0 V ±5%. 
41, 42, 54, 64 

3, 6, 15, 18, 25, 30, +Vs Positive supply voltage; nominally +5 V ±5%. 
33, 34, 37, 40, 45, 
52, 55, 65, 68 

4, 5, 13, 17, 27, 31, 32 GROUND All ground pins should be connected together and to low
impedance ground plane. 36, 38, 39, 43, 53, 66, 67 

7 3/4REF Three-quarter point of internal reference ladder. 

Analog input; nominally between ±I. 75 V. 8, 9 ANALOG IN 

11 +VsENSE Voltage sense line to most positive point on internal resistor 
ladder. Normally + 1.75 V. 

12 +VREF Voltage force connection for top of internal reference ladder. 
Normally driven to provide +I. 75 V at + V SENSE· 

14 ENCODE TTL-compatible convert command used to begin digitizing 

19-23, 46--50 

51 

56 

57 

59 

61 

63 

process. 

D0-D9 TTL-compatible digital output data. 

OVERFLOW TTL-compatible output indicating ANALOG IN > 
+VsENSE• 

- V REF Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 Vat -VsENSE· 

- V SENSE Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 V. 

LSBs INVERT Normally grounded .. When connected to +Vs, lower order 
bits (D0-D8) are inverted .. 

MSB INVERT Normally grounded. When connected to +Vs' most 
significant bit (MSB; 0 9) is inverted. 

l/4REF One-quarter point of internal reference ladder. 

AD9020 
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1"'1111 ANALOG 
WDEVICES 

FEATURES 
Monolithic 
12-Bit 20 MSPS A/D Converter 
Low Power Dissipation: 1.3 Watts 
On-Chip T/H and Reference 
High-Spurii Free Dynamic Range 
TTL Logic 

APPLICATIONS 
Radar Receivers 
Digital Communications 
Digital Instrumentation 
Electro-Optics 

PRODUCT DESCRIPTION 
The AD9022 is a high speed, high performance, monolithic 12-
bit analog-to-digital converter. All necessary functions, includ
ing track-and-hold (TIH) and reference, are included on ch· 
provide a complete conversion solution. It is a com · 
to the AD9023; the primary difference between the 
all logic for the AD9022 is TTL compatible, while 
utilizes ECL logic for digital inputs and outputs. Pinouts ~ 
two parts are nearly identical. 

Operating from +5 V and -5.2 V supplies, the AD9022 pro
vides excellent dynamic performance. Sampling at 20 Msps with 
AIN = 1 MHz, the spurious free dynamic range (SFDR) is typi
cally 80 dB; with ArN = 9.6 MHz, SFDR is 74 dB. SNR is typi
cally 65 dB. 

The on-board T/H has a 100 MHz bandwidth and, more impor
tantly, is designed to provide excellent dynamic performance for 
analog input frequencies above Nyquist. This feature is neces
sary in many under-sampling signal processing applications, 
such as in direct IF to digital conversion. 

To maintain dynamic performance at higher IFs, monolithic 
RF track-and-holds (such as the AD9100 and AD9101 
Samplifier™) can be used with the AD9022 to process signals 
up to and beyond 70 MHz. 

Samplifier is a trademark of Analog Devices, Inc. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval systein at 1-800-446-6212. 

ANALOG 
INPUT 

ENCODE 

12-Bit 20 MSPS 
Monolithic AID Converter 

AD9022 I 
FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 12 
ERROR 

CORRECTION TTL 

+5V 
-5.2V 
GND 

0.5 LSB and 20 ns transient re-
022 provides excellent results 

g inputs must be oversampled (such 
. The full scale analog input is ± 1 V with a 
ce. The analog input can be driven directly 

r can be buffered by the AD96xx series 
ortion buffer amplifiers. 

temal to the AD9022; the clock signal initiates 
the c rsion cycle. For best results, the encode command 
should contain as little jitter as possible. High speed layout prac
tices must be followed to ensure optimum AID performance. 

The AD9022 is built on a trench isolated bipolar process and 
utilizes an innovative multipass architecture (see the block 
diagram). The unit is packaged in 28-pin ceramic DIPs and 
gullwing surface mount packages. The AD9022 is specified to 
operate over the industrial (-25°C to +85°C) and military 
(-55°C to + 125°C) temperature ranges. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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SPECIFICATIONS AD9022 

ELECTRICAL CHARACTERISTICS (+Vs = +5 V; -Vs = -5.2 V: Encode = 20 MSPS, unless otherwise noted) 

Test AD9022AQ/AZ AD9022BQ/BZ AD9022SQ/SZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

DC ACCURACY -Differential Nonlinearity +25°C I 0.4 0.75 0.25 0.5 0.4 0.75 LSB 
Full VI 1.0 0.75 1.0 LSB 

Integral Nonlinearity +25°C I 1.2 2.5 1.2 2.0 1.2 2.5 LSB 
Full VI 1.25 3.0 1.25 3.0 1.25 3.0 LSB 

No Missing Codes Full VI Guaranteed Guaranteed Guaranteed 
Offset Error +25°C I 5 25 5 25 5 25 mV 

Full VI 15 35 15 35 15 35 mV 
Gain Error +25°C I ±0.5 ±2.5 ±0.5 ±2.5 ±0.5 ±2.5 %FS 

Full VI 0.5 3.5 0.5 3.5 0.5 3.5 %FS 
Thermal Noise +25°C v 0.5 0.5 0.5 LSB, rms 

ANALOG INPUT 
Input Voltage Range ±1.024 ±1.024 ±1.024 v 
Input Resistance Full IV 250 300 375 250 300 375 250 300 375 n 
Input Capacitance +25°C v 7 7 pF 
Analog Bandwidth +25°C IV 115 115 MHz 

SWITCHING PERFORMANCE' 
Minimum Conversion Rate +25°C 2 Msps 
Maximum Conversion Rate Full 20 Msps 
Aperture Delay (tA) +25°C 0.82 1.12 1.42 ns 
Aperture Uncertainty Gitter) +25°C ps, rms 
Output Delay (tool Full 33.5 14.5 33.5 ns 

ENCODE INPUT 
Logic Compatibility TTL 
Logic "1" Voltage Full VI 2.0 v 
Logic "O" Voltage Full VI 0.8 0.8 v 
Logic "1" Current Full VI 7 7 20 7 20 µA 
Logic "O" Current Full VI 7 T 20 7 20 µA 
Input Capacitance +25°C v 4 4 4 pF 
Pulse Width (Higb) +25°C IV 25 250 25 250 25 250 ns 
Pulse Width (Low) +25°C IV 17.5 250 17.5 250 17.5 250 ns 

DYNAMIC PERFORMANCE 
Transient Response +25°c v 20 20 20 ns 
Overvoltage Recovery Time +25°C v 20 20 20 ns 
Harmonic Distortion 
~log Input@ 1.2 MHz +25°C I 65 73 70 75 65 73 dBc 

@l.2MHz Fun· VI 65 70 70 75 65 70 dBc 
@4.3MHz +25°C v 75 75 75 dBc 

.@9.6MHz +25°c I 63 74 70 74 63 74 dBc 
@9.6MHz Full VI 61 70 70 72 61 70 dBc 

Signal-to-Noise Ratio2 

Analog Input@ 1.2 MHz +25°C I 62 65 65 67 62 65 dB 
··@l.2MHz Full VI 61 64 64 66 61 64 dB 
@4.3MHz +25°C v 65 65 65 dB 
@9.6MHz +25°C I 61 64 64 66 61 64 dB 
@9.6MHz Full VI 60 63 63 65 60 63 dB 

Signal-to-Noise Ratio2 

(Without Harmonics) 
Analog Input @ 1.2 MHz +25°C I 65 66 66 67 65 66 dB 

@ l.2MHz Full VI 63 64 65 66 63 64 dB 
@4.3MHz +25°C v 66 66 66 dB 
@9.6MHz +25°C I 62 65 65 66 62 65 dB 
@9.6MHi Full VI 60 63 64 65 60 63 dB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD9022-SPECIFICATIONS 
Test AD9022AQ/AZ AD9022BQ/BZ AD9022SQ/SZ 

Parameter (Conditions) Temp Level· Min Typ Max Min Typ· Max Min Typ .Max Units 

Two-Tone Intermodulation +.25°c V. 76 76 76 dBc 
Distortion Rejection3 

DIGITAL 0VfPUTS1 

Logic Compatibility TTL TTL TTL 
Logic "1 " Voltage Full VI 2.4 2.4 2.4 v 
Logic "O" Voltage Full VI 0.5 0.5 0.5 v 
Output Coding Offset Binary Offset Binary Offset Binary 

POWER SUPPLY 
+Vs Supply Voltage Full VI 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 mA 
+Vs Supply Current Full VI 100 120 100 120 100 120 mA 
-Vs Supply Voltage Full VI -5.45 -5.2 -4.95 -5.45 -5.2 -4.95 -5.45 -5.2 -4.95 mA 
-Vs Supply Current Full VI 160 190 160 190 160 190 mA 
Power Dissipation Full VI 1.3 1.6 1.3 1.6 1.3 1.6 w 
Power Supply 

Rejection Ratio (PSRR)4 Full IV 28 28 28 mVN 

NOTES 
1 AD9022 load is a single LS latch. 
2RMS signal-to-rms noise with analog input signal 1 dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of9.3 MHz and 9.6 MHz at 7 dB below full scale. 
'PSRR is sel)Sitivity of offset error to power supply variations within the 5% limits shown. 
Specifications subject to change without notice. 

ANALOG 
IN. 

ENCODE 

loo= 8 - 10ns TYPICAL 

DATA 
OUTPUT ~~----N---3----..... ~-----N_-_2 ____ JX~-----N_-_, ____ ~~ 

AD9022 Timing Diagram 

ABSOLUTE MAXIMUM RATINGS1 

+Vs ......................................... +6V 
-Vs .......................................... -6V 
Analog Input .............................. -Vs to +Vs 
Digital Inputs ............................ ; . -Vs to 0 V 
Digital Output Current ......................... 20 mA 
Gain Adjust ............................... -Vs to +Vs 
Offset Adjust ....•......................... -Vs to +Vs 
Operating Temperature Range (Case) 

AD9022AQ/AZ/BQIBZ ............... -25°C to +85°C 

Model 

AD9022AQ/BQ 
AD9022AZ/BZ 

AD9022SQ 
AD9022SZ 

ORDERING GUIDE 

Temperature Package 
Range Description 

-25°C to +85°C 28-Pin Ceramic DIP 
-25°c to +85°C 28-Pin Ceramic 

Leaded Chip Carrier 
-55°C to + 125°C 28-Pin Ceramic DIP 
-55°C to +125°C 28-Pin Ceramic 

Leaded Chip Carrier 
AD9022SQ/SZ ..................... -55°C to +!25°C 

Maximum Junction Temperature2 •••••••••••••••• + 175°C *For outline information see Package Information section. 

Lead Temperature (Soldering, 10 sec) ............. +300°C 
Storage Temperature Range ............ -65°C to+ 150°C 
NOTES 

'Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: "Q" Package (Ceramic DIP): . Ilic= IO'C/W; Iii•= 
35'C/W. "Z" Package (Gullwing Surface Mount): 91c = f3'CIW; Iii•= 45'C/W. 

Package 
Option 

Q-28 
Z-28 

Q-28 
Z-28 

This information applies to a product under development. Its characteristics and specifications are subject to.change without notice. 
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EXPLANATION OF TEST LEVELS 

Test Level 

- 100% production tested. 

II - 100% production tested at +25°C, and sample tested at 

specified temperatures. AC testing done on sample basis. 
III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 

testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; guaranteed by design and characteriza
tion testing for industrial devices. 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions . . . . . . . . . . . . . . . . 205 x 228 x 21 (± 1) mils 
Pad Dimensions ............................ 4 x 4 mils 
Metalization .............................. Aluminum 
Backing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . None 
Substrate Potential ............................... -Vs 
Transistor Count .............................. 4,080 
Passivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oxynitr· 
Die Attach ............................... Si 
Bond Wire 

Pin No. 

1-3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

26 

27 

28 

AD9022 
PIN DESCRIPTIONS 

Name 

D3-DI 

DO (LSB) 

NC 

+Vs 

GND 

ENCODE 

GND 

+Vs 

GND 

+Vs 

-Vs 

GND 

Function 

Digital output bits of ADC; TTUCMOS 
compatible. 

Least significant bit of ADC output; 
TTUCMOS compatible. 

No Connection Internally 

+5 V Power Supply 

Ground 

Encode clock input to ADC. Internal 
T/H is placed in hold mode (ADC is 
encoding) on rising edge of encode 
signal. 

Ground 

+5 V Power Supply 

Ground 

Noninverting input to T/H amplifier. 

-5.2 V Power Supply 

+5 V Power Supply 

-5.2 V Power Supply 

Ground 

Should be connected to -Vs through 
0.1 µF capacitor. 

Most significant bit of ADC output; 
TTUCMOS compatible. 

Digital output bits of ADC; TTUCMOS 
compatible. 

+5 V Power Supply 

-5.2 V Power Supply 

Ground 

PIN DESIGNATIONS 

D3 GND 

D1 +Vs 

DO (LSB) 4 

DS 

+Vs 

Gl\ID 
AD9022 
TOP VIEW 

ENCODE 8 (Not to Scale) DS 

GND 

+Vs D10 

GND D11 (MSB) 

AIN 

-Vs GND 

+Vs -Vs 

NC= NO CONNECT 
COMPENSATION (PIN 17) SHOULD BE 
CONNECTED TO-Vs THROUGH 0.01µF 
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AD9022 
DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth . . , 
The analog input frequency at which .the spectral power of the 
fundamental frequency (as determined by FFT analysis) is re-
duced by 3 dB.· · · · 

Aperture Delay. 
The delay betweep. the rising edge of the.ENCODE command 
and the insfant at whiCh the analog input is sampled. 

Aperture Unceriidnty (Jitter) · ·· 
The sample-to-sample variation in aperture delay. 

Differential Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 

Harmonic Distortion 
The rms value of the fundamental diviaed by the rms value of 
the worst harmonic. component. 

Integral Nonlinearity 
The deviation of the transfer function from a reference line mea
sured in fractions of 1 LSB using a "best straight line" .deter
mined by a least square curve fit. 

Minimum Conversion Rate 
The encode rate at which.the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran
teed limit. 

Maximum Conversion Rate 
The encode. rate at which Jla~ametric .testing is performed. 

Output Propagation Delay . 
The delay between the 50% point of the rising edge 
CODE command and the time when all output data 
within _val_id logic levels. 

Overvoltage Recovery Time 
The amount of time required for the converter to recover to 
12-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full-scale range of the converter. 

Power Supply Rejection Ratio (PSRR) 
The ratio of a change in input offset voltage to a change in 
power supply voltage. 

Signal-to-Noise Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum of.all other spectral compo
nents, including harmonics but excluding de, with an analog in
put signal 1 dB below full scale. 

Signal-to-Noise Ratio (Without Harmonics) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum ofall other spectral compo
nents, excluding the first five harmonics and' de, with an analog 
input signal 1 dB below.full scale. 

Transient Response 
The time required for the converter to achieve 12-bit accuracy 
when a step function is applied to the analog input. 

Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order !MD.signal. 

Analog Input 

-v. 
Compensation 

Output Stage 

DIGITAL 
INPUT 

Figure 1. Equivalent Circuits 

This information 11pplies to a product under developi:nent. Its characterilltics and specifications are subject to change without notice. 
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THEORY OF OPERATION 
Refer to the block diagram. 

The AD9022 employs a three pass subranging architecture and 
digital error correction. This combination of design techniques 
ensures 12-bit accuracy at relatively low power. 
Analog input signals are immediately attenuated through a re
sistor divider and applied directly to the sampling bridge of the 
track-and-hold (T/H). The T/H holds whatever analog value is 
present when the unit is strobed with an ENCODE command. 
The conversion process begins on the rising edge of this pulse, 
which should conform to the minimum and maximum pulse 
width requirements shown in the specifications. Operation be
low the recommended encode rate (2 Msps) may result in ex
cessive droop in the internal T/H devices-leading to large de 
and ac errors. 

The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con
verter resolves the most significant bits (MSBs) of the held ana
log voltage. These 5 bits are reconstructed via a 5-bit DAC and 
subtracted from the original T/H output signal to form a residue 
signal. 

A second T/H holds the amplified residue signal while it is en
coded with a second 5-bit flash ADC. Again the 5 bits are re
constructed and subtracted from the second T/H output to 
form a residue signal. This residue is amplified and enco 
with a 4-bit flash ADC to provide the 3 least signifi 
(LSBs) of the digital output and one bit of e 

Digital Error Correction logic aligns the data . e 
flash converters and presents the result as a l 2~bit par'1J 
ta! word. The output stage of the AD9022 is TTL. Ou\ ta 
may be strobed on the rising edge of the ENCODE command. 

AD9022 IN RECEIVER APPLICATIONS 
Advances in semiconductor processes have resulted in low cost 
digital signal processing (DSP) and analog signal processing 
which can help create cost effective alternative receiver designs. 
Today, an all-digital receiver allows tuning, demodulation, and 
detection of receiver signals in the digital domain. By digitizing 
IF signals directly and utilizing digital techniques, it becomes 
possible to make significant improvements in receiver design. 
For high frequency IFs, the ADC is the key to the receiver's 
performance. Unfortunately, the specifications frequently used 
by receiver designers and analog-to-digital (ADC) manufactur
ers are often very different. Noise Figure and Intercept Point 
are common measures of noise and linearity in analog RF sys
tem design. ADCs are more frequently specified in terms of 
SNR and harmonic distortion. 

Noise 
Noise figure (NF) is a measure of receiver sensitivity and is de
fined as the degradation of signal-to-noise ratio (SNR) as a sig
nal passes through a device. In equation form: 

NF= SNR (in) - SNR (out) 

Noise figure is a bandwidth invariant parameter for reasonably 
narrow bandwidths in most devices. The system noise figure for 
a combination of amplifiers and mixers, for instance, can be 
analyzed without regard to the information bandwidth. 

AD9022 
Thermal noise contribution from the ADC behaves in a similar 
fashion; however, the spectral density of quantization noise is a 
function of the sample rate. In addition, the spectral density of 
the quantization noise is flat only in an ADC with perfect linear
ity, i.e., perfect I LSB step sizes. 

To analyze the system noise performance, ADC noise figure is 
calculated by normalizing the SNR of the ADC output to a I Hz 
bandwidth. This result is given by: -

SNR (!Hz) = SNR + 10 log10 (Fs/2) 
where Fs is the sample rate. 

This will be true only for converters in which perfect quantiza
tion noise dominates. There may be an upper sample rate, 
above which the thermal noise of the converter is the dominant 
source of noise. In this case, normalization would be based on 
the noise bandwidth of the ADC. For an AD9022 with a typical 
SNR of 64 dB and a sample rate of 20 Msps, the normalized 
SNR is equal to i34 dB (64 + 70). Both thermal and quantiza
tion noise contribute to this number. 

The SNR of the inp~.t is assumed to be limited by the thermal 
noise of the inputrteiliistance, or -17 4 dBm/Hz. The input signal 
level is +10 di'' p-p into 50 Q). Noise figure of the ADC 
can be,.car•· 

NR (out)= [+10 - (174)] - 134 = 50 dB 

ut voltage levels, not power. Conse-
R can be determined more accurately by 

e ratio of the signal voltage to the noise voltage of 
· stor. However, both the input signal and 

ered to the ADC are also a function of the 
''j&edance. The dependence of NF on sample rate, lin

source and terminating impedances, and the number of 
umptions that are required highlight the weakness of using 

NF as a figure of merit for an ADC. The rather large number 
that results bolsters this belief by indicating the ADC is often 
the weakest link in the signal processing path. 

Linearity 
The Third Order intercept point for a linear device (with some 
nonlinearity) is a good way to predict 3rd order spurious signals 
as a function of input signal level. For an ADC, however, this in 
an invalid concept except with signals near full scale. As the in
put signal is reduced, the performance burden shifts from the 
input track-and-hold (T/H) to the encoder. This creates a non
linear function, as contrasted with the third order intercept be
havior, which predicts an improvement in dynamic range as the 
signal level is decreased. 

For signals near full scale, the intercept point is calculated the 
same as any device: 

Intercept Point= [Harmonic Suppressionl(N -1)] +Input Power 
where N = the order of the IMD (3 in this case) 

AD9022 Intercept Point= 80/2 + 3 dBm (7 dBm below full scale) 
= 43 dBm 

For signals below this level, the spurious free dynamic range 
(SFDR) curves shown in the data sheet are a more accurate pre
dictor of dynamic range. The SFDR curve is generated by mea
suring the ratio of the signal (either tone in the two-tone 
measurement) to the worst spurious signal which is observed as 
the analog input signal amplitude is swept. 
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AD9022 
The worst spurious signal is usually the second harmonic or 3rd 
order IMO. Actual results are shown on several plots. The 
straightline with a slope of one is constructed at the point where 
the worst SFDR touches the line. This line, extrapolated to full 
scale, gives the SFDR of the ADC. This :value. can then be used 
to predict the dynamic range by simply subtracting the input 
level from the SFDR. As shown on the two-tone SFDR plot, for 
example, a signal 20 dB below full scale will always have a dy
namic range of at least 67 dB (87 dB - 20 dB). 

It should be noted that all SFDR liI1es are constructed to be 
:valid only below a certain level below full scale. Above these 
points, the linearity of the device is dominated by the 
nonlinearities of the front end and best predicted by the inter
cept point. 

AD9022 NOISE PERFORMANCE 
High speed, wide bandwiOth ADCs such as the AD9022 are op
timized for dynamic performance over a wide range of analog 
input frequencies. However, there are many applications (Imag
ing, Instrumentation, etc.) where de precision is also important. 
Due to the wide input bandwidth of the AD9022 for a given in
put :voltage, there will be a range of output codes which may oc
cur. This is caused by unavoidable circuit noise within the 
wideband circuits in the ADC. If a de signal is applied to the 
ADC and several thousand outputs are recorded, a distribution 
of codes such as that shown in the histogram below may result. 

X-3 x-2 x-1 x+1 x+2 x+3 
OUTPUT CODE 

Figure 2. ADC Equivalent Input Noise 

The correct code appears most ·of the time, but adjacent codes 
also appear with reduced probability. If a normal probability 
density curve is fitted. to this Gaussian distribution of codes, the 
standard deviation will be equal to the equivalent input rms 
noise of the ADC. Therms noise may also be approximated by 
converting the SNR, as measured by a low frequency FFT, to 
an equivalent input noise. This method is accurate only if the 
SNR performance is dominated by random thermal noise (the 
low frequency SNR without harmonics is the best measure). 
Sixty-three dB equates to 1. LSB rms for a 2 V p-p (0. 707 V 
rms) input signal. The AD9022 has approximately 0.5 LSB of 
rms noise or a noise limited SNR of 69 dB, indicating that noise 
alone does not limit the SNR performance of the device ( quanti
zation noise and liµearity are also major contributors). 

This thermal noise may come from several sources. The drive 
source impedance should be kept low to minimize resistor 
thermal noise. Some of the internal ADC noise is generated in 
the wideband TIH. Sampling ADCs generally have input band
widths which exceed the Nyquist frequency of one-half the 
sampling rate. (The AD9022 has an input bandwidth of over 
100 MHz, even though the sampling rate is limited to 20 Msps.) 

Wide bandwidth is required to minimize gain and phase distor
tion and to permit adequate settling times in the internal ampli
fiers and T/Hs. But a certain amount of unavoidable noise is 
generated in the T/H and other wideband circuits within the 
ADC; this causes :variation in output codes for de inputs. Good 
layout, grounding, and decoupling techniques are essential to 
prevent external noise from coupling iI1to the ADC and further 
corrupting performance. 

USING THE AD9022 
Layout Information 
Preserving the accuracy and dynamic performance of the 
AD9022 requires that desig ers pay special attention to the lay-
out of the printed circ · d. 

Analog paths sh short as possible and be properly 
The analog input connection 
I signals paths; this reduces the 

se which is capacitively coupled 
1gital signal paths should also be kept 

ould be matched to avoid propagation 
9022 digital outputs should be buff-
e device ( <2 cm). This prevents load 

feed back into the device. 

circuits, layout of the ground is critical. A single, 
low i ance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality 0.1 µF chip ca
pacitors to reduce noise in the circuit. All power pins of the 
AD9022 should be bypassed individually. The compensation 
pin (COMP Pin 17) should be bypassed directly to the -Vs 
supply (Pin 15) as close to the part as possible using a 0.1 µF 
chip capacitor. 

Multilayer boards allow designers to lay out signal traces with
out interrupting the ground plane, and provide low impedance 
ground planes. In systems with dedicated analog and digital 
grounds, all grounds for the AD9022 should be connected to 
the analog ground plane. 

In systems using multilayer boards, dedicated power planes are 
recommended to provide low impedance connections for device 
power. Sockets limit dynamic performance and are not recom
mended for use with the AD9022. 

Timing 
Conversion by the AD9022 is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter
nal to the ADC. Care should be taken to ensure that the encode 
clock to the AD9022 is free from jitter that can degrade dy
namic performance. The clock driver should be compatible with 
TTL LS logic series devices. Drivers with excessive slew rate or 
overdrive will degrade the dynamic performance of the AD9022. 
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Pulse width of the ADC encode clock must be controlled to en
sure the best possible performance. Dynamic performance is 
guaranteed with a clock pulse HIGH minimum of 25 ns. Opera
tion with narrower pulses will degrade SNR and dynamic per
formance. From a system perspective, this is generally not a 
problem, because a simple inverter can be used to generate a 
suitable clock if the system clock is less than 25 ns wide. 

The AD9022 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (refer to the AD9022 Timing 
Diagram). The length of the output data lines and the loads 
placed on them should be minimized to reduce transients within 
the AD9022; these transients can detract from the converter's 
dynamic performance. 

Operation at encode rates less than 2 Msps is not recom
mended. The internal track-and-hold saturates, causing errone
ous conversions. This T/H saturation precludes clocking the 
AD9022 in a burst mode. 

The duty cycle of the encode clock for the AD9022 is critical for 
obtaining rated performance of the ADC. Internal pulse widths 
within the track-and-hold are established by the encode com
mand pulse width; to ensure rated performance, minimum and 
maximum pulse width restrictions should be observed. Opera
tion at 20 Msps is optimized when the duty cycle is held at 50% 
Duty cycle variations of less than ± 5 % will cause no de · 
in performance at 20 Msps. 

Analog Input :¥iii'il~ 
The analog input (Pin 12) voltage range is nofiltll 
volts. The range is set with an internal voltage r~fere 
cannot be adjusted by the user. The input resistance is 
and the analog bandwidth is 100 MHz, making the AD9022 
useful in undersampling applications. 

The AD9022 should be driven from a low impedance source. 
The noise and distortion of the amplifier should be considered 
to preserve the dynamic range of the AD9022. 

Power Supplies 
The power supplies of the AD9022 should be isolated from the 
supplies used for noisy devices (digital logic especially) to re
duce the amount of noise coupled into the ADC. For optimum 
performance, linear supplies ensure that switching noise from 
the supplies does not introduce distortion products during 
the encoding process. If switching supplies must be used, 
decoupling recommendations above are critically important. 
The PSRR of the AD9022 as a function of the ripple frequency 
present on the supplies is shown in the performance graphs. 
Clearly, power supplies with the lowest possible frequency 
should be selected. 

AD9022 EVALUATION BOARD 
The evaluation, board for the AD9022 (AD9022/PCB) provides 
an easy and flexible method for evaluating the ADC's perfor
mance without (or prior to) developing a user-specific printed 
circuit board. The two-sided board includes a reconstruction 
DAC and digital output interface; and uses the layout and appli
cations suggestions outlined above. It is available from Analog 
Devices at nominal cost. 

AD9022 
Generous space is provided near the analog input and digital 
outputs to support additional signal processing components the 
user may wish to add. This prototyping area includes through 
holes with 100 mil centers to support a variety of component 
additions. 

Input/Output/Supply Information 
Power supply, analog input, clock connections, and recon- 2 structed output (RC OUTPUT) are identified by labels on the 
evaluation board. 

Operation of the evaluation board will conform to the following 
characteristics: 

Parameter Typical Units 

Supply Current 
+5 v 150 mA 
-5 v 300 mA 

A1N 
Impedance 51 Q 
Voltage Range ± 1.024 v 

CLOCK 
51 Q 
20 Msps 

51 Q 
0 to-I v 

ls can be fed directly into the device under 
he A1N input is terminated at the device with 

0 give a parallel equivalent of 51 Q (62 nll300 Q). 

econstruction 
e AD9022 evaluation board provides an on-board AD9713B 

reconstruction DAC for observing the digitized analog input 
signal. The AD9713B is terminated into 51 Q to provide a 
1 V p-p signal at the output (RC Output). 

Output Data 
The output data bits are latched with two 74LS574 latches 
which drive a 40-pin connector (AMP p/n 102153-09). The 
data and clock signals are available at the connector per the pin 
assignments shown on the schematic of the evaluation board. 
Data is latched on the rising edge of the encode clock. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-421 



NANALOG 
WDEVICES 

FEATURES 
Monolithic 
12-Bit 20 MSPS A/D Converter 
Low Power Dissipation: 1.3 Watts 
On-Chip T/H and Reference 
High-Spurii Free Dynamic Range 
ECL Logic 

APPLICATIONS 
Radar Receivers 
Digital Communications 
Digital Instrumentation 
Electro-Optic 
Medical Imaging 
Digital Filters 

PRODUCT DESCRIPTION 
The AD9023 is a high speed, high performance, monolithic 12-
bit analog-to-digital converter. All necessary functions, in 
ing track-and-hold (T/H) and reference, are include 
provide a complete conversion solution. It is a com 
to the AD9023; the primary difference between the is 
all logic for the AD9022 is TTL compatible, while the AD 
utilizes ECL logic for digital inputs and outputs. Pinouts for the 
two parts are nearly identical. 

Operating from +5 V and-5.2 V supplies, theAD9023 provides 
excellent dynamic performance. Sampling at 20 Msps with 
ArN = l MHz, the spurious free dynamic range (SFDR) is typi
cally 80 dB; with AIN = 9.6 MHz, SFDR is 74 dB. SNR is typi
cally 65 dB. 

The on-board T/Hhas a 100 MHz bandwidth and, more impor
tantly, is designed to provide excellent dynamic performance for 
analog input frequencies above Nyquist. This feature is neces
sary in many undersampling signal processing applications, such 
as in direct IF to digital conversion. 

To maintain dynamic performance at higher IFs, monolithic RF 
track-and-holds (such as the AD9 l 00 and AD9 l 0 l 
Samplifier™) can be used with the AD9023 to process signals 
up to and beyond 70 MHz. 

Samplifier is a trademark of Analog Devices, Inc. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

ENCODE 

12-Bit 20 MSPS 
Monolithic AID Converter 

AD9023 I 
FUNCTIONAL BLOCK DIAGRAM 

+SV 
-5.2V 
GND 

. 5 LSB and 20 ns transient re-
9023 provides excellent results 

g inputs must be over-sampled (such 
e full-scale analog input is ± l V with a 
The analog input can be driven directly 

, or can be buffered by the AD96xx series 
distortion buffer amplifiers. 

is internal to the. AD9023; the clock signal initiates 
the conversion cycle. For best results, the encode command 
should contain as little jitter a~ possible. High speed layout prac
tices must be followed to ensure optimum ND performance. 

The AD9023 is built on a trench isolated bipolar process and 
utilizes an innovative multipass architecture (see the block dia
gram). The unit is packaged in 28-pin ceramic DIPs and 
gullwing surface mount packages. The AD9023 is specified to 
operate over the industrial (-25°C to +85°C) and extended 
(-55°C to +125°C) temperature ranges. 

This information applies to a product under development. Its ch.aracteristic~ and specific~tions are subject to change without notice. 
Analog Devices assumes no obligatio~. regarding future manufacture unless .otherwise agreed to in writing. · 
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SPECIFICATIONS AD9023 
ELECTRICAL CHARACTERISTICS (+Vs= +5 V; -Vs= -5.2 V; Encode= 20 MSPS, unless otherwise noted} 

Test AD9023AQIAZ AD9023BQIBZ AD9023SQISZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.4 0.75 0.25 0.5 0.4 0.75 LSB 

Full VI 1.0 0.75 1.0 LSB 
Integral Nonlinearity +25°C I 1.2 2.5 1.2 2.0 1.2 2.5 LSB 

Full VI 1.25 3.0 1.25 3.0 1.25 3.0 LSB 
No Missing Codes Full VI Guaranteed Guaranteed Guaranteed 
Offset Error +25°C I 5 25 5 25 5 25 mV 

Full VI 15 35 15 35 15 35 mV 
Gain Error +25°C I ±0.5 ±2.5 ±0.5 ±2.5 ±0.5 ±2.5 %FS 

Full VI 0.5 3.5 0.5 3.5 0.5 3.5 %FS 
Thermal Noise +25°C v 0.5 0.5 0.5 LSB, rms 

ANALOG INPUT 
Input Voltage Range ± 1.024 ±1.024 ± 1.024 v 
Input Resistance Full IV 250 300 375 375 250 300 375 Q 

Input Capacitance +25°C v 7 7 pF 
Analog Bandwidth +25°C IV 115 115 MHz 

SWITCHING PERFORMANCE' 
Minimum Conversion Rate +25°C 2 Msps 
Maximum Conversion Rate Full 20 Msps 
Aperture Delay (tA) +25°C 0.82 1.12 1.42 ns 
Aperture Uncertainty Gitter) +25°C ps, rms 
Output Delay (!00) Full 33.5 14.5 33.5 ns 

ENCODE INPUT 
Logic Compatibility ECL 
Logic "l" Voltage Full 2.0 v 
Logic "O" Voltage Full 0.8 0.8 v 
Logic " l" Current Full 150 150 150 µA 
Logic "O" Current Full 150 150 150 µA 
Input Capacitance +25°C 4 4 4 pF 
Pulse Width (High) +25°C 25 250 25 250 25 250 ns 
Pulse Width (Low) +25°C 17.5 250 17.5 250 17.5 250 ns 

DYNAMIC PERFORMANCE 
Transient Response +25°C v 20 20 20 ns 
Overvoltage Recovery Time +25°C v 20 20 20 ns 
Harmonic Distortion 

Analog Input @ 1.2 MHz +25°C I 65 73 70 75 65 73 dBc 
@ 1.2 MHz Full VI 65 70 70 75 65 70 dBc 
@4.3 MHz +25°C v 75 75 75 dBc 
@9.6 MHz +25°C I 63 74 70 74 63 74 dBc 
@9.6 MHz Full VI 61 70 70 72 61 70 dBc 

Signal-to-Noise Ratio2 

Analog Input @ 1.2 MHz +25°C I 62 65 65 67 62 65 dB 
@ 1.2 MHz Full VI 61 64 64 66 61 64 dB 
@4.3 MHz +25°C v 65 65 65 dB 
@9.6MHz +25°C I 61 64 64 66 61 64 dB 
@9.6MHz Full VI 60 63 63 65 60 63 dB 

Signal-to-Noise Ratio' 
(Without Harmonics) 
Analog Input @ 1.2 MHz +25°C I 65 66 66 67 65 66 dB 

@ 1.2 MHz Full VI 63 64 65 66 63 64 dB 
@4.3MHz +25°C v 66 66 66 dB 
@9.6MHz +25°C I 62 65 65 66 62 65 dB 
@9.6MHz Full VI 60 63 64 65 60 63 dB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9023 
Test AD9023AQ/AZ AD9023BQ/BZ AD9023SQ/SZ 

Parameter (Conditlims) Temp Level Min Typ Max Min Typ Max· Min Typ. Max Units 

DYNAMIC PERFORMANCE 
Transient Response +25°C Vns 
Overvoltage Recovery Time +25°C Vns 
Harmonic Distortion 

Analog Input @ 1.2 MHz +25°C I 65 73 70 75 65 73 dBc 
@ l.2MHz Full VI 65 70 70 75 65 70 dBc 
@4:3MHz +25°C v 75 75 75 dBc 
@9.6MHz +25°C I 63 74 70 74 63 74 dBc 
@9.6MHz Full VI 61 70 70 72 61 70 dBc 

Signal-to-Noise Ratio' 
Analog Input @ 1.2 MHz +25°.C I 62 65 65 67 62 65 dB 

@l.2MHz Full VI 61 64 64 66 61 64 dB 
@4.3MHz +25°C v 65 65 65 dB 
@9.6MHz +25°C ·I 61 64 64 66 61 64 dB 
@9.6MHz Full VI 60 63 63 65 60 63 dB 

Signal-to-Noise Ratio' 
(Without Harmonics) 
Analog Input @ 1.2 MHz +25°C I 65 66 66 66 dB 

@ l.2 MHz Full VI 63 64 65 64 dB 
@4.3MHz +25°C v 66 66 dB 
@9.6MHz +25°C I 62 65 2 65 dB 
@9.6MHz Full VI 60 63 0 6l dB 

Two-Tone Intermodulation +25°C v 76 76 dBc 
Distortion Rejection' 

DIGITAL OUTPUTS 1 

Logic Compatibility ECL 
Logic "1" Voltage Full VI 2.4 v 
Logic "O" Voltage Full VI 0.5 v 
Output Coding Offset Binary 

POWER SUPPLY 
+Vs Supply Voltage Full VI 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 mA 
+Vs Supply Current Full VI 100 120 100 120 100 120 mA 
-Vs Supply Voltage Full VI -5.45 -5.2 -4.95 -5.45 -5.2 -4.95 -5.45 -5.2 -4.95 mA 
-Vs Supply Current Full VI 160 190 160 190 160 190 mA 
Power Dissipation Full VI 1.3 1.6 1.3 1.6 1.3 1.6 w 
Power Supply Rejection 

Ratio (PSRR)4 Full IV 28 28 28 mVN 

NOTES 
1AD9023 load is a single LS latch; 
2RM.S signal-to-rms noise with analog input signal 1 dB below full scale at specified frequency. 
3lntermodulation measured with analog input frequencies of9.3 MHz and 9.6 MHz at 7 dB below full scale. 
4PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 
Specifications. subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
+Vs ......................................... +6 V 
-Vs .................................•......... -6 V 
Analog Input .............................. -Vs to +Vs 
Digital Inputs ................................ -Vs to 0 V 
Digital Output Current ........•................ 20 mA 
Gain Adjust ............................... -Vs to +Vs 
Offset Adjust .............................. -"Vs to +Vs 
Operating Temperature Range (Case) 

AD9023AQ/AZ/BQ/BZ ............... -25°C to +85°C 
AD9023SQ/SZ/TQ/TZ .............. -'55°C to + 125°C 

Maximum Junction Temperature2 ............. + 175°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 
Storage Temperature Range ..... , ....... -65°C to +150°C 

NOTES 
1 Absolute maximum ratings are limiting values· to be· applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended .period of time may affect device reliability. 

2Typical thermal impedances: "Q" Package (Ceramic DIP): 91c = 10°C/W; 01A = 
35°C/W. "Z" Package (Gu!Jwing Surface Mount): 0ic.= 13'C/W; 01A = 45°C/W. 

Th is, information applies to a p.roduct under development. Its characteristics and speci.fications are subject to change without notice. 
Analog Devices assumes no obligation regarding·future manufacture unless otherwise agreed to in Writing. 
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AD9023 

ANALOG 
IN 

I 
ENCODE I ~ loo R-

I too= 8 -10ns TYPICAL 

ENCODE _J 
DATA ] N-3 

OUTPUT 

I 
I 
I 

~ N-2 x N-1 

~' 
....____E_ 

Timing Diagram 

Model 

ORDERING GUIDE 

Temperature 
Range 

Package 
Description 

AD9023AQ/BQ -25°C to +85°C 28-Pin Ceramic DIP Q-28 
AD9023AZ/BZ -25°C to +85°C 28-Pin Ceramic · 

AD9032SQ 
AD9023SZ 

Leaded Chip 
-55°C to+ 125°C 28-Pin Cer 
-55°C to+ 125°C 28-Pin Cera 

Leaded Chip 

*For outline information see Package Information section. 

EXPLANATION OF TEST LEVELS 

Test Level 

I - I 00% production tested. 

II - 100% production tested at +25°C, and sample tested at 
specified temperatures. AC testing done on sample basis. 

III - Sample tested only. 

IV - Parameter is guaranteed by design and characterization 
testing. 

V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C; guaranteed 
by design and characterization testing at temperature 
extremes for industrial devices. 

DIE LAYOUJ;"f>~ECHANICAL INFORMATION 
Die Di~e!ll!ion~ ••. ;. . , ........... 205 x 228 x 21 (±1) mils 
Pa . eds~ons . . ......................... 4 x 4 mils 

...................... Aluminum 
.......................... None 

............................... -Vs 
unt .............................. 4,128 

. . . . . . . . . . . . . . . . . . . . . . . . . . . Oxynitride 
......................... Silver Glass 

Aluminum 

z 

~ 
"' z "' w 

g~ 0. 
::; c 

"' :f "' !~ 0 z 'r 'r (,) "' 

This information applies to a· product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9023 
PIN DESCRIPTION 

Pin No. Name Function 

1-3 D3-DI Digital output bits of ADC; ECL 
compatible. 

4 DO (LSB) Least significant bit of ADC output; 
ECL compatible. 

5 ENCODE Complementary encode input to ADC. 

6 NC No Connect 

7 GND Ground 

8 ENCODE Encode clock input to ADC. Internal 
T/H is placed in hold mode (ADC is 
encoding) on rising edge of encode 
signal. 

9 GND Ground 

10 +Vs +5 V Power Supply 

11 GND Ground 

12 AIN Noninverting input to T/H amplifier. 

13 -Vs -5.2 V Power Supply 

14 +Vs +5 V Power Supply 

15 -Vs -5.2 V Power Supply 

16 GND Ground 

17 COMP Should be connected to -Vs t 
0.1 µF capacitor. 

18 DI 1 (MSB) Most significant bit of ADC o 
ECL compatible. 

19-25 DIO-D4 Digital output bits of ADC; ECL 
compatible. 

26 +Vs +5 V Power Supply 

27 -Vs -5.2 V Power Supply 

28 GND Ground 

PIN DESIGNATIONS 

GND 

-v. 
+Vs 

D4 

05 

D6 

07 
TOP VIEW 

D8 

09 

010 

011 (MSB) 

COMP 

GND 

-v. 

IN 17) SHOULD BE 
V 5 THROUGH 0.01µF 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9023 
+Vs 

-v. 

Analog Input Compensation Encode Input Output Stage 

Figure 1. Equivalent Circuits 

THEORY OF OPERATION 
Refer to the block diagram. The AD9023 employs a three pass 
subranging architecture and digital error correction. This com
bination of design techniques insures 12-bit accuracy at rela
tively low power. 

Analog input signals are immediately attenuated thr 
tor divider and applied directly to the sampli 
track-and-hold (T/H). The T/H holds what 
present when the unit is strobed with an EN 
The conversion process begins on the rising edge o 
which should conform to the minimum and maximum ulse 
width requirements shown in the specifications. Operation be
low the recommended encode rate (2 Msps) may result in ex
cessive droop inthe internal T/H devices-leading to large de 
and ac'errors. 

The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con
verter resolves the most significant bits (MSBs) of the held ana
log voltage. These 5 bits are reconstructed via a 5-bit DAC and 
subtracted from the original T/H output signal to form a residue 
signal. 

A second T/H holds the amplified residue signal while it is en
coded with a second 5-bit flash ADC. Again the 5 bits are re
constructed and subtracted from the second T/H output to form 
a residue signal. This residue is amplified and encoded with a 4-
bit flash ADC to provide the 3 least significant bits (LSBs} of 
the digital output and one bit of error correction. 

Digital Error Correction logic aligns the data. from the three 
flash converters and presents the result as a 12-bit parallel digi
tal word. The output stage of the AD9023 is TTL. Output data 
may be strobed on the rising edge of the ENCODE command. 

ce 
dwidth ADCs such as the AD9023 are op

performance over a wide range of analog 
owever, there are many applications (lmag

tc.) where de precision is also important. 
put bandwidth of the AD9023' for a given in" 
will be a range of output codes which may oc

by unavoidable circuit noise within the 
in the ADC. If a de signal is applied to the 

ral thousand outputs are recorded, a distribution 
such as that shown in the histogram below may result. 

riNESTA~DARD-t-1 1-
rJ DEVIATION = RMS ~ i t-- NOISE LEVEL'-+1 .... Tlr-f\l-r-l-+---l---I 
- I I 

I ::s: 
: ~ 
I 1'-

X-3 x-2 x-1 x x+1 x+2 x+3 
OUTPUT CODE 

Figure 2. Equivalent Input Noise 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD9023 
The correct code appears most of the time, but adjacent codes 
also appear with reduced probability. If a normal probability 
density curve is fitted to this Gaussian distribution of codes, the 
standard deviation will be equal to the equivalent input rms 
noise of the ADC:. -The rms noise may also be approximated by 
converting the SNR, as measured by a low:freq.uency FFT, to 
an equivalent input noise. This: method is acciirate only if the 
SNR performance is dpminated by random thermal, noise (the 
low frequency SNR without harmonics·is the best measure). 
Sixtycthree dB equates to 1 LSB rms for a 2 V p-p (0. 707 V rms) 
input signal. The AD9023 has approximately 0.5 LSB of rms 
noise or a noise limited SNR of 69 dB, indicating that noise 
alone does not limit the SNR performance of the device (quanti
zation noise and linearity are also major contributors). 

This thermal noise may come from several sources. The drive 
source impedance should be kept low to minimize resistor ther
mal noise. Some of the internal ADC noise is generated in the 
wideband T/H. Sampling ADCs generally have input band; 
widths which exceed the Nyquist frequency of one-half the 
sampling rate. (The AD9023 has an input bandwidth of over 
100 MHz, even though the sampling rate is limited to 20 Msps.) 

USING THE AD9'023 

Lay~ut Information . . · ' · . . • 
Preserving the accuraf:Y and dynamic performanc~ of the 
AD9.o23 requir~s that designers pay special attention to the lay
out of the printed circuit board. 

Analog paths should be kept as short as possible and 
terminated to.avoid reflections. The analog input co 
should be kept away from digital signals paths; this redu 
amount of digital switching noise which is capacitiv.ely coupled 
into the. an!llog.section. Digital signal paths should also be kept 
short, and run lengths should be matched to avoid propagation 
delay mismatcli. The AD9023 digital outputs should be buff
ered or latched close to the device (< 2 cm). This prevents load 
transients whicli may feed back into the device. 

In high: speed circuits, layout of the ground is critical. A single, 
low impedance ground plane on the component side of the 
board is recommended. Po.wer supplies should be c11pacitively 
coupled to the ground plane with high quality 0.1 µF chip ca
pacitors to reduce noise in the circuit. All power pins of the 
AD9023 should be bypassed individually. The compensation 
pin (COMP Pini 7)'should be bypassed directly to the ;_y5 sup
ply (Pin 15) as close to the part as possible using a 0.1 µF chip 
capacitor, 

Multilayer boards allow designers to lay out signal traces with
out intemipting the ground plane, and provide low impedance 
ground planes .. In systems with dedicated analQg and digital 
grounds, all grounds for the AD9023 should be connected to 
the analog ground plane. 

In systems using multilayer boards, dedicated power planes are 
recommended to provide low impedance connections for device 
power. Sockets limit dynamic performance and are not recom
mended for use with the AD9023. 

Tlining 
Conversion by the AD9023 is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter
nal to the' ADC: Care sliould be taken to ensure that the encode 
clock to the AD9023 is free from jitter that ·e:an degrade dy
namic performance. 

Pulse width of the ADC encode clock must. be 'controlled to en
sure the best possible performance. Dynamic performance is 
guaranteed with a clock pulse HIGH minimum of 25 ns. Opera
tion with, nlirrQwer pulses will degrade SNlif and' dynamic per
foniiilnce. From a system perspective, this is generally not a 
problem because a simple inverter can be used to generate a 
suitable clock if' the system clock is less than 25 ns wide. 

The AD9023 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (re{er ro the AD9023 Timing 
Diagram). The length of the output data lines and the loads 

. placed on them should be minimized to reduce transients within 
the AD9023; these transients can detract from the converter's 
dynamic performance. Ope tion at encode rates less than 2 
Msps is not recomm e int~rnal track-and-hold satu" 

mp 

Analo nput 

rsions. Thi.s T/H. satµratio11 pre
a burst mode. _., : ...... 

lock for·the AD9023 is critical for 
the ADC. Internal pulse widths 

are established py the encode coni~ 
nsure rated performance, miiiimum and 

· ctions shouJd be observed. Opera- . 
d when the duty cycle is held at 50%, 

of l~ss than ±5% will cause no degradiltion 
20 Msps. . · · · 

The analog input (Pin 12) voltage range is nominally.± 1.024 
volts. The range is set with an internal voltage reference· and 
cannot be adjusted by the user. The input resistance is 300 n 
and the analog bandwidth .is 100 MH.z, making the AD9023 
useful' in uridersampling applic~tipns. ' ,, . ' 

The.AD902-3 should be. driven from. a low impedance source, 
The noise and distortion of the amplifier should be .considered 
to preserve th~ dynamic range of the AD9023. 

Power Supplies 
The power supplies of the AD9023 should be isolated from the 
supplies used· for noisy .devices (digital logic especially) to re-· 
duce the amount of noise coupled into the ADC. For optimum 
performance, linear supplies: ensure that switching nois_e from 
the supplies does not.introduce distortion pro\iucts 'dlll"!Ilg the 
encoding process. If switcliing supplies must be used, . decoupling 
recommendatipns above are critically importan~. The. PSRR of 
the AD9023 as a function of the ripple (iequency present on the 
s.U:~pl\es is shown in the. p~;;fonriarice graphs: Clearly, power . 
SupPlieS 'with ¢.e !owes.t possible frequency 'Spould t;>e selected. 

' " : ~ ' ' . . . ' 

This information applies to a product under development. Jts. char11cteristics· 11nd.sp~cific11tions ar~ sub!~ct to Cl:l!lnge without notice. 
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r.ANALOG 
a.I DEVICES 

FEATURES 
12-Bit 31 MSPS A/D Converter 
Low Power Dissipation: 1.5 Watts 
On-Chip T /H and Reference 
Wide Spurious-Free Dynamic Range 
ECL Logic 

APPLICATIONS 
Cellular Base Stations 
Communications Receivers 
Radar Receivers 
Spectrum Analyzers 
Electro-Optics 
Medical Imaging 

PRODUCT DESCRIPTION 
The AD9027 is a high speed, high performance, monolithic I -
bit analog-to-digi~al converter. All necessary functions, i 
ing track-and-hold (T/H) and reference, are includ 
proVide a complete conversion solution. 

It is a companion unit to the AD9026; the pri 
between the two is that all logic for the AD902 
patible, while the AD9027 utilizes ECL logic for digital 
and outputs. Pinouts for the two parts are nearly identical. 

The on-board T/H has a 200 MHz bandwidth and, more impor
tantly, is· designed to proVide excellent dynamic performance 
for analog input frequencies above Nyquist. This feature is nec
essary in many undersampling signal processing applications, 
such as in direct IF-to-digital conversion. In addition, wide 
spurious-free dynamic range (SFDR) over the entire Nyquist 
bandwidth makes the AD9027 well suited for multichannel 
transceiver applications which need to digitize bandwidths up 
to 15 M!Iz. 

This Is a preliminary data sheet. To obtain the most recent version or 
complete.data sheet, call our fax retrieval system at 1-800-446-6212. 

12-Bit, 31 MSPS 
Monolithic AID Converter 

·AD9027 I 
FUNCTIONAL BLOCK DIAGRAM 

to the AD9027; the clock signal initiates 
r best results, the eQ.code command 

le jitter as possible.· High speed layout prac-
llowed to ensure optimum ND performance. 

uilt on a trench isolated bipolar process and 
·ve multipass architecture (see the block dia

uiiit is packaged in a 28-pin cerfil'Qic DIP; the cus
'ed ceramic package forms a multilayer substrate to 

ch are attached internal bypass capacitors and the AD9027 
die. The AD9027 is specified to operate over the industrial 
(-25°C to +85°C) temperature range. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog'Devices assumes no obligation re·garding future manufacture· unless otherwise agnied to inwriting. · · 
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AD9027-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (+Vs= +5 V; -Vs= -5.2 V =Encode= 31 Msps, unless otherwise noted) 

Test AD9027AD 
Parameter (Conditions) Temp Level Min Typ Max Units 

RESOLUTION 12 Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.4 0.75 LSB 

Full VI 1.0 LSB 
Integral Nonlinearity +25°C I 1.2 2.5 LSB 

Full VI 1.25 3.0 LSB 
No Missing Codes Full VI Guaranteed 
Offset Error +25°C I 5 25 mV 

Full VI 15 35 mV 
Gain Error +25°C I ±0.5 ±2.5 %FS 

Full VI 0.5 3.5 %FS 
Thermal Noise +25°C v 0.7 LSB,rms 

ANALOG INPUT 
Input Voltage Range v 
Input Resistance Full 250 375 n 
Input Capacitance +25°C pF 
Analog Bandwidth +25°C MHz 

SWITCHING PERFORMANCE1 

Conversion Rate 31 Msps 
Aperture Delay ( t,J ns 
Aperture Uncertainty Gitter) ps, rms 
Output Delay (too) TBD ns 

ENCODE INPUT 
Logic Compatibility 
Logic "1" Voltage v 
Logic "O" Voltage -1.5 v 
Logic "l" Current 5 µA 
Logic "O" Current VI 5 µA 
Input Capacitance +25°C v 4 pF 
Pulse Width (High) +25°C IV TBD TBD ns 
Pulse Width (Low) +25°C IV TBD TBD ns 

DYNAMIC PERFORMANCE 
Transient Response +25°C v ns 
Overvoltage Recovery Time +25°C v ns 
Harmonic Distortion2 

Analog Input @ 1.2 MHz +25°C I 73 dBc 
@1.2 MHz Full VI 70 dBc 
@9.6MHz +25°C I 72 dBc 
@13.4MHz +25°C I 72 dBc 
@ 13.4 MHz Full VI 70 dBc 

Signal-to-Noise-and-Distortion2 (SINAD) 
Analog Input @ 1.2 MHz +25°C I 65 dB 

@ 1.2 MHz Full VI 64 dB 
@9.6MHz +25°C I 64 dB 
@ 13.4 MHz +25°C I 63 dB 
@ 13.4 MHz Full VI 62 dB 

Signal-to-Noi~c Rai.io2 (S:t~R)(Without Harn1onics) 
Analog Input @ 1.2 MHz +25°C I 66 dB 

@ 1.2 MHz Full VI 65 dB 
@9.6MHz +25°C I 65 dB 
@ 13.4MHz +25°C I . 64 dB 
@ 13.4MHz Full VI 63 dB 

Two-Tone Intermodulation +25°C v 75 dBc 
Distortion Rejection3 

This information applies to a product under development. Its char.acteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9027 

Test AD9027AD 
Parameter (Condidons) Temp Level Min Typ Max Units 

DIGITAL OUTPUTS1 

Logic Compatibility ECL 
Logic "I" Voltage Full VI -1.1 v 
Logic "O" Voltage Full VI -1.5 v 
Output Coding Offset Binary 

POWER SUPPLY 
+Vs Supply Voltage Full VI 4.75 5.0 5.25 v 
+Vs Supply Current Full VI 112 mA 
-Vs Supply Voltage Full VI 5.45 -5.2 -4.95 v 
-Vs Supply Current Full VI 180 mA 
Power Dissipation Full VI 1.5 w 
Power Supply 

Rejection Ratio (PSRR)4 Full IV 12 mVN 

NOTES 
1AD9027 is terminated into 5.2 V through 2,000 ohms. 
'Analog input signal is 1 dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 9.6 MHz and 11.3 MHz at 7 dB below.~ 
4PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 
Specifications subject to change withoµt notice. 

ABSOLUTE MAXIMUM RATINGS1 

+Vs ..................................... . 
-Vs ......................... · ....... . 
Analog Input ......................•. 
Digital Inputs . . . . . . . . . . . . . . . . . . . . . . . . 
Digital Output Current .... ; .......•....... 
Operating Temperature Range (Case) ....... -25° °C 
Maximum Junction Temperature2 .......................... + 175° 
Lead Temperature (Soldering, IO sec) ............. +300°C 
Storage Temperature Range ............. -65°C to +I 50°C 

NOTES 

'Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: "Q" Package (Ceramic DIP): 91c = x°CIW; 81A = 
xoC/W. 

ORDERING GUIDE 

Device Temperature Range Package Opdon* 

AD9027AD -25°C to +85°C DH-28 

*For outline information see Package Information section. 

uction tested at +25°C, and sample tested at 
mperatures. AC testing done on sample basis. 

p e tested only. 

testing. 
V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C; 100% 
production tested at temperature extremes for extended 
temperature devices; guaranteed by design and character
ization testing for industrial devices. 

This i.nformation applies ,to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9027 

Pin No. 
1-3 

4 

5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19-25 

26 

27 

28 

PIN DESCRIPTION 

Name 
D3-Dl 

DO (LSB) 

ENCODE 

NC 
GND 

ENCODE 

GND 

+Vs 
GND 

A1N 

-Vs 

+Vs 

-Vs 
GND 

BYPASS 

Dll (MSB) 

Dl0-D4 

+Vs 

-Vs 

GND 

Function 
Digital output bits of ADC; ECL 
compatible. 
Least significant bit of ADC output; 
ECL compatible. 
Complement of encode clock input. 

No connection internally. 

Ground. 

Encode clock input to ADC. Internal 
T/H is placed in hold mode (ADC 
is encoding) on rising edge of encode 
signal. 
Ground. 

+5 V power supply. 

Ground. 
Noninverting input to T/H amplifier. 

-5.2 V power supply. 

+5 V power supply. 

-5.2 V power supply. 

Ground. 

Should be connected to -Vs through 
0.1 µF capacitor. 
Most significant bit of ADC ou 

ECL compatible. ''"'' 
Digital output bits of ADC;''q[C 
compatible. ' 
+5 V power supply. 

-5.2 V power supply. 

Ground. 

PIN DESIGNATIONS 

D3 

ENCODE 

+Vs 

GND 

ANALOG 
INPUT 

-Vs 

+Vs 

NC = NO CONNECT 

BYPASS (Pin 17) SHOULD BE 
CONNECTED TO-VsTHROUGH 0.1 µF 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions ................ 205 x 228 x 21 (± 1) mils 
Pad ~hnensions ........................ ,. ... 4.X 4 rµils 
Metalization ......................... : ..... Aluminum 
Backing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . N clrie 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -Vs 
Transistor Count ............................... 4,336 
Passivation ............................. , .. Oxynitride 
Die Attach ............................... Silver Filled 
Bond Wire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gold 

Q 
z 
5 
~ =t"' 

AD9027 Chip Pinou.ts 

GROUND 

GROUND 

DO(LSB) 

This information applies to a product under·development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no'obligation regarding future manufacture unless otherwise agreed·to in writing. 
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DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 

Aperture Delay 
The delay between the 50% point of the rising edge of the 
ENCODE command and the instant at which the analog input 
is sampled. 

Aperture Uncertainty Oitter) 
The sample-to-sample variation in aperture delay. 

Differential Nonlinearity 
The deviation of any code from an ideal I LSB step. 

Hannonic Distortion 
The rms value of the fundamental divided by the rms .value of 
the worst harmonic component. 

Integral Nonlinearity 
The deviation of the transfer function from a reference line 
measured in fractions of I LSB using a "best straight line" 
determined by a least square curve fit. 

Minimum Conversion Rate 
The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran
teed limit. 

Maximum Conversion Rate 
The encode rate at which parametric testing is 

Output Propagation Delay 
The delay between the 50% point of the rising e ge 
ENCODE command and the time when all output data 
are within valid logic levels. 

Overvoltage ·Recovery Time 
The amount of time required for the converter to recover to 
12-bit accuracy after an analog input signal 150% of full scale is 
reduced to midscale. 

Power Supply Rejection Ratio (PSRR) 
The ratio of a change in input offset voltage to a change in 
power supply voltage. 

Signal-to-Noise-and-Distortion (SINAD) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum of all other spectral compo
nents, including harmonics but excluding de, with an analog 
input signal I dB below full scale. 

Signal-to-Noise Ratio (Without Hannonics) 
The ratio of the rms signal amplitude to the rins value of 
"noise," which is defined as the sum of all other spectral compo
nents, excluding the first five harmonics and de, with an analog 
input signal I dB below full scale. 

AD9027 
Transient Response 
The time required for the converter to achieve l2-bit accuracy 
when a one-half full-scale step function is applied to the analog· 
input. 

Two-Tone Intennodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. 

ANALOG O-~i,--'\11/\r ...... --< 
INPUT 

Analog Input 

-Vs 

Encode Input 

Bvpass 

Output Stage 

D0-011 

Equivalent Circuits 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing; 
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AD9027 
THEORY OF OPERATION 
Refer to the block diagram. 

The AD9027 employs a three-pass subranging architecture and 
digital error correction. This combination of design techniques 
ensures 12-bit accuracy at relatively low power. 

Analog input signals are immediately attenuated through a resis
tor divider and applied directly to the sampling bridge of the 
track-and-hold (T/H). The T/H holds whatever analog value is 
present when the unit is strobed with an ENCODE command. 
The conversion process begins on the rising edge of this pulse, 
which should conform to the minimum and maximum pulse 
width requirements shown in the specifications. Operation be
low the recommended encode rate ( 4 Msps) may result in ex
cessive droop in the internal T/H devices-leading to large de 
and ac errors. 

The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a second T/H. The 5-bit flash con
verter resolves the most significant bits (MSBs) of the held ana
log voltage. These five bits are reconstructed via a 5-bit DAC 
and subtracted from the original T/H output signal to form a 
residue signal. 

A second T/H holds the amplified residue signal while it is en
coded with a second 5-bit flash ADC. Again the five bits are re
constructed and subtracted from the second T/H output to form 
a residue signal. This residue is amplified and encoded with a 
4-bit flash ADC to provide the three least significant bits (L 
of the digital output and one bit of error correction. 

Digital error correction logic aligns the data from 
converters and presents the result as a 12-bit parallel it 
word. The output stage of the AD9027 is ECL. Output data 
may be strobed on the rising edge of the ENCODE command. 

AD9027 NOISE PERFORMANCE 
High speed, wide bandwidth ADCs such as the AD9027 are 
optimized for dynamic performance over a wide range of analog 
input frequencies. However, there are many applications (imag
ing, instrumentation, etc.) where de precision is also important. 
Due to the wide input bandwidth of the AD9027 for a given in
put voltage, there will be a range of output codes that may oc
cur. This is caused by unavoidable circuit noise within the 
wideband circuits in the ADC. If a de signal is applied to the 
ADC and several thousand outputs are recorded, a distribution 
of codes such as that shown in the histogram may result. 

The correct code appears most of the time, but adjacent codes 
also appear with reduced probability. If a normal probability 
density curve is fitted to this Gaussian distribution of codes, the 

standard deviation will be equal to the equivalent input rms 
noise of the ADC. The rms noise may also be approximated by 
converting the SNR, as measured by a low frequency FFT, to 
an equivalent input noise. This method is accurate only ifthe 
SNR performance is dominated by random thermal noise (the 
low frequency SNR without harmonics is the best measure); 
63 dB equates to 1 LSB rms for a 2 V p-p (0.707 V rms) input 
signal. 

imately 0. 7 LSB of rms noise or a noise 
dicating that thermal noise alone does 

ormance of the device (quantization noise 
also major contributors). 

al noise may come from several sources. The drive 
source impedance should be kept low to minimize resistor ther
mal noise. Some of the internal ADC noise is generated in the 
wideband T/H. Sampling ADCs generally have input band
widths which exceed the Nyquist frequency of one-half the sam
pling rate. (The AD9027 has an input bandwidth of approxi
mately 200 MHz, even though the sampling rate is limited to 
31 Msps.) 

Wide bandwidth is required to minimize gain and phase distor
tion and to permit adequate settling times in the internal ampli
fiers and T/Hs. But a certain amount of unavoidable noise is 
generated in the T/H and other wideband circuits within the 
ADC; this causes variation in output codes for de inputs. Good 
layout, grounding, and decoupling techniques are essential to 
prevent external noise from coupling into the ADC and further 
corrupting performance. 

This information applies to a product under development. Its characteristics and. specifications are subject to change without notice. 
Analog Devices assumes no obligation regarc;ting future manufacture unless otherwise agreed to in writing. 
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USING THE AD9027 
Layout Information 
Preserving the accuracy and dynamic performance of the 
AD9027 requires that designers pay special attention to the lay
out of the printed circuit board. 

Analog paths should be kept as short as possible and be properly 
terminated to avoid reflections. The analog input connection 
should be kept away from digital signals paths; this reduces the 
amount of digital switching noise which is capacitively coupled 
into the analog section. Digital signal paths should also be kept 
short, and run lengths should be matched to avoid propagation 
delay mismatch. The AD9027 digital outputs should be buf
fered or latched close to the device (< 2 cm). This prevents load 
transients which may feed back into the device. 

In high speed circuits, layout of the ground is critical. A single, 
low impedance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality 0.1 µF chip 
capacitors to reduce noise in the circuit. All power pins of the 
AD9027 should be bypassed individually. The bypass pin 
(BYPASS Pin 17) should be bypassed directly to the -Vs supply 
(Pin 15) as close to the part as possible using a 0.1 µF chip 
capacitor. 

Multilayer boards allow designers to lay out signal traces with
out interrupting the ground plane, and provide low impe 
ground planes. In systems with dedicated analog and 
grounds, all grounds for the AD9027 should 
the analog ground plane. 

In systems using multilayer boards, dedicated nmNer "'11"' 

recommended to provide low impedance connections ~r ce 
power. Sockets limit dynamic performance and are not ~ecom
mended for use with the AD9027. 

Timing 
Conversion by the AD9027 is initiated by the rising edge of the 
ENCODE clock (Pin 8). All required timing is generated inter
nal to the ADC. Care should be taken to ensure that the encode 
clock to the AD9027 is free from jitter that can degrade dy
namic performance. The clock driver should be differential 
ECL. Drivers with excessive slew rate or overdrive will degrade 
the dynamic performance of the AD9027. 

Pulse width of the ADC encode clock must be controlled to in
sure the best possible performance. The duty cycle of the en
code clock for the AD9027 is critical for obtaining rated 
performance of the ADC. Internal pulse widths within the track
and-hold are established by the encode command pulse width; 
to ensure rated performance, minimum and maximum pulse 
width restrictions should be observed. Operation at 31 Msps is 
optimized when the duty cycle is held at 50%. Duty cycle varia
tions ofless than ±5% will cause no degradation in performance 
at 31 Msps. 

AD9027 
The AD9027 provides latched data outputs. Data outputs are 
available two pipeline delays and one propagation delay after the 
rising edge of the encode clock (refer to the AD9027 Timing 
Diagram). The length of the output data lines and the loads 
placed on them should be minimized to reduce transients within 
the AD9027; these transients can detract from the converter's 
dynamic performance. 

Operation at encode rates less than 4 Msps is not recom
mended. The internal track-and-hold saturates, causing errone
ous conversions. This T/H saturation precludes clocking the 
AD9027 in a burst mode. 

Analog Input 
The Analog Input (Pin 12) voltage range is nominally± 1.024 V. 
The range is set with an internal voltage reference and can not 
be adjusted by the user. The input resistance is 300 n and the 
analog bandwidth is 200 MHz, making the AD9027 useful in 
undersampling applications. 

The AD9027 should be driven from a low impedance source. 
The noise and distortion of the amplifier should be considered 
to preserve the d ic range of the AD9027. 

fgr ~isy devices (digital logic especially) to re-
, ' ise coupled into the ADC. For optimum 

supplies ensure that switching noise from 
es not introduce distortion products during the 

<;>,j;ess. If switching supplies must be used, decoupling 
• above are critically important. The PSRR of 

'\)7tihs a function of the ripple frequency present on the 
is' shown in the performance graphs. Clearly, power 

lies with the lowest possible frequency should be selected. 

ANALOG 
IN 

ENCODE 

DATA 
OUTPUT 

Figure 2. Timing Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9027 
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F1 = 9.6MHz @ -41.9dB 
.F2=11.3MHz @-41.9dB 
ENCODE= 30.72MSPS 
SFDR = 91.BdBFS 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
25.6 MSPS Conversion Speeds 
On-Board T/H, References, Timing 
Low Power: 3.8 W 
Single 40-Pin Package 
74 dB Spurious-Free Dynamic Range 

to 12MHz A1N 
Bipolar Input: :!:1.024 V 

APPLICATIONS 
Radar 
Signal Intelligence 
Digital Spectrum Analyzers 
Medical Imaging 
Electro-Optics 

GENERAL DESCRIPTION 
The AD9032 is the world's fastest 12-bit analog-to-digital con
verter (ADC) that includes on-board T/H, voltage references, 
and timing circuits. The AD9032 uses a subranging converter 
architecture to achieve sample rates from de to 25.6 Msps. Pack
aged in a single·40-pin hybrid, the AD9032 is pin-compatible 
with the AD9034, which operates at word rates up to 20 Msps. 

This ECL-compatible ADC requires only +5 V and -5.2 V 
supplies, an analog input, and a stable ECL clock to obtain the 
best dynamic perforllllUlce available in a 12-bit .. ADC. This kind 
of performance is achieved with advanced bipolar circuits> cus
tom d~igned and manufactured by Analog Devices. The latest 
in monolithic track-and-hold technology ensures accurate sam
pling of high frequency analog inputs. 

Dynamic performance has been optimized to achieve SNR of 
64 dB and a spurious-free dynamic range (SFDR) of 74 dB for 
analog bandwid,ths up to 12 MHz. All units are tested for 
dynamic performance at a sample rate of 25.6 Msps. 

The AD9032 is available·in either a 40-pin ceramic DIP or 
leaded flatpack. The two versions operate over an industrial 
( - 25°C to + 85°C) or military ( -ss·c to + 125°C) temperature 
range •.. 

.• 

REV.O 

ANALOG 
INPUT 

ENCODE 

12-Bit 25 MSPS 
· AID Converter 

AD9032 I 
FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
OUTPUT 

EVALUATION BOARD 
An evaluation board which is available for the AD9032 (part 
number AD9034/PCB) provides an easy and flexible method, for 
evaluating the ADC's performance without (or prior to) develop
ing a user-specified printed circuit board. The evaluation board 
was originally designed and used for evali.iating the AD9034 . 
ND converter, but is equally useful for the pin-compatible 
AD9032. 

The board includes a reconstruction DAC, anal~g input ampli
fier, and digital output intei-face. Physically, ids 7 .25 inclies x 
6 inches in size and uses the layout and applicatio~s information 
contained in the AD9034 data sheet. · 

Generous space is provided near the analog input and digital 
outputs of the evaluation board to support additional signal pro· 
cessing components the user may wish to add. These two proto
typing areas include through holes with 100-m:il centers to 
support a variety of component additions.' 

For additional operating details, a schematic of the evaluation 
board, and complete layout information, consult the data sheet 
on the AD9034 AID converter. 
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AD9032-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (+Vs= +5 V; -Vs= -5.2 V; Encode= 25.6 Msps, unless otherwise noted} 

_;_ 
Test AD9032AD/AZ AD9032BD/BZ AD9032TD/TZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity +2s0c 1 0.65 1.25 0.5 1.0 0.5 1.0 LSB 

Full VI 1.75 1.5 1.5 LSB 
Integral Nonlinearity +2s0c v 1.0 1.0 1.0 LSB 

Full v 2.0 2.0 2.0 LSB 
No Missing Codes Full VI Guaranteed Guaranteed Guaranteed 
Offset Error +25°c I 5 15 5 IS s 15 mV 

Full VI 25 25 30 mV 
Gain Error +2S°C I ±0.S ±1.0 ±0.S ±1.0 ±0.S ±1.0 %FS 

Full VI ±2.S ±2.5 ±2.S %FS 

ANALOG INPUT 
Input Voltage Range +2s0c 1 ± 1.024 ±1.024 ±1.024 v 
Input Resistance +2s0c VI 95 100 105 95 100 105 95 100 105 n 
Input Capacitance +25°c IV 7 10 7 10 7 10 pF 
Analog Bandwidth +25°C IV 150 220 150 220 150 220 MHz 

SWITCHING PERFORMANCE' 
Conversion Rate Full VI de 25.6 de 25.6 de 25.6 Msps 
Aperture Delay (tA) Full IV 1 3 5 I 3 s I 3 s ns 
Aperture Uncertainty (jitter) Full IV 4 8 4 8 4 8 ps, rms 
Output Delay (to0 ) Full IV 9 13 17 9 13 17 9 13 17 ns 
Data Ready Delay (t0 R) Full IV 3.5 7.5 10.5 3.5 7.5 10.5 3.5 7.5 10.5 ns 
Output Time Skew Full IV 1 2 1 2 1 2 ns 

ENCODE INPUT 
Logic "l" Voltage Full IV -I.I -I.I -I.I v 
Logic "O" Voltage Full IV -1.5 -1.5 -1.5 v 
Logic "l" Current Full VI 150 300 150 300 150 300 µA 
Logic "O" Current Full VI 150 300 150 300 150 300 µA 
Input Capacitance +25°c v 10 10 10 pF 
Pulse Width (High) +25°c IV 10 10 10 ns 
Pulse Width (Low) +2s0c IV 10 10 10 ns 

DYNAMIC PERFORMANCE 
Transient Response +25°c IV 12 27 12 27 12 27 ns 
Overvoltage Recovery Time +25°c IV 25 37 25 37 25 37 ns 
Harmonic Distortion 

Analog Input @ 1.2 MHz +25°c 1 70 80· 75 82 75 82 dBc 
@ 1.2 MHz Full VI 67 70 70 dBc 
@4.3 MHz +25°c v 76 77 77 dBc 
@9.6MHz +2s0c 1 68 75 72 76 72 76 dBc 
@9.6MHz Full VI 64 68 64 dBc 
@ 12.1 MHz +25°c v 72 74 74 dBc 

Signal-to-Noise Ratio2 

Analog Input@ 1.2 MHz +25°c I 63 66 64 67 64 67 dB 

@ 1.2MHz Full VI 61 63 61 dB 

@4.3MHz +2s0c v 64 65 65 dB 

@9.6MHz +25"C i 62 64 62 64 L~ 64 dB o,; 

@9.6MHz Full VI 60 61 58 dB 
@ 12.1 MHz +25°c v 64 64 64 dB 

Two-Tone Intermodulation 
Distortion Rejection' +25°c v 66 68 68 dBc 
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AD9032 
Test AD9032AD/AZ AD9032BD/BZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max 

DIGITAL OUTPUTS (IOK ECL) 
Logic "I" Voltage Full VI -I.I -I.I 
Logic "0" Voltage Full VI -1.5 -1.5 
Output Coding 2s Complement 2s Complement 

POWER SUPPLY 
+Vs Supply Voltage Full VI 4.75 5.0 5.25 4.75 5.0 
+Vs Supply Current Full VI 133 160 133 
-Vs Supply Voltage Full VI -5.45 -5.2 -4.95 -5.45 -5.2 
- Vs Supply Current Full VI 610 672 610 
Power Dissipation Full VI 3.8 4.5 3.8 
Power Supply 

Rejection Ratio (PSRR)4 Full VI 4.0 10 4.0 

NOTES 
'Outputs terminated through 510 n to -5.2 V; CL< 4 pF. Typical values are valid for +25'C ambient. 
'RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 9.3 MHz and 9.6 MHz at 7 dB below full scale. 
4PSRR is sensitivity of offset error to power supply variations within the 5% limits shown. 

Specifications subject to change without notice. 

5.25 
160 
-4.95 
672 
4.5 

10 

AD9032TD/TZ 
Min Typ Max 

-I.I 
-1.5 

2s Complement 

4.75 5.0 5.25 
133 160 

-5.45 -5.2 -4.95 
610 672 
3.8 4.5 

4.0 10 

ABSOLUTE MAXIMUM RATINGS' EXPLANATION OF TEST LEVELS 
+Vs .... , ............................. +7 V Test Level 
-Vs .................. : ............... -7 V I 100% production tested. 

Units 

v 
v 

mA 
mA 
mA 
mA 
w 

mVN 

Analog Input ........................ -Vs to +Vs 
Digital Inputs . . . . . . . . . . . . . . . . . . . . . . . . - Vs to 0 V 
Digital Output Current . . . . . . . . . . . . . . . . . . ... , 20 mA 
Operating Temperature Range 

II - 100% production tested at + 25°C, and sample tested at 
specified temperatures. AC testing done on sample basis. 

III Sample tested only. 

AD9032AD/BD/AZ/BZ .............. -25°C to +85°C 
AD9032TD/TZ .................. -55°C to + 125°C 

IV Parameter is guaranteed by design and characterization 
testing. 

Maximum Junction Temperature2 •••••••••••••• + l 75°C 
V Parameter is a typical value only. 

Lead Temperature (Soldering, 10 seconds) ........ + 300°C 
Storage Temperature Range ........... -65°C to + IS0°C 

NOTES 

VI All devices are 100% production tested at +25°C. Devices 
are 100% production tested at temperature extremes for 
extended temperature devices; sample tested at tempera
ture extremes for commercial/industrial devices. 

1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: 6CA = 13'C/W; T1 - Tc = IO'C max (worst case 
die junction temperature rise). See Thermal Management section. 

ORDERING GUIDE 

Model Temperature Range Package Description 

AD9032AD - 25°C to + 85°C 40-Pin Ceramic DIP 
AD9032AZ2 - 25°C to + 85°C 40-Pin Ceramic Leaded Chip Carrier 
AD9032BD -25°C to +8S°C 40-Pin Ceramic DIP 
AD9032BZ2 -25°C to +85°C 40-Pin Ceramic Leaded Chip Carrier 
AD9032TD -55°C to + 125°C 40-Pin Ceramic DIP 
AD9032TZ2 -55°C to + 125°C 40-Pin Ceramic Leaded Chip Carrier 
AD9034/PWB Printed Circuit Board (only) of Evaluation Circuit 
AD9034/PCB Complete Evaluation Board, Assembled and Tested 

(Order AD9032 DIP separately) 

NOTES 
1For outline information see Package Information section. 

Package Option1 

DH-40A 
Z-40 
DH-40A 
Z-40 
DH-40A 
Z-40 

2Ceramic leaded chip carrier packages are tested and shipped with unformed leads. Consult the factory for availability. 
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AD9032 
DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 

Aperture Delay (lA) 
The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 

Aperture Uncertainty Gitter) 
The sample-to-sample variation in aperture delay. 

Data Ready Delay (t0 R) 

The delay between the 50% point of the change in output data 
and the 50% point of the rising edge of DAT A READY. 

Differential Nonlinearity (DNL) 
The deviation of any code width from an ideal 1 LSB step, as 
determined by a histogram. 

Harmonic Distortion 
The rms value of the fundamental divided by the rms value of 
the worst harmonic. 

Integral Nonlinearity (INL) 
The deviation of the transfer function from a reference line mea
sured in fractions of 1 LSB using a "best straight line" deter
mined by a least square curve fit, as determined by a histogram. 

Output Delay (t00) 

The delay between the 50% point of the rising edge of the 
ENCODE command and the 50% point of the next change in 
output data. 

Output Time Skew 
Bit-to-bit time variations among D0 to D 11 outputs. Time skew 
includes HIGH-to-LOW and LOW-to-HIGH transitions of the 
digital output bits. 

ANALOG 
IN 

I I 
I I 
I I 

-: i.-1. 

Overvoltage Recovery Time 
The amount of fone required for the converter to recover to 
12-bit accuracy after an analog iqput signal 150% of full scale is 
reduced to the midscale of the converter. 

Power Supply Rejection Ratio 
The ratio of a change in power supply voltage which results in a 
change in input offset voltage. 

Pulse Width (High and Low) 
Rated performance of the ADC is assured when stated restric
tions on ENCODE pulse width shown in Specifications table are 
observed. 

Signal-to-Noise Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum of all other spectral compo
nents, including harmonics but excluding de, with an analog 
input signal 1 dB below full scale. 

Spurious Free Dynamic Range (SFDR) 
The rms value of the fundamental divided by the rms value of 
the highest spurious signal. This •is generally specified as a func
tion of input signal level. 

Transient Response 
The time required for the converter to achieve 12-bit accuracy 
when a full-scale step function is applied to the analog input. 

Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. 

: IA ; 3ns TYPICAL 

ENCODE I loo r-1 
HOl,..O 

: loo; 13ns TYPICAL 

T/H I 
I 
I 
I 

DATA 
OUTPUT ~ N-2 t N-1 ~---~x N I 

I 
DATA _J I F READY ---i loR 

loR ; 7.Sns TYPICAL 

Timing Diagram 
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.. 
PIN DESCRIPTIONS 

Pin Name Description 

I GAIN Can be used to null out initial gain 
ADJUST error of ADC. Normally open. 

2 OFFSET Can be used to null out initial off-
ADJUST set error of ADC. Normally open. 

3, 5, 6, GROUND All ground pins should be connect-
14, 21, ed together and to low-impedance 
22, 35, 40 ground plane near AD9034. 

4 ANALOG Analog input to ADC, :!: 1.024 V 
INPUT input range; 100 n input resist-

ance; 7 pF input capacitance. 

7,8,9,15 DNC Do not connect. Internal test 
16, 36, 37 points. 

10 OVERFLOW ECL-compatible output; normally 
low. High when analog input 
> +FS. 

11 DATA ECL-compatible output. Rising 
READY edge of signal suitable, for 

externally latching D0 - D 11 . 

12, 17, -Vs -5.2 V supply voltage. 
20, 38 

13, 39 +Vs +5.0 V supply voltage. 

18 ENCODE Differential ECL convert command. 

19 ENCODE Sampling occurs on rising edge; 
no internal terminations. 

23-34 Do-Du ECL-compatible digital outputs; 
2s complement coding. 

PIN DESIGNATIONS 

DNC GROUND 

DNC 2 +Vs 

GROUND 3 -Vs 

ANALOG INPUT 4 DNC 

GROUND 5 DNC 

GROUND 6 GROUND 

D0 (LSB) 

D, 

D2 

OVERFLOW D, 

DATA READY D. 

-Vs D5 

+Vs Do 

GROUND Dr 

DNC Do 

DNC D9 

-Vs D,. 

ENCODE D11 (MSB) 

ENCoDE GROUND 

-Vs DIGITAL GROUND 
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AD9032 
THEORY OF OPERATION 
The AD9032 is a digitally corrected subranging analog-to-digital 
converter (ADC) optimized for fast sampling rates and dynamic 
range. Refer to the block diagram on the first page. The 
AD9032 is a vertically integrated structure consisting of a track
and-hold (T/H) amplifier, a combined flash ADC and digital-to
analog (DAC), a summation amplifier, digital error correction 
logic, and timing circuits. Reference circuits to generate stable • 
DC voltages and currents that maintain the static accuracy of 
the device are also included, but are not shown on the block 
diagram. 

Internally, the monolithic T/H (AD9101) provides fast settling 
and acquisition times while minimizing distortion introduced by 
the sampling process. The unique design of the sampling bridge 
allows accurate sampling of high slew rate signals with negligible 
distortion. The effects of jitter and other aperture errors have 
been reduced to provide dynamic performance previously 
unavailable in monolithic and discrete designs. 

At the output of the T/H amplifier, the analog input is con
verted by the first (5-bit) ADC. This 5-bit representation of the 
input value is stored in the digital error correction logic. It is 
also converted back to an analog signal by the 14-bit-accurate 
DAC on the same chip with the ADC. The 32 DAC current 
sources are steered directly by the outputs of the 32 input com
parators on the 5-bit ADC. This minimizes propagation delay 
through the DAC, and allows the summation of the DAC signal 
and the held output of the T/H to settle quickly. The hold time 
of the T/H is optimized to allow sufficient settling time without 
sacrificing the acquisition time necessary to acquire the next 
sample. 

The residue signal, representing the difference between the 5-bit 
conversion (DAC output) and the input signal held by the T/H, 
is amplified by the summation amplifier. During the tracking 
period of the T/H, this residue signal can be much larger than 
the input range of the 8-bit ADC and would saturate the output 
stage of a normal amplifier. To protect the ADC and maintain 
fast settling times under all conditions, the summation amplifier 
is a custom design with clamping circuits that prevent satura
tion, limit the output voltage, and preserve settling time. 

The 8-bit flash ADC determines the 7 least significant bits 
(LSBs) of the 12-bit conversion and generates a correction bit 
for any small errors created by inaccuracies in the first 5-bit 
conversion. This 8-bit signal and the 5-bit quantization are com
bined to obtain a 12-bit-accurate representation of the analog 
input voltage. 
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AD9032 
USING THE AD9032 
Layout Information 
Preserving the accuracy and dynamic performance of the 
AD9032 requires'that designers pay special attendon to the lay
out of the printed circuit board. Signal paths should be imped
ance matched and properly terminated at' or near the' package 
connections. Analog signal paths should be isolated from digital 
signal paths. Capacitive and inductive coupling of digital signals 
into analog signal sections can degtade the ave.rail performance 
of the A/D converter. · 

Analog Input 
The imalog input pin of the AD9032 is tetininated with a 100 0 
load. The analog input range of the AD9032 is factory trimmed 
for a ± 1.024 V input for compatibility with the AD9034. The 
signal presented to the monolithic T/H is divided in half to opti
mize dynamic performance. 

When the amplitude, bandwidth, or de level of the analog input 
requires external signal conditioning, the selection of the input 
amplifier is of particular concern. The noise and distortion of 
the amplifier must be taken into account to preserve the 
dynamic range of the AD9032. The AD9617 wideband, current 
feedback amplifier is an excellent choice for most applications. 

Timing 
Internal timing for the AD9032 is trimmed at .the factory to sim
plify use. Care should be taken to ensure that the encode com
mand to the AD9032 is free from jitter that can degrade 
dynamic performance. Differential ECL inputs to the AD9032 
can be derived from a single-ended source using a fast compara
tor such as the AD96685. The encode source should be located 
and terminated as close to the AD9032 as possible. 

The ECL-compatible digital outputs are latched to provide valid 
data for the entire conversion period (less the tra.nsition region 
of latch) .. This data should be latched into external ECL regis
ters located near the AD9032. External termination resistors are 
required (510 n recommended). The data are latched.with 
either the. encode command or the data ready signal provided on 
the AD9032. The rising edge of the data ready signal occurs 
typically 7.5 ns after the data changes. · 

Gain and Offset Adjustment 
Gain and offset pins are normally not cm;mected. Rl\ted perfor
mance is guaranteed without any external connection to these 
pins. In most applications, wide variations in input signal range 
and offset. can ,be accommodated using external ljlllplifiers. How
ever, in those applications where a vernier adjustment is 
required (such as nulling out factory trim limits), the gain and 
offset pins will provide sufficient adjustment range. 

Both inputs offer a 20 kO input resistance that can be driven 
from a voltage source (DAC, amplifier) or the center tap of a 
potentiometer. The offset pin provides a 195 m V N sensitivity to 
input offset, while the gain pin offers 120 mVN adjustment of 
the full-scale input range of the ADC. The adjustment range for 
offset is limited to 10 m V and for gain is 20 m V without intro
ducing potential dynamic errors or restricting the operating tem
perature range of the part. 

2-442 ANALOG-TO-DIGITAL CONVERTERS 

Power Supplies 
The unique design of the AD9032 provides excellent dynamic 
performance without a need for high voltage power supplies. 
TwO supplies (+5 'v and -5.2 V) are all that are required to 
achieve rated performance. Careful layout and decoupling of 
power supplies .used in conjunction with a low impedance analog 
ground plane will reduce supply-related noise components. 

Separate analog and digital supplies are not required. In applica' 
tions with only limited analog supply current, a separate digital 
supply source can be used for the -5.2 V supply on Pin 20. 
This supply typically requires 310 mA (330 mA max) and may 
be shared with other ECL logic devices when isolated with 
bypass capacitors and/or ferrite bead inductors (Fair-Rite Prod
ucts Corporation part # 2743001111, Wallkill, NY). Each power 
supply pin should be capacitively decoupled to the ground plane 
through a good high frequency ceramic capacitor (0.1 µ,F) and a 
single large value capacitor (tantalum 10 µ,F). 

For optimum performance, "clean" linear supplies ensure that 
switching noise on the supplies does not introduce distortion 
products during the encoding process. Recognizing, however, 
that switching power supplies may be required in power
sensitive applications, decoupling recommendations.outlined 
above are critically important for using switching supplies effec
tively. Elsewhere in this data sheet, a graph shows the PSRR of 
the AD9032 as a function of the ripple frequency present on the 
AD9032 supplies. Clearly, .if they must be used, switching 
power supplies with the lowest possible frequency should be 
selected. 

Thermal Management 
The AD9032 design minimizes power dissipation; however, the 
ADC does typically require 3.8 W (4.5 W max) to operate.To 
ensure long life and reliable operation, the maximum junction 
temperature in the AD9032 must be limited to + l 75°C. 

Within the hyqrid, the hottest discrete die has a ,case to junction 
temperature rise of 10°C (max). Therefore, the case temperature 
of the AD9032 should not exceed + 165°C under worst case 
operating conditions. Without airflow, the 0cA of the hybrid 
package is l3°C/W. Assuming maximum power dissipation, this 
causes a 57°C rise in case temperature over the ambient air tem
perature. The maximum still air temperature, therefore, is equal 
to + l08°C. 

Rated performance of the AD9032 is guaranteed for case 
operating temperatures of+85°C (AD9032A/B) and + 125°C 
(AD9032T). This equates to a maximum operating ambient tem
perature of +28°C and +68°C, respectively, in still air. In most 
applications, airflow is recommended. The following improve
ments in the thermal characteristics of the system assume that 
the AD9032 is soldered to a PC board. 

The 0cA of the hybrid is reduc.ed to 5°C/W with 500 LFPM air
flow. This will extend the rated performance to ambient operat
ing ranges of +63"C for the AD9032AiB and -r W3°C for the 
AD9032T. The addition of a heat sink (Thermalloy #6087B, 
Dallas, Texas; phone 214-243-0839) will further improve the 
thermal transfer of the hybrid to 3°C/W (@ 500 LFPM). Using 
a heat sink with airflow, the total case to ambient temperature 
rise is only 13°C, which results in a maximum ainbient environ
ment of + 72°C (AD9032AJB) and + l l2°C (AD9032T). 
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r-11 ANALOG 
WDEVICES 

FEATURES 
Low Power: 940 mW 
53 dB SNR @ 10 MHz A1N 

On-Chip T/H, Reference 
CMOS-Compatible 
2 V p-p Analog Input 
Fully Characterized Dynamic Performance 

APPLICATIONS 
Ultrasound Medical Imaging 
Digital Oscilloscopes 
Professional Video 
Digital Communications 
Advanced Television (MUSE Decoders) 
Instrumentation 

GENERAL DESCRIPTION 
The AD9040A is a complete 10-bit monolithic sampling analog
to-digital converter (ADC) with on-board track-and-hold and 
reference. The unit is designed for low cost, high performance 
applications and requires only an encode signal to achieve 40 
Msps sample rates with 10-bit resolution. 

Digital inputs and outputs are CMOS compatible; the analog 
input requires a signal of 2 V p-p amplitude. The two-step 
architecture used in the AD9040A is optimized to provide the 
best dynamic performance available while maintaining low 
power requirements of only 940 mW typically; maximum dissi
pation is 1.1 watt at 40 Msps. 

The signal-to-noise ratio (SNR), including harmonics, is 53 dB, 
or 8.5 ENOB, when sampling an analog input of 10.3 MHz at 
40 Msps. Competitive devices perform at less than 7.5 ENOB 
and require external references and larger input signals. 

The AD9040A AID converter is available as either a 28-pin plas
tic DIP or a 28-pin SOIC. The two models operate over a com
mercial temperature range of 0°C to + 70°C. Contact the factory 
regarding availability of ceramic military temperature range 
devices. 
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10-Bit 40 MSPS 
AID Converter 

AD9040A I 
FUNCTIONAL BLOCK DIAGRAM 

ENCODE 

PRODUCT HIGHLIGHTS 
I. CMOS compatible logic for direct interface to ASICs. 

2. On-board T/H provides excellent high frequency perfor
mance on analog inputs, critical for communications and 
medical imaging applications. 

3. High input impedance and 2 volt p-p input range reduce 
need for external amplifiers. 

4. Easy to use; no cumbersome external voltage references 
required, allowing denser packing of ADCs for multi
channel applications. 

5. Available in 28-lead plastic DIP and SOIC packages. 

6. Evaluation board includes AD9040AJR, reconstruction DAC, 
and latches. Space is available near the analog input and digi
tal outputs of the converter for additional circuits. Order as 
part number AD9040AIPCB (schematic shown in data sheet). 
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SPECIFICATIONS AD9040A 

ELECTRICAL CHARACTERISTICS ~:~~~eV~o7ed~5 V; -Vs= -5 V; internal reference; ENCODE= 40.5 Msps unless 

Test AD9040AJN/JR 
Parameter (Conditions) Temp Level Min Typ Max Units 

RESOLUTION 10 Bits 

DC ACCURACY 
Differential Nonlinearity +25cc I 1.0 2.0 LSB Ill 

Full VI 2.5 LSB 
Integral Nonlinearity +25CC I 1.0 2.0 LSB 

Full VI 2.5 LSB 
No Missing Codes Full VI Guaranteed 
Gain Error +25cc I ±0.5 ±1.5 % FS 

Full VI ±2 % FS 
Gain Tempco' Full v ±70 ppm/cC 

ANALOG INPUT 
Input Voltage Range +25cc v 2 v p-p 
Input Offset Voltage +25cc I ±2 ±25 mV 

Full VI ±30 mV 
Input Bias Current +25CC I 7 15 µA 

Full VI 25 µA 
Input Resistance +25°C I 200 350 kfl 
Input Capacitance +25°C v 5 pF 
Analog Bandwidth +25°C v 48 MHz 

BANDGAP REFERENCE 
Output Voltage Full VI 2.4 2.6 v 
Temperature Coefficient1 Full v ±40 ppm/cc 

SWITCHING PERFORMANCE 
Maximum Conversion Rate +25CC I 40 Msps 
Minimum Conversion Rate +25°C IV 2 IO Msps 
Aperture Delay (tA) +25cc v 1.9 ns 
Aperture Uncertainty (Jitter) +25°C v 7 ps, rms 
Output Propagation Delay (trnl2 +25cc I 7.5 10 12 ns 

Full IV 6 14 ns 

DYNAMIC PERFORMANCE 
Transient Response +25°C v 25 ns 
Overvoltage Recovery Time +25°C v 40 ns 
Signal-to-Noise Ratio3 

f,N = 2.3 MHz +25°C I 51 54 dB 

fIN = 10.3 MHz +25°C I 50 53 dB 

Signal-to-Noise Ratio3 

(Without Harmonics) 
fIN = 2.3 MHz +25°C I 52 55 dB 

[IN = 10.3 MHz +25cc I 51 54 dB 

Signal-to-Noise Ratio3• 4 

f,N = 2.3 MHz +25cc I 52 56 dB 

f1N = 10.3 MHz +z5cc I 51 55 dB 

Signal-to-Noise Ratio3 • 4 

(Without Harmonics) 
f1N = 2.3 MHz +z5cc I 53 57 dB 

fIN = 10.3 MHz +25°C I 53 56 dB 

2nd Harmonic Distortion 
f,N = 2.3 MHz +25°C I 56 67 dBc 

fIN = 10.3 MHz +25°C I 56 65 dBc 

3rd Harmonic Distortion 
f1N = 2.3 MHz +25°C I 58 73 dBc 

f1N = 10.3 MHz +25cc I 58 70 dBc 

Two-Tone Intermodulation +25cc v 62 dBc 

Distortion Rejection5 

Differential Phase +25cc III 0.15 0.5 Degrees 

Differential Gain +25cc III 0.25 1.0 % 
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AQ9040A-SPECIFICATIONS 
.,., 

Test I AD9040AJN/JR 
Parameter (Conditions) Temp Level Min Typ, Max Uni~ 

ENCQDEINPUT 
Logic "l" Voltage Full .VI 4.0 v 
Logic "O" Voltage Full 
Logic "l" Current Full 
Logic "O" Current Full 
Input Capacitance +25°c 
Encode Pulse Width (High) (tEH)6 +25°c 
Encode Pulse Width (Low) (tEL)6 +25°c 

DIGITAL OUTPUTS 
Logic "l" Voltage Full 
Logic "O" Voltage Full 
Output Coding 

POWER SUPPLY 
V 0 Supply Current Full 
+Vs Supply Current Full 
- Vs Supply Current Full 
Power Dissipation Full 
Power Supply 

Rejection Ratio (PSRR)7 +25°c 

NOTES 
1"Gain Tempco" is for converter using internal reference; "Temperature 
Coefficient" is for bandgap reference only. 

20utput propagation delay (tp0 ) is measured from the 50% point of the fall
ing edge of the encode command to the minimax voltage levels of the digital 
outputs with 10 pF maximum loads. 

'RMS signal to rms noise with analog input. signal I dB below full scale at 
specified frequency_-

'ENCODE = 32 Msps. 
53rd -order intermodulation measured with analog input frequencies of 2.3 
MHz and 2.4 MHz at 7 dB below full scale. 

6For rated performance at 40 Msps, duty cycle of encode command should 
be.50% ±10%. 

'Measured as the ratio of the change in offset voltage for a 5% change in 
+V5 or -V5 • 

Specifications subject. to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 

100% Production Tested. 

II 100% production tested at +25°C, and sample 
tested at specified temperatures. AC testing done on 
sample basis. 

III Sample Tested Only. 

IV Parameter is guaranteed by design and 
characterization testing. 

V -:- Parameter is a typical value only. 

VI All devices are 100% production- tested at + 25°C. 
100% production tested at temperature extremes for 
military temperature devices; guaranteed by design 
and characterization testing for industrial devices. 

VI 
VI 
VI 
v 
IV. 
IV 

VI 
VI 

VI 
VI 
VI 
VI 

I 

l.O v 
±1 µA 
±1 µA 

14 -. pF '' 
10 l(lO ns 
10 100 ns 

4.95 v 
0.05 v 

Offset Binary 

13 20 mA 
89 105 mA 
87 100 mA 
0.94 1.1 w 

±15 mVN 

ABSOLUTE MAXIMUM RATINGS1 

- ±Vs ............................. ·: ._, ... ±7 V 
Vo ..... .- ...................... , . '. ._ .. .' +7 V 
ANALOG IN ............... ; ........ -Vs to +Vs 
DIGITAL INPUTS .................... 0 V to +Vs 
VREF Input ..... • ............... ' .... 0 V to +Vs 
Digital Output Current . . . . . . . . . ............. ; 20 mA 
Operating Temperature -

AD9040AJN/JR .................... o•c to + iooc 
Storage Temperature ................ -65°C to + 150°C 
Maximum Junction Temperature2 ON/JR Suffixes) ... + 150°C 
Lead Soldering Temp (10 sec) : ...... ~., ...... +300°C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impai~. Functional 
operability is_not necessarily implied. Exposure to absolute inai<imum rating 
conditions for an extended period of time-may affect device rel.iabilicy. · 

2Typical thermal impedances (parts soldered to boBrd): 
N Package (Plastic DIP): e1A = 42"C/W; 81c = IO"C/W. 
R Package (SOIC): 81A = 47'C/W; 81c = IO'C/W. 

ORDERING GUIDE 

Model Temperature Range Package D!!scriptiQn Package Option* 

AD9040AJN o•c to +10°c 28-Pin Plastic DIP N-28 

AD9040AJR o•c to +10°c 28-Pin SOIC Package R-28 
AD9040A/PWB Printed Circuit Board (Only) of Evaluatio.n Circuit 
AD9040A/PCB Complete Evaluation Boa~c;l, Assembled 'and Tested, 

Including AD9040AJR 

*For outline information see Package Info~mation section. 
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Pin No. 

1, 12, 21 

2, 4, 11, 14, 22 

3, 10 

5 

6 

7 

8 

9 

13 

15 

16 

17-20 

23 
24--27 

28 
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DIGITAL 
OUTPUTS 

....:tpo~ 
I I 

~ 

APERTURE DELAY 

IEH PULSE WIDTH HIGH 

IEL PULSE WIDTH LOW 

'·· OUTPUT PROP DELAY 

AD9040A 

~ TYP MAX 

1.9 

10 100 

10 100 

7.5 10ns 12 

Timing Diagram 

PIN DESCRIPTIONS 

Name 

-Vs 
GND 

+Vs 

VouT 

VREF 

BP REF 

NC 

ENCODE 

A1N 

OR 

Function 

- 5 V Power Supply 

Ground 

Analog +5 V Power Supply 

Internal Bandgap Voltage 
Reference (Nominally +2.5 V) 

Noninverting Input to Reference 
Amplifier. Voltage reference for 
ADC is connected here. 

External Connection for (0.1 µF) 
Reference Bypass Capacitor 

No Connection Internally 

Encode Clock Input to ADC. 
Internal T/H placed in hold mode 
(ADC is encoding) on rising edge. 

Noninverting Input to T/H 
Amplifier 

Out-of-Range Condition Output. 
Active high when analog input 
exceeds input range of ADC by 
1 LSB (<FS - 1 LSB or >+FS 
+ 1 LSB). 

D9 (MSB) Most Significant Bit of ADC 
Output; TTL/CMOS Compatible 

D8-D5 

Vo 
D4--Dl 

Digital Output Bits of ADC; TTL/ 
CMOS Compatible 

Digital + 5 V Power Supply 

Digital Output Bits of ADC; 
TTL/CMOSL Compatible 

DO (LSB) Least Significant Bit of ADC 
Output; TTL/CMOS Compatible 

DO(LSB) 

D1 

D2 

D3 

D4 

Yo 

BPREF 7 GND 

NC -v. 
D5 

+Vs DB 

GND D7 

-v. D8 

A1N D9(MSB) 

GND OR 

NC = NO CONNECT 

PDIP and SOIC Pinouts 

ii' 
t 

! 8 
D7 

D6 

D5 

~v. 

DGND 

v. 

D4 
D3 

D2 

a ii' .. Cl ,:' 
~ >, z 

Cl + 

8 

DIE LAYOUT AND MECHANICAL INFORMATION 
Die Dimensions ..........•.. 204 x 185 x 21 (±1) mils 
Pad Dimensions . . . . . . . . . • . . . . . . . . . . . . . 4 x 4 mils 
Metalization ............. _ ...........•. Aluminum 
Backing . . . • . . . . . . . . . . . . . . • . • . . . • . . . . . . . None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . • . - Vs 
Transistor Count . . . . . . . . . . . . . . . . . . . . . . . . . . 5,070 
Passivation ...........•.•............. Oxynitride 
Die Attach (JN/JR) ........................ Epoxy 
Bond Wire (JN/JR) .....•..•.•.............. Gold 
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AD9040A 
DEFINITIONS OF SPECIFICATIONS 
Analog Bandwidth 
The analog input frequency at which the spectral power of the 
fundamental frequency (as determined by FFT analysis) is 
reduced by 3 dB. 

Aperture Delay 
The delay between the rising edge of the ENCODE command 
and the instant at which the analog input is sampled. 

Aperture Uncertainty Gitter) 
The sample-to-sample variation in aperture delay. 

Differential Gain 
The percentage of amplitude change of a small high frequency 
sine wave (3.58 MHz) superimposed on a low frequency signal 
(15.734 kHz). 

Differential Nonlinearity 
The deviation of any code from an ideal 1 LSB step. 

Differential Phase 
The phase change of a small high frequency sine wave 
(3.58 MHz) superimposed on a low frequency signal 
(15.734 kHz). 

Harmonic Distortion 
The rms value of the fundamental divided by the rms value of 
the harmonic. 

Integral Nonlinearity 
The deviation of the transfer function from a reference line mea
sured in fractions of I LSB using a "best straight line" deter
mined by a least square curve fit. 

Minimum Conversion Rate 
The encode rate at which the SNR of the lowest analog signal 
frequency tested drops by no more than 3 dB below the guaran
teed limit. 

Analog Input Reference Circuit 

Maximum Conversion Rate 
The encode rate at which parametric testing is performed. 

Output Propagation Delay 
The delay between the 50% point of the falling edge of the 
ENCODE command and the I V/4 V points of output data. 

Overvoltage Recovery Time 
The amount of time required for the converter to recover to 
IO-bit accuracy after an analog input signal 150% of full scale is 
reduced to the full-scale range of the converter. 

Power Supply Rejection Ratio (PSRR) 
The ratio of a change in input offset voltage to a change in 
power supply voltage. 

Signal-to-Noise Ratio (SNR) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum of all other spectral compo
nents, including harmonics but excluding de, with an analog 
input signal I dB below full scale. 

Signal-to-Noise Ratio (Without Harmonics) 
The ratio of the rms signal amplitude to the rms value of 
"noise," which is defined as the sum of all other spectral compo
nents, excluding the first eight harmonics and de, with an ana
log input signal 1 dB below full scale. 

Transient Response 
The time required for the converter to achieve IO-bit accuracy 
when a step function is applied to the analog input. 

Two-Tone Intermodulation Distortion (IMD) Rejection 
The ratio of the power of either of two input signals to the 
power of the strongest third-order IMD signal. 

Vee 

~T 
)--ooCHI 

l GND 
GND 

Bandgap Output CMOS Output 

Figure 1. Equivalent Circuits 
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THEORY OF OPERATION 
Refer to the block diagram. 

The AD9040A employs subranging architecture and digital error 
correction. This combination of design techniques insures true 
10-bit accuracy at the digital outputs of the converter. 

At the input, the analog signal is applied to a track-and-hold 
(TIH) that holds the analog value which is present when the 
unit is strobed with an ENCODE command. The conversion 
process begins on the rising edge of this pulse, which should 
have a 50% (±10%) duty cycle. Minimum encode rate of the 
AD9040A is 10 Msps because of the use of three internal T/H 
devices. 

The held analog value of the first track-and-hold is applied to a 
5-bit flash converter and a pair of internal T/Hs (shown in the 
block diagram as a single unit). The T/Hs pipeline the analog 
signal to the amplifier array through a residue ladder and switch 
ing circuit while the 5-bit flash converter resolves the most sig
nificant bits (MSBs) of the held analog voltage. 

When the 5-bit flash converter has completed its cycle, its out
put activates l-of-32 ladder switches; these, in turn, cause the 
correct residue signal to be applied to the error amplifier array. 

The output of the error amplifier is applied to a 6-bit flash con
verter whose output supplies the five least significant bits 
(LSBs) of the digital output along with one bi.t of error correc
tion for the 5-bit main range converter. 

Decode logic aligns the data from the two converters and pre
sents the result as a 10-bit parallel digital word. The output 
stage of the AD9040A is CMOS. Output data are strobed on the 
trailing edge of the ENCODE command. 

Full-scale range of the AD9040A is determined by the reference 
voltage applied to the V REF (Pin 6) input. This voltage sets the 
internal flash and residue ladder voltage drops; these establish 
the value of the LSB. Because of headroom restraints, the full
scale range cannot be increased by applying a higher-than
specified reference voltage. Conversely; a lower reference voltage 
will reduce the full-scale range of the converter, but will also 
decrease its performance. An internal bandgap reference voltage 
of +2.5 Vis provided to assure optimum performance over the 
operating temperature range. 

USING THE AD9040A 
Timing 
The duty cycle of the encode clock for the AD9040A is critical 
for obtaining rated performance of the ADC. Internal pulse 
widths within the track-and-hold are established by the encode 
command pulse width; to ensure rated perfoi:mance, the duty 
cycle should be held at 50%. Duty cycle variations of less than 
± 10% will cause no degradation in performance. 

Operation at encode rates less than 10 Msps is not recom
mended. The internal track-and-hold saturates, causing errone
ous conversions. This T/H saturation precludes clocking the 
AD9040A in burst mode. The 50% duty cycle must be main
tained even for sample rates down to 10 Msps. 

REV.A 

AD9040A 
The AD9040A provides latche<;I data outputs, with 2 112 pipe
line delays. Data outputs are available one propagation delay 
(tp0 ) after the falling edge of the encode command (refer to 
AD9040A Timing Diagram). The length of the output data lines 
and the loads placed on them should be minimized to reduce 
transients within the AD9040A; these transients can detract 
from the converter's dynamic performance. 

Voltage Reference • 
A stable voltage reference is required to establish the 2-V p-p 
range of the AD9040A. There are two options for creating this 
reference. The easiest and least expensive way to implement it is 
to use the ( + 2.5 V) bandgap voltage reference which is internal 
to the ADC. Figure 2 illustrates the connections for using the 
internal reference. The internal reference has 500 µA of extra 
drive current which can be used for other circuits. 

+2.5V 

AD9040A 

BANDGAP 
REFERENCE 

REFERENCE 

Figure 2. AD9040A Using Internal Reference 

Some applications may require greater accuracy, improved tem~ 
perature performance, or adjustment of the gain (input range) o.f 
the AD9040A which cannot be obtained by using the internal 
reference. For these applications, an external + 2.5 V reference 
can be used, as shown in Figure 3. The VREF input requires 
5 µA of drive current. 

0.1 r t-------1. • 

-Vs 

BANDGAP 
REFERENCE 

AD9040A 

Figure 3. AD9040A Using External Reference 
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AD9040A 
In applications using multiple AD9040As, slaving the reference 
inputs to a single reference output will improve gain tracking 
among the ADCs, as shown in Figure 4. · 

\70.1 

AD9040A 

AD9040A 

Figure 4. Slaving Multiple AD9040As to a Single Internal 
Reference 

In the specifications table, the Gain Tempco parameter under 
DC ACCURACY applies to the ADC when the internal refer
ence is being used. !fan external.reference is used, its tempera
ture coefficient. must be taken into ·account to determine overall 
temperature performance. 

The input range can be varied by adjusting the reference voltage 
applied to the AD9040A. By decreasing the reference voltage, 
the gain can be reduced approximately 10% with no degradation 
in performance. Increasing the reference voltage increases the 
gain; but for proper operation, the reference voltage should not 
exceed +2.6 V. 

X-AMP is a trademark of Analog Devices, Inc. 
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Time-Gain Control ADC 
Ultrasound and sonar systems require 'an increase in gain ver~us 
time. This allows the system to correct for•·attenuation of return 
pulses. Figure 5 shows the AD600/602 amplifier and the 
AD9040A ADC configured as a time-gain control analog·to
digital converter. The control voltage ramps from -625 mV to 
+625 mV, permitting 40. dB of gain-cqntrol range. The voltage 
used for gain control can be either a linear ramp, or the outpqt 
of a voltage-output DAC such as tl;le AD7242. 

GAIN CONTROL 
VOLTAGE 
~+625mV 

-625mV__/ 

AB< 

AD9040A 

Figure 5. Ultrasound/Sonar Time-Gain Control ADC Using 
X-AMPs'" 

Transient Response 
Figure 6 illustrates the method for. evaluating ADC transient 
performance. Two synthesizers are locked in synchronization, 
but tuned to frequencies which are slightly offset from a 2-to-l 
submultiple. 

One synthesizer clocks a flat pulse network at a frequency of 
19.9609375 MHz to provide the. analog input signal; the other 
synthesizer output is shaped to provide a CMOS 40 MHz sam
pling clock. At the output of the AD9040A, output data reflects 
an interleaved alias of the ,input pulse. Tbe repetitive sampling 
allows the measurement of ADC transient response as shown in 
performance graphs elsewhere in this data shee.t. 

MARCONI 2030 . , 
SYNTHESIZER 

REF 

19.9609375 MHz 

MARCONI 2030 
SYNTHESIZER 

REF 

40MHz 

ANALOG 
FLAT PULSE IN 
NETWORK 

SINE 
TO 

CMOS 

AD9040A 

ENCODE 

OUTPUT 

Figure 6. AD9040A Transient Response Test 
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Layout Information 
Preserving the accuracy and dynamic performance of the 
AD9040A requires that designers pay special attention to the 
layout of the printed circuit board. 

Analog paths should be kept as short as possible and be prop
erly terminated to avoid reflections. The analog input and refer
ence voltage connections should be kept away from digital signal 
paths; this reduces the amount of digital switching noise which 
is capacitively coupled into the analog section. Digital signal 
paths should also be kept short, and run lengths should be 
matched to avoid propagation delay mismatch. The AD9040A 
digital outputs should be buffered or latched close to the device 
( <2 cm). This prevents load transients which may feedback into 
the device. 

In high speed circuits, layout of the ground is critical. A single, 
low impedance ground plane on the component side of the 
board is recommended. Power supplies should be capacitively 
coupled to the ground plane with high quality chip capacitors to 
reduce noise in the circuit. Multilayer boards allow designers to 
lay out signal traces without interrupting the ground plane, and 
provide low impedance ground planes. In systems with dedi
cated analog and digital grounds, all grounds of the AD9040A 
should be connected to the analog ground plane. 

The power supplies of the AD9040A should be isolated from the 
supplies used for external devices; this reduces the amount of 
noise coupled into the ADC. The digital +5 volt connection of 
the device (V 0 , Pin 23) powers the digital outputs and should 
be connected to the same supply as +Vs (Pins 3 and 10). Con
necting V 0 to a system digital supply may couple noise into the 
device. Sockets limit dynamic performance and are not recom
mended for use with the AD9040A. 
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AD9040A EVALUATION BOARD 
The evaluation board for the AD9040A (AD9040A/PCB) pro
vides an easy and flexible method for evaluating the ADC's per
formance without (or prior to) developing a user-specific printed 
circuit board. The two-sided board includes a reconstruction 
DAC and digital output interface, and uses the layout and appli
cations suggestions outlined above. It is available from Analog 
Devices at nominal cost. 

Generous space. is provided near the analog input and digital 
outputs to support additional signal processing components the 
user may wish to add. This prototyping area includes through 
holes with 100-mil centers to support a variety of component 
additions. 

Input/Output/Supply Information 
Power supply, analog input, clock connections, and recon
structed output (RC OUTPUT) are identified by labels on the 
evaluation board. Operation of the evaluation board should con
form to the following characteristics: 

Table I. Evaluation Board Characteristics 

Parameter Typical Units 

Supply Current 
+5 v 250 mA 
-5.2 v 300 mA 

A1N 
Impedance 51 n 
Voltage Range ±1.0 v 

CLOCK 
Impedance 51 n 
Frequency 40 Msps 

RC OUTPUT 
Impedance 51 n 
Voltage Range Oto -1 V v 

Analog Input 
Analog input signals can be fed directly into the Device Under 
Test input (AIN). The AIN input is terminated at the device 
with a 51 n resistor. 

ANALOG-TOcDJGITAL CONVERTERS 2-451 

Ill 



AD9040A 
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Figure 7. AD9040AIPCB Top View 

DAC Reconstruction 

on 
.n 

The AD9040A evaluation board provides an on-board AD9721 
reconstruction DAC for observing the digitized analog input 
signal. The AD9721 is terminated into 51 ohms to provide a I V 
p-p signal at the output (RC OUTPUT). 

Output Data 
The output data bits are latched with a CMOS 74AC574 which 
drives a 40-pin connector (AMP pin 102153-9). The data and 
clock signals are available on the connector per the pin assign
ments shown on the schematic of the evaluation board. Output 
data are available on the falling edge of the clock. 
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Figure 8. AD9040AIPCB Bottom View 

Table II. AD9040A Digital Coding 

Analog Voltage Out-of· 
Input Level Range Digital Output 

MSB ... LSB 
+ 1.002 v Positive Full Scale + I LSB I llllllllll 

Positive Full Scale 0 llllllllll 
+IV 

Full Scale - I LSB 0 1111111110 

Positive 112 Scale 0 1100000000 
+112 v 

112 Scale - 1 LSB 0 IOllllllll 

ov Bipolar Zero 
0 10000000000 
0 01111111111 

112 Scale + I LSB 0 0100000000 
-112 v 

Negative 112 Scale 0 0011111111 

Full Scale + I LSB 0 0000000001 
-IV 

Negative Full Scale 0 0000000000 

-1.002 v Negative Full Scale - I LSB I 0000000000 
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AD9040A 

U4 
74AC574 

20 2Q 
18 

17 E1 30 3Q 

40 
16 

Ill 
4Q 

1S 
SD SQ 

14 
AIN U2 60 6Q 

AD9040AJR 13 
U5 

12 AD9721BR 

GND 

-SV 

D9 01 (MSB) -SV 

D8 02 GND 
12 07 C21 

03 CAMP IN 10µF 

13 D6 + E----sv REF OUT 

14 DS 
DS CAMP OUT E--- -5V 

1S D4 C6 
D6 REFIN 0.1µF 

16 03 
IOUT 

17 02 
BNC D8 IOUT JS 

18 01 
09 ANARET 

19 DO 
D10(LSB) RSET 

CLOCK -sv 

INVERT GND 

+SV 

J7 0 
lc2 -i1 C3 

+SV 
H40DMC 

i0.1µF i 10µF 
J3 

GND ,..--., ,..--, 
J8 0 

1c4 lcs 

-sv CLK GND H3 H4 HS H6 I H1 I I H2 I 

GND #4 #4 #4 #4 I I I 

i0.1µfc ~10µF D9 GND l 1 1 l 08 GND 
J9 GND 07 GND 

D6 GND 

-sv 

lc14 lc1s lc16 lc11 

DS GND 

lc13 D4 GND 

t0.1µF I0.1µF I0.1µF I0.1µF I0.1µF 03 GND 
02 GND 

GND 
GND 

+SV 1C7 lea lee lc10 lc11 lc12 lc18 

GND 
GND 

t 0.1µF I 0.1µF I 0.1µF I0.1µF I0.1µF I0.1µF I0.1µF GND 
GND 

01 GND 
DO GND 

GND 

Figure 9. AD9040AIPCB Schematic 
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vs. Clock Rate 
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Figure 16. SNR vs. Temperature 
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~ANALOG 
WDEVICES 

FEATURES 
35MSPS Encode Rate 
16pf Input Capacitance 
550mW Power Dissipation 
Industry-Standard Pinouts 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Professional Video Systems 
Special Effects Generators 
Electro-Optics 
Digital Radio 
Electronic Warfare {ECM, ECCM, ESM) 

GENERAL DESCRIPTION 
The AD9048 is an 8-bit, 35MSPS flash converter, made on a 
high speed bipolar process, which is an alternate source for the 
TDC 1048 unit but offers enhancements over its predecessor. 
Lower power dissipation makes the AD9048 attractive for a 
variety of system designs. 

Because of its wide bandwidth, it is an ideal choice for real-time 
conversion of video signals. Input bandwidth is flat with no 
missing codes. 

Clocked latching comparators, encoding logic and output buffer 
registers operating at minimum rates of 35MSPS preclude a 
need for a sample-and-hold (S/H) or track-and-hold (T/H) in 
most system designs using the AD9048. All digital control inputs 
and outputs are TTL compatible. 

Devices operating over two ambient temperature ranges and 
with two grades of linearity are available. Linearities of either 
O.SLSB or 0. 75LSB can be ordered for a commercial range of 0 

Monolithic 8-Bit 
Video AID Converter 

AD9048 I 
FUNCTIONAL BLOCK DIAGRAM 

to + 70°C, or extended case temperatures of - ss·c to + 125°C. 
Commercial versions are packaged in 28-pin DIPs; extended 
temperature versions are available in ceramic DIP and ceramic 
LCC packages. Both commercial units and MIL-STD-883 units 
are standard products. 

The AD9048 AID converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Databook or current AD9048/883B data sheet for detailed 
specifications. 

DIP 

PIN DESIGNATIONS 

LCC I-Leaded Ceramic 

"""" . 
y". 
Yu 7 

Vu I 

Y11 I 

Ycc10 ....... 

a s ! L ~ 
• 2 1 n n 21 

~ .. 
AD904I 
TOPVIEW 

INottokelel 

1Z 13 14 1511,, 11 

I< ....... 
I< 24 NC 

.. v. 

21 NC 

20 NC 

1• AONO 

jszq1• 
! Nt•NOCONNfCT 

NC•NOCONNECT 

Tlais is an abridged data sheet. To obtain tbe most recent venion or 
cemplete data sheet, call our filll retrieval system at 1·800-446-6212. 
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AD 9048-SPEC If I CATI 0 NS (typical with nominal supplies unless otherwise. noted.). 

ABSOLUTE MAXIMUM RATINGS1 

Voc fo DGND. -0.SV de to +7.0V de 
AGND to DGND -0.SV de to +O.SV de 
VEE to AGND, . +o.sv de to -7.0V de 
VIN, VRT or Vlui to AGND ..... +o.sv to VEE 
VRTtoVRB .":...... -2.2Vdcto+2.2Vdc 
CONV, NMINV or NLINV to DGND. -0.SV dcto +5.SV de 
Applied Output Voltage to DGND . -o.sv· de to + 5.SV dc2 

Applied Output Ci.lri'ent, Externally Foreed 
..............•.... -1.0mA to +6.0mA3• 4 

Output Short-Circuit Duration :; . . , •. 
Operating Temperature Range (AIDbient) 

AD9048J]/KJ/JQ/KQ . . . . . ..... . 
AD9048SE/SQ/TE/TQ • . . • . . . . . 

Maximum Junction Temperature {Plastic) 
Maximum Junction Temperature (Hermetic) 
Lead Temperature (Soldering, lOsec) 
Storage Temperature Range ........ . 

Oto +70°C 
- 55°C to + 125°C 

+ IS0°c6 
. , , .. + 175°c6 
..... +3QO°C 
-65°C to + l.so0c 

ELECTRICAL CHARACTERISTICS (Vee= +5.0V; VfE= -5.2V; Differential Reference ¥0"318:;::.2.0V, unless otherwise noted) 

AD9048JJ!JQ AD9048KJ/KQ AD9048SE/SQ AD9048TEITQ 

Test 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 
~ 

8 8 Bits 

DC ACCURACY 
Differential Nonlinearity +25'C I 0.4 0.75 0.3 0.5 0.4 0.75 0.3 0.5 LSB 

Full VI 1.0 0.75 1.0 0.75 LSB 
Integral Nonlinearity +25'C I 0.6 0.75 0.4 0.5 0.6 0.75 0.4 0.5 LSB 

Full VI 1.0 0.75 1.0 0.75 LSB 
No Missing Codes Full VI GUARANTEED GUARANTEED GUARANTEED GUARANTEED 

INITIAL OFFSET ERROR 
Top of Reference Ladder +25'C I 5 12 5 12 5 · 12 5 12 mV 

Full VI 12 12 12 Ii mV 
Bottom of Reference Ladder +25'C I 4 8 4 8 4 8 4 8 mV 

Full VI 8 8 8 8 wv. 
Offset Drift Coefficient Full v 20 20 20 20 µVi'C 

ANALOG INPUT 
Input Voltage Range Full v -2.1; .-2.1; -2.1; -2.1; 

+0.1 +0.1 +0.1 +0.1 v 
Input Bias Current7 +25'C I 36 60 36 60 36 60 36 60 µA 

Fbll VI IOO 100 100 100 µA 
Input Resi~ance .i:25'C I 200 300 200 300 zoo 300 200 300 kfi 

Full VI 40 40 40 40 k!l 
Input Capacitance +25'C III 16 20 16 20 16 20 16 20 pF 

·Full Power Bandwidth' +25'C m IO 15 IO 15 IO 15 10 15 MHz 

REFERENCE INPUT 
Positive R.efefence Voltage9 Full v 0.0 0.0 0.0 0.0 v 
Negative ~eference Voltage9 Full v -2.0 -2.0 . -2.0 -2.0 v . 
Differenti~I Reference Voltage Full v 2.0 2.0 2.0 2.0 v 
Reference Ladder Resistance Full VI 50 90 125 50 90 125 50 90 

., 125 50 90 125 n 
Ladder Temperature Coefficient Full v 0.22 0.22 0.22 0.22 nrc 
Reference Ladder Current Full VI 23 40 23 40 23 40 23 40 mA 
Reference Input Bandwidth +ZS'C v 10 10 10 IO MHz 

DYNAMIC PERFORMANCE'° 
Conversion Rate +25'C I 35 38 35 38 35 38 35 38 MHz 
Aperture Delay +25'C III 2.4 5 2.4 5 2.4 5 2.4 5 ns 
Aperture Uncertainty (Jitter) +25'C III 25 so 25 50 25 50 25 50 ps 

Output Delay (tpo) +25'C I 13 15 9 15 9 15 9 15 ns 
Output Hold Time(toH)11 +25'C I 5 8 5 8 5 8 5 8 ns 

Transient Response12 +25'C I 6 20 6 20 6 20 6 20 ns 

Overvoltage Recovery Time13 +25'C v 8 8 8 8 ns 

Rise Time +25'C I 9 9 9 9 ns 

Fall Time +25'C I 14 14 14 14 ns 

Oucput Time SkCw14 ' +25'C I 4.5 7 4.5 7 4.5 7 4.5 7 ns 

NMINV and NLINV INPUTS 
+ 0.4V Input Current Full VI 200 200 200 zoo µA 

+ 2.4V Input Current Full VI 10 10 IO 10 µA 

+ 5. SV Input Current Full VI IO 10 10 10 µA 

CONVERT INPUT 
Log;c "I" Voltage Full VI 2.0 2.0 2.0 2.0 v 
Logic "O" Voltage Full VI o.8 0.8 0.8 0.8 v 
Logic" l" Current Full VI 15 15 15 15 µA 

Logic "0" Current FUii VI 500 500 500 500 µA 

Input Capacitance +25'C III 4 6 4 6 4 6 4 6 pF 

Convert Pulse Width (LOW) +25'C I 18 18 18 18 ns 

Convert Pulse Width (HIGH) +25'C I 10 10 10 10 ns 
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AD9048JJIJQ AD9048KJ/KQ AD9048SEISQ AD9048TErrQ 
Test 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 
AC LINEARITY 

In-Band Harmonics 
dcto2.438MHz" +25°C I 47 50 49 55 47 50 49 55 dBc 
dcto9.35MHz16 +25°C v 48 48 48 48 dBc 

Signal-to-Noise Ratio (SNR)15 

l .248MHz Input Frequency17 +25°C I 43.5 44 45 46 43.5 44 45 46 dB 
2.438MHz Input Frequency17 +25°C I 43 44 44 46 43 44 44 46 dB 
l.248MHzlnputFrequency18 +25°C I 52.5 53 54 55 52.5 53 54 55 dB 
2.438MHz Input Frequency18 +25°C I 52 53 53 55 52 53 53 55 dB 

Signal-to-Noise Ratio (SNR)16 

1.248MHz Input Frequency17 +25°C I 43.5 44 45 46 43.5 44 45 46 dB 
9. 35MHz Input Frequency" +25°C v 40.5 40.5 40.5 40.5 dB 

Noise Power Ratio (NPR)19 +25°C III 36.5 39 36.5 39 36.5 39 36.5 39 dB 
Differential Phase20 +25°C III I I I I Degree 
Differential Gain20 +25°C III 2 2 2 2 % 

DIGITAL OUTPUTS 
-;-

Logic" l" Voltage Full VI 2.4 2.4 2.4 2.4 v 
Logic "0" Voltage Full VI 0.5 0.5 0.5 0.5 v 
Shon Circuit Current5 Full VI 30 30 30 30 mA 

POWER SUPPLY 
Positive Supply Current +25°C I 34 46 34 46 34 46 34 46 mA 

Full VI 48 48 48 48 mA 
Negative Supply Current +25"C I 90 110 90 110 90 110 90 110 mA 

Full VI 120 120 120 120 mA 
Nominal Power Dissipation +25"C v 550 550 550 550 mW 
Reference Ladder Dissipation +25°C v 45 45 45 45 mW 

NOTES 
1Maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the device may be impaired. Functional operation under any of these 
conditions is not necessarily implied. EXposure to absolute maximum rating conditions for extended periods of time may affect device reliability. 

2Applied voltage must be current-limited to specified range. 
3Forcing voltage must be limited to specified range. 
~urrent is specified as negative when flowing into the device. 
50utput High; one pin to ground; one second duration. 
'Typical thermal impedances (no air flow) are as follows: 

Ceramic DIP: OJA =49"CIW;81c = 15"C/W LCC: 8rA =69"CIW; 91c=21°CIW 
JLCC: e,A = 59"C/W; 91c = 19"C/W 

To calculate junction temperature (T 1), use power dissipation (PD)and thermal impedance: 
T1=PD(81.V+TAMetENT=PD(81c)= +Tc••• 

7MeasuredwithV1N = OVandCONVERTlow(samplingmode). 
1Detcrmincd by beat frequency testing for no miasing codes. 
'VaT ~ Vu under all circumstances. 

1°<>utputs tcnninatccl with 40pF and 8100 pull-up resistors. 
111ntctval from 50% point of leading edge CONVERT pulse to change in output data. 
12Forfull acalestepinput, 8-bit accuracy attained in specified time. 
13Rcoovers to 8-bit accuracy in specified time after - 3V inputovcrvoltage. 
140utpUt time skew includes high-to-low and low-to-high transitions as well as bit-to-bit time skew differences. 
"Mcosurod at 20MHzcncode rate with analog input ldB below full scale. 
16Mcosurod at 35MHzcncode rate with analog input !dB below full scale. 
17RMS signal to nns noise. 
11Peaksignal to rms noise. 
"'DC to 8MHz noise bandwidth with I .248MHz slot; four sigma loading; 20MHz encode. 
'°Clock frequency = 4 x NTSC= 14.32MHz. Measured with40-IRE modulated tamp. 
Specifications subject to change without notice. 

ORDERING GUIDE 

Package 
Model Temperature Option1 

AD9048JJ Oto +70°c J-28 
AD9048KJ Oto +70°c J-28 
AD9048JQ Oto+ 10°c Q-28 
AD9048KQ Oto+ 70°C Q-28 
AD9048SE2 - ss•c to + 12s0c E-28A 
AD9048TE2 - ss•c to + 12s0c E-28A 
AD9048SQ2 - ss·c to + 12s0c Q-28 
AD9048TQ2 - ss·c to + 12s0c Q-28 

NOTES 
1E = Leadless Cerantic Chip Carrier; J = J-Leaded Ceramic; 
Q = Cerdip. ForoutlineinformationseePackage 
Information section. 

2For specifications, refer to Analog Devices Military Products 
Databook. 

EXPLANATION OF TEST LEVELS 

Test Levell 
Test Level II 

Test Level III 
Test Level IV 

REV.B 

- 100% production tested. 
- 100%productiontestedat +25°Cand 

sample tested at specified temperatures. 
- Sampletestedonly. 
- Parameter is guaranteed by design and 

characterization testing. 

TestLevelV 
Test Level VI 

- Parameter is a typical value only. 
- All devices are I 00% production tested at 

25°C. 100% production tested at temperature 
extremes for military temperature devices; 
sample tested at temperature extremes for 
commercial/industrial devices. 
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FEATURES 
Low Power: 300 mW 
On-Chip T /H, Reference 
Single +5 V Power Supply Operation 
Selectable 5 V /3 V Outputs 
Wide Dynamic Performance 

APPLICATIONS 
Medical Imaging 
Instrumentation 
Digital Communications 
Professional Video 

GENERAL DESCRIPTION 
The AD9050 is a complete 10-bit monolithic sampling analog
to-digital converter (ADC) with on-board track-and-hold and 
reference. The unit is designed for low cost, high perfo 
applications and requires only +5 V and an encode ell?' 
achieve 40 Msps sample rates with 10-bit resolution.,,,, 

The encode clock is TIL compatible and the digital output 
5 V/3 V, selected by the user. The two-step architecture used 
the AD9050 is optimized to p~ovide the best dynamic perfor
mance available while maintaining low power requirements. 

The 2. 5 V reference is included on-board, or the user can pro
vide an external reference voltage for gain control, or matching 
of multiple devices. Fabricated on an advanced Bi CMOS pro
cess, the AD9050 is packaged in space saving surface mount 
packages and will be specified over the commercial (0°C to 
+85°C) temperature range. 

This is a preliminary data sheet. To obtain the mbst recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 

10-Bit 40 MSPS ADC 
AD9050 I 

FUNCTIONAL BLOCK DIAGRAM 

EN CO OE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS AD9050 
ELECTRICAL CHARACTERISTICS (V0, Yon·= +5 V; internal reference; ENCODE= 40 Msps unless otherwise noted) 

Test AD90SOJR/J 
Parameter Temp Level Min Typ Max Units 

RESOLUTION 10 Bits 

DC ACCURACY 
Differential Nonlinearity +25°C I 0.5 LSB 

Full VI 1.0 LSB 
Integral Nonlinearity +25°C I 0.5 LSB 

Full VI 1.0 LSB 
No Missing Codes Full VI GNT 
Gain Error +25°C I ±0.5 %FS 

Full VI %FS 
Gain Tempco Full v ±70 ppm/oC 

ANALOG INPUT 
Input Voltage Range +25°C v Vp-p 
Input Offset Voltage +25°C I ±2 mV 

Full VI mV 
Input Bias Current +25°C I ±100 µA 

Full VI µA 
Input Resistance +25°C I 5.0 6.0 kn 
Input Capacitance +25°C v 5 pF 
Analog Bandwidth +25°C v 40 MHz 

BANDGAP REFERENCE 
Output Voltage 2.5 2.6 v 
Temperature Coefficient ±10 ppm/°C 

SWITCHING PERFORMANCE 
Maximum Conversion Rate Msps 
Minimum Conversion Rate 2 10 Msps 
Aperture Delay (t,V 2 ns 
Aperture Uncertainty Gitter) 5 ps, nns 
Output Propagation Delay (tpo) 2 5 ns 

2 ns 

DYNAMIC PERFORMANCE 
Transient Response +25°C v 15 ns 
Overv<iltage Recovery Time +25°C v 25 ns 
Signal-to-Noise Ratio (SINAD) 

fIN= 2.3MHz +25°C 57 dB 
fIN = 10.3 MHz +25°C 56 dB 

Signal-to-Noise Ratio 
(Without Harmonics) 
fIN= 2.3MHz +25°C 58 dB 
fIN = 10.3 MHz +25°C 57 dB 

2nd Harmonic Distortion 
fIN= 2.3MHz +25°C 67 dBc 
f!N = 10.3 MHz +25°C 65 dBc 

3rd Harmonic Distortion 
fIN= 2.3MHz +25°C 75 dBc 
f1N = 10.3 MHz +25°C 70 dBc 

Two-Tone ID.tennodulation 
. Distortion (IMD) +25°C v 65 dBc 
Differential Phase +25°C III 0.15 Degrees 
Differential Gain +25°C III 0.25 % 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD9050""7SPECIFICATIONS 
Parameter Temp 

ENCODE INPUT 
Logic "l" Voltage Fun 
Logic "O" Voltage Fun 
Logic "l" Current Fun 
Logic "O" Current Fun 
Input Capacitance +25°C 
Encode Pulse Width High (tEH) +25°C 
Encode Pulse Width Low (tEL) +25°C 

DIGITAL OUTPUTS 
Logic "l" Voltage Fun 
Logic "O" Voltage Full 
Logic "l" Voltage (3.0 V) Fun 
Logic "O" Voltage (3.0 V) Fun 
Output Coding 

POWER SUPPLY 
Vo, Voo Supply Current Fun 
Power Dissipation Fun 
Power Supply Rejection Ratio 

(PSRR) +25°C 

Specifications subje~t to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% Production Tested. 

III Sample Tested Only. 

IV Parameter is guaranteed by design and characterizatio 
testing. 

V Parameter is a typical value only. 

VI All devices are 100% production tested at +25°C. 

Test 
Level 

VI 
VI 
VI 
VI 
v 
IV 
IV 

VI 
VI 
VI 
VI 

VI 
VI 

l 00% production tested at temperature extremes for 
military temperature devices; guaranteed by design and 

characterization testing for industrial devices. 

ABSOLUTE MAXIMUM RATINGS 

Min 

2.4 

-0.4 

10 
10 

4.95 

2.95 

Offset 

0.1µF 

p1µF 

f1µF 

AD9050JR/J 
Typ Max 

0.4 
20 

10 
100 
100 

0.05 

0.05 
Binary Code 

AD9050 

10 
1,7,12, 

13 21,23 

Units 

v 
v 
µA 
mA 
pF 
ns 
ns 

v 
v 
v 
v 

mA 
mW 

mVN 

(2) 

7 
4 
A 
c 
5 
7 
4 

Vo, Voo ... ; .................. : ............... +7 V 
ANALOG IN ...................... -0.5 V to V0 + 0.5 V 

ENCODEO-------------....,.---~ 

Digital Inputs ............................ -0.5 V to V0 

VREF Input .............................. -0.5 V to V0 

Digital Output Current . . . . . . . . . . . . . . . . . . . . . . . 20 mA 
Operating Temperature 

Figure 1. Typical Connections 

AD9050JR ............................ 0°c to +85°C 
Storage Temperature ................... -65°C to + 150°C 

CAUTION 
ESD (electrostatic discharge) sensitive device Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD9050 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD'precautions are 
recommended to avoid performance degradation or loss of functionality. 

~~<2] 
ESD SENSITIVE DEVICE 

This fnformation applies to a product under development. Its characteristics and specifii:i::lons are subjel:tto cha'nge without notice. 
Analog Devices assumes ho obligation regardin!j future manufacture unless otherwise 'agreed to in writing. 
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~ANALOG 
WDEVICES 

FEATURES 
Two Matched ADCs on Single Chip 
50 MSPS Conversion Speed 
On-Board Voltage Reference 
Low Power ( <1W) 
Low Input Capacitance (10 pf) 
::!:5 V Power Supplies 
Flexible Input Range 

APPLICATIONS 
Quadrature Demodulation for Communications 
Digital Oscilloscopes 
Electronic Warfare 
Radar 

GENERAL DESCRIPTION 
The AD9058 combines two independent high performance 8-bit 
analog-to-digital converters (ADCs) on a single monolithic IC. 
Combined with an optional on-board voltage reference, the 
AD9058 provides a cost effective alternative for systems requir
ing two or more ADCs. 

Dynamic performance (SNR, ENOB) is optimized to provide up 
to 50 MSPS conversion rates. The unique architecture results in 
low input capacitance while maintaining high performance and 
low power (<0.5 watt/channel). Digital inputs and outputs are 
TTL compatible. 

Performance has been optimized for an analog input of 2 V p-p 
(±IV; 0 to +2 V). Using the on-board +2 V voltage reference, 
the AD9058 can be set up for unipolar positive operation (0 to 
+ 2 V). Th.is internal voltage reference can drive both ADCs. 

Commercial (0°C to + 70°C) and military (-SS°C to + 125°C) 
temperature range parts are available. Parts are sup!Jlied in her
metic 48-pin DIP and 44-pin "J" lead packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1'800-446-6212. 

REV.A 

Dual 8-Bit 50 MSPS 
AID Converter 

AD9058 I 
FUNCTIONAL BLOCK DIAGRAM 

AD9058 

+VREF 

8-lllT 
ENCODE ANALOG- 8 

TO- A 

AIN 
DIGITAL 

CONVERTER 

8-BIT 
ENCODE ANALOG- B 

TO-

AIN 
DIGITAL 

CONVERTER 

-VREF 

QUADRATURE RECEIVER 

a 

AD9058 
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AD9058 ~SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Analog Input .................... -1.S V to + 2.5 V -VREF · · • · · · · · • • • · • · • • • · · · · · · · · · · · · · · · · "'-1.S 
+Vs ...... , ........................... +6 V Operating Temperature Range 
-Vs . , .....•................... +0.8 V to -6 V2 AD90S8JD/JJ/KD/KJ ................. O"C to + 70"C 
Digital Inputs ...................... -0.S V to +Vs Maximum Junction Temperature3 

Digital Output Current ...................... 20 mA AD90S8JD/JJ/KDIKJ .................... + 175°C 
Voltage Reference Current .................... S3 mA Storage Temperature Range ........... -6S°C to + lSO"C 
+VREF ............................... +2.S V Lead Temperature (Soldering, JO sec) ........... +300°C 

LECTRICAL CH [±Vs = ±5 V; VREF = +2 v (internal); ENCODE = 40 MSPS; A,. = 0 v to +2 V; -VREF 
E ARACJERISTICS = GROUND, unless otherwise noted.f All specifications apply to either of the two ADCs. 

Test AD9058JD/JJ AD9058KD/KJ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 
RESOLUTION 8 8 Bits 

DC ACCURACY 
Differential Nonlinearity +2s0c I 0.2S 0.6S 0.2S o.s LSB 

Full VI 0.8 0.7 LSB 
Integral Nonlinearity +2s0c I o.s 1.3 0.5 1.0 LSB 

Full VI 1.4 l.2S LSB 
No Missing Codes Full VI GUARANTEED GUARANTEED 

ANALOG INPUT 
Input Bias Current +2s0c I 7S 170 7S 170 µ.A 

Full VI 340 340 µ.A 
Input Resistance +2s0c I 12 28 12 28 k!l 
Input Capacitance +2s0c IV JO IS JO lS pF 
Analog Bandwidth +2s0c v 175 17S MHz 

REFERENCE INPUT 
Reference Ladder Resistance +is·c I 120 170 220 120 170 220 n 

Full VI 80 270 80 270 n 
Ladder Tempco Full v 0.4S 0.4S O/"C 
Reference Ladder Offset +2s0 c I 8 16 8 16 mV 

(Top) Full VI 24 24 mV 
Reference Ladder Offset +2s0c I 8 23 8 23 mV 

(Bottom) Full VI 33 33 mV 
Offset Drift Coefficient Full v so 50 µVl°C 

INTERNAL VOLTAGE REFERENCE 
Reference Voltage +2s0c I 1.95 2.0 2.20 l.9S 2.0 2.20 v 

Full VI 1.90 2.2S 1.90 2.2S v 
Temperature Coefficient Full v ISO lSO µVl°C 
Power Supply 

Rejection Ratio {PSRR) +2s0 c I JO 2S JO 2S mV/V 

SWITCHING PERFORMANCE 
Maximum Conversion Rate4 +2s0c I so 50 60 MSPS 
Aperture Delay (tA) +2s0c IV 0.1 0.8 1.5 0.1 0.8 l.S ns 
Aperture Delay Matching +2s0c IV 0.2 0.5 0.2 o.s ns 
Aperture Uncertainty (Jitter) +2s0c v JO JO ps, rms 
Output Delay (Valid) (tv)4 +25°c I 8 s 8 ns 
Output Delay (tv) Tempco Full v 16 16 psl"C 
Propagation Delay (tp0 )4 +2s0c I 12 12 19 ns 
Propagation Delay (tp0 ) Tempco Full v -16 -16 psl"C 
Output Time Skew +2S"C v 1 1 ns 

ENCODE INPUT 
Logic "1" Voltage Full VI 2 2 v 
Logic "O" Voltage Full VI 0.8 0.8 v 
Logic "1" Current Full VI 600 600 µ.A 
Logic "O" Current Full VI 1000 1000 µA 

Input Capacitance +2s0c v 5 5 pF 

Pulse Width (High) +2s0c I 8 8 ns 
Pulse Width (Low) +2s0 c I 8 8 ns 
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AD9058 
Test AD9058JD/JJ AD9058KDIKJ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
Transient Response +25°C v 2 2 ns 
Overvoltage Recovery Time +25°C v 2 2 ns 
Effective Number of Bits (ENOB)5 

Analog Input @ 2.3 MHz +25°C I 7.7 7.2 7.7 Bits 
@' 10.3 MHz +25°C I 7.4 7.1 7.4 Bits 

Signal-to-Noise Ratio5 

Analog Input@ 2.3 MHz +25°C I 48 45 48 dB 
@' 10.3 MHz +25°C I 46 44 46 dB 

Signal-to-Noise Ratio5 (Without Harmonics) 
Analog Input @ 2.3 MHz +25°C I 48 46 48 dB 

@ 10.3 MHz +25°C I 47 45 47 dB 
2nd Harmonic Distortion 

Analog Input @ 2.3 MHz +25°C I 58 48 58 dBc 
@ 10.3 MHz +25°C I 58 48 58 dBc 

3rd Harmonic Distortion 
Analog Input@ 2.3 MHz +25°C I 58 50 58 dBc 

@ 10.3 MHz +25°C I 58 50 58 dBc 
Crosstalk Rejection• +25°C IV 60 48 60 dBc 

DIGITAL OUTPUTS 
Logic "l" Voltage (IoH = 2 mA) Full VI 2.4 2.4 v 
Logic "O" Voltage (loL = 2 mA) Full VI 0.4 0.4 v 

POWER SUPPL Y7 

+Vs Supply Current Full VI 127 154 127 154 mA 
- Vs Supply Current Full VI 27 38 27 38 mA 
Power Dissipation Full VI 770 960 770 960 mW 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2For applications in which + V 5 may be applied before -V 5 , or +Vs current is not limited to 500 mA, a reverse biased clamping diode should be inserted 
between ground and -Vs to prevent destructive latch up. See section entitled "Using the AD9058." 

'Typical thermal impedances: 44-pin hermetic J-Leaded ceramic package: 01A = 86.4°CIW; 01c = 24.9°C/W; 48-pin hermetic DIP 01A = 40'CIW; 
61c = 12'C/W. 

4To achieve guaranteed conversion rate, connect each data output to ground through a 2 k!l pull-down resistor. 
'SNR performance limits for the 48-pin DIP "D" package are 1 dB less than shown. ENOB limits are degraded by 0.3 dB. SNR and ENOB measured with 
analog input signal 1 dB below full scale at specified frequency. 

"Crosstalk rejection measured with full-scale signals of different frequencies (2.3 MHz and 3.5 MHz) applied to each channel. With both signals synchronously 
encoded at 40 MSPS, isolation of the undesired frequency is measured with an FFT. 

7 Applies to both A/Ds and includes internal ladder dissipation. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 25°C. 

REV.A 

I 00% production tested at temperature extremes for 
extended temperature devices; sample tested at tem
perature extremes for commercial/industrial devices. 

ORDERING GUIDE 

Temperature Package 
Model Range Description Option* 

AD9058JJ 0°C to +70°C 44-Pin J-Leaded J-44 
Cerami ct 

AD9058KJ 0°c to +70°c 44-Pin J-Leaded J-44 
Ceramic, AC Tested 

AD9058TJ/883# -ss•c to + 12s0 c 44-Pin J-Leaded J-44 
Ceramic, AC Tested 

AD9058JD 0°c to +70°c 48-Pin Ceramic DIP D-48 
AD9058KD o•c to +70°c 48-Pin Ceramic DIP, D-48 

AC Tested 
AD9058TD/883# -55°C to + 125°C 48-Pin Ceramic DIP, D-48 

AC Tested 
AD9058/PCB 0°C to +70°C AD9058 Evaluation 

Board CJ-Lead) 

*D =Hermetic Ceramic DIP Package; J = Leaded Ceramic Package. For 
outline information see Package Information section. 

tHermetically sealed ceramic package; footprint equivalent to PLCC. 
#For specifications, refer to Analog Devices Military Products Data book. 
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AD9058 

... 
ENCODE 

D7 (1158) 

D, 

D, 

D, 

D, 

D, 

J•Lead 
Pin NUlllber 

ADC·A ADC·B Name 

3 43 +VREF 
4 42 GROUND 
5 41 +Vs 
6 40 AIN 
7 39 -Vs 
8 38 -VREF 
9 37 +Vs 
10 36 ENCODE 
11 35 D7 (MSB) 
12-17 34-29 D6-Dl 
18 28 DO (LSB) 
19 27 GROUND 
20 26 -Vs 
21 25 GROUND 
22 24 +Vs 
COMMON PINS 
1 COMP 

2 +VINT 

NC = NO CONNECT 

AD9058JJ/KJ Pinouts 

'--->---+-• DIGITAL 
BITS 

PIN DESCRIPTIONS 

Ceramic DIP 
Pin Nlllllber · 

Function ADC·A ADC·B 

Top of internal voltage reference ladder. 14 11 
Analog ground return. 15 10 
Positive 5 V analog supply voltage. 16 9 
Analog input voltage. 17 8 
Negative 5 V supply voltage. 19 6 
Bottom of internal voltage reference ladder. 20 5 
Positive 5 V digital supply voltage. 22 3 
TTL compatible convert command. 23 2 
Most significant bit of TTL digital output. 25 48 
TTL compatible digital output bits. 26-31 47-42 
Least significant bit of TTL digital output. 32 41 
Digital ground return. 
Negative 5 V supply voltage. 
Analog ground return. 
Positive S V analog supply voltage. 

Connection for external (0.1 µF) 
compensation capacitor. 
Internal + 2 V reference; can drive 
+ V REF for both ADCs. 

-v. 
-VREF 

.v, 
ENCODE 

D7 (MSB) 

D, 

D, 

D, 

D, 

+5.0V 

t 

0.1µF 

21, 24, 33 1, 4, 40 
34 39 
35 38 
36 37 

COMMON PINS 

GROUND 

ENCODE 
.v. 

GROUND 

-VREF 

-Vs,, 

NC ... 
• v. 

GROUND 
+.VAEF 

COMP 

+VINT 

+VREF 

GROUND 

.v. .,. 
NC 
-v. 

-VREF 

GRQUND 
.v, 

ENCODE 

GROUND 

12 

13 

1 

24. 

48 D7 (MSB) 

o, 
o, 
o, 
o, 
o, 
o, 
0 0 (l~B) 

GROUND 

-v. 
GROUND .v. 
+Vs 
GROUND -v. 
GROUND 
0 0 (lSB) 

o, 
o, 
o, 
o, 
o, 
a, 

25 0 7 {MSB) 

NC = NO CONNECT 

AD9058JDIKD Pinouts 

AD9058 
Do-D7' 

-lfilEF1 
_..v ___ A1N• • .. , .. , 

ENCODE··J 
+VREF 

COMP 
+Vs 

GROUND 
-Vs 

\; 
+SV 

-5.2V 

'INDICATES EACH PIN IS CONNECTED THRU 2 kQ 
' 'INDICATES EACH PIN IS CONNECTED THROUGH 100 Q 

AD9058 Equivalent Digital Outputs ' Ab9058 Equivalent Encode Circuit AD9058 Burn-In Connections 
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FEATURES 
Monolithic 10-Bit/75 MSPS Converter 
ECL Outputs 
Bipolar (±1.75 VI Analog Input 
57 dB SNR @ 2.3 MHz Input 
Low (45 pFI Input Capacitance 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Digital Oscilloscopes 
Medical· Imaging 
Professional Video 
Radar Waming/Guidance Systems 
Infrared Systems 

GENERAL DESCRIPTION 
The AD9060 AID converter is a 10-bit monolithic converter ca
pable of word rates of 75 MSPS and above. Innovative architec
ture using 512 input comparators instead of the traditional 1024 
required by other flash converters reduces input capacitance and 
improves linearity. 

Inputs and outputs are ECL-compatible, which makes the 
AD9060 the recommended choice for systems with conversion 
rates >30 MSPS, to minimize system noise. An o:vertlow bit is 
provided to indicate analog input signals greater than + V SENSE· 

Voltage sense lines are provided to insure accurate driving of the 
± V REF voltages applied to the units. Quarter-point taps on the 
resistor ladder help optimize the integral linearity of the unit. 

Either 68-pin ceramic leaded (gull wing) packages or ceramic 
LCCs are available and are specifically designed for low thermal 
impedances. Two performance grades for temperatures of both 0 
to. + 70"C and -55°C to + 125°C ranges are offered to allow the 
user to select the linearity best suited for each application. Dy
namic performance is fully characterized and production tested 
at + 25°C. MIL-STD-883 units are available. 

The AD9060 AID converter is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military 
Products Databook or current AD9060/883B data sheet for de
tailed specifications. 

This is an abridged data llaeet. To obtain the most recent version 01' 

complcle data alaeet, call our fu retrieval system at 1-800-446-6212. 

REV .. A 

10-Bit 75 MSPS 
AID Converter 

AD9060 I 
FUNCTIONAL BLOCK DIAGRAM 

Device 

AD9060JZ 
AD9060JE 
AD9060KZ 
AD9060KE 
AD9060SZ2 

AD9060SE2 

AD9060TZ2 

AD9060TE2 

AD9060/PCB 

NOTES 

...... 

... """' INVERT....., 

GROUND 

ORDERING GUIDE 

Temperature Package 
Range Option1 

0 to +70"C Z-68 
0 to +70°C E-68A 
0 to +70"C Z-68 
0 to +70"C E-68A 
-SS°C to + 125°C Z-68 
-55°C to + 125°C E-68A 
- SS°C to + 125°C Z-68 
-55°C to + 125°C E-68A 
o to +70°C Evaluati011 Board 

....... .. .. 

1E =Ceramic Leadless Chip Carrier; Z = Ceramic Leaded Chip Carrier. 
For outline information see Package Information section. 

2For specifications, refer to Analog Devices Mililmy .Products Data/wok. 

ANALOG-TO-Dl.G/TAL CONVERTERS 2-465 

• 



AD9060-·· SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

+Vs .....•.........•....... ;, .......... +6V 
-Vs ........ • ..........•.... : .......•. -6 V 
ANALOG IN ....................... -2 V to +2 V 
+VRE~> -VREF> 3/4.uiF> l/2REF• l/4REF · · · · · -2 V to +2 V 
+VREF to -VREF ....................•.. ; .. 4,0 V 
ENCODE, ENCODE ................... 0 V to -Vs 

3/~EF> l/2REF> l/4REF Current .•.....•......• ±10 mA 
Digital Output Current ...•...•••..•.•..••... 20 mA 
Operating Temperature 

AD9060JEIKE/JZ/KZ .•................ 0 to + 70"C 
Storage Temperature ................ -65°C to + l50°C 
Maximum Junction Temperature2 •••••••••••••• + l75°C 
Lead Soldering Temp (10 sec) ...........••..• +300"C 

ELECTRICAL CHARACTERISTICS ~~:~=ot:e~~~e-n~te~)3-5.2 V; ±Ysam = ±1.7S V; ENCODE= BO MSPS 

Test AD9060JE/JZ AD9060KE/KZ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 Bits 

DC ACCURACY3 

Differential Nonlinearity +25~C I 1.0 1.25 0.75 1.0 LSB 
Full VI 1.5 1.25 LSB 

Integral Nonlinearity +25°c I 1.25 2.0 1.0 1.5 LSB 
Full VI 2.5 2.0 LSB 

No Missing Codes Full VI Guaranteed 

ANALOG INPUT 
Input Bias Current4 +25°c I 0.4 1.0 0.4 1.0 mA 

Full VI 2.0 2.0 mA 
Input Resistance +25°c I 2.0 7.0 2.0 7.0 kn 
Input Capacitance4 +25°C v 45 45 pF 
Analog Bandwidth +25°c v 175 175 MHz 

REFERENCE INPUT 
Reference Ladder Resistance +25°c I 22 37 56 22 37 56 n 

Full VI 14 66 14 66 n 
Ladder Tempco Full v 0.1 0.1 nrc 
Reference Ladder Offset 

Top of Ladder +25°c I 45 90 45 90 mV 
Full VI 90 90 rnV 

Bottom of Ladder +25°C I 45 90 45 90 mV 
Full VI 90 90 mV 

Offset Drift Coefficient Full v 50 50 µV/°C 

SWITCHING PERFORMANCE 
Conversion Rate +25°C I 75 75 MSPS 
Aperture Delay ( t A) +25°c v 1 1 ns 
Aperture Uncertainty (Jitter) +25°c v 5 5 ps, rms 
Output Delay (to0 ) 5 +25°C I 2 4 9 2 4 9 ns 
Output Rise Time +25°c I l 3 1 3 ns 
Output Fall Time +25°c I 1 3 1 3 ns 
Output Time Skew5 +25°c I 1.5 3 1.5 3 ns 

DYNAMIC PERFORMANCE 
Transient Response +2s0c v 10 10 ns 
Overvoltage Recovery Time +25°C v 10 10 ns 
Effective Number of Bits (ENOB) 

fIN = 2.3 MHz +25°c I 8.7 9.1 8.7 9.1 Bits 
f1N = 10.3 MHz +25°c IV 8.0 8.6 8.0 8.6 Bits 
f1N = 29.3 MHz +25°C IV 7.0 7.4 7.0 7.4 Bits 

Signal-to-Noise Ratio6 

fIN = 2.3 MHz +25°C I 54 56 54 56 dB 
f1N = 10.3 MHz +25°c I 51 54 51 54 dB 
f1N = 29.3 MHz +25°c I 44 47 44 47 dB 
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AD9060 
Test AD9060JE/JZ AD9060KE/KZ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
(CONTINUED) 
Signal-to-Noise Ratio6 

(Without Harmonics) 
f1N = 2.3 MHz +2S°C I S4 S6 S4 S8 dB 
fIN = 10.3 MHz +2S°C I SI SS SI SS dB 
f1N = 29.3 MHz +2S°C I 46 48 46 48 dB 

Harmonic Distortion 
f1N = 2.3 MHz +2S°C I 61 6S 61 6S dBc 
f1N = 10.3 MHz +2S°C I SS S8 SS S8 dBc 
f1N = 29.3 MHz +2S°C I 47 so 47 so dBc 

Two-Tone Intermodulation 
Distortion Rejection 7 +2S°C v 70 70 dBc 

Differential Phase +2S°C v o.s o.s Degree 
Differential Gain +2S°C v I 1 % 

ENCODE INPUT 
Logic"!" Voltage Full VI -1.1 -1.1 v 
Logic "O" Voltage Full VI -1.S -1.S v 
Logic "I" Current Full VI ISO 300 ISO 300 µ.A 
Logic "O" Current Full VI ISO 300 ISO 300 µ.A 
Input Capacitance +2S°C v s s pF 
Pulse Width (High) +2S°C I 6 6 ns 
Pulse Width (Low) +2S°C I 6 6 ns 

DIGITAL OUTPUTS 
Logic "I" Voltage Full VI -1.1 -1.1 v 
Logic "O" Voltage Full VI -1.S -1.S v 

POWER SUPPLY 
+ V 5 Supply Current +2S°C VI 420 soo 420 soo mA 

Full VI soo soo mA 
-Vs Supply Current +2S°C VI lSO 180 ISO 180 mA 

Full VI 190 190 mA 
Power Dissipation +2S°C VI 2.8 3.3 2.8 3.3 w 

Full VI 3.S 3.S w 
Power Supply Rejection 

Ratio (PSRR)8 Full VI 6 10 6 10 mVN 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances (part soldered onto board): 68-pin leaded ceramic chip carrier: OJc = l'C/W; OJA= 17'C/W (no air flow); OJA= 15'C/W 
(air flow = 500 LFM). 68-pin ceramic LCC: OJc = 2.6'C/W; OJA = IS'C/W (no air flow); OJA = 13'C/W (air flow = 500 LFM). 

33/4REF' l/2REF' and 114aEF reference ladder taps are driven from de sources at +0.875 V, 0 V, and -0.875 V, respectively. Outputs terminated through 100 fl 
to -2.0 V; CL < 4 pF. Accuracy of the overflow comparator is not tested and not included in linearity specifications. 

4Measured with ANALOG IN= +VsENSE· 
'Output delay measured as worst-case time from 50% point of the rising edge of ENCODE to 50% point of the slowest rising or falling edge of 0 0-09• Output 
skew measured as worst~case difference in output delay among D0-D9• 

'RMS signal to rms noise with analog input signal 1 dB below full scale at specified frequency. 
'Intermodulation measured with analog input frequencies of 2.3 MHz and 3.0 MHz at 7 dB below full scale. 
8Measured as the ratio of the worst<ase change in transition voltage of a single comparator for a 5% change in + V 5 or -V 5 • 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 

I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 

REV.A 

V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25°C. 

100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper
ature extremes for commercial/industrial devices. 
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AD9060 

Pin No. 

2, 16, 28, 29, 35, 
41, 42, 54, 64 

3, 6, 15, 30, 33, 34, 
37, 40, 65, 68 

4, 5, 17, 18, 25, 27, 
31, 32, 36, 38, 39, 43, 
45, 52, 53, 66, 67 

7 

8, 9 

11 

12 

13 

14 

19-23, 46-50 

51 

56 

57 

59 

61 

63 

NC 
+VseNSE 

+VAEF 

ENCODE 
ENCODE 

+Vs 
-Vs 

GND 
GND 

(LSB) D0 

D, 
D, 
D, 
D, 

NC 
GND 

NC 

AD9060 
TOP VIEW 

(Not to scale) 

NC 
LSBslNVERT 
NC 
-VSENsE 
-VAEF 
NC 
-Vs 
GND 
GND 
OVERFLOW 
D9 (MSB) 

De 
D, 
D, 
D, 
GND 
NC 

AD9060 Pin Designations 

AD9060 PIN DESCRIPTIONS 

Name 

+Vs 

GROUND 

3/4REF 

ANALOG IN 

+VsENSE 

ENCODE 

ENCODE 

-VREF 

-VSENSE 

LSBs INVERT 

MSB INVERT 

l/~EF 

Function 

Midpoint of internal reference ladder. 

Negative supply voltage; nominally -5.2 V ±5%. 

Positive supply voltage; nominally +5 V ±5%. 

All ground pins should be connected together and to low
impedance ground plane. 

Three-quarter point of internal reference ladder. 

Analog input; nominally between ±1.75 V. 

Voltage .sense line to most positive point on internal rellistor 
ladder. Normally + 1.75 V. 

Voltage force connection for top of internal reference ladder. 
Normally driven to provide +1.75 Vat +VsENSE·. 

Differential ECL convert signal which starts digitizing process. 

EGL-compatible convert command used to begin digitizing 
process. 

EGL-compatible digital output data. 

EGL-compatible output indicating ANALOG IN > 
+VsENSE• 

Voltage force connection for bottom of internal reference 
ladder. Normally driven to provide -1.75 Vat -VsENSE· 
Voltage sense line to most negative point on internal resistor 
ladder. Normally -1.75 V. 

Normally grounded •. When connected to +Vs• lower order 
bits (D0-D8) are inverted. Not ECL"compatible. 

Normally grounded. When connected to +Vs, most 
significant bit (MSB; D9)is inverted. Not EGL-compatible. 

One-quarter point of internal reference ladder. 

2-468 ANALOG-TO-DIGITAL CONVERTERS REV.A 



D/A Converters 
Contents 

Page 

Selection Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3 

Selection Guides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9 

AD420- Serial Input 16-Bit 4-20 mA, 0-20 mA DAC ................................................... 3-15 

AD557 - DACPORT Low Cost, Complete µP-Compatible 8-Bit DAC ..................................... . 3-24 

AD558 - DACPORT Low Cost, Complete µP-Compatible 8-Bit DAC ..................................... . 3-26 

AD565A/AD566A- High Speed 12-Bit Monolithic DIA Converters ........................................ . 3-29 

AD568 - 12-Bit Ultrahigh Speed Monolithic DIA Converter ............................................. . 3-35 

AD569 - 16-Bit Monotonic Voltage Output DIA Converter .............................................. . 3-38 

AD660 - Monolithic 16-Bit Serial/Byte DACPORT .................................................... . 3-42 

AD664- Monolithic 12-Bit Quad DAC ............................................................. . 3-54 

AD667 - Microprocessor-Compatible 12-Bit DIA Converter ............................................. . 3-'59 

AD668 - 12-Bit Ultrahigh Speed Multiplying DIA Converter ............................................. . 3-63 

AD669- Monolithic 16-Bit DACPORT ............................................................. . 3-67 

AD760 - 16-Bit Self-Calibrating Serial/Byte DACPORT ................................................ . 3-71 

AD766 - 16-Bit DSP DACPORT ............................................................. , .... . 3-83 

AD767 - Microprocessor-Compatible 12-Bit DIA Converter ............................................. . 3-86 

AD768 16-Bit, 32 MSPS Low Glitch DIA Converter .............................................. , ... . 3-89 

AD711 l/AD7111A- LC2MOS LOGDAC Logarithmic DIA Converter ....................................... 3-93 

AD7112 - LC2MOS LOGDAC Dual Logarithmic DIA Converter .......................................... 3-99 

AD7224-LC2MOS 8-Bit DAC with Output Amplifier ................................................. 3-107 

AD7225 - LC2MOS Quad 8-Bit DAC with Separate Reference Inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-111 

AD7226 - LC2MOS Quad 8-Bit DIA Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-115 

AD7228A-LC2MOS Octal 8-Bit DAC ............................................................. 3-119 

AD7233 - LC2MOS 12-Bit Serial Mini-DIP DACPORT ................................................ 3-123 

AD7237A/AD7247A- LC2MOS Dual 12-Bit DACPORTs .............................................. 3-127 

AD7242/AD7244 - LC2MOS Dual Complete 12-Bit/14-Bit Serial DACs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-133 

AD7243 -LC2MOS 12-Bit Serial DACPORT ........................................................ 3-137 

AD7245A/AD7248A- LC2MOS 12-Bit DACPORTs ................................................... 3-141 

AD7249 - LC2MOS Dual 12-Bit Serial DACPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-147 

AD7524 - CMOS 8-Bit Buffered Multiplying DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-159 

AD7528 - CMOS Dual 8-Bit Buffered Multiplying DAC ................................................ 3-163 

AD7537/AD7547 LC2MOS Dual 12-Bit DACs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-167 

AD7538 - LC2MOS µP-Compatible 14-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-173 

AD7564- LC2MOS +3.3 V/+5 V Quad 12-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-177 

AD7568 - LC2MOS Octal 12-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-185 

AD7628 - CMOS Dual 8-Bit Buffered Multiplying DAC ................................................ 3-191 

AD7804/AD7808 - 5 V/3.3 V Quad and Octal 10-Bit DACs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-195 

AD7837/AD7847 - LC2MOS Complete Dual 12-Bit MDACs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-205 

AD7840-LC2MOS Complete 14-Bit DAC .......................................................... 3-209 

AD7845 - LC2MOS Complete 12-Bit Multiplying DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-213 

AD7846 - LC2MOS 16-Bit Voltage Output DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-217 

AD7849 - Serial Input, 14-Bit/16-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-221 

AD7943/AD7945/AD7948 - +3.3 V/+5 V Multiplying 12-Bit DACs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-227 

AD8522 - +5 Volt, Serial Input, Dual 12-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-241 

DIGITAL-TO-ANALOG CONVERTERS 3-1 

Ill 



Page 

AD8582 - +5 Volt, Parallel Input Complete Dual 12-Bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3--245 

AD8600 - 16-Channel, 8-Bit Multiplying DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-253 

AD8842 - 8-Bit Octal, 4-Quadrant Multiplying, CMOS TrimDAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-257 

AD9701 - 250 MSPS Video Digital-to-Analog Converter . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 3-261 

AD9712BIAD9713B - 12-Bit, 100 MSPS DIA Converters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-264 

AD9720IAD9721 - 10-Bit, 400 MSPS DIA Converters .....................•........................... 3-272 

AD9768 - Ultrahigh Speed IC DIA Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-279 

AD75004- Quad 12-Bit DIA Converter ............................................................. 3-281 

AD DAC801AD DAC851AD DAC87 - Complete Low Cost 12-Bit DIA Converters . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-285 

DAC08 - 8-Bit High Speed Multiplying DIA Converter (Universal Digital Logic Interface) ...................... 3-290 

DAC16 - 16-Bit High Speed Current-Output DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-293 

DAC312 - 12-Bit High Speed Multiplying DIA Converter ............................................... 3-305 

DAC8043 - 12-Bit Serial Input Multiplying CMOS DIA Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-308 

DAC8221 - Dual 12-Bit Buffered Multiplying CMOS DIA Converter ...................................... 3-311 

DAC8222 - Dual 12-Bit Double-Buffered Multiplying CMOS DIA Converter ................................ 3-315 

DAC8228 - Dual 8-Bit CMOS DIA Converter with Voltage Output ....................................... 3-318 

DAC8229 - Dual 8-Bit CMOS DIA Converter with Voltage Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-322 

DAC8248 - Dual 12-Bit (8-Bit Byte) Double-Buffered CMOS DIA Converter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-325 

DAC8408 - Quad 8-Bit Multiplying CMOS DIA Converter with Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-329 

DAC8412/DAC8413 - Quad 12-Bit DAC Voltage Output with Readback ............................ ' ...... 3-333 

DAC8420 - Quad 12-Bit Serial Voltage-Output DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-337 

DAC8426 - Quad 8,Bit Voltage Out CMOS DAC Complete with Internal 10 V Reference ...................... 3-352 

DAC8512- +5 V, Serial Input Complete 12-Bit DAC .................................................. 3-356 

DAC8562 - +5 Volt, Parallel Input Complete 12-Bit DAC . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-375 

DAC8800 - Octal 8-Bit CMOS DIA Converter ....................................................... , 3-390 

DAC8840 - 8-Bit Octal 4-Quadrant Multiplying CMOS TrimDAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-393 

3-2 DIGITAL-TO-ANALOG CONVERTERS 



§ 
~ 
r-

~ 
:):,. 

~ 
r-
0 
G) 

~ 
rii 
:JJ 
iT1 
~ 

~ 
"' 

'1t:=n:a;uu11 11 t:t:~ - u1gne:11-Lu-Ane:11og 1,,onveners 

DIGITAL-TO-ANALOG 
CONVERTERS 

I I 
l 

I 
•LOW POWER 

COMPLETE DACS TRUE 
(CMOS) 

SIGNAL SUPPLY 
• No Output Amplifier • With On-Chip Amplifier 

• No On-Chip Reference • With On-Chip Reference 

• 4 Quad/Multiplying • Require Multiple Supplies 

Without On-Chip V REF J 

SPECIAL PURPOSE t--

• FastD/A 

• DDS Functions 

• Video Graphics DACs 

• Audio DACs 

• LOGDACs (LOGDAC®) 

LOGDAC is a registered trademark of Analog Devices, Inc. 

DIGITAL-TO-DIGITAL 
CONVERTERS 

J 
STEREO ASYNCHRONOUS 

SAMPLE RATE 
CONVERTERS 

I 
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AD752•l (8-Bit I/ 0). 

~~ 
AD7943 (Serial, Fast 1/0) 
AD7945 (Latched, Fast 1/0) 
AD7948 (8-Bitl/0,Fastl/0) 
DAC8043 (Serial) 

LG~ 
AD7538 (14-Bit 1/0) 

NOTES 
'All are inverted R/2R :ladders, except as noted. 
'RIB = Readback feature. 
'Voltage switching ladder. 

DIA CONVERTERS 
LOWPOWER1 

DUAL 

8-Bit 

AD7528 . (Not TTL@ + 15 V) 
AD7628 (TTL@ + 15 V) 

Li --- l;~it -- 1 

AD7537 (8-Bit 1/0) 
AD7547 (12-Bit 1/0) 
DAC8221 (12-Bit 1/0) 
DAC8222 (12-Bit 1/0, R/B)2 

DAC8248 (8-Bit 1/0) 

QUAD 

8-Bit 

DAC8408 

12-Bit 

AD7564 (Serial) 

OCTAL 

8-Bit 

DAC8800 (Serial)' 

12-Bit 

AD7568 (Serial) 
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WITH 
ON-CHIP REFERENCE 

SINGLE 

8-Bit 

AD7248A (8-Bit I/0) 

1---1 12-Bit I 
I 

AD667 (12-Bit I/0) 
AD767 (12-Bit I/0) 
AD7233 (Serial) 
AD7243 (Serial) 
AD7245A (12-Bit I/0) 
AD DAC80/85/87 

14-Bit 

AD7840 (14-Bit I/0) 

16-Bit 

AD420 (4-20 mA Output) 
AD766 (Serial) 
AD660 (Serial) 
AD669 (16-Bit I/0) 
AD760 (Self-Calibrating) 

COMPLETE VOLTAGE OUTPUT 
DIA CONVERTERS 

WITHOUT 
ON-CHIP REFERENCE 

DUAL 

12-Bit 

AD7237 A (8-Bit I/0) 
AD7247 A (12-Bit I/0) 
AD7242 (Serial) 
AD7249 (Serial) 

14-Bit 

AD7244 (Serial) 

QUAD 

8-Bit 

DAC8426 (8-Bit I/O) 

10-Bit 

AD7804 

12-Bit 

AD664 (4/8/12-Bit I/0) 
AD75004 (12-Bit I/0) 

OCTAL 

10-Bit 

AD7808 

SINGLE 

8-Bit 

AD7224 (8-Bit I/O) 

12-Bit 

AD7845 (12-Bit I/0) 

DUAL 

8-Bit 

DAC8229 (8-Bit I/O) 

QUAD 

8-Bit 

16-Bit 

AD7846 (16-Bit I/0) 

12-Bit 

AD7837 (8-Bit I/0) 
AD7847 (12-Bit I/0) 

AD7226 (8-Bit I/ 0, 1 V REF Input) 
DAC8840 (Serial I/0) 

12-Bit 

DAC8412 (12-Bit I/0, Readback, Reset Midscale) 
DAC8413 (12-Bit I/0, Readback, Reset Zero Scale) 
DAC8420 (Serial) 

OCTAL 

DAC8840 (4 QM/Serial) 
DAC8842 (2 QM/Serial) 

I 
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NOTES 

.___7_-_1J~ 
AD557 {+5 V, 8-Bifl/0) 

---;;~ 
AD558 (+5/15 V, 8-Bit I/0) 
AD7224 ( + 15 V, 8-Bit I/ 0) 

~~ 
. AD7243 (+12/15 V, Serial) 
AD7248A ( + 12 V, 8-Bit I/ 0) 
DAC8512 ( +5 V, Serial) 
DAC8562 ( +5 V, Parallel) 

~~ 
AD420 (.+ 12/36 V, Serial, 4-20 mA) 
AD7849 (+5 V, Serial) 

'Readback, reset to midscale 
'Readback, reset to zero scale 

. TRUE SINGLE 
SUPPLY 

DUAL 

8-Bit 

DAC8228 (+12/15 V, 8-Bit I/0) 

12-Bit 

AD7237 A ( + 15 V, 8-Bit I/ 0) 
AD7247A (+ 15 V, 12-Bit I/ 0) 
AD8522 (+5 V, Serial) 
AD8582 ( +5 V, Parallel) 

QUAD 

8-Bit 

AD7225 (+15 v, 8-Bit I/0, 4 VREF) 

AD7226 ( + 15 v, 8-Bit I/ 0, 1 v REF) 

12-Bit 

DAC8412 (12-Bit I/0)1 

DAC8413(12-Bit1/0)2 

DAC8420 (+5 V, Serial) 

OCTAL 

8-Bit 

AD7228/ AD7228A (+15 V, 8-Bit 1/0) 

16CHANNEL 

AD8600 (+5 V, 8-Bitl/0) 
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SPECIAL PURPOSE 
DACS 

FASTD/A 

SINGLE 
(BIPOLAR) 

8-Bit 

AD9701 (250 MSPS) 
AD9768 (20 ns) 
DAC08 (885 ns) 

1----i 10-Bit I 
AD9720 (ECL) 
AD9721 (TTL, 10 ns) 

12-Bit 

AD9712B (ECL) 
AD9713B (TTL, 30 ns) 
AD568 (35 ns) 
AD668 (120 ns) 
AD565A (350 ns w I ref) 
AD566A (350 ns) 
DAC312 (250 ns) 

16-Bit 

AD569 (4 Quadrant Multiplying) 
AD768 (35 MSPS, Low Glitch) 
DAC16 (300 ns) 

12-Bit 

AD7943 (Serial I/O, 300 ns) 
AD7945 (12-Bit I/O, 300 ns) 
AD7948 (8-Bit I/O, 300 ns) 

10-Bit 

AD7008 (50 MHz, 
On-Board 10-Bit DI A) 

Bipolar 

12-Bit 

AD9955 (85 MHz) 

• 
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Selection Trees__. Digital-to-Analog Converters 

SPECIAL PURPOSE 
DACS 

AUDIO 
FUNCTION 

LOGDACS 

Single 

AD7111 (0.375 dB Res) 

AD7111A (0.375 dB Res) 

Dual 

AD7112 (Dual AD7111A) 
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Selection Guides-Digital-to-Analog Converters 
Single DACs, Voltage Output 

Settling 
Time Bus Reference 

Res µs Interface Volt Package Temp 
Model Bits typ Bits1 Int/Ext (Mf Options3 Ranges4 Comments Page5 

AD557 8 0.8 8, µP Int N,P c Lowest Cost 8-Bit DACPORT®; Single +5 V Supply 3-24 
AD7569 8 1.0 8oo1tP Int E, N, P, Q, R C, I, M/0 CMOS, Complete 8-Bit DAC/ADC/SHNReference CII 8-7 
AD558 8 3.0 8,µP Int D,E,N,P C,M/0 10 V Out DACPORT, Single or Dual Supply 3-26 
AD7224 8 5.0 (max) 8,µP 2-12.5 V, Ext E, N, P,Q,R C, I, Mis CMOS, Low Cost 8-Bit DAC 3-107 
AD7848 12 2.5 12, µP Int (+3 V), Ext N,P,Q C,I CMOS, Complete 12-Bit DAC with 8-Word FIFO CI 2-735 
AD7845 12 2.5 12, µP Ext (M) E,N,P,Q,R C, I, Min CMOS, 12-Bit Multiplying DAC with Output Amplifier ?-213 
AD667 12- 3.0 4/8/12, µP 10 V, Int D,E,N,P C, I, M/08 Highest Accuracy Complete 12-Bit DAC 3-59 
AD767 12 3.0 12, µP 10 v, Int D,N C, I, Mins Fastest Interface Complete 12-Bit DAC H6 
AD DACS0/85/87 12 3 12 Int ( 6.3 V), Ext D,N C,I,M General Purpose 12-Bit DAC 3-285 
AD7233 12 10 (max) Serial, µP Int N I Smallest 12-Bit Serial DACPORT (8-Pin) 3-123 

Bipolar ±5 V Output Range 
AD7243 12 10 (max) Serial Int ( +5 V), Ext N,Q,R I,M/0 Low Cost 12-Bit Serial DACPORT in 16-Pin SOP 3-137 
AD7245A 12 10 (max) 12, µP 5 V, Int E, N, P,Q,R C, I, M/0 Faster Interface, 12 V and 15 V AD7245 3-141 
AD7248A 12 10 (max) 8, µP 5 V, Int N,P,Q,R C, I, M/0 Faster Interface, 12 V and 15 V AD7248 3-141 
DAC8512 12 16 Serial, µP Int N,R I 5 Volt Supply, Complete 12-Bit DAC, Serial Input 3-356 
DAC8562 12 16 12, µP Int (2.5 V) N,R l,M- 5 Volt Supply, Complete 12-Bit DAC, Parallel Input 3-375 
AD7840 14 2.0 14/Serial, µP Int (+3 V), Ext N,P,Q C, I, M/0 CMOS, 14-Bit Complete DAC, Parallel or Serial Load 3-209 
AD7849 14/16 7 (max) Serial, µP Ext (M) N,Q,R I,M High Accuracy Multiplying DAC, Serial Input 3-221 
AD766 16 1.5 Serial, µP Int D,N C,I,M Zero-Chip Interface 16-Bit DSP DACPORT H3 
AD1851 16 1.5 Serial, µP Int N,R c 16-Bit, 16 x F8 PCM Audio DAC CI 2-173 
AD760 16 8 8/Serial, µP Int ( + 10 V), Ext N,P,Q I,M 16-Bit Self-Calibrating High Accuracy DACPORT 3-71 
AD569 16 3.0 8/16, µP ±5 V, Ext(M) D,N I,M Monolithic, 16-Bit Monotonic DAC 3-38 
AD7846 16 6 16, µP Ext (M) D,E,N,P C, I, M/0 CMOS, 16-Bit Multiplying DAC with Readback 3-217 

Capability 
AD660 16 8 Serial, 8 10 V, Int N,Q,R I,M Monolithic, Complete Serial/Byte l/P 16-Bit DAC 3-42 
AD669 16 8 16, µP 10 V, Int N,Q,R I,M Monolithic, Complete 16-Bit DAC 3-67 
AD186l 18 1.5 Serial Int N,R c 18-Bit, 16 x F8 PCM Audio DAC CI 2-173 
AD1139 18 40 18, µP -10 v, Int D c True 18-Bit Accuracy CI 2-167 

'Tills column lists the data format for the bus with "µ.P" indicating microprocessor capability-i.e., for a 12-bit converter 8/12, µ.P indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bitS) and is microprocessor compatible. 

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'Package Options: D =Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P =Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Tbin Small Outline Package; W = Nonhermetic CeramidGJass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C =Commercial, O"C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25"C to +85"C); M =Military, -55°C to+ 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, ands for space level. 

'CI = Data ComJerter Reference Manual, Volume I; CII =Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface type: data sheet information in this volume. 
DACPORT is a registered trademark of Analog Devices, Inc. 

I 



~ Selection Guiides-Digital-to-Analog Converters 0 

S! Single DACs, Current Output ~ 
:;;! Settlhig ,... 
a Time Bus Ref~nce 

Res Jl.S Interface Volt Package ·Temp 
:J:,. Model Bits typ Bits1 Int/Ext (M)2 Options3 Ranges4 Comments Page5 

~ AD9768 8 0.005 8, p.P -1.26 V, Int D,E C,M Ultralllgh Speed, ECL COmpatioie, 211 mA Output Current 3-279 ,... 
0 AD9io1 8 0.008 8, p.P Int . E,Q I,M 250 MSPS Video DAC 3-261 
C) 

DAC08 8 0.085 8 Ext (M) E,N,Q,R C, I, M/JDS 8-Bit High Speed MultiPlying DAC 3-290 
8 AD7524 8 0.10 8, p.P Ext(M) E,N,P,Q,R C, I, MID CMOS, Low·Cost, 8-Bit MultiPlying DAC with Latch 3-159 
<: AD9720 10 0.01 10 Int E,N,Q,R C,M Ultrahigh Speed, ECL Com_patible, Low Power, 10 pV-s Glitch 3-272 
~ ·AD9721 10 0.01 10 Int E,N,Q,R C,M Ultrahigh-Speed, TTL Compatible, Low Power, 10 pV-s Glitch 3-272 
:Q 

AD561 10 0.25 10 Int D,N c, Mf1 Industry Standard 10-Bit DAC, JAN Part-Available CI 2.,-55 
ffi DAClOO 10 0.300 10 6.6 V, Int Q C, I, Mis 10-Bit Current Output DAC Cl 2-945 
Cl) DAC86 10 0.500 10 . Ext (M) Q I COMDAC Companding PAC (U-255. Law) D 

AD7533 10 o,60 10 Ext (M) E,N,P,Q,R· C,I,M/ CMOS, Low Cost, 10-Bit Multiplying DAC CI 2-439 
AD9712B 12 . 0.022 12 . Int -E,N,P,Q C,M ·ECL Compatible, 25 pV-s Glitch, Oc.5 LSB DNL Typ 3-264 
AD9713B 12 0.027 12 int E,N,P,Q C,M TTL Compatible, 25 pV-s Glitch, 0.5 LSB DNL Typ H64 
AD568 12 0.035 12 Int E,Q C,M/D Highest Accuracy 12-Bit Ultrahigh Speed DAC. 3-35 
AD66il 12 0.05 12 Ext (M) Q C,M/ Multiplying 12-Bit Ultrahigh Speed DAC H3 
AD565A 12 0.25 12 lOV, Int D,R _C, Ml1s _Industry Workhorse High Speed, JAN Part Available 3-29 
DAc8o43 ll 0.25 Serial, p.P Ext (M) N,Q C,I,M/ . 8-Pin DIP Serial Input 12-Bit CMOS MultipJying DAC 3-308 
AD7542 12 0:25 4, µ.P Ext(M) E,N,P,Q C, l,M/ CMOS, Nibble Load 12-Bit Multiplying DAC Cl 2-525 
DAC312 12 0.25 12 Ext(M) N,Q,R C,Mfs L6'V Cost, High Speed 12-Bit Multiplying DAC . 3-305 
AD566A 12 0.35 12 10 V, Ext D C,M/ High Speed DAC 3-29 
AD7543 12 0.35 Serial, µ.P Ext (M) D,E,N,P,Q,R C,I,M/ CMOS, Serial Load 12:Bit Multiplying DAC c12-545 
DAC8143 12 0.38 Serial, µ.P Ext (M) N,Q,R I, Mis CMOS, Serial Load 12-Bit Multiplying DAC, Daisy Chain CI 2-987 
AD7943 12 0.6 Serial Ext(M) N,R,RS I 3 to 5 Volt.Supply Multiplying DAC, Serial _ 3-227 
AD7945 12 0.6 12, p.P Ext(M) N,Q,R,RS I,M 3 to 5 Volt Supply Multiplying DAC, 12-Bit Bus 3-227 
AD7948 12 0.6 8, p.P Ext.(M) N,R,RS I 3 to S Volt Supply Multiplying DAC, 8-Bit Bus' 3-227 
AD7541A 12 0.60 12 Ext (M) E,N,P,Q C, I, Min CMOS, 12-Bit Multiplying DAC · CI Z-507 
DAC8012 12 1.0 12, µ.P Ext (M) N,P,Q C,I, Ml 12·Bit CMOS DAC with Memory and Readback Cl-i-967 
AD7548 12 1.0 8, µ.P Ext(M) E,N,P,Q,R C,I,M/ CMOS, Byte Load 12-Bit PAC, Single or Dual Supply Cl Z-,601 
AD562 12 1.5 12 Ext D C, _I, M/JS Industry Standard, JAN Part Availal:>I!: CI 2-59 
AD563 12 1.5 12 2.5 V, Int D C,M/8 Industry Standard CI 2~59 
AD7545A 12 1.0 . 12, µ.P Ext(M) E,N,P,Q C,I,M/ CMOS, Improved AD7545 Cl 2-585 
AD7534 14 1.5 8, µ.P Ext (M) N,P,Q C, I, Ml CMOS, Byte Load CI 2-455 
AD7535 14 1.5 8/14, µ.P Ext (M) E,N,P,Q C, I, Min CMOS, Parallel or Byte Load Cl 2-467 
AD7536 14 1.5 8/14, µ.P Ext (M) E,N,P,Q C, I, Ml CMOS, Parallel or Byte Load, Bipolar Output CI 2-479 
AD7538 14 1.5 14, p.P Ext(M) N,Q,R C,I,M CMOS, Parallel Load 3-173 
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Settling 
Time Bus Reference 

Res µs Interface Volt Package Temp 
Model Bits typ Bits1 Int/Ext (M)2 Options3 Ranges4 Comments Page5 

AD768 16 0.025 16, µP Int (+2.5 V) R I 32 MSPS, 16-Bit, Low Glitch for Waveform Synthesis 3--89 
AD1851 16 1.5 Serial Int N,R c 16-Bit 16 x Fs PCM Audio DAC CI 2-173 
DAC16 16 0.5 16 Ext (M) D,E,N,R 1,M 16-Bit High Speed Multiplying DAC 3-293 
AD420 16 2500 Serial Int ( +5 V), Ext N,R I Complete Digital to 4-20 mA Loop Controller 3-15 
ADl861 18 1.5 Serial Int N,R c 18-Bit 16 x Fs PCM Audio DAC CI 2-173 
AD1862 20 0.35 Serial Int N c 20-Bit Audio DAC CI 2-203 

1This column lists the data format for the bus with "µP" indicating microprocessor capability-Le., for a 12-bit converter 8/12, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel 
(12 bits) and is microprocessor compatible. 

2Ext indicates external reference w_ith the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = }-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C = Commercial, O'C to + 70'C; I = Industrial, -40'C to +8S'C (Some older products -25'C to +85'C); M = Military, -5S'C to + 12S'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

'CI = Data Converter Reference Manual, Volume I; D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

II 
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Multiple DACs, Voltage Output § 
~ 
r- Settling Bus Reference 

~ Res Time Interface Voltage #of Package "Temp 
:t... Model Bits jl.S ltyp Bits1 Int/Ext2 DACs Options3 Ranges4 Comments Page5 

~ AD7669 8 1.0 8, µ.P Int 2 N,P,R C,I,M CMOS, Complete 8-Bit Dual CH 8-7 r-
DAC/ADC/SHA/Reference 0 

C) AD8600 8 2 8, µP Ext, 2.5 v 16 p I 16-Channel, 8-Bit Multiplying DAC 3-253 
("') DAC8229 8 2.0 8,µP Ext (M) 2 N,P,R I, Ml CMOS, Single or Dual Supply 3-322 0 
~ Operation 
~ AD7769 8 2.5 8, µ.P Ext 2 N,P C,l CMOS, Complete 8-Bit Dual DAC/ CH 8-27 
::u 2-Channel ADC 

i DAC8426 8 3.0 8,µP 10 V, Int 4 · N,Q,R I,M CMOS, Complete with 10 V Reference, 3-352 
Improved Timing 

PM7226A 8 3.0 8, µ.P Ext (M) 4 N,Q,R l,M CMOS, Improved Timing, Specified CI 2-303 
for +5 V to +15 V Operation 

AD7226 8 3.0 8, µP :Z..:.12.5 V, Ext 8 E,N,P,Q,R C,1,M/0 CMOS, No User Trims, Specified 3-115 
with Single or Dual Supplies 

AD7225 8 5.0 (max) 8, µP :Z..:.12.5 v, Ext 4 E,N,P,Q,R C,l,M/0 CMOS, Separate References for 3-111 
EachDAC 

DACSSOO 8 0.8 . '8, Serial DC,Ext 8 N,Q,R C,I,M/ Octal 8-Bit CMOS DAC (TrimDAC®) 3-390 
DAC8840 8 3.5 Serial Ext(M) 8 N,Q,R I,M CMOS, Four-Quadrant Myltiplying. 3-393 

TrimDACs with Op Amps, 8 Channel 
DAC8841 8 3;5 Serial Ext (M) 8 N,Q,R I,M OctaI 8-Bit, Two Quadrant, Multiplying CIZ-1131 

TrimDAC, +5 V Operation 
AD7228A 8 s.o (max) 8, µP :Z..:.10 V, Ext 8 N,P,Q,R C,I,M CMOS, Specified for Single or Dual 3-119 

Supply, 5 V to 15 V Skinny 24-Piri SOP/DIP 
DAC8228 8 2 8,µP Ext (M) 2 N,Q,R I Dual 8-Bit Multiplying DAC 3-318 
AD8842 8 4 Serial, µP Ext(M) 8 N,R I Octal 8-Bit Multiplying TrimDAC 3-257 
AD75004 12 2 8,µP 5 V, Int 4 N,P c Fastest Quad 12-Bit Voltage Output 3-281 

DACPORT 
AD7242 12 2 Serial, µP 3 V, Int 2 N,Q,R C,I Complete ±5 V 12-Bit Dual DAC 3-133. 
AD390 12 4 12, µ.P 10 V, Int 4 D C,Ml0 l)Quble Buffered, Simultaneous Update CI i-23 
AD7249 12 10 (max) Serial, µP Int < +5 V), Ext 2 N,Q,R I,M Complete 12-Bit Dii8I DAC, Serial Input 3-147 
AD7837 12 5 8, µP Ext (M) 2 N,Q,R C,I,M CMOS, MDAC, Byte Load,, Double. Buffered 3-205 
AD7847 i2 5 12, µP Ext (M) 2 N,Q,R C,I,M . CMOS, MDAC, Parallel Load 3-205 
DAC8412 12 6 12, µP 'Ext 4 D,E,N,P,Q I,M/ Readback, Reset to Midscale, Low Power 3-333 

Quad DAC, +5 V to ±15 V Operation 
DAC8413 12 6 12, µP Ext 4 D,E,N,P,Q I,M/ Equivalent to DAC8412 with Reset to 3-337 

Zero Scale 
DAC8420 12 6 Serial Ext 4 N,Q,R I,M BiCMOS, Equivalent to 841218413 with Serial 3-337 

5 V, Int 
Interface in 16-Pin Package 

AD75089 12 8 12 8 p c Monolithic Octal 12-Bit Voltage Output CI 2-777 
DACPORT 
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Settling Bus Reference 
Res Time Interface Voltage #of Package Temp 

Model Bits µs typ Bits1 IntJExt2 DA Cs Options3 Ranges4 Comments Page5 

AD7237A 12 10 (max) 8, µP Int ( +5 V), Ext 2 N,Q,R C,I CMOS, Complete 12-Bit Dual DAC, 3-127 
12 V-15 V Supplies 

AD7247A 12 10 (max) 12, µP Int ( +5 V), Ext 2 N,Q,R C,I Same as AD7237 A, Except 8+4 Interface 3-127 
AD8522 12 16 Serial, µP Int (+2.5 V) 2 N,R I Complete 12-Bit Dual DAC, 5 V Supply, 3-241 

Serial 
AD8582 12 16 12, µP Int (+2.5 V) 2 N,R I Complete 12-Bit Dual DAC, 5 V Supply, 3-245 

Parallel 
AD664 12 10 12, µP Ext (M) 4 D,E,N,P C, I, M/0 Readback, Reset, Low Power Quad DAC 3-54 
AD394 12 10 12, µP Ext (M) 4 D C,M/0 Four Independent Reference Inputs, CI 2-31 

Bipolar Outputs 
AD7244 14 2 Serial, µP +3 V, Int 2 N,Q,R C,I,M Complete ±5 V 14-Bit Dual DAC 3-107 
AD1866 16 1.5 Serial Int 2 N,R I Dual 16-Bit Audio DAC, +5 V Single Supply CI 2-235 
AD1865 18 1.5 Serial Int 2 N,R c Dual 18-Bit, 16 x F8 PCM Audio DAC CI 2-225 
AD1868 18 1.5 Serial Int 2 N,R c Dual 18-Bit Audio DAC, +5 V Single Supply CI 2-237 

1This column lists the data format for the bus with "µP" indicating microprocessor capability-Le., for a 12-bit converter 8/12, µP indicates that the data can be formatted for an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the 
reference is pinned out. 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J·Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single·ln·Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

'CI= Data Converter Reference Manual, Volume I; CII =Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface type: Data sheet information in this volume. 
TrimDAC is a registered trademark of Analog Devices, Inc. 
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Selection Guides-Digital-to-Analog Converters 
Multiple DACs, Current Output 

Settling Bus Reference 
Res Time Interface Voltage #of Package Temp 

Model Bits µs typ Bits1 Int/Ext2 DA Cs Options3 Ranges4 Comments Page5 

AD7528 8 0.18 8, µP Ext (M) 2 E,N,P,Q,R C, I, M/0 CMOS, +5 V to + 15 V Operation, TTL 3-163 
Compatible at V00 = +5 V 

DAC8408 8 0.19 8, µP Ext (M) 4 N,P,Q,R C, I, M/0 CMOS, Data Readback Memory Function, 3-329 
Separate V REF 

PM7628 8 0.20 8, µP Ext (M) 2 E, N, P, Q, R I, Ml CMOS, +5 V or + 15 V Operation, CI 2-665 
Improved Timing 

AD7628 8 035 8, µP Ext (M) 2 E,N,P,Q,R C, I, Ml CMOS, + 12 V to + 15 V Operation, TTL 3-191 
Compatible at V 00 = 12 V to 15 V 

DAC8221 12 0.45 12, µP Ext (M) 2 E,N,Q,R C, I, Mf0 s CMOS, Buffered Inputs, +5 V Operation 3-311 
AD7568 12 0.2 Serial, µP Ext (M) 8 P, S I Single +5 V Supply, Separate References, 3-185 

44-Pin PQFP and PLCC 
AD7564 12 0.5 Serial, µP Ext (M) 4 N,R I Quad 12-Bit Multiplying DAC, 5 V Supply 3-177 
DAC8222 12 1.0 (max) 12, µP Ext (M) 2 E,N,Q,R C, I, Ml0 s CMOS, Double Buffered Inputs, Parallel Load 3-315 
DAC8248 12 1.0 (max) 8,µP Ext (M) 2 N,Q,R C, I, Ml CMOS, Double Buffered Inputs, Byte Load 3-325 
AD7537 12 1.5 (max) 8, µP Ext (M) 2 E,N,J,>,Q,R C, I, M/0 CMOS, Byte Load, Double Buffered 3-167 
AD7547 12 1.5 (max) 12, µP Ext (M) 2 E, N, P, Q, R C, I, M/0 CMOS, Parallel Load 3-167 
AD7549 12 1.5 (max) 4, µP Ext(M) 2 E,N,P,.Q c, I,.M/D CMOS, Nibble Loacl, Double Buffered CI 2-629 
AD1865 18 Serial, µP Int 2 N c Dual 18-Bit, 16 x F8 PCM Audio DAC CI 2-225 

LOGDACs® 
Res Full-Scale Accuracy Package Temp 

Model dB Range dB dB Options3 Ranges4 Comments Page5 

AD7111 0.375 88.5 0:11 E,N,Q,R C, I, Ml Low· Distortion 3-93 
AD7111A 0.375 88.5 0.17 N,R I Low Glitch, Pin Compatible with AD7524 3-93 
AD7112 0.375 88.5 0.17 N,R I Low Glitch, Pin Compatible with AD7528 3-99 
AD7118 1.5 88.5 0.35 E, N, P, Q, R C, I, Ml CMOS CI 2-253 

1This column lists the data format for the bus with "µ.P" indicating microprocessor capabilify-i.e., for a 12-bit converter 8/12, µP indicates that the data can be formatted for ~an 8-bit bus or can be in parallel (12 
bits) and is microprocessor compatible. 

2Ext fudicates external reference with the range of voltages l_isted whefe applicable. Ext (M) indicates external reference with multiplying capability. Int in<:i.icates reference is interhal. A voltage value is giVen if the 
reference is pinned out. 

'Package Options: D = Hem1etic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M =Hermetic Metal Can DIP} N =Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC'' Package; RS = SSOJ;'-Shrink Small Outline Package; S. = Plastic 
Quad Flatpack; ST= Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Oµtline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C = C:~mmercial, 0°C.to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. ' 

'CI = Data Converli!T &ference Manual, Volume I. All other entries'refer to this volume. 
Boldface Type: Data sheet information in this volume. 
LOGDAC is a registered trademark of Analog Devices, Inc. 
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FEATURES 
4-20 mA, 0-20 mA or 0-24 mA Current Output 
16-Bit Resolution and Monotonicity 
±0.012% max Integral Nonlinearity 
±0.05% max Offset (Trimmable) 
±0.15% max Total Output Error (Trimmable) 
Flexible Serial Digital Interface (3.3 Mbps) 
On-Chip Loop Fault Detection 
On-Chip 5 V Reference (25 ppm/"C max) 
Asynchronous CLEAR Function 
Power Supply Range of 12 V-36 V 
Output Loop Compliance of 0 V-33.5 V 
24-Pin SOIC and PDIP Packages 

PRODUCT DESCRIPTION 
The AD420 is a complete digital to current loop output con
verter, designed to meet the needs of the industrial control mar
ket. It provides a high precision, fully integrated, low cost 
single-chip solution for generating current loop signals, in a 
compact 24-pin SOIC or PDIP package. 

The output current range can be programmed to 4-20 mA, 
0-20 mA or an overrange function of 0-24 mA. The AD420 can 
alternatively provide a voltage output from a separate pin that 
can be configured to provide 0 V-5 V, 0 V-10 V, ±5 V or 
± 10 V with the addition of a single external buffer amplifier. 

The 3.3M Baud serial input logic design minimizes the cost of 
galvanic isolation and allows for simple connection to commonly 
used microprocessors. It can be used in three-wire or asynchro~ 
nous mode and a serial-out pin is provided to allow daisy chain
ing of multiple DACs on the current loop side of the isolation 
barrier. 

The AD420 uses sigma-delta (~.1.) DAC technology to achieve 
16-bit monotonicity at very low cost. Full-scale settling to 0.1 % 
occurs within 3 ms. The only external components that are 
required (in addition to normal transient protection circuitry) 
are three low cost capacitors which are used in the DAC output 
filter; 

If the Ab420 is going to be used at extreme temperatures and 
supply voltages, an external output transistor can be used to 
minimize power dissipation on the chip via the "BOOST" pin. 

The FAULT DETECT pin signals when an open circuit occurs 
in the loop. The on-chip voltage reference can be used to supply 
a precision + 5 V to external components in addition to the 
AD420 or, if the user desires temperature stability exceeding 
25 ppml"C, an external precision reference such as the AD586 
can be used as the reference. 

The AD420 is available in a 24-pin SOIC and PDIP over the 
industrial temperature i'linge of -40°C to +85°C. 
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Vu. 

REF OUT 

REFIN 

DATA OUT 

CLEAR 

LATCH 

CLOCK 

DATA IN 

RANGE 
SELECT1 

RANGE 
SELECT2 

Serial Input 16-Bit 
4-20 mA, 0-20 mA DAC 

AD420 I 
FUNCTIONAL BLOCK DIAGRAM 

OFFSET TRIM CAP 1,2,3 GND 

PRODUCT HIGHLIGHTS 
1. The AD420 is a single chip solution for generating 4-20 mA 

or 0-20 mA signals at the "controller end" of the current 
loop. 

2. The AD420 operates on + 12 V to + 36 V supplies, with an 
output loop compliance of 0 V to V= - 2.5 V. 

3. The flexible serial input can be used in Three-Wire Mode 
with SPI* or MICROWJREt microcontrollers, or in Asyn
chronous Mode which minimizes the number of control sig
nals required. 

4. The Serial Data Out pin can be used to daisy chain any num
ber of AD420s together in Three-Wire Mode. 

5. At Power-Up the AD420 initializes its output to the low end 
of the selected range. 

6. The AD420 has an asynchronous CLEAR pin which sends 
the output to the low end of the selected range (0 mA, 4 mA, 
or 0 V). 

7. The AD420 BOOST pin accommodates an external transistor 
to off-load power dissipation from the chip. · 

8. The offset of ±0.05% and total output error of ±0.15% can 
be trimmed if desired, using two external potentiometers;' 

*SPI is a registered trademark of Motorola. 
tMICROWIRE is a registered trademark of National Semiconductor. 
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AD420-SPEC If I CATIONS (TA = TMiN - TMAX• Yee = +24 V, RL = 500 0 unless otherwise noted) 

Parameter 

RESOLUTION 

ACCURACY1 

Monotonicity 
Integral Nonlinearity 
Offset (0 mA or 4 mA) (TA = + 25°C) 
Offset Drift 
Total Output Error (20 mA or 24 mA) (TA = + 25°C) 
Total Output Error Drift 
PSRR2 

OUTPUT CHARACTERISTICS 
Operating Current Ranges 

Current Loop Voltage Compliance3 

Output Voltage Range (Pin 17) 
Settling Time (to 0.1% ofFS)4 

Output Impedance (Current Mode) 

VOLTAGE REFERENCE 
REF OUT 

Output Voltage (TA= +2S0C) 
Drift 
Externally Available Current 
Short Circuit Current 

RE FIN 
Resistance 

VLL 
Output Voltage 
Externally Available Current 
Short Circuit Current 

DIGIT AL INPUTS 
Vrn (Logic 1) 
VIL (Logic 0) 
lrn (VIN = 5.0 V) 
IIL (VIN = 0 V) 
Data Input Rate ("3-Wire" Mode) 
Data Input Rate ("Asynchronous" Mode) 

DIGITAL OUTPUTS 
FAULT DEFECT 

"v OH (10 kO Pull-Up Resistor to V LL) 
V 0L (10 kO Pull-Up Resistor to VLLl 
V0L@2.5 mA 

DATA OUT 
VoH (loH = -0.8 mA) 
V odloL = 1.6 mA) 

POWER SUPPLY 
Operating Range V cc 
Quiescent Current 
Quiescent Current (External V LL) 

.~--:- ----:-. ,........,-----: - . - ---.--: 
1hMPhKl\1 UKh Kl\N\ih 

Specified Performance 

NOTES 

AD420AN/AR 
Min Typ Max 

16 

16 
±0.002 ±0.012 

±0.05 
20 50 

±0.15 
20 so 
5 10 

4 20 
0 20 
0 24 
0 Vee - 2.5 V 
0 5 

2.5 3 
25 

4.995 5.0 5.005 
±25 

5 
7 

30 

4.5 
5 
20 

2.4 
0.8 
±10 
±10 

No Minimum 3.3 
No Minimum 150 

3.6 4.5 
0.2 0.4 
0.6 

3.6 4.3 
0.3 0.4 

12 36 
4.2 5.0 
3 

-40 +85 

Units 

Bits 

Bits 
% 
% 
ppm/°C 
% 
ppm/oC 
µAN 

mA 
mA 
mA 
v 
v 
ms 
MO 

v 
ppm/°C 
mA 
mA 

kO 

v 
mA 
mA 

v 
v 
µA 
µA 
Mbps 
kbps 

v 
v 
v 

v 
v 

v 
mA 
mA 

oc 

1Total Output Error includes Offset and Gain Error. Total Output Error and Offset Error are with respect to the Full-Scale Output and are measured with an 
ideal + 5 V reference. If the internal reference is used, the .reference errors must be added to the Offset and Total Output Errors. 

2PSRR is measured by varying V cc from 12 V to 36 V. 
'When v cc is greater than 32 v the Minimum RL is 200 n. 
4External capacitor selection must be as described in Figure 5. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
V cc to GND ............................. 36 V 
IOUT to GND ............................. V cc 
Digital Inputs to GND ............... -0.5 V to + 7 V 
Digital Outputs to GND ......... -0.5 V to VLL + 0.3 V 
V LL and REFOUT: Outputs safe for indefinite short to ground. 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
Thermal Impedance: 

SOIC (R) Package .................. 6JA = 75°C/W 
PDIP (N) Package .................. 6JA = 50°CIW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any conditions ·above those indicated in the 
operational specification is not implied. Exposure to absolute maximum 
specifications for extended periods may affect device reliability. 

DATA IN 9 

RANGE 
SELECT1 5 

RANGE 
SELECT 2 

Yee 

AD420 

ORDERING GUIDE 
OFFSET TRIM CAP 1,2,3 GND 

Figure 1. Functional Block Diagram 
Temperature Package 

Model Range Description Option* 
Table I. Truth Table 

AD420AN -40°C to +85°C 24-Pin Plastic DIP 
AD420AR -40°C to +85°C 24-Pin SOIC 

*For outline information see Package Information section. 

PIN DESIGNATIONS 

NC 

FAULT DETECT 3 

RANGE SELECT 2 4 

RANGE SELECT 1 5 

DATA OUT 

GND 

NC 

NC =NO CONNECT 

NC 

Vee 

CAP3 

CAP2 

CAP1 

BOOST 

lour 

Vour 

OFFSET TRIM 

REFIN 

REF OUT 

NC 

N-24 
R-24 

-----·- ---· 

Inputs 

Range Range 
CLEAR Select 2 Select 1 
--
0 x x 
1 x x 
x 0 0 
x 0 1 
x 1 0 
x 1 1 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (elect~ostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD420 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

Operation 

Normal Operation 
Output at Bottom of Span 

0 V-5 V Range 
4-20 mA Range 
0-20 mA Range 
0-24 mA Range 

WARNING! QJ 
~~EDEVICE 
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Timing RequiremeJ1ts crA = -40°c to +a5°c. Yee= +12 v to +3& vi 

THREE-WIRE INTERFA(;E 

Figure 2. Timiflf! Diagra"J for Three-Wire Interface 

Table Il. Timina Speclft~atlon for. Three-Wire Interface 

Parameter Label Limit Units 

Data Clock Period tcK 300 nsmin 
Data Clock Low Time tcL 80 ns min 
Data Clock High Time tot 80 nsmin 
Data Stable Width tow 125 nsmin 
Data Setup Time tos 40 nsmin 
Data Hold Time toH 5 nsmin 
Latch Delay Time tLD 80 nsmin 
Latch Low Time tLL 80 nsmin 
Latch High Time tLH 80 nsmin 
Serial Output Delay Time tso 225 nsmax 
Qear Pulse Width tcLR 50 nsmin 
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DATAIN 5m 
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r-:""" EXPANDED TIM 

CLOCK 

DATA IN 

Figure 3. Timing Diagram forAsynchronous Interface 

Table m. Timing Specifications for Asynchronous Interface 

Parameter Label Limit Units 

Asynchronous Clock Period tACK 40!l nsmin 
Asynchronous Clock Low' Time. tACL 50. nsmin 
Asynchronous Clock High Time tACH 150 nsmin 
Data Stable Width (Critical Clock Edge) tADW 300 nsmin 
Data Semp Time (Critfc\J Clock Edge) · tADS 50 nsmin 
Data Hold Time (Critical Clock Edge) tADH. 20 nsmin 
Oear Pulse Width ·tcu~ ' 50 nsmin 

ASYNCHRONOUS INTERFACE 

Note in the timing diagram for Asynchronous Mode operation 
each data word is "framed" by a START (0) bit and a STOP (1) 
bit. The data timing is with respect to the rising edge of the 
CLOCK at the center of each bit cell. Bit cells are 16 clocks 1 

long, and the first cell (the START bit) begins at the first;clock 
·'following the leading (falling) edge of the START bit. Thus the · 

MSB (D 15) is sampled 24 ·dock cycles after the bCginriing of the 
START bit, Dl4 is sampled at clock number 40, and so on. 
DuriP,.g any "(lead time" before writing the next Word the 
DATA IN pin must remain at logic 1. 

The DAC output updates when the STOP bit is received. In the 
case of a "framing error" (the STOP bit sampled as a 0) the 
AD420 will output a pulse at the DATA OUT pin one clock 
period wide during the clock period subsequent to sampling the 
STOP bit. The DAC. output will not update if a "framing error" 
is detected. 
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AD420 
PIN DESCRIPTION 

Pin# Symbol Type Function 

2 VLL p Auxiliary buffered +4.5 V digital logic voltage. This pin is the internal supply 
voltage for the digital circuitry and can be used as a termination for pull-up 
resistors. An external + 5 V power supply can be connected to V LL· It will override 
this buffered voltage, thus reducing the internal power dissipation. 

3 FAULT DETECT DO FAULT DETECT, connected to a pull-up resistor, is asserted low when the output 
current does not match the DAC's programmed value. For example, in case the 
current loop is broken. 

4 RANGE SELECT 2 DI Selects the converters output operating range. One output voltage range and three 
5 RANGE SELECT l output current ranges are available. 

6 CLEAR DI Valid V IH will unconditionally force the output to go to the minimum of its 
programmed range. After CLEAR is removed the DAC output will remain at this 
value. The data in the input register is unaffected. 

7 LATCH DI In the three-wire interface mode a rising edge parallel loads the serial input register 
data into the DAC. To use the asynchronous mode connect LATCH through a 
current limiting resistor to V cc· 

8 CLOCK DI Data Clock Input. The clock period is equal to the input data bit rate in the 
three-wire interface mode and is 16 times the bit rate in asynchronous mode. 

9 DATA IN DI Serial Data Input. 

10 DATA OUT DO Serial Data Output. In the three-wire interface mode, this output can be used for 
daisy chaining multiple AD420s. In the asynchronous mode a positive pulse will 
indicate a framing error after the stop-bit is received. 

ll GND p Ground (Common). 

14 REF OUT AO + 5 V Reference Output. 

15 REF IN AI Reference Input. 

16 OFFSET TRIM Al Offset Adjust. 

17 VouT AO Voltage Output. 

18 louT AO Current Output. 

19 BOOST AO Connect to an external transistor to reduce the power dissipated in the AD420 
output transistor, if desired. 

20 CAP I AI These pins are used for internal filtering. Connect capacitors between each of these 
21 CAP2 pins and V cc· Refer to the description of current output operation. 
22 CAP3 

23 v= p +12 V to +36 V Power. 

1, 12, 13, 24 NC No Connection. No internal connections inside device. 

Type: AI = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, P = Power 

DEFINITIONS OF SPECIFICATIONS 
RESOLUTION: For 16-bit resolution, I LSB = 0.0015% of the 
FSR. In the 4-20 mA range l LSB = 244 nA. 

INTEGRAL NONLINEARITY: Analog Devices defines inte
gral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS-1 LSB) for any bit combination. This 
is also referred to as relative accuracy. 

DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
is the measure of the change in the analog output, normalized to 
full scale, associated with an LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be greater than -1 LSB over the temperature range of 
interest. 

MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a single-valued function 
of the input. 

REV.O 

GAIN ERROR: Gain error is a measure of the output error 
between an ideal DAC and the actual device output with all ls 
loaded after offset error has been adjusted out. 

OFFSET ERROR: Offset error is the deviation of the output 
current from its ideal value expressed as a percentage of the full
scale output with all Os loaded in the DAC. 

DRIFT: Drift is the change in a parameter (such as gain and 
offset) over a specified temperature range. The drift temperature 
coefficient, specified in ppm/°C, is calculated by measuring the 
parameter at TMIN> 25°C, and TMAX and dividing the change in 
the parameter by the corresponding temperature change. 

CURRENT LOOP VOLTAGE COMPLIANCE: The voltage 
compliance is the maximum voltage at the IOUT pin for which 
the output current will be equal to the programmed value. 
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AD420 
THEORY OF OPERATION 
The AD420 uses a sigma~delta ~a) architecture tci carry out the 
digital-to-analog conversion. This architecture is particularly 
well suited for· the relatively low bandwidth· requirements of the 
industrial control environment because of its inherent monoto
nicity at high resolution. 

In the AD420 a second order modulator is used to'keeP com
plmty and die size to ·a minimum.· The single bit'stream"'ftom 
the modulator' controls a switched current source that is theri 
filtered by three, continuous time resistor-capacitor sections. 
The capacitors are the only external components that have to be 
added for standard current-out operation. The filtered current is 
amplified and. mirrorec:I, co. the supply rail so that the application 
simply sees a 4-.20 mA, 0-20 mA, or 0-24 ml\. current source 
output with respect to ground. The AD420 is nu!,iitifacturec;l .on 
a BiCMOS process that is well suited to implementing low volt
age digital logic with high performance and hig)l voltage analog · 
circuitry; 

The AD420 can also provide a voltage output instead of a cur
rent loop output if desired. The addition of a single extc:rnal 
amplifier allows the user to obtain 0 V-5 V, 0 V-io V, ±5 V, 
or ±IO V. 

The AD420 has a loop fault. detection circuit . that warns if the 
voltage at IOUT attempts to rise above the compliance range, 
due to an open loop circuit or insufficient power 'supply voltage. 
The FAULT DETECT is an active low open drain signal so 
that one can connect several AD420s together to one pull-up · 
resistor for global error detection. The pull-up resistor can be 
tied to the VLL pin, or an external +5 V logic supply. 

The IOUT current is controlled by a PMOS transistor and 
internal amplifier as shown in the functional block diagram. The 
internal circuitry that develops the fault output avoids us4lg a . 
comparator with "window limits" since this would require an · 
actual O"\ltpUt error before the. FAULT DETECT output . 
become8 active. Instead, the siPaJ, is gener~ted whe!l' tile lni:er'. 
nal amplifier in the output stage of the AD420 has less than 
approximately one volt remaining of drive capability (when the 
gate of the output PMOS transistor nearly reaches ground). 
Thus the FAULT DETECT output activates slightly before the 
compliance limit is reached. Since the comparison is made 
withl'n the feedback loop of the output amplifier, the output 
accuracy is maintained by its open loop gain, and no putp\!t , 
error occurs before the fault detect output becomes active. 

The three-wire digital interface, comprising DATA IN, 
CLOCK, and LATCH, interfaces to,.all commonly used serial·: 
microprocessqrs without the addition of any el(ternal glµe; lQgi~. 
Data is loaded into an input registei;.under control of CLOCK 
and is loaded to the DAC when LATCH, is strobed. If a l!SC:r. 
wants to minimize the number of gaivaliic is<ilators in 'an intrin
sically safe application, the ·AD420 can be configured to run in· 
"asYllchronous" mode. This mode is seiecced by c:Onnecting the' 
LATCH pin to vec. through Ii current limiting resistor.'The . 
data must then be combined with a' start and stop bit to "frame" 
the information lind trigger the internal LATCH signal. 
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OFFSET TRIM CAP 1,2,3 

Figure 4. ,Functional Block Diagram 

, APPLICATIONS 
CURRENT OUTPUT 
The AQ420 can provide 4-20 mA, 0-20 mA, or 0-24 mA out
put without anY active external components. The three capacl
toi:s.shown in F~e 5 are all that is required. These can be any 
type of low cost ceramic capacitors. To meet the specified full
scile settling time of 3 ms, low dielectric abs'Qrption capacitors 
(NPO) are required. Suitable values are Cl';,; 0.01 µF, C2 

·=0.01µFiandC3=0.0033 µF. . 

CLEAR 

LATCH 

. CLOCK 

DATA IN 

Yee 

.. ; • ~f:ID 

Figure 5. Standard Configuration 

A LOAD 

DRIVING INDUCTIVE LOADS. . 
When ddviilg inductive or poorly def~ loads connei;t a 
O.OL µF capacitor between lOUT (Pin 18)"and GND'(Pirl: 11). 
This will ensure stabilitY of the AD420 whii loads b'eyond · · '. · · 
50 mH. There is no maXiinum capacltarii,:e limit: The capacitive 
component of the load may cause slower. settling, though this 
may· be masked by the settling time ofilie AD420. A pro
grammed change in·the current may cause a back EA-'1.F voltage 
on the output that· inay .exceed the· compliance of the AD420; 
To prevent this voltage from exceeding the supply rails connect 
protective diodes between IOUT and each ofV<:c.·and GND. 
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VOLTAGE-MODE OUTPUT 
Since the AD420 is a single supply device, it is necessary to add 
an external buffer amplifier to the VOUT pin to obtain a selec
tion of high quality bipolar output voltage ranges as shown in 
Figure 6. 

CLEAR 

LATCH 

CLOCK 

DATA IN 

Figure 6. 

Table IV. Buffer Amplifier Configuration 

RI R2 R3 VOUT 

Open Open 0 0-5 v 
Open R R 0-10 v 
R Open R ±5 v 
R 2R 2R ±10 v 
Swtable R = S kn. 

OPTIONAL SPAN AND ZERO TRIM 
For those users who would like lower than specified values of 
offset and gain error, Figure 7 shows a simple way to trim these 
parameters. Care should be taken to select low drift resistors 
because they will affect the temperature drift performance of the 
DAC. 

The adjustment algorithm is iterative. The procedure for trim
ming the AD420 in the 4-20 mA mode can be accomplished as 
follows: 

STEP I ... OFFSET ADJUST 
Load all zeros. Adjust RZERO for 4.00000 mA of output 
current. 

STEP II ... GAIN ADJUST 
Load all ones. Adjust RSPAN for 19.99976 mA (FS - 1 LSB) 
of output current. 
Return to STEP I and iterate until convergence is obtained. 
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AD420 

CLEAR 

LATCH 

CLOCK 

DATA IN 

Figure 7. Offset and Gain Adjust 

THREE-WIRE INTERFACE 
Figure 8 shows the AD420 connected in the three-wire interface 
mode. The AD420 data input block contains a serial input shift 
register and a parallel latch. The contents of the shift register 
are controlled by the DATA IN signal and the rising edges of 
the CLOCK. Upon request of the LATCH pin the DAC and 
internal latch are updated from the shift register parallel outputs. 
The CLOCK should remain inactive while the DAC is updated. 
Refer to the timing requirements for Three-Wire Interface. 

Yee Yee 

FAULT 
Yee Yee 

FAULT 
DETECT DETECT 

LATCH 
LATCH LATCH 

AD420 AD420 
CLOCK 

CLOCK DACl CLOCK OAC2 

DATA IN DATA DATA DATA DATA 
IN OUT IN OUT 

GND lour GND lour 

Figure 8. Three-Wire Interface Using Multiple DACs with 
Joint Fault Detect 

USING MULTIPLE DACS WITH FAULT DETECT 
The three-wire interface mode can utilize the serial DATA OUT 
for easy interface to multiple DACs. To program the two 
AD420s in Figure 8, 32 data bits are required. The first 16 bits 
are clocked into the input shift register of DACl. The next 16 
bits transmitted pass the first 16 bits from the DAT A OUT pin 
of DACl to the input register of DAC2. The input shift regis
ters of the two DACs operate as a single 32-bit shift register, 
with the leading 16 bits representing information for DAC2 and 
the trailing 16 bits serving for DACI. Each DAC is then 
updated upon request of the LATCH pin. The daisy-chain can 
be extended to as many DACs as required. 
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AD420 
ASYNCHRONOUS INTERFACE USING 
OPTO-COUPLERS 
The AD420 connected in ASYNCHRONOUS INTERFACE 
mode with opto-couplers is shown in Figure 9. Asynchronous 
operation minimizes the number of control signals required for 
isolation of the digital system from the control loop. The resistor 
connected between the LATCH pin and V cc is required to acti
vate this mode. For operation with V cc below 18 V use a 50 kO 
pull-up resistor, from 18 V-36 V use 100 kO. Asynchronous 
mode requires that the clock run at 16 times the data bit rate, 
therefore to operate at the maximum input data rate of 150 kbps 
an input clock of 2.4 MHz is required. The actual data rate 
achieved may be limited by the type of opto-couplers chosen. 
The number of control signals can further be reduced by creat
ing the appropriate clock signal on the current loop side of the 
isolation barrier. 

Figure 9. Asynchronous Interface Using Opto-Couplers 

MICROPROCESSOR INTERFACE SECTION 
AD420 TO MC68HCU (SPI BUS) INTERFACE 
The AD420 interface to the Motorola SPI (Serial Peripheral 
Interface) is shown in Figure 10. The MOSI, SCK, and SS pins 
of the HCll are respectively connected to the DATA IN, 
CLOCK, and LATCH pins of the AD420. The majority of the 
interfacing issues are done in the software initialization. A typi
cal routine such as the one shown below begins by initializing 
the state of the various SPI data and control registers. 

!NIT LDAA #$ZF ;SS = I; SCK = O; MOS! = I 
STAA PORTD ;SEND TO SPI OUTPUTS 
LDAA #$38 ;SS, SCK,MOSI = OUTPUTS 
STAA DDRD ;SEND DATA DIRECTION INFO 
LDAA #$50 ;DABL INTRPTS,SPI IS MASTER & ON 
STAA SPCR ;CPOL = 0, CPHA = 0, !MHZ BAUDRATE 

NEXTPT LDAA MSBY ;LOAD ACCUM W/UPPER 8 BITS 
BSR SENDAT ;JUMP TO DAC OUTPUT ROUTINE 
JMP NEXTPT ;INFINITE LOOP 

SENDAT LDY #$1000 ;POINT AT ON-CHIP REGISTERS 
BCLR $08,Y,$ZO ;DRIVE SS (LATCH) LOW 
STAA SPDR ;SEND MS-BYTE TO SPi DATA REG 

WAIT! LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAIT! ;POLL FOR END OF X-MISSION 
LDAA LSBY ;GET LOW 8 BITS FROM MEMORY 
STAA SPDR ;SEND LS-BYTE TO SPI DATA REG 

WAITZ LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAITZ ;POLL FOR END OF X-MISSION 
BSET $08,Y,$ZO ;DRIVE SS HIGH TO LATCH DATA 
RTS 
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The SPI data port is configured to process data in 8-bit bytes. 
The most significant data byte (MSBY) is retrieved from mem
ory and processed by the SENDA T routine. The SS pin is 
driven low by indexing into the PORTD data register and clear 
Bit 5. The MSBY is then sent to the SPI data register where it 
is automatically transferred to the AD420 internal shift resister. 
The HCll generates the requisite eight clock pulses with data 
valid on the rising edges. After the MSBY is transmitted, the 
least significant byte (LSBY) is loaded from memory and trans
mitted in a similar fa~hion. To complete the transfer, the 
LATCH pin is driven high when loading the complete 16-bit 
word into the AD420. 

SCK u---·u CLOCK A0420 

Ss< >---•< l LATCH 

Figure 10. A0420 to 6BHC11 (SPJ) Interface 

AD420 TO MICROWIRE INTERFACE 
The flexible serial interface of the AD420 is also compatible 
with the National Semiconductor MICROWIRE interface. The 
MICROWIRE interface is used in micro controllers such as the 
COP400 and COP800 series of processors. A generic interface to 
use the MICROWIRE interface is shown in Figure 11. The Gl, 
SK, and SO pins of the MICROWIRE interface are respectively 
connected to the LATCH, CLOCK, and DAT A IN pins of the 
AD420. 

MICROWIRE 
SO< ,__ ___ , J DATA IN 

SK CLOCK 

G1 U---·U LATCH 

AD420 

Figure 11. AD420 to MICROWIRE Interface 
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EXTERNAL BOOST FUNCTION 
The external boost transistor reduces the power dissipated in the 
AD420 by reducing the current flowing in the on-chip output 
transistor (dividing it by the current gain of the external circuit). 
A discrete NPN transistor with a breakdown voltage BV cEo' 
greater than 36 V can be used as shown in Figure 12. 

RLOAD 

Figure 12. External Boost Configuration 

The external boost capability has been developed for those users 
who may wish to use the AD420, in the SOIC package, at the 
extremes of the supply voltage, load current, and temperature 
range. The PDIP package (because of its lower thermal resis
tance) will operate safely over the entire specified voltage, tem
perature, and load current ranges without the boost transistor. 
The plot in Figure 13 shows the safe operating region for both 
package types. The boost transistor can also be used to reduce 
the amount of temperature induced drift in the part. This will 
minimize the temperature induced drift of the on-chip voltage 
reference, which improves drift and linearity. 

AD420N, OR AD420R WITH BOOST TRANSISTOR 

6S°C 

28V 

25V 

20V 

AD420N OR AD420R 

12V 

4V 

-60 -40 -20 20 40 60 80 100 

TEMPERATURE - °C 

Figure 13. Safe Operating Region 
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AD420 
AD420 PROTECTION 
TRANSIENT VOLTAGE PROTECTION 
The AD420 contains ESD protection diodes which prevent dam
age from normal handling. The industrial control environment 
can, however, subject 1/0 circuits to much higher transients. In 
order to protect the AD420 from excessively high voltage tran
sients such as those specified in IEC 801, external power diodes 
and a surge current limiting resistor may be required, as shown 
in Figure 14. The constraint on the resistor is that during nor-
mal operation the output voltage level at IOUT must remain • 
within its voltage compliance limit (IOUT x (Rp + RLOAD) -s 
V cc - 2.5 V) and the two protection diodes and resistor must 
have appropriate power ratings. 

AD420 

Figure 14. Output Transient Voltage Protection 

BOARD LAYOUT AND GROUNDING 
The AD420 ground pin, designated GND, is the "high quality" 
ground reference point for the device. Any external loads on the 
REF OUT and VOUT pins of the AD420 should be returned to 
this reference point. Analog and digital ground currents should 
not share a common path. Each signal should have an appropri
ate analog or digital signal return routed close to it. Using this 
approach, signal loops enclose a small area, minimizing the 
inductive coupling of noise. Wide PC tracks, large gauge wire, 
and ground planes are highly recommended to provide low 
impedance signal paths. 

POWER SUPPLIES AND DECOUPLING 
The AD420 supply pins, Vee (Pin 23) and VLL (Pin 2), should 
be decoupled to GND with 0.1 µF capacitors to eliminate high 
frequency noise that may otherwise get coupled into the analog 
system. High frequency ceramic capacitors are recommended. 
The decoupling capacitors should be located in close proximity 
to the pins and the ground line to have maximum effect. 
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FEATURES 
Complete 8-Bit DAC 
Voltage Output - 0 to 2.56V 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V 1±10%) 
Full Microprocessor Interface 
Fast: 1 f'.S Voltage Settling to ± 1/2LSB 
Low Power: 75mW 
No User Trims Required 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T max 

Small 16-Pin DIP or 20-Pin PLCC Package 
Low Cost 

PRODUCT DESCRIPTION 
The AD557 DACPORT™ is a complete voltage-output 8-bit 
digital-to-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to an 
analog system. 

The low cost and versatility of the AD557 DACPORT are 
the result of continued development in monolithic bipolar 
technologies. 

The complete microprocessor interface and control logic is im
plemented with integrated injection logic (I2L), an extremely 
dense and low-power logic structure that is process-compatible 
with linear bipolar fabrication. The internal precision voltage 
reference is the patented low-voltage band-gap circuit which 
permits full-accuracy performance on a single + SV power supply. 
Thin-film silicon-chromium resistors provide the stability required 
for guaranteed monotonic operation over the entire operating 
temperature range, while laser-wafer trimming of these thin-film 
resistors permits absolute calibration at the factory to within 
±2.SLSB; thus, no user-trims for gain or offset are required. A 
new circuit design provides voltage settling to ± l/2LSB for a 
full-scale step in 800ns. 

The AD557 is available in two package configurations. The 
AD557JN is packaged in a 16-pin plastic, 0.3"-wide DIP. For 
surface mount applications, the AD557JP is packaged in a 20-pin 
JEDEC standard PLCC. Both versions are specified over the 
operating temperature range of 0 to + 70°C. 

DACPORT is a trademark of Aoalog Devices, Inc. 
Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323,795; other 
patents pending. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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DACPORT Low Cost, Complete 
µ,P-Compatible 8-Bit DAC 

AD557 I 
FUNCTIONAL BLOCK DIAGRAM 

CONTROL 
INPUTS 

~ 
CS CE 

DIGITAL INPUT DATA {BUS) 

GND 
BIT 1 

(MSBI • 

PRODUCT HIGHLIGHTS 

BIT 8 
• ILSBI +Vee 

1. The 8-bit I2L input register and fully microprocessor
compatible control logic allow the AD557 to be directly· 
connected to 8- or 16-bit data buses and operated with standard 
control signals. The latch may be disabled for direct DAC 
interfacing. 

2. The laser-trimmed on-chip SiCr thin-film resistors are cali
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated accuracy 
over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate reference 
source. 

4. The AD557 is designed and specified to operate from a single 
+4.SV to +5.SV power supply. 

5. Low digital input currents, lOOfJ.A max, minimize bus loading. 
Input thresholds are TTL/low voltage CMOS compatible. 

6. The single-chip, low power 12L design of the AD557 is in
herently more reliable than hybrid multichip or conventional 
single-chip bipolar designs. 
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SPECIFICATIONS(@ Ta= +25C, Yee= +5Y unless otherwise specified) .AD557 

Model' ~n 
RESOLUTION 

RELATIVEACcl,JRACY1 

Oto+ 70"C 

OUTPUT 
Ranges 
Current Source +5 

Sink 

OUTPUT SETTLING TIME3 

FULLSCALEACCURACY4 

@25°c 
TmintOTmax 

ZERO ERROR 
@25°c 
Tm1ntoT.,.. 

MONOTONICITY' 
Tm1niot,... 

DIGITAL INPUTS 
TmintoT,.... 
Input Current 
Data Inputs, Voltage 

BitOn-Logic"l" 2.0 
Bit On+:-Logic "O" 0 

Control Inputs, Voltage 
On-Logic'T' 2.0 
on-Logic "O" 0 

Input Capacitiince 

TIMIN~ 
tw Strobe Pulse Widtb 225 

TmintoTmax 300 
toH Data Hold Time 10 

TmintOTmax 10 
tos Data Setup Time 225 

TmintoT,... 300 

POWER SUPPLY 
Operating Voltage Range (V cc) 

2.56 Volt Range +4.S 
Current (lee) ' 
Rejection Ratio 

POWER DISSIPATION, Vcc=5V 

OPE~ATINGTEMPERATURERANGE 0 

NOTES 

,. 

ADSS7J 
Typ Max 

8 

±112 1 

Oto +2.56 

Internal Passive 
Pull-Down to Ground2 

0.8 1.5 

± 1.5 ±2.5 
±2.5 ±4.0 

±1 
±3 

Guaranteed 

±100 

0.8 

0.8 
4 

+S.S 
15 25 

0.03 

75 125 

+70 

Units 

Bits 

LSB 

v 
mA 

µs 

LSB 
LSB 

LSB 
LSB 

µA 

v 
v 

v 
v 
pF 

ns 
ns 
ns 
ns 
ns 
ns 

v 
mA 
%1% 

mW 

•c 

. PIN ci>NFIGURATIONS 

DIP 

BIT 1 ILSBI 

BIT7 

BITI 

BITS 

BIT4 

BIT 3 

BIT2 

IMSBIBIT 1 

BITI 

BIT5 

NC 

BIT4 

BIT3 

PLCC 

AD557 
TOPVIEW 

INottoScolel 

Your 

You" SENSE A 

You" SENSE B 

QND 

GND 

+Vee 

NC = NO CONNECT i 

Model 

AD557JN 
AD557JP 

ORDERING GUIDE 

Package 
Option* 

Plastic(N-16) 
PLCC (P-20A) 

Temperature 

Oto +70"C 
Oto +70"C 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier. Foroudine 
information see Package Information section. 

1Relati:ve·Accuracy is defined as the deviation of the code transition poiilts from the ideal transfer poiilt on a 
straight liile from the offset to the full scale of the device. See "Measuriilg Offset Error" on AD558 data sheet. 

2Passive pull-down resistance is 21th. 
3Settling time js specified for a positive-goiilg full-scale step to ± l/2LSB. Negative-goiilg steps to zero 
are slower, but can be improved \vith an e;<ternal pull-down. 

4The full-8caleoutputvoltageis 2.SSV and is guaranteed with a + SV supply. 
5 A monotonic convertCr bas a maximum differential linearity error of ± ILSB. 
Specifications shown iii boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
V cc to Ground • • • • . ..••• OV to+ 18V 

.•.•. 0 to +7.0V 
Indefinite Short to Ground 

Momentary Short to Vee 
••.•. 450mW 

Digital Inputs (Pins 1-10) 

Vmrr · · • · · • · . 

Power Dissipation 
Storage Temperature Range 

NIP (Plastic) Packages .• 
Lead Temperature (soldering, IO sec) . 

REV.A 

~2s0c to + 100°c 
. . . . . . 3oo•c 

Thermal Resistance 
Junction to Ambient/Junction to Case 

NIP (Plastic) Packages . . • . . • . . . . • . 140155"CIW 

*Stresses above those listed under "Absolute Maximum Ratiilgs" may 
cause permanent damage to the device. This is a stress ratiilg only and 
functional operation of tbe device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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FEATURES 
Complete. 8-Bit DAC 
Voltage Output - 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-SuplJ,ly Operation: +5V to +15V 
Full Microprocessor Interface 
Fast: 1µs Voltage Settling to ±1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified Tmin to Tmax 
Small 16-Pin DIP and 20-Pin PLCC Packages 
Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 
Ml L.STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD558DACPORTfM is a complete voltage-output 8-bit 
digital·fo-analog converter, including output amplifier, full 
microprocessor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. 
The complete microprocessor interface and control logic is 
implemented with integrated injection logic (1 2L), an extreme
ly dense and low-power logic structure that is process-compat· 
ible with linear bipolar fabrication. The internal precision 
voltage reference is the patented low-voltage band-gap circuit 
which permits full-accuracy performance on a single +SV to 
+15V power supply. Thin-film silicon-chromium resistors 
provide the stability required for guaranteed monotonic op· 
eration over the entire operating temperature range (all grades), 
while recent advances in laser-wafer-trimming of these thin
film resistors permit absolute calibration at the factory to 
within ±lLSB; thus no user-trims for gain or offset are re· 
quired. A new circuit design provides voltage settling to 
±l/2LSB for a full-scale step in 800ns. 

The AD558 is available in four performance grades. The 
AD558J and Kare specified for use over the 0 to +70°C tern· 
perature ran1e, while the ADS58S and T grades are speci-
fied for -55 C to +125°C operation. The "J" and "K" grades 
are available either in 16-pin plastic (N) or hermetic ceramic 
(D) DIPS. They are also available in 20-pin JEDEC standard 
PLCC packages. The "S" and "T" grades are available in the 
16-pin hermetic ceramic D.IP .package. 

*Protected by U.S. Patent Nos. 3,887,863; 3,685,045;4,323,795; 
Patents Pending. 

DACPORT is a trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1•800·446-6212. 

3-26 DIGITAL-TO-ANALOG CONVERTERS 

DACPORT Low Cost, Complete 
µP-Compatible &~Bit DAC 

AD558 I 
FUNCTIONAL BLOCK DIAGRAM 

c,:~~L DlGITAL INPUT DATA (BUS) 

GND ~LSB~!jg~~~~~MSB +Vee 

Vou,.SENSE 

AD558 GND 

PRODUCT HIGHLIGHTS 
1. The 8-bit 12 L input register and fully microprocessor

compatible control logic allow the AD558 to be directly 
connected to 8· or 16-bit data buses and operated with 
standard control signals. The latch may be disabled for 
direct DAC interfacing. 

2. The laser-trimmed on·chip Sier thin-film resistors are cali· 
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated ac· 
curacy over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate refer
ence source. 

4. The voltage-switching structure of the ADS58 DAC section 
along with a high-speed output amplifier and laser-trimmed 
resistors give the user a choice of OV to +2.S6V or OV to 
+ lOV output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on 
both ranges; typically settling to ±1/2LSB for a full-scale 
2.55 volt step in 800ns. 

S. The ADS58 is designed .and specified to operate from a 
single +4.SV to +16.5V power supply. 

6. Low digital input currents, lOOµA max, minimize bus 
loading. Input thresholds are TTL/low voltage CMOS 
compatible over the entire operating Vee range. 

7. All AD558 grades are available in chip form with guar· 
anteed specifications from +25°C to Tmax· MiL·STD-883, 
Class B visual inspection is standard on Analog Devices 
bipolar chips. Contact the factory for additional chip 
information. 

8. The AD558 is available in versions compliant with MIL· 
STD-88 3. Refer to Analog Devices Military Products 
Databook or current AD588/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS(@ TA= +25°C, Yee= +5Y to +15Yunless.otherwise specified} AD558 

Model AD558J AD558K AD558S1 AD558T1 

Min Typ Max Mia Typ Mu Min Typ Max Mia Typ Mu 

RESOLUTION 8 8 8 8 

RELATIVE ACCURACY' 
Oto +70"C ±112 ±1/4 ±112 ±1/4 

- SS"C 10 + 12S"C ±3/4 ±3/8 

OUTPUT 
Rangcs3 Oto +2.56 Oto+2.S6 Oto+ 2.56 Oto+ 2.56 

Oto+ 10 Oto+ IO Oto+ 10 Oto +10 

Current Source +s +S +s +S 
Sink Internal Passive Internal Passive Internal Passive Internal Passive 

Pull-Down toGround4 Pull-Down to Ground Pull-Down to Ground Pull-Down to Ground 

OUTPUT SETTLING TIME' 
Oto2.S6 Volt Range 0.8 l.S 0.8 l.S 0.8 l.S 0.8 l.S 
Oto IO Volt Range" 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.0 

FULL SCALE ACCURACY' 
@lS"C ±1.5 ±0.5 ±1.S ±0.S 

TmintOTm.u ±2.5 ±1 ±2.5 ±I 

ZERO ERROR 
@25"C ±1 ±112 ±1 ±1/2 

TmintOTm.u ±2 ±1 ±2 ±1 

MONOTONICITY7 

TmintOTmax Guaranteed Guaranteed Guaranteed Guaranteed 

DIGIT AL INPUTS 

TmintOTmu 

Input Current ±100 ±100 ±100 100 
Data Inputs, Voltage 

BitOn-Logic"l" 2.0 2.0 2.0 2.0 
BitOn-Logic"O" 0 0.8 0 0 0 

Control Inputs, Voltage 
On-Logic"l" 2.0 2.0 2.0 2.0 
On-Logic .. O" 0 0.8 0 0.8 0 0.8 0 0.8 

Input Capacitance 4 4 4 4 

TIMING 
tw Strobe Pulse Width 200 200 200 200 

TmintOTmax 270 270 270 270 
toH Data Hold Time 10 10 10 10 

TminlOTmax IO 10 10 10 
tns Data Set-Up Time 200 200 200 200 

TmintoTmu 270 270 270 270 

POWER SUPPLY 
Operating Vollage Range (V cc) 

2.S6 Volt Range +4.5 +16.S +4.5 +16.5 +4.5 +16.S +4.5 +16.5 
IO Volt Range +11.4 +16.5 +11.4 +16.5 +11.4 +16.S +11.4 +16.S 
Current (Ice) IS 25 IS 25 IS 25 IS ZS 
Rejection Ratio 0.03 0.03 0.03 0.03 

POWER DISSIPATION, Vee= SV 7S 12S 7S 12S 7S . 12S 7S 12S 
Vee= ISV 22S 37S 22S 37S 22S 37S 22S 375 

OPERATING TEMPERATURE RANGE 0 +70 0 +70 -ss + 12S -SS + 12S 

NOTES 
1The AD558 S & T grades are available processed and screened to MIL-STD-883 Class B. Consult Analog Devices' Military Databook for details. 
2RelativeAccuracy is defined as the deviation of the code transition points from the idea1 transfer point on a straight line from the offset to the full scale of the device. See" Measuring 
Offset Error". 

30peration of the 0 to IO volt output range requires a minimum supply voltage of + 11.4 volts. 
•Passive pull-down resistance is2k!l for 2.56 volt range, IOkO for IO volt range. 
SSenling time is specified for a positive-going full-scale step to ± 112LSB. Negative-going steps to zero are slower, but can be improved with an external pull-down. 
6The full range output voltage for the 2.56 range is 2.SSV and is guaranteed with a + SV supply, for the IOV range, it is 9. 960V guaranteed with a + lSV supply. 
7 A monotonic converter has a maximum differential linearity error of ± lLSB. 

Specifications shown in bold.face are tested on all production units at final electrical test. 

Specifications subject to change without notice. 

Unitl 

Bits 

LSB 

LSB 

v 
v 
mA 

"" "" 
LSB 
LSB 

LSB 
LSB 

µA 

v 
v 

v 
v 
pF 

ns .. 
ns 
ns 
ns 
ns 

v 
v 
mA 
%/% 

mW 
mW 
"C 
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AD558 
ABSOLUTE MAXIMUM RATINGS* 
V cc to Ground . . . . . . .... OV to +18V 

. . . . OV to +7.0V 
Indefinite Short to Ground 

Momentary Short to V cc 
..... 450mW 

Digital Inputs (Pins 1-10) 

Vmrr · · · · · · 

Power Dissipation 
Storage Temperature Range 

NIP (Plastic) Packages 
D (Ceramic) Package . 

Lead Temperature (soldering, 10 sec) . 
Thermal Resistance 

Junction to Ambient/Junction to Case 
D (Ceramic) Package .•..... 
NIP (Plastic) Packages . . . . . . 

-2s0c to +100°C 
- SS°C to + 1so0c 
. . . . . . 300°C 

100/30°C!W 
140/55°C/W 

T 
0.88 
(2.2) 

10 

AD558 METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

16 

15 

iii. 
ii: 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

11 12 13 14 ~ 

--------0.112(2.8)-------.... 

ORDERING GUIDE 

Relative Accuracy Full Scale 
Error Max Error, Max 

Model1 Temperature TmmtOTmax TmmtoTmax 

AD558JN Oto +70°C ±l/2LSB ±2.SLSB 
AD558JP Oto +70°C ±l/2LSB ±2.SLSB 
AD558JD Oto +70°C ±l/2LSB ±2.SLSB 
AD558KN Oto +70°C ±l/4LSB ±lLSB 
AD558KP Oto +70°C ±l/4LSB ±lLSB 
AD558KD Oto +70°C ±l/4LSB ±lLSB 
AD558SD - SS°C to + 125°C ±3/4LSB ±2.SLSB 
AD558TD - SS°C to + 125°C ±3/8LSB ±lLSB 

NOTES 
1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to 
Analog Devices' Military Products Databook or current ADSS8/883B data sheet. 

Package 
Option2 

Plastic (N-16) 
PLCC (P-20A) 
T0-116(D-16) 
Plastic(N-16) 
PLCC (P-20A) 
TO-l16(D-16) 
T0-116(D-16) 
T0-116(D-16) 

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. ' · 

OB2 

NC 

I ~ 
0 Q 

iii 
NC = NO CONNECT ~ 

Figure 18. AD558 Pin Configur8tion (DIP) Figure 1b. AD558 Pin Configuration (PLCC) 
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FEATURES 
Single Chip Construction 
Very High-Speed Settling to 1/2LSB 

AD565A: 250ns max 
AD566A: 350ns max 

Full-Scale Switching Time: 30ns 
Guarantaed for Operation with ±12V Supplies: AD566A 

with -12V Supply: AD566A 
Linearity Guaranteed Over Temperature: 

1/2LSB max (K, T Grades} 
Monotonicity Guaranteed Over Temperature 
Low Power: AD566A = 180mW max; 

AD565A = 225mW max 
Use with On-Board High-Stability Reference (AD565AI 

or with External Reference (AD566AI 
Low Cost 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS6SA and ADS66A are fast 12-bit digital-to-analog 
converters which incorporate the latest advances in analog 
circuit design to achieve high speeds at low cost. 

The ADS6SA and ADS66A use 12 precision, high-speed 
bipolar current-steering switches, control amplifier and a 
laser-trimmed thin-film resistor network to produce a very 
fast, high accuracy analog output current. The ADS6SA also 
inclues:s a buried zener reference that features low-noise, 
Jong-term stability and temperature drift characteristics 
comparable to the best discrete reference diodes. 

The combination of performance and flexibility in the 
AD565A and AD566A has resulted from major innovations 
in circuit design, an important new high-speed bipolar pro
cess, and continuing advances in laser-wafer-trimming tech
niques (LWT). The AD565A and ADS66A have a 10-90% 
full-scale transition time Jess than 3 Sns and settle to within 
±1/2LSB in 250ns max' (350ns for ADS66A). Both are 
laser-trimmed at the wafer level to ±1/SLSB typical linearity 
and are specified to ±1/4LSB max error (Kand T grades) at 
+25°C. High speed and accuracy make the AD565A and 
AD566A the ideal choice for high-speed display drivers as 
well as fast analog-to-digital converters. 

The laser trimming process which provides the excellent 
linearity is also used to trim both the absolute value and the 
tempert ture coefficient of the reference of the ADS6SA re
sulting in a typical full-scale gain TC of 10 ppm/°C. When 
tighter TC performance is required or when a system refer
ence is available, the AD566A may be used with an external 
reference. 

•Covered by Patent Nos •• 3,803,5901 Kl! 28,6331 4,213,8061 ' 
4,136,3491 4,020,4861 3,747,088. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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REF 
IN 

REF 
GNO 

REF 
IN 

REF 
GND 

High Speed 12-Bit 
Monolithic D/ A Converters 

AD565A*/AD566A* I 
ADS6SA FUNCTIONAL BLOCK DIAGRAM 

REF OUT Vee BIPOLAR OFF 
>-~~~~~~~--(a 

POWER MSB __,,.. LSB 
GNO 

ADS66A FUNCTIONAL BWCK DIAGRAM 
BIPOLAR OFF 

,-~~~~~~~~~....,..~~"'\7 

POWER MSB - LSB 
GND 

10VSPAN 

AD565A and AD566A are available in four performance grades. 
The J and K are specified for use over the 0 to + 70"C temperature 
range while the S and T grades are specified for the - 5 5°C to 
+ 125°C range. The D grades are all packaged in a 24-pin, 
hermetically sealed, ceramic, dual-in-line package. The JR grade 
is packaged in a 28-pin plastic SOIC. 

PRODUCT HIGHLIGHTS 
1. The wide output compliance range of the AD56SA and 

ADS66A are ideally suited for fast, low noise, accurate 
voltage output configurations without an output amplifier. 

2. The devices incorporate a newly developed, fully differen
tial, nonsaturating precision current switchmg cell structure 
which co.mbines the de accuracy and stability first developed 
in the AD562/3 with very fast switching times and an opti
mally-damped settling characteristic. 

3. The devices also contain SiCr thin film application resistors 
which can be used with an external op amp to provide a 
precision voltage output or as input resistors for a succes
sive approximation A/D converter. The resistors are 
matched to the internal ladder network to guarantee a low 
gain temperature coefficient and are laser-trimmed for 
minimum full-scale and bipolar offset errors. 

4. The ADS6SA and AD566A are available in versions com
pliant with MIL-STD-883. Refer to the Analog Devices 
Military Products Databook or current /883B data sheet 
for detailed specifications. 
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AD565A-SPEClflCATIQNS (TA= +25°C, Yee= +15V, VEE= +15V, unless otherwise specified.) 
ADS6SAJ 

MODEL MIN TYP MAX 

DATA INPUTS (Pins 13 to 24) 
TTL or S Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 +S.S 
Bit OFF Logic "O" +0.8 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 
Bit OFF Logic "O" +3S +100 

RESOLUTION IZ 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -z.o -2.4 
Bipolar (all bits on or off) ±0.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Bk I Ok 

Offset 
Unipolar 0.01 o.os 
Bipolar (Figure 3, R7 = son fixed) o.os O.lS 

Capacitance ZS 
Compliance Voltage 

T min to T '1lH. -1.S +10 
ACCURACY (error relative to 

full scale) +2S°C ±114 ±1/2 
(0.006) (0.012) 

Tmin to Tlllax ±1/2 ±314 
(0.012) (O.OIB) 

DIFFERENTIAL NONLINEARITY 
+2S°C ±112 ±3/4 
Tmin to Tmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Unipolar Zero I 2 
Bipolar Zero s 10 
Gain (Full Scale) IS so 
Differential Nonlinearity 2 

SETTLING TIME TO 112LSB 
All Bits ON-to-OFF or OFF-to-ON 250 400 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time IS 30 
90% to 10% Delay plus Fall Time 30 50 

TEMPERATURE RANGE 
Operating 0 +70 
Storage -6S +ISO 

POWER REQUIREMENTS 
Vee. +11.4 to +16.SV de 3 s 
VEE• -11.4 to -16.SV de -12 -18 

POWER SUPPLY GAIN SENSITIVITY' 
Vee= +11.4 to +16.SV de 3 10 
VEE= -11.4 to-16.SV de IS 25 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 2, 3, 4) o to +S 

-2.5 to +2.5 
Oto+IO 
-5 to +S 
-IOto+lO 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed son 

Resistor for R2 (Figure 2) ±0.1 ±0.2S 
Bipolar Zero Error with Fixed 

son Resistor for Rl (Figure 3) ±0.0S ±0.15 
Gain Adjustment Range (Figure 2) ±0.25 
Bipolar Zero Adjustment Range ±0.lS 

REFERENCE INPUT 
Input Impedance lSk 20k 2Sk 

REFERENCE OUTPUT 
Voltage 9.90 10.00 10.10 
Current (available for external 

loads)' 1.5 2.S 

POWER DISSIPATION 225 345 

NOTES 
1 The dilital inputs arc parantecd but not tested over the operating temperature range. 
t The power supply pin sensitivity is tested in reference to a V cc. VEE of :t 1 $V de. 
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ADS6SAK 
MIN TYP MAX UNITS 

+2.0 +S.S v 
+0.8 v 

+11.0 +300 µA 
+35 +100 µA 

IZ Bits 

-1.6 -z.o -2.4 mA 
±0.8 ±1.0 ±1.2 mA 

6k Bk !Ok n 

0.01 o.os % of F.S. Range 
o.os 0.1 % of F .S. Range 
ZS pF 

-1.S +10 v 

±llB ±1/4 LSB 
(0.003) (0.006) % of F.S. Range 
±114 ±1/2 LSB 
(0.006) (0.012) % of F .S. Ran_g_e 

±114 ±1/2 LSB 
MONOTONICITY GUARANTEED 

I 2 ppml°C 
5 10 ppml°C 
10 20 ppml°C 
2 ppml°C 

2SO 400 ns 

IS 30 ns 
30 so ns 

0 +70 •c 
-65 +ISO •c 

3 s mA 
-12 -lB mA 

3 10 ppm of F.S./% 
IS 25 ppm of F.S./% 

Oto +5 v 
-2.5 to +2.5 v 
Oto+IO v 
-5 to +S v 
-10 to +10 v 

±0.1 ±0.25 % of F.S. Range 

±0.0S ±0.1 % of F.S. Range 
±0.2S % of F.S. Ran2e 
±0.15 % ofF.S. Range 

15k 20k 2Sk n 

9.90 10.00 10.10 v 

1.5 2.S mA 

22S 34S mW 

1 For operation at elevated temperatures the reference cannot ~ly current for 
external loads. It, therefore, should be buffered if additional loads are tO be supplied. 

Specifications subject to chanac without notice. 
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AD56'AS 
MODl!L MIN TYP MAX 

DATA INPUTS 1 (Pins 13 to 24) 
TTL or 5 Volt CMOS 

Input Voltage 
Bit ON Logic "I" +2.0 .+5.5 
Bit OFF Logic 000'" +0.8 

Logic Current (each bit) 
Bit ON Logic 00 1° 0 +120 +300 
Bit OFF Logic 000'" +35 +100 

RESOLUTION 12 
OUTPUT 

Current 
Unipolar (all bits on) -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±o.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Bk !Ok 

Offset 
Unipolar 0.01 0.05 
Bipolar (Figure 3, Rz = 50!1 fixed) 0.05 0.15 

Capa~itance 25 
Compliance Voltage 

Tmin toTmax -1.5 +10 
ACCURACY (error relative to 

full scale) +25°C ±1/4 ±1/2 
(0.006) (0.012) 

Tmin toTmax ±1/2 ±3/4 
(0.012) (0.018) 

DIFFERENTIAL NONLINEARITY 
+2S°C ±112 ±3/4 
Tmin t~Tmax MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
With Internal Reference 

Uitipolar Zero I 
Bipolar Zero 5 
Gain (Full Scale) 15 
Differential Nonlinearity 2 

SETTLING TIME TO 112LSB 
All Bits ON·to-OFF or OFF-to-ON 250 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 15 
90% to 10% Delay plus Fall Time 30 

TEMPERATURE RANGE 
Operating -55 
Storage -65 

POWER REQUIREMENTS 
Vee, +11.4 to +16.5V de 3 
VEI!, -11.4 to -16.5V de -12 

POWER SUPl'L Y GAIN SENSITIVITY2 

Voe• +11.4 to +16.5V de 3 
VEI! = -11.4 to -16.5V de 15 

PROGRAMMABLE OUTPUT 
RANGES (ICC Figures 2, 3, 4) Oto+5 

-2.5 to +2.5 
0 to +10 
-5 to +5 
-10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed 50!1 

ROtiltOr for R2 (Figure 2) ±o.l 
Bipolar Zero Error with Fixed 

50!1 Resistor for RI (Figure 3) 
Gain Adjustment Range (Figure 2) ±0.25 

±0.05 

Bipolar Zeto Adjusanent Rang .. ±0.15 

REFERENCE INPUT 
Input Impedance lSk 20k 

REFERENCE OUTPUT 
Voltage '·'° 10.00 
Current (available for exmmal 

loads)1 1.5 2.5 

POWER DISSIPATION 225 

Specificationl shown in boldface ue tattd on all production unitt at 
finll elcctric:ll Int. Resulu flOlll dtole ..... ore used to coleulate out
IDilts quolity levels. AD min md max llpOCificadons an suannteed, 
oltboup only ...... •own in boldfaft an telted on oil pn>ducdon 
units. 
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2 
10 
30 

400 

30 
50 

+125 
+150 

5 
-18 

10 
25 

±0.25 

±0.15 

25k 

10.10 

345 

AD565A/AD566A 
AD565AT 

MIN TYP MAX UNITS 

+2.0 +5.5 v 
+0.8 v 

+110 +300 µ.A 
+35 +100 µ.A 

12 Bits 

-1.6 -2.0 -2.4 mA II 
±o.8 ±1.0 ±1.2 mA 

6k Bk IOk !l 

0.01 0.05 % of F.S. Range 
0.05 0.1 % of F.S. Range 
25 pF 

-1.5 +10 v 

±1/8' ±1/4 LSB 
(0.003) (0.006) % of F.S. Range 
±1/4 ±1/2 LSB 
(0.006) (0.012) % of F.S. Range 

±1/4 ±1/2 LSB 
MONOTONICITY GUARANTEED. 

I 2 ppmfc 
5 10 ppmi°C 
10 IS ppmfc 
2 ppmfc 

250 400 ns 

15 30 ns 
30 50 ns 

-55 +125 •c 
-65 +150 •c 

3 5 mA 
-12 -18 mA 

3 10 ppm of F.S.1% 
15 25 ppm of F.S.1% 

Oto +S v 
-2.5 to +2.5 v 
Oto+lO v 
-5 to +5 v 
-10 to +10 v 

±0.1 ±0.25 % of F.S. Range 

±0.05 ±0.1 % of F.S. Range 
±o.25 % of F.S. Range 
±0.15 % of F.S. Range 

15k 20k 25k n 

'·'° 10.00 10.10 v 

1.5 2.5 mA 

225 345 mW 

DIGITAL-TO-ANALOG CONVERTERS 3-31 



AD566A-SPEClflCATIQNS (TA= +25°C, YEE= -15Y, unless otherwise specified.) 
AD56MJ ADSUAK 

MODEL MIN TYP MAX MIN TYP MAX, 

DATA INPUTS' (Pins 13 to 24) 
TTL or S Volt CMOS 

Input Voltage 
Bit ON Logic "1" +2.0 +s.s +2.0 +s.s 
Bit OFF Logic "O" 0 +0.8 0 +0.8 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 
Bit OFF Logic "O" +3S +100 +3S +100 

RESOLUTION IZ 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or ofO ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Bk !Ok 6k Bk !Ok 

Offset 
Unipolar (adjustable to 

zero per Figure 3) 0.01 o.os 0.01 o.os 
Bipolar (Figure 4 Ri and 

R2 = SOO fixed) o.os O.lS o.os 0.1 
Capacitance ZS ZS 
Compliance Voltage 

Tmin toTmax -1.S +10 -1.S +10 

ACCURACY (error relative to 
full scale) +zs'c ±114 ±1/2 ±118 ±1/4 

(0.006) (0.012) (0.003) (0.006) 
Tmin toTmax ±112 ±3/4 ±114 ±112 

(0.012) (0.018) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
+2S°C ±l/Z ±3/4 ±114 ±112 
Tmin toTmax . MONOTONICITY GUARANTEED MONOTONICITY GUA,RANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero I 2 I 2 
Bipolar Zero s 10 s 10 
Gain (Full Scale) 7 10 3 s 
Differential Nonlinearity 2 z 

SETTLING TIME TO 1/21..SB 
All Bits ON·to-OFF or OFF·to-ON (Figure 8) zso 3SO zso 3SO 

FULL SCALE TRANSITION 
10% to 9Q% Delay plus Rise Time IS 30 IS 30 
90% to 10% Delay plus Fall Time 30 so 30 so 

POWER REQUIREMENTS 
VEE• -ll.4 to -16.SV de -12 -18 -12 -18 

POWER SUPPLY GAIN SENSITIVITY' 
VEE= -ll.4 to -16.SV. de IS ZS IS 25 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, S) Oto +S o to +S 

-2.S to +2.S -Z.S to +2.S 
0 to+lO Oto +10 
-s to +S -S to +S 
-10to+l0 -10 to +10 

EXTERNAL ADJUSTMENTS 
Gain Error with Fixed SOfl 

Resistor for RZ (Figure 3) ±0.1 ±0,25 ±0.1 ±0.25 
Bipolar Zero Enor with Fixed 

SOO Resistor for R l (Figure 4) ±0.0S ±o.15 ±0.0S ±o.l 
Gain Adjusanent Range (Figure 3) ±o.2S ±o.ZS 
Bipolar Zero Adjustmcn~ Range ±0.15 ±o.IS 

REFERENCE INPUT 
Input Impedance !Sk 20k ZSk Uk ZOk 2Sk 

POWER DISSIPATION 180 300 180 300 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 

Two (2), Bipolar Operation at Digital Input Only 
+IV to +lOV, Unipolar 

Accuracy 
Reference Feedthrough (unipolar mode, 

all bits OFF, and l to +IOV (p-p), sinewave 
frequency for 1121..SB (p-pJ feedthrough) 

Output Slew Rare 10%-90% 
90%-10% 

Output Settling Time (all bits on and a 0-lOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth. 
Small·Signal Closed·Loop Bandwidth 

NOTES 

10 Bits(±O.OS% of Reduced F.S.) for IV de Reference Voltage 

40kHz typ 
SrnA/ps 
lmA/jAS 

l.SjJs to 0.01'6 F,S. 

300kHz 
!.8MHz 

1 The cliiital input levels are parucecd but not catecl over lbe cemperaturc IUIJ'• 
1Thc power .. pp1ypin •ntitivlty il"tatcdin refcrmcc to a VEE of-l5V de. 
Spedf"1C&tion1 aabject to chaalC witbOut notice. 
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UNITS 

v 
v 

pA 
pA 

Bits 

mA 
mA 

n 

%of F.S.R. 

% of F.S.R. 
pF 

v 

LSB 
% of F.S.R. 
LSB 
% of F.S.R. 

LSB 

ppm/'c 
ppml'C 
ppml°C 

__.ei>_m/°C 

ns 

ns 
ns 

mA 

ppm of F.S.1% 

v 
v 
v 
v 
v 

% of F.S.R. 

%of F.S.R. 
% of F.S.R. 
%of F.S.R. 

n 
mW 
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ADS66AS ADS66AT 
MODEL MIN TYP MAX MIN TYP MAX 

DATA INPUTS' (Pins 13 to 24) 
TTL or S Volt CMOS 

Input Voltage 
Bit ON Logic "1" +2.0 +S.S +2.0 +S.S 
Bit OFF Logic "O" 0 +0.8 0 +0.8 

Logic Current (each bit) 
Bit ON Logic "1" +120 +300 +120 +300 
Bit OFF Logic "O" +JS +100 +JS +100 

RESOLUTION 12 12 

OUTPUT 
Current 

Unipolar (all bits on) -1.6 -2.0 -2.4 -1.6 -2.0 -2.4 
Bipolar (all bits on or off) ±0.8 ±1.0 ±1.2 ±0.8 ±1.0 ±1.2 

Resistance (exclusive of span 
resistors) 6k Bk !Ok 6k 8k !Ok 

Offset 
Unipolar (adjustable to 

zero per Figure 3) O.Ql o.os O.Ql o.os 
Bipolar (Figure .4 R 1 and 

R 2 =son fixed) o.os O.lS o.os 0.1 
Capacitance ZS 25 
Compliance Voltage 

Tmin toTmax -1.S +10 -1.S +10 

ACCURACY (error relative to 
full scale) +25°C ±1/4 ±1/2 ±118 ±1/4 

(0.006) (0.012) (O.OOJ) (0.006) 

Tmin to Tmax ±1/2 ±3/4 ±1/4 ±1/2 
(0.012) (0.018) (0.006) (0.012) 

DIFFERENTIAL NONLINEARITY 
,..zs 0 c ±1/2 ±3/4 ±1/4 ±1/2 

Tmin to Tmax MONOTONICITY GUARANTEED MONOTONICITY GUARANTEED 

TEMPERATURE COEFFICIENTS 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1/2LSB 
All Bits On-to-OFF or OFF-to-ON (Figure 8) 

FULL SCALE TRANSITION 
10% to 90% Delay plus Rise Time 
90% to 10% Delay plus F).11 Time 

POWER REQUIREMENTS 
VEE• -11.4 to -16.5V de 

POWER SUPPLY GAIN SENSITIVITY' 
VEE= -11.4 to-16.SV de 

PROGRAMMABLE OUTPUT 
RANGE (see Figures 3, 4, 5) 

EXTERNAL AD j USTMENTS 
Gain Error with Fixed SOU 

Resistor R2 (Figure 3) 
Bipolar Zero Error with Fixed 

SO!l Resistor for Rl (Figure 4) 
Gain Adjustment Range (Figure 3) ±0.2S 
Bipolar Zero Adjusnnent Range ±0.15 

REFERENCE INPUT 
Inj>ut Impedance 15k 

POWER DISSIPATION 

MULTIPLYING MODE PERFORMANCE (All Models) 
Quadrants 
Reference Voltage 
Accuracy 
Reference Feedthrough (unipolar mode, 

all bit5 OFF, and 1 to +lOV (p-p], sinewave 
frequency for 1/2LSB (p·p( feedthrough) 

Output Slew Rate 10%-90% 
90%-10% 

Output Settling Time (all bits on and a 0-lOV 
step change in reference voltage) 

CONTROL AMPLIFIER 
Full Power Bandwidth 
Small-Signal Closed-Loop Bandwidth 

1 2 1 2 
5 10 5 10 
7 10 J s 
2 2 

250 350 250 350 

15 JO 15 JO 
JO 50 JO 50 

-12 -18 -12 -18 

15 25 15 2S 

0 to +5 0 to +5 
-2.5 to +2.5 -2.5 to +2.5 
o to +JO Oto +10 
-5 to +5 -5 to +S 
-lOto+IO -10 to +10 

±0.l ±0.lS ±0.1 ±0.25 

±0.05 ±0.lS ±0.05 ±0.1 
±0.25 
±0.15 

20k 25k 15k 20k 25k 

180 300 180 300 

Two (2): Bi.polar Operation at Digital Input Only 
+IV to +lOV, Unipolar . 
10 Bits (±0.05% of Reduced F.S.). for 1 V de Reference Voltage 

40kHz typ 
5mA/µs 
lmA/µs 

1.5µ.s to 0.01 % F.S. 

300kHz 
1.8MHz 

AD565A/AD566A 

UNITS 

v 
v 

µ.A 
µ.A 

Bits 

mA 
mA 

n 

% of F.S.R. 

% of F.S.R 
pF 

v 

LSB 
% of F.S.R. 
LSB 
% of F.S.R. 

LSB 

ppmt°C 
ppmt°C 
ppmt°C 
ppmi°C 

ns 

ns 
ns 

mA 

ppm of F.S.1% 

v 
v 
v 
v 
y 

% of F.S.R. 

% of F.S.R. 
%of F.S.R. 
% of F.S.R. 

n 
mW 

Specifications subject to chanse without notice. Specifications shown in boldface arc tested on all production units at although only thoac shown in boldface arc tested on all production 
final electrical test. Results from thole tests art: used to calculate out- units. 
going quality levels. All min and max specifications art: guaranteed, 
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AD565A/AD566A 
ABSOLUTE MAXIMUM RATINGS 
V cc to Power Ground . . . . . . 
VEE to Power Ground (ADS6SA) 
Voltage on DAC Output (Pin 9) 
Digital Inputs (Pins 13 to 24) to 

. OV to +18V 

. OV to -18V 
-3V to +12V 

Power Ground . . . . . . . . - 1.0V to + 7 .OV 
Ref in to Reference Ground . . . ± 12V 
Bipolar Offset to Reference Ground . ± 12V 
IOV Span R to Reference Ground . . ± 12V 

Model' 

AD565AJD 
AD565AJR 
AD565AKD 
AD565ASD 
AD565ATD 

NOTES 

AD565A ORDERING GUIDE 

Linearity 
MaxGamT.C. Temperature Error Mu Package 
(ppmofF.S./"C) Range @+25'C Option2 

50 Oto +7D°C ±J/2LSB Ceramic(D-24) 
50 Oto +70"C ±l/2LSB SOIC(R-28) 
20 Oto +70"C ±l/4LSB Ceramic(D-24) 
30 -55"C to + 125·c ±li2LSB Ceramic(D-24) 
15 - 55"C to + 125"C ±l/4LSB Ceramic(D-24) 

20V Span R to Reference Ground . . ± 24V 
Ref out (ADS6SA) Indefinite Short to Power Ground 

1 For details on grade and packag°e offerings screened in accordance with MIL-STl).883, refer to the Analog 
Devices Military Products Databook or current /8838 data sheet. 

Power Dissipation . 

NC 

REF OUT (+10V ±1%) 4 

REFGND 5 

BIPOLAR OFFSETIN 8 

DAC OUT (-2mA F.S.) 9 

10VSPAN R 

20VSPAN R 

PWRGND 

Momentary Short to V cc 
............. lOOOmW 

20 "" Ceramic DIP, R ""' SOJC. For outline information see Package Information section. 

AD566A ORDERING GUIDE 

Linearity 
MaxGamT.C. T-rature Error Max Package 

Model' (ppm or F .S./"C) Range @ +25"C Option' 

AD566AJD 10 Oto +70"C ±J/2LSB Ceramic (D-24) 
AD566AKD 3 Oto +7D°C ±J/4LSB Ceramic(D-24) 
AD566ASD JO -55°Cto + 125"C ±l/2LSB Ceramic (D-24) 
AD566ATD 3 -55"Cto + 125'C ±J/4LSB Ceramic (D-24) 

NOTES 
1 For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current /883B data sheet. 

20 °"' Ceramic DIP. For outline information see Package Information section. 

PIN DESIGNATIONS 

24-PIN DIP 

BIT 1 IN (MSB) 

BIT21N 

BIT31N 

BIT 4 IN 

BIT 5 IN 

BIT61N 

BIT71N 

BITBIN 

BIT91N 

BIT101N 

BIT11 IN 

BIT 12 IN (LSB) 

NC 

REFGND 3 

AMP SUMMING 4 
JUNCTION 

REF V HllN 5 

-v •• -1sv IN (20mA) 6 

BIPOLAR OFFSET IN 7 

DAC OUT (-2mA F.S.) 

10VSPAN R 

20VSPAN R 

PWRGND 

BIT 1 IN (MSB) 

BIT 2 IN 

BIT31N 

BIT41N 

BITSIN 

BIT 6 IN 

BIT71N 

BIT 8 IN 

BIT91N 

BIT101N 

BIT11 IN 

BIT 12 IN (LSB) 

NC = NO CONNECT NC = NO CONNECT 

211-PIN SOIC 

NC 

REF OUT (10V) 5 

REFGND 

REFIN 7 

NC 

Vee 9 

BIPOLAR OFFSET IN 

DACOUT 

NC 

10VSPAN R 

20VSPAN R 

AD565A 
TOP VIEW 

(Not to Scale) 

NC = NO CONNECT 
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NC 

BIT1 (MSB) 

BIT2 

BIT3 

BIT4 

BITS 

BIT& 

BIT7 

BITS 

BIT9 

91T10 

BIT11 

BIT12(LSB) 

PWRGND 
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1"111 ANALOG 
WDEVICES 

FEATURES 
Ultrahigh Speed: Current Settling to 1LSB in 35ns 
High Stability Buried Zener Reference on Chip 
Monotonicity Guaranteed Over Temperature 
10.24mA Full~Scale Output Suitable for Video 

Applications 

1 ~ -Bif lHtrahigh Speed 
Monolithic D/A Converter 

AD568 I 
FUNCTIONAL BLOCK DIAGRAM 

Integral and Differential Linearity Guaranteed Over ''=m:'.~,,·~-===•-\. ,.,,_. 
Temperature ......_....._._........_...._._~...,_.......,i++++-+--=-+---...~1'J :-

0.3" "Skinny DIP" Packaging 
Variable Threshold Allows TTL and CMOS 

Interface 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS68 is an ultrahigh-speed, 12-bit digital-to-analog con
vener (DAC) settling to 0.025% in 35ns. The monolithic device 
is.fabricated using Analog Devices' Complementary Bipolar 
(CB) Process. This is a proprietary process featuring high-speed 
NPN and PNP devices on the same chip without the use of 
dielectric isolation or multichip hybrid techniques. The high 
speed of the AD568 is maintained by keeping impedance levels 
low enough to m.inimi7.C the effects of parasitic circuit 
capacitances. · 

The DAC consiSts'of 16 current sources configured to deliver a 
10.24.mA full-sc&le current. Multiple matched current sources 
and thin-film ladder techniques are combined to produce bit 
weighting. The DAC's output is a 10.24mA full scale (FS) for 
current output applications or a l.024V FS wibuffered voltage 
output. Additionally, a 10.24V FS buffered output may be 
generated using an onboard lkO span resistor with an external 
op amp. Bipolar ranges are accomplished by pin strapping. 

Laser wafer trimming insures full 12-bit linearity. All grades of 
the AD568 are guaranteed monotonic over their full operating 
temperature i:ange. Furthermore, the output resistance of the 
DAC is trimmed to 1000 ± 1.0%. The gain temperature coefficient 
of the voltage output is 30ppm/"C max (K). 

The ADS68 is available ~ three performance grades; The 
AD568JQ and KQ are avliilable in 24-pin cerdip (0.3") packages 
and are specified for operation from 0 to + 70"C. The AD568SQ 
features operation from - SS"C to + 125"C and is also packaged 
in the hermetic 0.3" cerdip. 

Tbia is an abridged data sheet; To obtain the most recent version or. 
c:omplete data sheet, call our f'u retrieval sys- aH-800-446-6212. 

REV.A 

Jt BIPOLAR 
OFFSETl'-il 

II ~~-== 
,. :.:::: '----------------®---<!'>----' 

PRODUCT HIGlll.IGHTS 

...... -· 

I. The ultrafast settling time of the AD568 allows leading edge 
performance in waveform generation, graphics display and 
high-speed AID conversion applications. 

2. Pin strapping provides a variety of voltage and current output 
ranges for application versatility. Tight control of tbe absolute 
output current reduces trim requirements in externally-scaled 
applications. 

3. Matched on-chip resistors can be used for precision scaling 
in high-speed AID conversion circuits. 

4. The digital inputs are compatible with TTL and + SV CMOS 
logic families. 

S. Skinny DIP (0.3") packaging minimizes board space require
ments and eases layout considerations. 

6. The ADS68 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS68/883B data sheet for detailed specifications. 
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AD568-SPECIFICATIONS <@= +25°C, Yee· VEE = ±15V unless otherwise noted.) 

Model AD568J AD568K AD568S 

. "--"- Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUtION 12 
.. ; 

12 12 
-c 

Bits 

ACCURACY' 
Lin_earity -112 +112 -114 +1/4 -1/2 +112 LSB 
T~ntOTmax -3/4 +3/4 -112 +1/2 -3/4 +3/4 LSB 

Differential Nonli~earity -1 +l -1/2 +1/2 -1 +l LSB 
Tm.intOTmax -1 +l -I +I -1 -I LSB 

Monotonicity GUARANTEED OVERRATED SPECIFICATION TEMPERATURE RANGE 
Unipolar Offset -0.2 +0.2 
Bipolar Offset -1.0 +i.o 
Bipolar Zero -0.2 +0.2 
Gain Error -1.0 +l.O 

TEMPERATURECOEFFICIENTS2 

Unipolar Offset -5 +s 
Bipol~r Offset -30 +30 
Bipolar Zero -15 + 15 
Gain Drift -50 +50 
Gain Drift (louT) -150 +150 

DATA INPUTS 

Logic Levels er min to T max) 
VIH 2.0 7.0 

Vu. 0.0 0.8 
Logic Currents (T min to T max) 

IIH -10 0 +10 

In. -0.5 -60 -100 

VTH Pin Voltage 1.4 

CODING 

CURRENT OUTPUT RANGES 

VOLTAGE OUTPUT RANGES 

COMPLIANCEVOLTAGE -2 + 1.2 

OUTPUT RESISTANCE 
Exclusive of'Ri. 160 200 240 
InclusiveofR1. 99 100 IOI 

SETTLING TIME 
Current to 

=0.025% 35 
:!::0.1% 23 

Voltage 
5011 L<>ad3 ,0.512V p-p, 

to0.025% 37 
to0.1% 25 
tol% 18 

7511Lo;1d',O.768V p·p, 
to0.025% 40 
tcS0.1% 25 
tol% 20 

10011 (Internal Ri.)', I .024V p-p, 
to0.025% 50 
to0.1% 38 
to1% 24 

Glicch lmpulse4 350 
Peak Amplitude 15 

FULL-SCALE TRANSITION' 
10% to 90% Rise Time II 
90% to 10% Fall Time II 

POWER REQUIREMENTS 

+ 13.5V to + 16.SV 27 32 
-13.SVto -16.5V -7 -8 

Power Dissipation 525 625 
PSRR 0.05 

TEMPERATURE RANGE 
Rated Spccification2 0 70 
Slorage -65 + 150 

NOTES 
*Same as AD568J. 
1 Measured in IocT mode. 

. . . . %ofFSR . . . . %ofFSR . . . . %ofFSR . • . . %ofFSR 

-3 +3 -5 +5 · ppmofFSRrC 
-20 +20 -30 +30 ppmofFSR/'C . . . . ppmofFSRl'C 
-30 +30 -50 +50 ppmofFSR/'C . . • . ppmofFSRl'C 

. . . . v . . . . v 

. . . . . . µA . . . . -100 -200 µA 

* * v 
BINARY, OFFSET BINARY 

Otol0.24, ±5.12 mA 

Oto 1.024, ±0.512 v 

* * * * ; v 

* * (l 

* * (l 

* * nsto0.025%ofFSR 

* * nsto0.1%ofFSR 

* * nsto0.025%ofFSR 

* * nsto0.1%ofFSR 

* * nsto 1%ofFSR 

* * nsto0.025%ofFSR-

* * nsto-0.lo/oofFSR 

* * nsto 1%nfFSR 

* * ns'to0.02So/oofFSR 

* * nsto0.1%nfFSR 

* * nsto 1%ofFSR 

* * pV-sec 

* * %ofFSR 

* * ns . * ns 

* * * * mA 

* * . . mA 

* * * * mW 

* . %ofFSRN 

0 70 -55 +125 "C . * * * oc 

4 At the major carry, driven by HCMOS logic. See text for further explanation. 
5 Measured in Vot:T mode. 

'Measured in VocT mode, unless otherwise specified. See text for fwther infonnation. 
1Total Resistance. Refer to Figure 3. 

Specifications shown in boldface arc tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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ANALOG 
COMMON 

Figure 1. Functional Block Diagram 

ABSOLUTE MAXIMUM RATINGS* 

V cc to REFCOM .. 
VEE to REFCOM .. 
REFCOM to LCOM 
ACOM to LCOM . 
THCOM to LCOM 
SPANs to LCOM 
lsro to LCOM 
loUT to LCOM . 
Digital Inputs to THCOM 
Voltage Across Span Resistor 
VTH to THCOM ..... . 
Logic Threshold Control Input Current . 

OV to +18V 
OV to -ISV 

+ lOOmV to - IOV 
±IOOmV 
±SOOmV 

.. ±12V 

... ±SV 
-SV to VTH 

-SOOmV to +7.0V 
....... 12V 
-0.7V to + l.4V 

. . SmA 

v .. 

BIT 1 /MSB) 

l9 LOADRESISTOR 
!Rd 

Power Dissipation . . . . . 
Storage Temperature Range 

Q (Cerdip) Package 
Junction Temperature . 
Thermal Resistance 

O;a ..••••.••• 
O;c .••••.•••. 

AD568 
PIN CONFIGURATION 

19 LOAD RESISTOR IRL) 

18 ANALOG COMMON IACOMI 

14 THRESHOLD COMMON (THCOMI 

13 THRESHOLD CONTROL fVTHI 

. .... lOOOmW 

- 6S°C to + l SG°C 
17S°C 

7S°C/W 
2S0 C/W 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ORDERING GUIDE 

Linearity Voltage 
Package. Temperature Error Max. GainT.C. 

Model' Option2 Range°C @2s·c Maxppml°C 

ADS68JQ 24-Lead Cerdip (Q-24) Oto +70 ± 112 ±SO 
ADS68KQ 24-Lead Cerdip (Q-24) Oto +70 ± 114 ±30 
ADS68SQ 24-Lead Cerdip (Q-24) -SSto+l2S ± 112 ±SO 

NOTES 
1 For details on grade and package offerings screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Data book or current AD568/883B data sheet. 

2Q = Cerdip. For outline information see Package Information section. 

Definitions 
LINEARITY ERROR (also called INTEGRAL NON
LINEARITY OR IN'L): Analog Devices defines linearity 
error as the maximum deviation of the actual analog output 
from the ideal output (a straight line drawn from 0 to FS) 
for any bit combination expressed in multiples of ILSB. The 
AD568 is laser trimmed to 114LSB (0.006% of FS) maximum 
linearity error at + 25°C for the K version and 112LSB for 
the J and S versions. 

DIFFERENTIAL LINEARITY ERROR (also called 
DIFFERENTIAL NONLINEARITY or DNL): DNL is 
the measure of the variation in analog value, normalized to 
full scale, associated with a ILSB change in digital input 
code. Monotonic behavior requires that the differential linearity 
error not exceed lLSB in the negative direction. 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant as the digital 
input increases. 

REV.A 

UNIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (OV or OmA) when the inputs are set 
to all Os is called unipolar offset error. 

BIPOLAR OFFSET ERROR: The deviation of the analog 
output from the ideal (negative half-scale) when the inputs 
are set to all Os is called bipolar offset error. 

BIPOLAR ZERO ERROR: The deviation of the analog 
output from the ideal .half-scale output of OV (or OmA) for 
bipolar mode when only the MSB is on (100 ..... 00) is called 
bipolar zero error. 

GAIN ERROR: The difference between the ideal and actual 
output span of FS - ILSB, expressed in % of FS, or LSB, 
when all bits are on. 

GLITCH IMPULSE: Asymmetrical switching times in a 
DAC give rise to undesired output transients which are quan
tified by their glitch impulse. It is specified as the net area of 
the glitch in nV-sec or pA-sec. 
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1111111111 ANALOG 
YDEVICES 

FEATURES 
Guaranteed 16-Bit Monotonicity 
Monolithic BiMOS II Construction 
±0.01% Typical Nonlinearity 
8- and 16-Bit Bus Compatibility 
3µ.s Settling to 16-Bits 
Low Drift 
Low Power 
Low Noise 

APPLICATIONS 
Robotics 
Closed-Loop Positioning 
High-Resolution ADCs 
Microprocessor-Based Process Control 
Mll.-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD569 is a monolithic 16-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices' BiMOS II process. 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The AD569 chip includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and double-buffered input 
latches. 

The AD569's voltage-segmented architecture insures 16-bit 
monotonicity over time and temperature. Integral nonlinearity is 
maintained at ± 0.01%, while differential nonlinearity is 
±0.0004%. The on-chip, high-speed buffer amplifiers provide a 
voltage output settling time of 3µs to within ±0.001% for a 
full-scale step. 

The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
± SV and separate reference force and sense connections are 
provided for high accuracy applications. The. AD569 can operate 
with an ac reference in multiplying applications. 

Data may be loaded into the AD569's input latches from 8- and 
16-bit buses. The double-buffered structure simplifies 8-bit bus 
interfacing and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTL/LSTTL/SV CMOS
compatible signals control the latches: CS, LBE, HBE, and 
LDAC. 

The AD569 is available in five grades: J and K versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP and 28-pin PLCC package; AD and BD versions are specified 
from - 25'C to + 8S°C and are packaged in a 28-pin ceramic 
DIP. The SD version, also in a 28-pin ceramic DIP, is specified 
from - SS'C to + 125°C. 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fu rflrieval system at l-800'446-6212. 
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16-Bit Monotonic 
Voltage Output D/A Converter 

AD569 I 
FUNCTIONAL BLOCK DIAGRAM 

+VREF FORCE 

.... 
R254 

. , 

-Vl'EF FORCE 

MSB 
SEGMENT 

SELECTION 

R512 

.... 
LSB 
TAP 

sa.ECTION 

w~...__~,---, r-'-~1-~~~~~...____. ... 

0815 • e • DBI 087 ••• D80 

PRODUCT HIGHLIGHTS 

AD569 

1. Monotonicity to 16 bits is insured by the AD569's voltage
segmented architecture. 

2. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift of the AD569 are negligible. 

3. The AD569's versatile data input structure allows loading 
from 8- and 16-bit buses. 

4. The on-chip output buffer amplifier can supply ± SV into a 
lkfi load, and can drive capacitive loads of up to lOOOpF. 

5. Kelvin connections to the reference inputs preserve the gain 
and offset accuracy of the transfer function in the presence of 
wiring resistances and ground currents. 

6. The AD569 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD569/883B data sheet for detailed specifications. 
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SPECIFICATIONS ~~e~i;:!:~~Ys = +12V, -V5 = -12V, +VREF = +5V, -VREF = -5V, unless AD569 

Moclel ADS69JNIJP/AD 

Parameter Min Typ Max 

RESOLUTION 16 
LOGIC INPUTS 

Vm (Logic" I") 2.0 5.5 
V,L(Logic "O") 0 0.8 

Ira<V1H=S.SV) 10 

I1L (VIL= OV) 10 

TRANSFER FUNCTION 
CHARACTERISTICS 

Integral Nonlinearity ±0.02 ±0.04 
TmintoT,... ±0.02 ±0.04 

Differential Nonlinearity ± 112 ±1 
TmintoT.,.. ±112 ±1 

Unipolar Offset' ±500 
TlnintoT.,.. ±750 

Bipolar Offset2 ±500 
TmintoTmu ±750 

Full Scale Error ±350 
TmintoT .... ±750 

Bipolar Zero2 ±0.04 
T,.;,,toT .... ±0.04 

REFERENCE INPUT 

+ VREF Range3 -5 +5 

- VREF Range3 -5 +5 
Resistance 15 20 25 

OUTPUT CHARACTERISTICS 
Voltage -5 +5 
Capacitive Load 1000 
Resistive Load I 
Short Circuit Current IO 

POWER SUPPLIES 
Voltage 

+Vs +10.8 +12 +13.2 
-Vs -10.8 -12 -13.2 

Current 

+Is +9 +13 
-Is -9 -13 

Power Supply Sensitivity5 

+ l0.8Vs + Vss + 13.2V ±0.S ±2 
- l0.8V0< -Vs0< -13.2V ±I ±3 

TEMPERATURE RANGE 
Specified 

JN,KN,JP,KP 0 +70 
AD,BD -2S +8S 
SD 

Storage 
JN,KN,JP,KP -6S + 150 
AD,BD,SD -65 +ISO 

NOTES 
1FSR stands for FuU-Scale Range, and is IOV for a - S to + SV span. 
2Refer to Definitions section. 
3For operation with supplies other than ± 12V, refer to the Power Supply 
and Reference Voltage Range Section. 

4Measured between + V REP Force and - V REP Force. 
5SensitivityofFull-Scale Error due to changes in +Vs and sensitivity 
ofOffsettochangesin -Vs. 

Specifications subject to change without notice. 
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ADS69KN/KP/BD ADS69SD 

Min Typ Max Min Typ Max Units 

16 16 Bits 

2.0 5.5 2.0 5.5 Volts 
0 0.8 0 0.8 Volts 

10 10 .,A 
10 10 .,A 

±0.01 ±0.024 ±0.04 %FSR1 

±0.020 ±0.024 ±0.04 %FSR 
± 1/4 ±112 ±1 LSB 
±112 ±1 ±1 LSB 

±350 ±500 ,..v 
±450 ±750 ,..v 
±350 ±500 ,..v 
±450 ±750 ,..v 
±350 ±350 ,..v 
±750 ±750 ,..v 
±0.024 ±0.04 %FSR 
±0.024 ±0.04 %FSR 

-5 +5 -5 +5 Volts 
-5 +5 -5 +5 Volts 
15 20 25 15 20 25 1c0• 

-5 +5 -5 +5 Volts 
1000 1000 pF 

I I kO 
10 10 mA 

+10.8 +12 +13.2 +10.8 + 12 +13.2 Volts 
-10.8 -12 -13.2 -10.8 -12 -13.2 Volts 

0 
-2S 

-6S 
-6S 

+9 +13 +9 +13 mA 
-9 -13 -9 -13 mA 

±0.S ±2 ±0.S ±2 ppm/% 
±I ±3 ±I ±3 ppm/% 

+70 "C 
+8S "C 

-SS +12S "C 

+ISO "C 
+ISO -6S +ISO "C 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max speciftcations are guaranteed, although only those 
shown in boldface are tested on all production units. 

DIGITAL-TO,ANALOG CONVERTERS 3-39 

Ill 



AD569 
AC PERFORMANCE CHARACTERISTICS 
These cllaractaristics are included for Design Guidance Only and are not subject to test 
+Vs = + 12V; -Vs = -12V; + VREF = + 5V; '-VREF = -5V except where sttllld. 

Parameter Limit Units Test Conditions/Comments 

Output Voltage Settling s µ.smax No Load Applied 
(Time to ±0;001%FS 3 µ.styp (DACoutputmeasuredfromfallingedgeof LDAC.) 
ForFSStep) 6 µ.smax VoUTLoad = lkO,CLoAo = lOOOpF. 

4 µ.styp (DACoutputmeasuredfromfallingedgeofLDAC.) 
Digital-to-Analog Glitch 500 nV-sectyp Measured with V REF = OV. DAC registers alternatively loaded 

Impulse with input codes of 8000H and OFFFH (worst-case 
transition). Load = lkO. 

Multiplying Feedthrough -100 dB max + V REF = 1 V rms lOkHz sine wave, 
-VREF=OV 

Output Noise Voltage 40 nV/YHZtyp Measured between VoUT and - V REF 
Density (lkHz-lMHz) 

TIMING CHARACTERISTICS1+V5 = +12V, -V5 = -12¥, V11 = 2.4V, VL = 0.4¥,TnintoT.,..) 

Parameter Limit Units Test Conditions/Comments 

Case A lSOnsPulseon HBE, LBE, and LDAC 
THs = 140nsmin, THH = lOnsmin 

twc 120 nsmin CS Pulse Width 
tse 60 nsmin CS Data Setup Time 
tHC 20 nsmin CS Data Hold Time 

CaseB None 
tws 70 nsmin HBE, LBE Pulse Width 
tss 80 nsmin HBE, LBE Data Setup Time 
tHB 20 nsmin HBE, LBE Data Hold Time 
tscs 120 nsmin CS Setup Time 
tHCS 10 nsmin CS Hold Time 
two 120 nsmin LDAC Pulse Width 

CaseC None 
tws 120 nsmin HBE, LBE Pulse Width cs 

~ tss 80 nsmin HBE, LBE Data Setup Time 
tHB 20 nsmin HBE, LBE Data Hold Time 

HBe+LiE ~lwe t tscs 120 nsmin CS Setup Time 
tHcs 10 nsmin CS Hold Time 

L5AC 

DATA 

Figure 2a. AD569 Timing Diagram- Case B 

CS~HCS 

DATA 

Figure 1. AD569 Timing Diagram - Case A 

Figure 2b. AD569 Timing Diagram - Case C 
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AD569 
ABSOLUTE MAXIMUM RATINGS* Power Dissipation (Any Package) ........... lOOOmW 

Operating Temperature Range (TA = + 2S"C unless otherwise noted) 

+Vs (Pin 1) to GND (Pin 18) 
-Vs (Pin 28) to GND (Pin 18) 
+Vs (Pin l) to -Vs (Pin 28) . 
Digital Inputs 

. + 18V, -0.3V 

. -18V, +0.3V 
+26.4V, -0.3V 

Commercial Plastic (JN, KN, JP, KP Versions) . 0 to + 70°C 
Industrial Ceramic (AD, BD Ven;ions) - 25°C to + 85°C 
Extended Ceramic (SD Ven;ions) . . . . . - 55°C to + 125°C 

Storage Temperature ............ -65°C to + 150°C 
(Pins 4-14, 19-27) to GND (Pin 18) +Vs, -0.3V Lead Temperature Range (Soldering, lOsecs) . . . . . + 300°C 

+ VREF Force (Pin 3) to + VREF Sense (Pin 2) ± 16.5V 
-VREF Force (Pin 15) to - VREF Sense (Pin 16) ± 16.SV *Stresses above those listed under "Absolute Maximum Ratings" may 

VREF Force (Pins 3, 15) to GND (Pin 18) . . . . . . ±Vs 
VREF Sense (Pins 2, 16) to GND (Pin 18) . . . . . . ±Vs 

cause permanent damage to the device. This is a stress rating only and 3 functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 

Vour (Pin 17) . . . . . . . . . Indefinite Short to GND implied. Exposure to absolute maximum rating conditions for extended 
Momentary Short to +Vs, - Vs periods may affect device reliability. 

ESD SENSITIVITY 
The AD569 features input protection circuitry consisting of large "distributed" diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been classified 
as a Category A device. 

Proper ESD precautions are strongly recommended to avoid functional damage or performance degra
dation. Charges as high as 4000 volts readily accumulate on the human body and test equipment and 
discharge without detection. Unused devices must be stored in conductive foam or shunts, and the 
foam should be discharged to the destination socket before devices are removed. For further informa
tion on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

WARNING! ~ 
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ORDERING GUIDE 

Integral Nonlinearity Differential Nonlinearity Temperature Package 
Model1 +2S0c Tmm-Tmax +2s0c Tmm-Tmax Range Option2 

AD569JN ±0.04% ±0.04% ±lLSB ±ILSB Oto +70°C N-28 
AD569JP ±0.04% ±0.04% ±ILSB ±ILSB Oto +70°C P-28A 
AD569KN ±0.024% ±0.024% ± l/2LSB ±ILSB Oto +70°C N-28 
AD569KP ±0.024% ±0.024% ± l/2LSB ±lLSB Oto+ 70°C P-28A 
AD569AD ±0.04% ±0.04% ±lLSB ±lLSB - 25°C to + 85°C D-28 
AD569BD ±0.024% ±0.024% ±l/2LSB ±lLSB - 25°C to + 85°C D-28 
AD569SD ±0.04% ±0.04% ±ILSB ±lLSB - 55°C to + 125°C D-28 

NOTES 
1 For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military 
Products Databook or current ADS69/883B data sheet. 

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. 
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fEATURES 
Complete 16-Bit D/A Function· 

On-Chip Output Amplifier 
On-Chip Buried Zener Voltage Reference 

±1 LSB Integral Linearity 
15-Bit Monotonic over Temperature 
Microprocessor Compatible 

Serial or Byte Input 
Double Buffered Latches 
Fast (40 ns) Write Pulse 

Asynchronous Clear (to 0 VI Function 
Serial Output Pin Facilitates Daisy Chaining 
Unipo1ar or. Bipolar Output 
Low Glitch: 15 nV-s 
Low THD+N: 0.009% 

PRODUCT DESCRIPTION 
The AD660 DACPORT® is a complete 16-bit monolithic DIA 
converter with an on-board voltage reference, double buffered 
latches and output amplifier. It is manufactured on Analog 
Devices' BiMOS II process. This process allows the fabrication 
of low power CMOS logic functions on the same chip as high 
precision bipolar linear circuitry. 

The AD660's architecture ensures 15-bit monotonicity over time 
and temperature. Integral and differential nonlinearity is main
tained at ±0.003% max. The on-chip output amplifier provides 
a voltage output settling time of 10 µs to within 1/2 LSB for a 
full-scale step. 

The AD660 has an extremely flexible digital interface. Data can 
be loaded into the AD660 in serial mode or as two 8-bit bytes. 
This is made possible by two digital input pins which have dual 
functions. The serial mode input format is pin selectable to be 
MSB or LSB first. The serial output pin allows the user to daisy 
chain several AD660s by shifting the data through the input 
latch into the next DAC thus minimizing the number of control 
lines required to SIN, CS and LDAC. The byte mode input 
format is also flexible in that the high byte or low byte data can 
be loaded first. The double buffered latch structure eliminates 
data skew errors and provides for simultaneous updating of 
DACs in a multi-DAC system. 

The AD660 is available in five grades. AN and BN versions are 
specified from -40°C to +85°C and are packaged in a 24-pin 
300 mil plastic DIP. AR and BR versions are also specified from 
-40°C to +85°C and are packaged in a 24-pin SOIC. The SQ 
version is packaged in a -24-pin 300 n1il cerdip -package a..-id is 
also available compliant to MIL-STD-883. Refer to the AD660/ 
883B data sheet for specifications and test conditions. 

DACPORT is a registered trademark of Analog Devices, Inc. 
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Monolithic 16-Bit 
Serial/Byte OACPORT 

A0660 I 
FUNCTIONAL BLOCK DIAGRAM 

UiiiJBIP CLR/ SIN/ MSB/LSBI 
W Cs OBD DB1 DB7 

PRODUCT HIGHLIGHTS 

~-Mlv---<:22 SPAN/ 
BIP 
OFFSET 

1: The AD660 is a complete 16-bit DAC, with a voltage refer
ence, double buffered latches and output amplifier on a sin
gle chip. 

2. The internal buried Zener reference is laser trimmed to 
10.000 volts with a ±0.1% maximum error and a tempera
ture drift performance of ±IS ppm/°C. The reference is 
available for external applications. 

3. The output range of the AD660 is pin programmable and can 
be set to provide a unipolar output range of 0 V to + 10 V or 
a bipolar output range of -10 V to + 10 V. No external com
ponents are required. 

4. The AD660 is both de and ac specified. DC specifications 
include ± 1 LSB INL and ± 1 LSB DNL errors. AC specifi
cations include 0.009% THD+ N and 83 dB SNR. 

S. The double buffered latches on the AD660 eliminate data 
skew errors and allow simultaneous updating of DACs in 
multi-DAC applications. 

6. The CLEAR function can asynchronously set the output to 
0 V regardless of whether the DAC is in unipolar or bipolar 
mode. 

7 .. The output amplifier settles within 10 µs to ± 1/2 LSB for a 
full-scale step and within 2. S µs for a 1 LSB step over tem
perature. The output glitch is typically 15 nV-s when a full
scale step is loaded. 
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SPECIFICATIONS (TA= +25°&, Yee= +15 V, VEE= -15 V, VLL = +5 V unless otherwise noted) 

AD660AN/AR/SQ AD660BN/BR 
Parameter Min Typ Max Min 

RESOLUTION 16 16 

DIGITAL INPUTS (TM1N to TMAx) 
V1H (Logic "l") 2.0 5.5 * 
V1L (Logic "0") 0 0.8 * 
Im (Vm = 5.5 V) ±10 
l1L (V1L = 0 V) ±10 

TRANSFER FUNCTION CHARACTERISTICS 1 

Integral Nonlinearity ±2 

TMIN to TMAx ±4 
Differential Nonlinearity ±2 

TM1N to TMAX ±4 
Monotonicity Over Temperature 14 15 
Gain Errorz, 3 ±0.10 
Gain Drift' (T MIN to T MAx) 25 
DAC Gain Error4 ±0.05 
DAC Gain Drift4 10 
Unipolar Offset ±2.5 
Unipolar Offset Drift (T MIN to T MAX) 3 
Bipolar Zero Error ±7.5 
Bipolar Zero Error Drift (T MIN to T MAxl 5 

REFERENCE INPUT 
Input Resistance 7 10 13 * 
Bipolar Offset Input Resistance 7 10 13 * 

REFERENCE OUTPUT 
Voltage 9.99 10.00 10.01 * 
Drift 25 
External Current' 2 4 * 
Capacitive Load 1000 
Short Circuit Current 25 

OUTPUT CHARACTERISTICS 
OutJ)ut Voltage Range 

Unipolar Configuration 0 +10 * 
Bipolar Configuration -10 +10 * 

Output Current 5 * 
Capacitive Load 1000 
Short Circuit Current 25 

POWER SUPPLIES 
Voltage 

Vee 
6 +13.5 +16.5 * 

VEE6 -13.5 -16.5 * 

VLL +4.5 +5.5 * 
Current (No Load) 

Ice +12 +18 

IEE -12 -18 

ILL 
@ v 1H, v 1L = 5, o v 0.3 2 
@ Vim v,L = 2.4, 0.4 v 3 7.5 

Power Supply Sensitivity 1 2 
Power Dissipation (Static, No Load) 365 625 

TEMPERATURE RANGE 
Specified Performance (A, B) -40 +85 * 
Specified Performance (S) -55 +125 

NOTES 
1For 16-bit resolution, I LSB = 0.0015% of FSR. For IS-bit resolution, I LSB = 0.003% of FSR. For 14-bit resolution, 
I LSB = 0.006% of FSR. FSR stands for Full-Scale Range and is 10 V in a Unipolar Mode and 20 V in Bipolar Mode. 

Typ 

* 
* 

* 

* 

* 

* 

* 
* 

* 
* 
* 
* 

AD660 

Max Units 

Bits 

* Volts 
* Volts 
* µA 
* µA 

±1 LSB 
±2 LSB 
±1 LSB 
±2 LSB 

Bits 
* % ofFSR 
15 ppm/°C 
* % ofFSR 
* ppm/°C 
* mV 
* ppm/°C 
* mV 
* ppm/°C 

* kO 
* kO 

* Volts 
15 ppm/°C 

mA 
* pF 

mA 

* Volts 
* Volts 

mA 
* pF 

mA 

* Volts 
* Volts 
* Volts 

* mA 
* mA 

* mA 
* mA 
* ppm/% 
* mW 

* oc 
oc 

2Gain error and gain drift are measured using the internal reference. The internal reference is the main contributor to gain drift, If lower gain drift is required, 
the AD660 can be used with a precision external reference such as the ADS87, AD586 or AD688. 

'Gain Error is measured with fD<ed SO 0 resistors as shown in the Application section. Eliminating these resistors increases the gain error by 0.25% of FSR 
(Unipolar mode) or O.SO% of FSR (Bipolar mode). 

4DAC Gain Error and Drift are measured with an external voltage reference. They represent the error contributed by the DAC alone, for use with an external 
reference. 

'External current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD660. 
60peration on ± 12 V supplies is possible using an external reference such as the AD586 and reducing the output range. Refer to the Internal/External Reference 
section. 

*Indicates that the specification is the same as AD660AN/AR/SQ. 

Specifications subject to change without notice. 
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AD660 
AC PERFORMANCE CHARACTERISTICS (Witll the exception of Total Harmonic Distortion + Noise and Signal-to-Noise 
Ratio, these cbaracteristics are included for design guidance only and are not subject to test. THO+ N and SNR are 100% tested. 
TMIN s TA s TMAX• Yee= +15 V, VEE= -15 V, VLL = +5 V except where noted.) 

Parameter Limit Units Test Conditions/Comments 

Output.Settling Time 13 µs max 20 V Step, TA= +25°C 
(Time to ±0.0008% FS 8 µs typ 20 V Step, TA= +25°C 
with 2 kO, 1000 pF Load) 10 µs typ 20 V Step, TMIN :STA :S TMAX 

6 µstyp 10 V Step, TA= +25°C 
8 µstyp 10 V Step, TMIN :STA :S TMAX 
2.5 µs typ 1 LSB Step, T MIN :S TA :S T MAX 

Total Harmonic Distortion+ Noise 
A, B, S Grade 0.009 %max 0 dB, 990.5 Hz; Sample Rate= 96 kHz; TA= +25°C 
A, B, .S Grade 0.056 %max -20 dB, 990.5 Hz; Sample Rate= 96 kHz; TA= +25°C 
A, B, S Grade 5.6 %max -60 dB, 990.5 Hz; Sample Rate= 96 kHz; TA= +25°C 

Signal-to-Noise Ratio 83 dB min TA= +25°C 

Digital-to-Analog Glitch Impulse 15 nV-s typ DAC Alternately Loaded with 8000H and 7FFFH 

Digital Feedthrough 2 nV-s typ DAC Alternately Loaded with OOOOH and FFFFH; CS High 

Output Noise Voltage 120 nV/Rt Hz typ Measured at VouT• 20 V Span; Excludes Reference 
Density (I kHz-1 MHz) 

Reference Noise 125 nV/Rt Hz typ Measured at REF OUT 

Specifications subject to change without notice. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD660 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! ~ 

~~EDEVICE 

ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION 
Vee to AGND ................... -0.3 V to +17.0 V 
VEE to AGND ................... +0.3 V to -17.0 V 
VLL to DGND .•.................. -0.3 V to +7 V 
AGND to DGND .......................... ±1 V 
Digital Inputs (Pins 5 through 23) to DGND ..... -1.0 V to 

+7.0V 
REF IN to AGND ....................... ± 10.5 V 
Span/Bipolar Offset to AGND ................ ±10.5 V 
Ref Out, VouT ....... Indefinite Short To AGND, DGND, 

Vee• VEE• and VLL 
Power Dissipation (Any Package) 

To +60°C ........................... 1000 mW 
Derates above +60°C ................... 8.7 mW!°C 

Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for ·extended periods may affect 
device reliability. 
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ORDERING GUIDE 

Linearity Error Max Linearity Error Max 
Model Temperature Range +is·c TM1N-TMAx 

AD660AN -40°c to +8S°C ±2 LSB ±4LSB 
AD660AR -40°c to +8s0c ±2 LSB ;:t4LSB 
AD660BN -40°c to +8s0c ±1 LSB ±2 LSB 
AD660BR -40°c to +8S°C ±1 LSB ±2 LSB 
AD660SQ -ss•c to + 12s0 c ±2 LSB ±4LSB 
AD660SQ/883B** -ss•c to + 12s0c ±2 LSB ** 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section. 
**Refer to AD660/883B military data sheet. 

Gain TC max 
ppm/°C 

25 
25 
IS 
IS 
2S 
** 

TIMING CHARACTERISTICS Yee= +15 V, VEE= -15 V, Yu= +5 V, V81 = 2.4 V, Yw = 0.4 V 

Parameter Limit +is·c Limit -ss•c to +125°C 

(Figure la) 
tCs' 40 so 
tos 40 so 
toH 0 10 
tBES 40 so 
tBEH 0 10 
tLH 80 100 
tLW 40 50 

(Figure lb) 

tcLK 80 100 
tLO 30 so 
tHI 30 so 
tss 0 10 
tos 40 so 
toH 0 10 
tsH 0 10 
tLH 80 100 
tLW 40 so 

(Figure le) 

tcLR 80 110 
ts ET 80 110 
tHOLD 0 10 

(Figure Id) 
tPROP so 100 
tos 50 80 

Specifications subject to change without notice. 

BIT0-7 

~---los--~ -----1 
---ts •• --~ 

Package 
Description 

Plastic DIP 
SOIC 
Plastic DIP 
SOIC 
Cerdip 
** 

~----<,cs-----1~ ,,.------------------

LDAC 

ILH--< .. ~1-~:::::~_t_Lw_ ----------......... ~1 

Figure 1a. AD660 Byte Load Timing 

AD660 

Package 
Option* 

N-28 
R-28 
N-28 
R-28 
Q-28 
** 

Units 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 

nsmin 
ns min 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
ns rltin 

nsmin 
nsmin 
nsmin 

nsmin 
nsmin 
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AD660 
BITO ~. . :=:=x: VALID16 x~--

r--~H ~H 
5ER 1 •• 

BiTI 

cs 

LDAC 

Figure 1b. AD660 Serial Load Timing 

"-1.. -tcu;--:Y . 
, .... ---===========-~-.-,==========----~~ ~~OLD 

LBE ___________ _,x ·1·. BIP o. ·o·. UNI o x ______ _ 
Figure 1c. Asynchronous Clear to Bipolar or Unipolar Zero 

BITO VALID16 

m----------+----------i-----1-----------
BIT1-----------t----------t-----t-----------

(MSB/LSB) 

cs 

SERIAL x ~ALID Sour1 x OUT------------------ -----------~ 
Figure 1d. Serial Out Timing 

DEFINITIONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY: Analog Devices defines 
integral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS-1 LSB) for any bit combination. This 
is also referred to as relative accuracy. 

DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
is the measure of the change in the analog output, normalized to 
full scale, associated with a 1 LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be greater than or equal to -1 LSB over the temperature 
range of interest. 

MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a singie-vaiued function 
of the input. 

GAIN ERROR: Gain error is a measure of the output error 
between an ideal DAC and th~ actual device output with all ls 
loaded after offset error has been adjusted out. 

OFFSET ERROR: Offset error is a combination of the offset 
errors of the voltage-mode DAC and the output amplifier and is 
measured with all Os loaded in the DAC. 
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BIPOLAR ZERO ERROR: When the AD660 is connected for 
bipolar output and 10 ... 000 is loaded in the DAC, the devia
tion of the analog output from the ideal midscale value of 0 V is 
called the bipolar zero error. 

DRIFT: Drift is the change in a parameter (such as gain, offset 
and bipolar zero) over a specified temperature range. The drift 
temperature coefficient, specified in ppm/°C, is calculated by 
measuring the parameter at T MIN> 25°C and T MAX and dividing 
the change in the parameter by the corresponding temperature 
change. 

TOTAL HARMONIC DISTORTION+ NOISE: Total har
monic distortion + noise (THD + N) is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental input fre
quency. It is usualiy expressed in percent (% ). 

THD+ N is a measure of the magnitude and distribution of lin
earity error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing upon the amplitude of the output signal. Therefore, to be 
the most useful, THD+ N should be specified for both large and 
sillall signal amplitudes. 
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SIGNAL-TO-NOISE RA TIO: The signal-to-noise ratio is 
defmed as the ratio of the amplitude of the output when a full
scale signal is present to the output with no signal present. This 
is measured in dB. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: This is the 
amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is measured at half 
scale when the DAC switches around the MSB and as many 
as possible switches change state, i.e., from 011 ... 111 to 
100 ... 000. 

DIGITAL FEEDTHROUGH: When the DAC is not Selected 
(i.e., CS is held high), high frequency logic activity on the digi
tal inputs is capacitively coupled through the device to show up 
as noise on the V ouT pin. This noise is digital feedthrough. 

THEORY OF OPERATION 
The AD660 uses an array of bipolar current sources with MOS 
~t steering switches to develop a current' proportional to 
the applied digital word, ranging from 0 to 2 mA. A segmented 
architecture is used, where the most significant four data bits 
are thermometer decoded to drive 15 equal current sources. The 
lesser bits are scaled using a R-2R ladder, then applied together 
with the segmented sources to the summing node of the output 
amplifier. The internal span/bipolar offset resistor can be con
nected to the ·DAC output to provide a 0 V to + 10 V span, or it 
can be connected to the reference input to provide a -10 V to 
+10 V span. 

iiiilBIP CLR/ SINI MSllliiiJ 
iii! CS DBO DBI DB7 

REFOUT -V11 +Yee +VLL 

Figure 2. AD660 Functional Block Diagram 

ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD660 may be con
nected to produce a unipolar output range of 0 V to + 10 V or a 
bipolar outpUt range of-10 V to +10 V. Gain and offset drift 
are minimized in the AD660 because of the thermal tracking of 
the scaling resistors with other device components. 

UNIPOLAR CONFIGURATION 
The configuration shown in Figure 3a will provide a unipolar 
0 V to + 10 V outpUt range. In this mode, 50 0 resistors are 
tied between the span/bipolar offset terminal (Pin 22) and V oUT 

REV.A 

AD660 
(Pin 21), and between REF OUT (Pin 24) and REF IN (Pin 
23). It is possible to use the AD660 without any external com
ponents by tying Pin 24 directly to Pin 23 and Pin 22 directly to 
Pin 21. Eliminating these resistors will increase the gain error by 
0.25% of FSR. 

ffiillBIP CLR/ SIN/ MSB/i:iiiJ 
LBE Cs DBO DB1 DB7 

DGND 

Figure 3a. 0 V to + 10 V Unipolar Voltage Output 

If it is desired to adjust the gain and offset errors to zero, this 
can be accomplished using the circuit shown in Figure 3b. The 
adjustment procedure is as follows: 

STEPl ... ZERO ADJUST 
Turn all bits OFF and adjust zero trimmer, R4, until.the output 
reads 0.000000 volts (I LSB = 153 µV). 

STEP 2 ..• GAIN ADJUST 
Turn all bits ON and adjust gain trimmer, RI, until the output 
is 9.999847 volts. (Full scale is adjusted to l LSB less than the 
nominal full scale of 10.000000 volts). 

UNllBIP CLR/ SIN/ MSllliiiJ 
iiE CS DBO DB1 ' DB7 

)------. 

-v •• 

R11000 AQND 

Figure 3b. 0 V to + 10 V Unipolar Voltage Output with 
Gain and Offset Adjustment 
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AD660 
BIPOLAR CONFIGURATION 
The circuit shown in Figure 4a ~11 ~rovide a bipolar output 
voltage from -10.000000 V to +9.999694 V with positive full 
scale occurring with all bits ON. As in the unipolar mode, resis
tors Rl and R2 may be eliminated altogether to provide AD660 
bipolar operation without any external components. Eliminating 
these resistors will increase the gain error by 0.50% of FSR in 
the bipolar mode. 

,R2 500 

iiiiilBIP CLR/ SIN! MSB/LSB/ 
LBE CS DBO DB1 DB7 

·sJ--------. 

AGND 
Figure 4a. ±10 V Bipolar Voltage Output 

Gain offset and bipolar zero. errors can be adjusted to zero using 
the circuit sho-9vn in Figure 4b as follows: · · 

STEP I •.. OFFSET ADJUST . 
Turn OFF all bits. Adjust trimmer R2 to,give -10.000000 volts 
output. 

STEP II ... GAIN ADJUST . 
Turn all bits ON and adjust RI to give a reading of +9.999694 
volts. 

STEP III .•. BIPOLAR ZERO ADJUST (Opti0nal) 
In applications where an accurate zero output is required, set 
the MSB ON, all other bits OFF, and readjust R2 for zero volts 
output. 

. R2 

1000 

iiiite1p CLR/ SIN/ MSBILSiiJ 
LBE CS DBO DB1 DB7 

DGND 
Figure 4b. ± 10 V Bipolar Voltage Output with Gain and 
Offset Adjustment 
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It should be noted that using external resistors will introduce a 
small teniperature drift component beyond that inherent in the · 
AD660. The interna1 resistors are trimmed to ratio-match and 
temperature-track other resistors oil chip, even though their 
absolute tolerances are ±20% and absolute temperarure coeffi
cients are approximately -50 ppm!°C. In the case that external 
resistors are used, the temperature coefficient mismatch between 
internal and external resistors, multiplied by the sensitivity of 
the circuit to variations in the external res.istor value, will be the 
resultant additional temperature drift. 

INTERNAL/EXTERNAL REFERENCE USE 
The AD660 has an interllaI low noise buried Zener diode refer
ence which is trimmed for absolute accuracy and temperattlre 
coefficient. This reference is buffered and optimized for use in a 
high speed DAC and will give long-term stability equal or supe
rior to the best discrete Zener diode references. The perfor
mance of the AD660 is specified with the internal reference 
driving the DAC and with the DAC alone (for use with a preci
sion external reference ) . 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically 1 mA to REF IN and 1 mA to BIPOLAR 
OFFSET). A minimum of 2 mA is available fo.r driving external 
loads. The AD660 reference output should be buffered with an, 
external op amp .if it .is required to supply more than 4 mA total 
current, The reference is tested and gµaranteed to ±.0.2% max 
error. 

It is also possible to use external references other than 10 volts 
with slightly degraded linearity specifications. The recom
mended range of reference voltages is +5 V to + 10;24 V, which 
allows 5 v,. 8.192 V arid 10.24 Vrariges to be used. For eiµun

ple, by using the AD586 5 V reference, ,outputs of O V to + 5 V 
unipolar or ±5 V bipolar can be. realized. Using the AD586 
voltage reference makes it possible to operate the AD660 with 
± 12 V suppli~s with 10% tolerances. 
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Figure S shows the AD660 using the ADS86 precision 5 V refer
ence in the bipolar configuration. The highest grade ADS86MN 
is specified with a drift of 2 ppm/°C which is a 7.Sx improve
ment over the AD660's internal reference. This circuit includes 
two optional potentiometers ·and one optional resistor that can 
be used to adjust the gain, offset and bipolar zero errors in a 
manner similar to that described in the BIPOLAR CONFIGU
RATION section. Use -5.000000 V and +4.999847 as the out
put values. 

AD660 
The AD660 can also be used with the ADS87 10 V reference, 
using the same configuration shown in Figure S to produce a 
± 10 V output. The highest grade ADS87LR, N is specified at S 
ppm/°C, which is a 3x improvement over the AD660's internal 
reference. 

Figure 6 shows the AD660 using the AD680 precision ± 10 V 
reference, in the unipolar configuration. The highest grade 
AD688BQ is specified with a temperature coefficient of 
l.S ppm/°C. The ± 10 V output is also ideal for providing pre-
cise biasing for the offset trim resistor R4. • 

R2 
50Q 

UNl/BIP CLR/ SIN/ MS8/LSBI 
L8E Cs 080 081 087 

S>-----......, 

Figure 5. Using the AD660 with the AD586 5 V Reference 

UNl/81P CLR/ SIN/ MSB/LS8/ 
L8E Cs 080 081 087 

Figure 6. Using the AD660 with the AD688 High Precision ± 10 V Reference 

REV.A DIGITAL-TO-ANALOG CONVERTERS 3-49 



AD660 
OUTPUT SETTLING AND GLITCH 
The AD66b's output biiffer amplifier cypically Settles to within' . 
0 •. 0008% FS (1/2 LSB) bf i~' firial value in 8 µ.s for a full•scale ' 
step; Figures 7a and 7b show settling for a· full-scale and an 
LSB step, re~pectively, with a 2 'kn, 1000 pF load applied, The 
guaranteed maximum settling time at + 25°C for a full-scale stei> 
is 13 µ.s with this load. The typical settling time for a 1 LSR. 
step is 2.5,µs. . .. 

The digital-to-analog glitch iinpql8e is specified as 15 n V-s typi
cal. Figiire 7c shows the typical glitch impulse characteristic at 
the code 011 . . . 111 to 100 . ; . 000 transition when loading 
the second rank register from the first rank register. 
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DIGITAL CIRCUIT DETAILS 
Th.e AD660 has seV<eraJ.t"dliaJ"use" pins wliich allow flexible.· ·· 
operation while mairitalliliig ·the lbwest possible pin c:Ount and · 
consequently the smallest package size, The user should, there
fore, pay careftil atterition to the following information when 
applying the AD660. · 

Data can be loaded into the AD660 in sCria1 or byie mode as 
descri~ bdow., ·• ··· . .· 

Serial Mode Operation is enabled by bringing SER (Pin 17) 
low. This changes the function of DBO (Pin 12) to that of the 
serial input pin, SIN. It also changes the function of DBl (Pin 
11) to a control input that tells the AD660 whether the serial 
data is going to be loaded MSB or LSB first . 

In se$1 mode HBE and LBE are effectively disabled except for 
LBE's dual function which is to control whether the user wishes 
to have the asynchronous clear function go to unipolar or bipo
lar zero. (A low on LBE, when CLR is strobed, sends the DAC 
output to unipolar zero, a high to bipolar zero.) The AD660 
does not·c~.about the status of HBE when in serial mode. 

Data is docked into the input register on the rising edge of CS 
as shown in Figure 1 b. The data is then resident in the first 
rank latch and Cl!Il be loaded into the DAC latch by taking 
LDAC high. This will cause the DAC to change to the appro
priate output value . 

It should be noted that the clear function clears the DAC latch 
but does not dear the first rank latch. Therefore, the data that 
was previously resident in the fint rank latch can be reloaded 
simply by bringing LDAC high.lifter the event that necessitated 
CLR to be strobed has ended. Alternatively, new data can be 
loaded llito the fint rank latch if desired. 

The serial out pin (SOUT) can be used to daisy chain sevCl'lll 
DACs together in multi-DAC applications to minimize the num
ber of isolators being used to cross an intrinsic safety barrier. 
The first rank latch simply acts like a 16-bit shift register, and 
repeated strobing of CS will shift the data out through SOUT 
·and llito.Jhe next DAC. Each DAC in the chain will require its 
own LDAC signal unless all of the DACs are to be updated 
snnqltaneously. 

Byt~ Mode Operation is enabled simply by keeping SER high, 
which configures DBO-DB7 as data inputs. In this mode HBE 

. and LlIB are used to identify the data as either the high byte or 
low \>yte of the 16-bit input word. (The user can load the data, 
in any order, into the first rank latch.) As in the serial .mode 
case, the status of LBE, when CI:R is strobed determines 

... whether the AD660 clears to unipolar o~ bii>olar zero. There
fore, when in byte mode, 'the user must take care to ilet .LBE to 
the desired status before strobing CLR. (In serial inode the user 
can simply hardware LBE to the desired state.)· 

NOTE: CS is edge tnggCred. HBE, LBE and LDAC are level 
triggered. 
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AD660 TO MC68HC11 (SPI BUS) INTERFACE 
The AD660 interface to the Motorola SPI (serial peripheral 
interface) is shown in Figure 8. The MOSI, SCK, and SS pins 
of the HC!l are respectively connected to the BITO, CS and 
LDAC pins of the AD660. The SER pin of the AD660 is tied 
low causing the first rank latch to be transparent. The majority 
of the interfacing issues are taken care of in the software initial
ization. A typical routine such as the one shown below begins 
by initializing the state of the various SPI data and control 
registers. 

The most significant data byte (MSBY) is then retrieved from 
memory and processed by the SENDAT subroutine. The SS pin 
is driven low by indexing into the PORTD data register and 
clear Bit 5. This causes the 2nd rank latch of the AD660 to 
become transparent. The MSBY is then set to the SPI data reg
ister where it is automatically transferred to the AD660. 

The HC!l generates the requisite 8 clock pulses with data valid 
on the rising edges. After the most significant byte is transmit
ted, the least significant byte (LSBY) is loaded from memory 
and transmitted in a similar fashion. To complete the transfer, 
the LDAC pin is driven high latching the complete 16-bit word 
into the AD660. 

INIT LDAA #$2F 
STAA PORTD 
LDAA #$38 
STAA DDRD 
LDAA #$50 
STAA SPCR 

;SS= I; SCK = O; MOSI = I 
;~ND TO SPI OUTPUTS 
;SS, SCK,MOSI = OUTPUTS 
;SEND DATA DIRECTION INFO 
;DABL INTRPTS,SPI IS MASTER & ON 
;CPOL=O, CPHA = 0,IMHZ BAUD RATE 

NEXTPT LDAA MSBY ;LOAD ACCUM W/UPPER 8 BITS 
BSR SENDAT ;JUMP TO DAC OUTPUT ROUTINE 
JMP NEXTPT ;INFINITE LOOP 

SENDAT LDY #$1000 ;POINT~ ON-CHIP REGISTERS 
BCLR $08,Y,$20 ;DRIVE SS (LDAC) LOW 
STAA SPDR ;SEND MS-BYTE TO SPI DATA REG 

WAIT! LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAIT! ;POLL FOR END OF X-MISSION 
LDAA LSBY ;GET LOW 8 BITS FROM MEMORY 
STAA SPDR ;SEND LS-BYTE TO SP! DATA REG 

WAIT2 LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAIT2 ;POLL.EOR END OF X-MISSION 
BSET $08,Y,$20 ;DRIV SS HIGH TO LATCH DATA 
RTS 

BITO 

cs AD660 
LDAC 

SER 

Figure 8. AD660 to 68HC11 (SPI) Interface 

AD660 TO MICROWIRE INTERFACE 
The flexible serial interface of the AD660 is also compatible 
with the National Semiconductor MICROWIRE'" interface. 
The MICROWIRE interface is used on microcontrollers such as 
the COP400 and COP800 series of processors. A generic inter
face to the MICROWIRE interface is shown in Figure 9. The 
GI, SK, And SO pins of the MICROWIRE interface are respec
tively connected to the LDAC, CS and BITO pins of the 
AD660. 

MICROWIRE is a registered trademark of National Semiconductor. 
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Microprocessor Interface Section-AD660 

MICROWIRE•• 

so BITO 

SK cs AD660 
G1 LDAC 

SER 

Figure 9. AD660 to MICROWIRE Interface 

AD660 TO ADSP-210x FAMILY INTERFACE 
The serial mode of the AD660 minimizes the number of control 
and data lines required to interface to digital signal processors 
(DSPs) such as the ADSP-210x family. The application in Fig
ure 10 shows the interface between an ADSP-2101 and the 
AD660. Both the TFS pin and the DT pins of the ADSP-2101 
should be connected to the SER and BITO pins of the AD660, 
respectively. An inverter is required between the SCLK output 
and the CS input of the AD660 in order to assure that data 
transmitted to the BITO pin is valid on the rising edge of CS. 

The serial port (SPORT) of the DSP should be configured for 
alternate framing mode so that TFS complies with the word
length framing requirement of SER. Note that the INVTFS bit 
in the SPORT control register should be set to invert the TFS 
signal so that SER is the correct polarity. The LDAC signal, 
which must meet the minimum hold specification of tm, is eas
ily generated by delaying the rising edge of SER with a 74HC74 
flip-flop. The CS signal clocks the flip-flop resulting in a delay 
of approximately one CS clock cycle. 

In applications such as waveform generation, accurate timing of 
the output samples is important to avoid noise that would be 
induced by jitter on the LDAC signal. In this example, the 
ADSP-2101 is set up to use the internal timer to interrupt the 
processor at the precise and desired sample rate. When the 
timer interrupt occurs, the processors's 16-bit data word is writ
ten to the transmit register (TXn). This causes the DSP to auto
matically generate the TFS signal and begin transmission of the 
data. 

cs 

BITO 

SEFi 
AD660 

LDAC 

Figure 10. AD660 to ADSP-210x Interface 

AD660 TO ZSO INTERFACE 
Figure 11 shows a Zilog Z-80 8-bit microprocessor connected to 
the AD660 using the byte mode interface. The double-buffered 
capability of the AD660 allows the microprocessor to indepen
dently write to the low and high byte registers, and update the 
DAC output. Processor speeds up to 6 MHz on Z-80B require 
no extra wait states to interface with the AD660 using a 
74ALS138 as the address decoder. 
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AD660-Applications Information 
The address decoder analyzes the input-output address produced 
by the processor to select the function to be performed by the 
AD660, qualified by the coincidence of the Input-Output 
Request (IORQ*) and Write (WR*) pins. The least significant 
address bit (AO) determines if the low or high byte register of 
the AD660 is active. More significant address bits select 
between input register loading, DAC output update, and unipo
lar or bipolar clear. 

A typical Z-80 software routine begins by writing the low byte 
of the desired 16-bit DAC data to address 0, followed by the 
high byte to address 1. The DAC output is then updated by 
activating LDAC with a write to address 2 (or 3). A clear to 
unipolar zero occurs on a write to address 4, and a clear to bipo
lar zero is performed by a write to address 5. The actual data 
written to addresses 2 through 5 is irrelevant. The decoder can 
easily be expanded to control as many AD660s as required. 

ADDRESS 
DECODE 

A1-A15 

Figure 11. Connections for 8-Bit Bus Interface 

NOISE 
In high resolution systems, noise is often the limiting factor. A 
16-bit DAC with a 10 volt span has an LSB size of 153 µV 
(-96 dB). Therefore, the noise floor must remain below this 
level in the frequency range of interest. The AD660's noise 
spectral density is shown in Figures 12 and 13. Figure 12 shows 
the DAC output noise voltage spectral density for a 20 V span 
excluding the reference. This figure shows the 1/f corner 
frequency at 100 Hz and the wideband noise to be below 
120 n V /y'Hz. Figure 13 shows the reference noise voltage spec
tral density. This figure shows the reference wideband noise to 
be below 125 nV/y'Hz. 

~ H-®ItiWEUltm ~ 100 l±J 
I 

~ 
~ ~ 
15 

i ] 1111111111111111111111111111~ 11111 
1 10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 12. DAG Output Noise Voltage Spectral Density 
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Figure 13. Reference Noise Voltage Spectral Density 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first is.sue. A 
306 µA current through a 0.5 fl trace will develop a voltage 
drop of 153 µV, which is 1 LSB at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital return 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to provide low impedance signal paths. Separate analog 
and digital ground planes should also be used, with a single 
interconnection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

One feature that the AD660 incorporates to help the user layout 
is that the analog pins (Yeo VEE• REF OUT, REF IN, SPAN/ 
BIP OFFSET, VouT and AGND) are adjacent to help isolate 
analog signals from digital signals. 

SUPPLY DECOUPLING 
The AD660 power supplies should be well filtered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox
imity between all power supply pins and ground. A 10 µF tan
talum capacitor in parallel with a 0.1 µF ceramic capacitor 
provides adequate decoupling. Vee and VEE should be bypassed 
to analog ground, while V LL should be decoupled to digital 
ground. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The circuit layout should attempt to locate 
the AD660, associated analog circuitry and interconnections 
as far as possible from logic circuitry. A solid analog ground 
plane around the AD660 will isolate large switching ground cur
rents. For these reasons, the use of wire wrap circuit construc
tion is not recommended; careful printed circuit construction is 
preferred. 
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GROUNDING 
The AD660 has two pins, designated analog ground (AGND) 
and digital ground (DGND.) The analog ground pin is the 
"high quality" ground reference point for the device. Any exter
nal loads on the output of the AD660 should be returned to ana
log ground. If an external reference is used, this should also be 
returned to the analog ground. 

If a single AD660 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 

REV.A 

AD660 
the digital ground plane to DGND keeping lead lengths as short 
as possible. Then connect AGND and DGND together at the 

· AD660. If multiple AD660s are used or the AD660 shares ana
log supplies with other components, connect the analog and dig
ital returns together once at the power supplies rather than at 
each chip. This single interconnection of grounds prevents large 
ground loops and consequently prevents digital currents from 
flowing through the analog ground. 
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1111111111 ANALOG 
a.I DEVICES 

FEATURES 
Four Complete Voltage Qutput DACs 
Data Register Readback Feature 
"Reset to Zero" Override 
Multiplying Operation 
Double-Buffered Latches 
Surface Mount and DIP Packages 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Automatic Test Equipment 
Robotics 
Process Control 
Disk Drives 
Instrumentation 
Avionics 

PRODUCT DESCRIPTION 
The AD664 is four complete 12-bit, voltage-output DACs on 
one monolithic IC chip. Each DAC has a double-buffered input 
latch structure and a data readback function. All DAC read and 
write operations occur through a single microprocessor-compatible 
1/0 port. 

The IIO port accommodates 4-, 8- or 12-bit parallel words allowing 
simple interfacing with a wide variety of microprocessors. A 
reset to zero control pin is provided to allow a user to simultaneously 
reset all DAC outputs to zero, regardless of the contents of the 
input latch. Any one or all of the DACs may be placed in a 
transparent mode allowing immediate response by the outputs 
to the input data. 

The analog portion of the AD664 consists of four DAC cells, 
four output amplifiers, a control amplifier and switches. Each 
DAC cell is an inverting R-2R type. The output current from 
each DAC is switched to the on-board application resistors and 
output amplifier. The output range of each DAC cell is pro
grammed through the digital 110 port and may be set to unipolar 
or bipolar range, with a gain of one or two times the reference 
voltage. All DACs are operated from a single external reference. 

The functional completeness of the AD664 results from the 
combination of Analog Devices' BiMOS II process, laser-trimmed 
thin-film resistors and double-level metal interconnects. 

PRODUCT HIGHLIGHTS 

I. The AD664 provides four voltage-output DACs on one chip 
offering the highest density 12-bit DIA function available. 

2. The output range of each DAC is fully and independently 
programmable. 

3. Readback capability allows verification of contents of the 
internal data registers. 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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Monolithic 
12-Bit Quad DAC 

PIN CONFIGURATIONS 

44-Pin ·Package 

NOCONNECT 6 

NOCONNECT 11 

ADIM 
TOPYIEW 

INottoSCllleJ 

T,;n;;n;;;n;;n;;n;;i ...... irnl'!;;n;;r.-

1qqliUIPll! 
~ 

28-Pin DIP Package 

AD664 I 

.. ,, 

4. The asynchronous RESET control returns all DIA outputs 
to zero volts. 

5. DAC-to-DAC matching performance is specified and tested. 
6. Linearity error is specified to be l/2LSB at room temperature 

and 314LSB maximum for the K, B and T grades. 
7. DAC performance is guaranteed to be monotonic over the 

full operating temperature range. 
8. Readback buffers have tristate outputs. 

9. Multiplyir.g~mcde operation allows use with fixed or va.."".able, 
positive or negative external references. 

10. The AD664 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD664/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS~~.=:'~:: :W~:5Y· YEE= -l5Y, vREF = +lOY, r. = +250c AD664 
Model JNIJP/AD/AJ/SD KN/KP/BDIBJ/BE/TDfl'E 

Min Typ Ma Min Typ Ma Units 
RESOLUTION 12 12 * * Bits 
ANALOG OUTPUT 

Voltage Range' 
UNI Versions 0 Vee - 2.0' * * Volts 
DIP Versions V"" + 2.0' Vee - 2.0' * * Volts 

Output Current s * mA 
Load Resistance 2 * kO 
Load Capacitance 500 * pF 
Short-Circuit Current 25 40 * * mA 

ACCURACY -Gain Error -7 ±3 7 -s ±2 s LSD 
Unipolar Oft'set -2 ±112 2 -I ±114 I LSD 
Bipolar Zero' -3 ±314 3 -2 ±112 2 LSD 
Linearity Error' -314 ±112 314 -112 ±114 112 LSD 
Linearity T..., to T..,. -I ±3/4 I -314 ±112 314 LSD 
Differential Linearity -314 314 -112 112 LSD 
Differential Linearity T..., to T.,.. Monotonic @ All Temperatures Monotonic @ All Temperatures 
Gain Error Drift 

Unipolar 0 to + IOV Mode -12 ±7 12 -10 ±S 10 ppm of FSR'rc 
Bipolar -sv to +sv Mode -12 ±7 12 -10 ±5 10 ppm of FSR/"C 
Bipolar - IOV to + IOV Mode -12 ±7 12 -10 ±S 10 ppm of FSR/"C 

Unipolar Offset Drift 
Unipolar 0 to + IOV Mode -3 ±1.S 3 -2 ±I 2 ppm of FSR/"C 

Bipolar Zero Drift 
Bipolar -SV to + SV Mode -12 ±7 12 -10 ±S 10 ppm of FSR/"C 
Bipolar - IOV to + IOV Mode -12 ±7 12 -10 ±S 10 ppm of FSR/"C 

REFERENCE INPUT 
Input Resistance 1.3 2.6 * * kO 
Voltage Range6 VEE+ 2.0' Vee - 2.0' * * Volts 

POWER REQUIREMENTS 
VLL 4.5 s.o s.s * * * Volts 
ILL 

@v ... , v,L = s, ov 0.1 I * * mA 
@ V ... , V1L = 2.4, 0.4V 3 6 * * mA 

VaJV"" %11.4 zl6.S * * Volts 
Ice 12 IS * * mA 
lg IS 19 * * mA 
To!al Power 400 525 * * mW 

ANALOG GROUND CURRENT' -600 ±400 +600 * * * !LA 
MATCHING PERFORMANCE 

Gain' -6 ±3 6 -4 ±2 4 LSD 
Oft'set' -2 ±112 2 -1 ±114 I LSD 
Bipolar Zero'0 -3 ±1 3 -2 ±1 2 LSD 
Linearityll -1.S ±112 1.5 -I ±112 I LSD 

CROSSTALK 
Analog -90 * dB 
Digital -60 * dB 

DYNAMIC PERFORMANCE (RL = 2k0, CL = S()()pF) 
Settling Time to ± l/2LSB 

Oft'+--Bits-->On, GAIN = I, v RBP = 10 8 10 * * JLS 
Settling T'une to ±l/2LSB 

-10+--V......-+IOV, GAIN = I, Bits On 10 * JLS 
Glitch Impulse 500 * nV-sec 

MULTIPLYING MODE PERFORMANCE 
'Reference Feedthrough @ !kHz -75 * dB 
Referm:e -3dB Bandwidth 70 * kHz 

POWER SUPPLY GAIN SENSITIVITY 
ll .4V +--V cc-+16.SV ±2 %5 * * ppm/% 
-16.SV+--V.-+-ll.4V ±2 %5 * * ppm/% 
4.SV+--VLL -+S.SV ±2 %5 * * ppm/% 
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A0664 
Moclel JN/JP/ADIAJ/SD KN/KP/BD/BJ/BFJTD/TE 

Min Typ Max Min Typ Max Unifi 

DIGITAL INPUTS 
VIH 2.0 • Vol!S 
VIL 0 0.8 • . Volts 
Data Inputs 

IIH @' v,,. = VLL -10 ±1 10 * * * µA 
I,L@' V,N"' DGND -10 ±1 10 * • * µA 

CS/DSOIDSl/RST/RD/LS 
I,H @' v,,. = VLL -10 ±1 10 * • * µ.A 
I,H @' v,,. = VLL -10 ±1 10 * • * µA 

MS/TR" 
I,H @' v,,. = VLL -10 5 10 * * * µA, 
I,L @' v IN = DGND -10 -5 0 * • * µA 

QSOIQS1/QS212 

I,H @' v,,. =Vu. -10 5 10 * * • µA 
IIL @' V,N = DGND -10 ±1 10 * * • µA 

DIGITAL OUTPUTS 
v OL @' l.6mA Sink 0.4 • Volts 
V 0 8 @' 0.5mA Source 2.4 • Volts 

TEMPERATUJW RANGE 
JN/JP/KN/KP 0 +70 * * "C 
AD/AJ/BD/BJ/BE -40 +8S * • "C 
SDrrDITE -SS +12S * * "C 

NOTES 
'A minimumjiower supply of ±12.0V is required for 0 to +IOV and ±IOV operation. A minimum power supply of ±ll.4V is required for -5V io 
+5V operation. · 

2For Vcc<l2V .andV86>-12V. Voltage not to exceed IOV maximum. 
'Bipolar zero error is the difference from the ideal output (0 volts) and the actual output voltage with, code 100 000 000 000 applied to the inputs. 
4Linearity error is defined as the maximum deviation of the actual DAC QUtput from the ideal output (a straight line drawn from 0 to. F.S. -lLSB). 
'FSR means Full-Scale Range and is 20V for ±lOV range and lOV for ±SV range. 
6A minimump!IWer supply of ±12.0V is required for a lOV reference voltage. 
7 Analog Ground Current is input code dependent. 
'Gain error matching is the largest difference in gain error between any two DACs in one package. 
'Offset error matching is the largest difference in offset error between any two DACs in one package. 

'"Bipolar zero error matching is the largest difference in bipolar zero error between any two DACs in one package. 
11Linearity error matching is the difference in the worst case linearity error between any two DACs in one package. 
1244-pin versions only. 
*Specifications same as JN/JP/AD/AJ/SD. 
Specifications subject to change without notice. 
Speclfi;,.tions shown in boldface are tested on all production units at final electrical test. Results from those test are used to calculate outgOing quality levels. All 
min and max specifications are ·guaranteed, although only those shown in boldface are tested 'on all production units. : 

ABSOLUTE MAXIMUM RATINGS* 
(Specifications apply to all grades except where noted.) 

VLL to DGND .......•...........••.... 0 to +7V 
Vee to"DGND ....•.•....•..•......... 0 to +18V 
VBB to DGND .......•.......•••.•••• -18V to.OV 
Soldering .............•..•..•..... +300°C, 10 sec 
Power Dissipation .........•.•..•...•..... lOOOmW 
AGND to DGND .•...........••...... -lV to +lV 
Reference Input •.•.•.•.•..... VRBF :5 ±lOV and VRBF 

:5 0/ee - 2V, VBB + 2V) 
Vee to VBB •......•.•................. 0 to +36V 

Digital Inputs ••.....••....••.•••... -0.3V to + 7V 
Analog Outputs .................. Indefinite Shorts to 

Vee; VLL• VBB and GND 

*Stresaes above those listed under "Absolute Maximum Ratings" may 
cauae permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above , 
those indicated in the operational section of this specification is Iibt 
implied. Exposure to absolute maximum ·rating conditions for extended 
periods may affect device relisbility. · 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Unused devices must be stored in conductive foam or 
shunts. The protective foam should be discharged to the destination socket before devices are removed. 
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AD664 
Vu: Vu ANAl.OG 

+12Vl-t15V -12v1-1sv GROUND 

'fii Mi DS1 DSO iiSr +5V DIGITAL 
Vll GROUND 

Figure 1a. 44-Pin Block Diagram 

FUNCTIONAL DESCRIPTION 
The AD664 combines four complete 12-bit voltage output DIA 
converters with a fast, flexible digital input/output port on one 
monolithic chip. It is available in two forms, a 44-pin version 
shown in Figure la and a 28-pin version shown in Figure 1 b. 

44-Pin Versions 
Each DAC offers flexibility, accuracy and good dynamic per
formance. The R-2R structure is fabricated from thin-film resistors 
which are laser-trimmed to achieve l/2LSB linearity and guaran
teed monotonicity. The output amplifier combines the best 
features of the bipolar and MOS devices to achieve good dynamic 
performance and low offset. Settling time is under 1 Oµs and 
each output can drive a SmA, SOOpF load. Short-circuit protection 
allows indefinite shorts to VLL• Vee, VEE and GND. The output 
and span resistor pins are available separately. This feature 
allows a user to insert current-boosting elements to increase the 
drive capability of the system, as well as to overcome parasitics. 

Digital circuitry is implemented in CMOS logic. The fast, low 
power, digital interface allows the AD664 to be interfaced with 
most microprocessors. Through this.interface, the wide variety 
of features on each chip may be accessed. For example, the 
input data for each DAC is programmed by way of 4-, 8~, 12-
or 16-bit words. The double-buffered input structure of this 
latch allows all four DA Cs to be updated simultaneously. A 
readback feature allows the internal registers to be read back 
through the same digital port, as either 4-, 8- or 12-bit words. 
When disabled, the readback drivers are placed in a high impedance 
(tristate) mode. A TRANSPARENT mode allows the input data 
to pass straight through both ranks of input registers and appear 
at the DAC with a minimum of delay. One D/A may be piaced 
in the transparent mode at a time, or all four may be made 
transparent at once. The MODE SELECT feature allows the 
output range and mode of the DACs to be selected via the data 
bus inputs. An internal mode select register stores the selections. 
This register may also be read back to check its contents. A 
RESET-TO-ZERO feature allows all DACs to be reset to 0 
volts out by strobing a single pin. 
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DB2 

DB• 

DS1 DSO AST +SY DKJITAL 
Yu GROUND 

Figure 1b. 28-Pin Block Diagram 

28-Pin Versions 
The 28-pin versions are dedicated versions of the 44-pin AD664. 
Each offers a reduced set of features from those offered in the 
44-pin version. This accommodates the reduced number of package 
pins available. Data is written and read with 12-bit words only. 
Output range and mode select functions are also not available in 
28-pin versions. As an alternative, users specify either the UNI 
(unipolar, 0 to V REF) models or the BIP (bipolar, - V REF to 
VREF) models depending on the application requirements. Finally, 
the transparent mode is not available on the 28-pin versions. 
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AD664 

DBI 

DB3 

DB4 

DB5 

Table I. Transfer Functions 

Mode=UNI 

000000000000 = ov 
Gain"' 1 100000000000 = V REF/2 

111111111111 = VREF - lLSB 

000000000000 = ov 

Mode= BIP 

000000000000 = - V REF/2 
100000000000 = ov 
111111111111 = VREF/2 - lLSB 

Gain= 2 100000000000 = V REF 
llllllllllll = 2xVREF -lLSB 

000000000000 = -VREF 
100000000000 = ov 
111111111111 = +VREF-lLSB 

ORDERING GUIDE 

Temperature Gain Linearity Package 
Model1 Range Output Range Error Error Options2 

AD664JN-UNI 0°C to +70°C 0 to +VREF ±7LSB ±0.75LSB N-28 
AD664JN-BIP 0°C to +70°C -VREF to +VREF ±7LSB ±0.75LSB N-28 
AD664JP 0°C to +70°C Programmable ±7LSB ±0.75LSB P-44A 
AD664KN-UNI 0°c to +70°C 0 to +VREF ±SLSB ±0.SLSB N-28 
AD664KN-BIP 0°C to +70°C -VREF to +VREF ±SLSB ±0.SLSB N-28 
AD664KP 0°C to +70°C Programmable ±SLSB ±0.SLSB P-44A 
AD664AD-UNI -40°C to +85°C 0 to +VREF ±7LSB ±0.75LSB D-28 
AD664AD-BIP -40°C to +85°C -VREF to +VREF ±7LSB ±0.75LSB D-28 
AD664AJ -40°C to +8S°C Programmable ±7LSB ±0.75LSB J-44 
AD664BD-UNI -40°C to +8S°C 0 to +VREF ±SLSB ±0.SLSB D-28 
AD664BD-BIP -40°C to +85°C -VREF to +VREF ±SLSB ±0.SLSB D-28 
AD664BJ -40°C to +85°C Programmable ±SLSB ±0.SLSB J-44 
AD664BE -40°C to +85°C Programmable ±SLSB ±0.SLSB E-44A 
AD664SD-UNI -55°C to + 125°C 0 to +VREF ±7LSB ±0.75LSB D-28 
AD664SD-BIP -55°C to + 125°C -VREF to +VREF ±7LSB ±0.75LSB D-28 
AD664TD-UNI -55°C to + l25°C 0 to +VREF ±SLSB ±0.SLSB D-28 
AD664TD-BIP -55°C to + 125°C -VREF to +VREF ±SLSB ±0.SLSB D-28 

NOTES 
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD664/883B data sheet. 

2D = Ceramic DIP; E = Lead.less Ceramic Chip Carrier; J = Leaded Chip Carrier; N = Plastic DIP; 
P = Plastic Leaded Chip Carrier. For outline information see Package Information section. 

44-Pin Package 

28-Pin DIP Package PIN CONFIGURATIONS ~ ~ ... 
~ 

... 
I + Ill u 

~ > .. 
::! 2 2 ~ 2 2 

I + 0 
~ 
+ 8 8 ; J 

u 

~ 0 I!! llil i 0 z z 
Voa 

Vo• 

VEE(-12V/-15V) 

Vee(+ 12V/+ 15VI 

AGND 

IS 

iiii 

Vu(+SV) 

DB10 

DB9 

3 

NO CONNECT 16 

AD664 
TOP VIEW 

INottoScale) 

... 
u .. 
2 
2 
0 
u 
0 z 

NO CONNECT 17 081 
DBI 

DB7 

DBI 
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FEATURES 
Complete 12-Bit DIA Function 

Double-Buffered Latch 
On Chip Output Amplifier 
High Stability Buried Zener Reference 

Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 
Settling Time: 3µs max to 0.01% 
Guaranteed for Operation with ± 12V or ± 15V 

Supplies 
Low Power: 300mW Including Reference 
TTL/SV CMOS Compatible Logic Inputs 
Low Logic Input Currents 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD667 is a complete voltage output 12-bit digital-to-analog 
convener including a high stability buried Zener voltage reference 
and double-buffered input latch on a single chip. The convener 
uses 12 precision high speed bipolar current steering switches 
and a laser trimmed thin film resistor network to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip double
buffered latch. The design of the input latch allows direct interface 
to 4-, 8-, 12-, or 16-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as shon as lOOns, allowing use with 
the fastest available microprocessors. 

The functional completeness and high performance in the AD667 
results from a combination of advanced switch design, high 
speed bipolar manufacturing process, and the proven laser wafer
trimming (LWT) technology. The AD667 is trimmed at the 
wafer level and is specified to ± l/4LSB maximum linearity 
error (K, B grades) at 25°C and ± l/2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity, is also used to trim the absolute value of the 
reference .as well as its temperature coefficient. The AD667 is 
thus well suited for wide temperature range performance with 
± l/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full scale gain T.C. is 
Sppml°C. 

*Protected by Patent Numbers 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; and others pending. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 

REV.A 

Microprocessor-Compatible 
12-Bit D/A Converter 

AD667* 
FUNCTIONAL BLOCK DIAGRAM 

!MSB) 

+Vee POWER -Vn 
GND 

!LSBl 

The AD667 is available in five performance grades. The AD667J 
and K are specified for use over the 0 to + 70°C temperature 
range and are available in a 28-pin molded plastic DIP (N) or 
PLCC (P) package. The AD667S grade is specified for the 
- 55°C to + l25°C range and is available in the ceramic DIP 
(D) or LCC (E) package. The AD667A and Bare specified for 
use over the - 25°C to + 8S°C temperature range and are available 
in a 28-pin hermetically sealed ceramic DIP (D) package. 

PRODUCT HIGHLIGHTS 
1. The AD667 is a complete voltage output DAC with voltage 

reference and digital latches on a single IC chip. 
2. The double-buffered latch structure permits direct interface 

to 4-, 8-, 12-, or 16-bit data buses. All logic inputs are TTL 
or 5 volt CMOS compatible. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a ± 1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser-trimmed for minimum full scale and 
bipolar offset errors. 

5. The precision high speed current steering switch and on-board 
high speed output amplifier settle within l/2LSB for a IOV 
full scale transition in 2.0µs when properly compensated. 

6. The AD667 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD667 /883B data sheet for detailed specifications. 
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AD66J-SPECIFICATIQNS (TA= +25°C, ±12V. ±15V power supplies unless otherwise noted.) 

Model AD667J AD667K 
Min Typ Max Min Typ Max Units 

DIGITAL INPUTS 
RCS!>lution 12 12 Bits 
LogicLevels(TTLCompatiblc, T.run-T .... )1 

Vm(Logic"l") +2.0 +5.5 +2.0 +5.5 v 
v IL (Logic "0") 0 +0.8 0 +0.8 v 
Irn(V1H=5.5V) 3 10 3 10 µ.A 
I1LCV1L =0.8V) I 5 I 5 µA 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error @ + 25"C ±1/4 ±1/2 ± 118 ±1/4 LSB 
TA=TrruntOTmu ±112 ±3/4 ±114 ±1/2 LSB 

Differential Linearity Error@ + 25"C ± 112 ±3/4 ± 114 ±1/2 LSB 
TA=TmintOTmax Monotonicity Guaranteed Monotonicity Guaranteed LSB 

Gain Error' ±0.1 ±0.2 ±0.1 ±0.2 %FSR3 

Unipolar Offset Error' ±I ±2 ±1 ±2 LSB 
Bipolar Zero2 ±0.05 ±0.1 ±0.05 ±0.1 %ofFSR 

DRIFT 
Diffe~ntial Linearity ±2 ±2 ppm ofFSR/"C 
Gain (Full Scale) TA = 25°C to T .run or T mu ±5 ±30 ±5 ±15 

' 
ppm ofFSR1°C 

Unipolar Offset TA = 25°C to T min or T maJl ±I ±3 ±3 ppm ofFSR/"C 
Bipolar Zero TA = 25"C to T min or T mu ±5 ±10 ±10 ppm ofFSR/"C 

CONVERSION SPEED 
SettlingTimeto ±0.01%ofFSRfor 

FSR Change (2kOll500pF load) 
with lOkfi Feedback 3 4 3 4 µs 
with 5k0 Feedback 2 3 2 3 µs 

For LSB Change I I µs 
Slew Rate 10 10. V/µs 

ANALOG OUTPUT 
Ranges4 ±2.5, ±5, ± 10, ±2.5, ±5, ± 10, v 

+5,+ 10 +5, + 10 
Output Current ±5 ±5 mA 
Output Impcdance(dc) 0.05 0.05 n 
Short Circuit Current 40 40 mA 

REFERENCE OUTPUT 9.90 10.00 10.10 9.90 10.00 10.10 v 
External Current 0.1 1.0 ', 0.1 1.0 mA 

POWER SUPPLY SENSITIVITY 
Vee= + 11.4to + 16.5Vdc 5 10 5 10 ppmofFS/% 
VEE= - ll.4to -16.SV de 5 10 5 10 ppmofFS/% 

POWERSUPPLY REQUIREMENTS 
Rated Voltages ±12,,±15 ±12, ::!: 15 v 
Range4 ±11.4 ±16.5 ±11.4 ±16.5 v 
Supply Current 

+ 11.4 to + 16.5V de 8 12 8 12 mA 
-ll.4to -16.5Vdc 20 25 20 25 mA 

TEMPERATURE RANGE 
Specification 0 +70 0 +70 ·c 
Storage -65· +125 -65 +125 "C 

NOTES 
1Tbe digital .input specifications are 100% tested at + 25°C, and guaraltteed bht nor tested over the full temperature range. 
2 Adjustable to zero. 
3FSR means "Full Scale Range" and is 20V for ± IOV range and lOV for the ± SV range. 
4A minimwn power supply Of± 12.SV is required fof a ± lOV full scale output and ± ll.4V is requ~ for all othCr voltage ranges. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested On all productiOn wiits at final 
electrical test. Results from those tests are used.to calculate outgOing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

TIMING SPECIFICATIONS 
(All Models, TA=25°C, Va;=+ 12Vor + ISV, 
VEE= -12Vor -ISV) 
Symbol Parameter Min Typ Max 

toc Data Valid to End of CS so 
Address Valid to End of CS 100 

ns 
ns 

ABSOLUTE MAXIMUM RATINGS 
Va; to Power Ground . . , . . . 
VEE to Power Ground • . . • . . 
Digital Inputs (Pins 11-15, 17-28) 

to Power Ground ....... 
Ref In to Reference Ground . . . 
Bipolar Offset to Reference Gro1111d . 
IOV Span R to Reference Ground . . 
20V Span R to Reference Ground . . 

OV to +18V 
ov to -.igv 

-1.0V to + 7.0V 
±12V 
±12V 
±12V 
±24V t1.c 

tep CS Pulse Width 100 ns Ref Out, V 0ur (Pins 6, 9) .. Indefmite short to power ground 

toH Data Hold Time 0 ns Momc;ntary Short to Va; 

tsElT OutputVoltageSettlingTime 2 4 µ.s Power Dissipation .............. : .•.. IOOOmW 
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Model AD667A 

Milo TJP Mu 

DIGITAL INPUTS 
Resolution 12 
LogicLcvels(TILCompatible, T.,;,,-T,...)1 

V1H(Logic"l") +2.0 +5.5 
V1L (Logic "0") 0 +0.8 
ImCVm=S.SV) 3 10 
l1L (VIL= 0.8V) 1 5 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error@ + 2s•c ±114 ±112 
T1t.=TmintOTmu ±112 ±314 

Differential Linearity Error@ + 2S"C ± 112 ±3/4 
TA=TmintoTmu: Monotonicity Guaranteed 

Gain Error' ±0.1 ±0.2 
Unipolar Offset Error' ±I ±2 
Bipolar Zero' ±0.0S ±0.l 

DRIFT 
Differential Linearity ±2 
Gain(FullScale)TA = 25°CtoT....,orT- ±5 ±30 
Unipolar Offset TA= 25'C to T min or T- ±1 ±3 
Bipolar ZeroTA = 2S"Cto Tmi0 orT_ ±5 ±10 

CONVERSION SPEED 
SettlingTimeto ±0.0lo/oofFSRfor 

FSR change (2kfili500pF losd) 
with lOkfi Feedback 3 4 
with 5kfi Feedback 2 3 

For LSB Change 1 
Slew Rate 10 

ANALOG OUTPUT 
Ranges• ±2.S, ±5, ±10, 

+S, +10 
Output Current ±5 
Output lmpedsnce (de) 0.05 
Shon Circuit Current 

REFERENCE OUTPUT 9.90 10.00 
External Current 0.1 1.0 

POWER SUPPLY SENSITIVITY 
Vee= + ll.4to + 16.SVdc s 
VEE= -11.4to -16.SVdc s 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±12, ±15 
Range• ±ll.4 
Supply Current 

+ ll.4to + 16.5Vdc 8 
-11.4to -16.SV de 20 

TEMPERATURE RANGE 
Specification -25 
Stonge -6S 

TIMING DIAGRAMS 
WRITE CYCLE *l 
(Load First Rank from Data Bus; A3 = 1) 

"2-AO---t-=='•o i x== 
I-too-I 

-----.v'·- I~ oe11~oeo "/\.. 
______ _, 

-i '°" 
\\\ _( 

l-1o.--J 

REV.A 

40 

10.10 

10 
10 

±16.5 

12 
25 

+85 
+ISO 

AD667 

AD667B AD667S 
Min TJP Mu Min TJP Mu Units 

12 12 Bits 

+2.0 +5.5 +2.0 +5.5 v 
0 +0.8 0 +0.7 v 

3 10 3 10 ...... 
I s I 5 ...... 

± 118 ±114 ± 118 ±112 LSB 
± 114 ±1/2 ± 1/2 ±3/4 LSB II 
±114 ±1/2 ±1/4 ±3/4 LSB 

Monotonicity Guaranteed Monotonicity Guaranteed LSB 
±0.1 ±0.2 ±0.1 ±0.2 o/oofFSR3 

±1 ±2 ±1 ±2 LSB 
±0.0S ±0.l ±0.05 ±0.l o/oofFSR 

±2 ±2 ppmofFSRrC 
±S ± 15 ± 15 ±30 ppmofFSRrC 

±3 ±3 ppmofFSRrC 
±10 ±10 ppmofFSRrC 

3 4 3 4 jJ.S 

2 3 2 3 .... 
1 1 .... 

10 10 V/µs 

±2.5, ±5, ± 10, :t2.5, ±S, ± 10, v 
+ S, + 10 +5, +10 

±5 ±5 mA 
0.05 o.os n 

40 40 mA 

9.90 10.00 10.10 9.90 10.00 10.10 v 
0.1 1.0 0.1 1.0 mA 

s 10 5 10 ppmofFS/% 
5 10 5 10 ppmofFS/% 

±12, ±15 ±12, ±15 v 
±ll.4 ±16.5 ±ll.4 ±16.5 v 

8 12 8 12 mA 
20 25 20 25 mA 

-25 +85 -55 + 125 "C 
-6S +ISO -65 +150 'C 

WRITE CYCLE *2 
(Load Second Rank from First Rank; A2, Al, AO= 1) 

r--·"--1 
1'3--...... , 1r--

t-"·-I 
cs -------i---~rr ===~r----.-.-.-r-.-. 

OUTPUT' ..7 •112LSB 
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AD667 
PIN CONNECTIONS 

DIP 

0811 (MSB) 

0810 

OB9 

OBS 

087 

OBS 

085 

OB3 

082 

A2 

AO 

•NOTE DIP PACKAGE PIN NUMBERS 
AND LCC CONTACY NUMBERS SERVE 
THE SAME FUNCTION. 

THE AD667 OFFERS TRUE 12-BIT PERFORMANCE 
OVER THE FULL TEMPERATURE RANGE 

LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal analog output (a straight line drawn from 0 to 
F.S. - lLSB) for any bit combination. The AD667 is laser 
trimmed to l/4LSB (0.006% of F.S.) maximum error at +25°C 
for the K and B versions and l/2LSB for the J, A and S 
versions. 

MONOTONICITY: .A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs such that the output will always be a nondecreasing 
function of input. All versions of the AD667 are monotonic over 
their full operating temperature range. 

PLCC,LCC 

~ 
z z .. 

It f ~ ~ 
c ~ 

.. 0 

~ ~ > 1ii 1ii ill .. ii Q Q Q 

087 

VAEFIN 
A0667 

086 

TOP VIEW OB5 
(Not to Scele) 

083 

::i ~ :r ~ ~~ a; 1ii 
~ Q 

!?151 ti: 
" Q 

DIFFERENTIAL NONLINEARITY: Monotonic behavior 
requires that the differential linearity error be less than lLSB 
both at + 25°C and over the temperature range of interest. 
Differential nonlinearity is. the measure of the variation in analog 
value, normalized to full scale, associated with a ILSB change 
in digital input code. For example, for a 10 volt full scale output, 
a change of lLSB in digital input code should result in a 2.44mV 
change in the analog output (lLSB= lOVx l/4096=2.44mV). If 
in actual use, however, a lLSB change in the input code results 
in a change of only 0.6lmV (l/4LSB) in analog output, the 
differential linearity error would be - l.83mV, or -3/4LSB. 
The AD667K and B grades have a max differential linearity 
error of l/2LSB, which specifies that every step will be at least 
l/2LSB and at most I 1/2 LSB. 

ORDERING GUIDE 

Linearity 
Temperature Error Max GainT.C. 

Model1 Range-°C @25°C Maxppml"C Package Option2 

AD667JN Oto +70 ±l/2LSB 30 Plastic DIP(N-28) 
AD667JP Oto +70 ±l/2LSB 30 PLCC (P-28A) 
AD667KN Oto+ 70 ±l/4LSB 15 Plastic DIP (N-28) 
AD667KP Oto +70 ±l/4LSB 15 PLCC (P-28A) 
AD667AD -25to +85 ±l/2LSB 30 Ceramic DIP (D-28) 
AD667BD -25to +85 ±l/4LSB 15 Ceramic DIP (D-28) 
AD667SD -55to+l25 ±l/2LSB 30 Ceramic DIP (D-28) 
AD667SE -s<.-,.. +I''" ±1/"'JT CD >n T ,....,... ' -~ " 

NOTES 
*Refer to AD667 /883B military data sheet. 
1For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the 
Analog Devices Military Products Databook or current AD667/883B data sheet. 

20 "' Ceramic DIP; E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip 
Carrier. For outline information see Package Information section. 

3-62 DIGITAL-TO-ANALOG CONVERTERS REV.A 



~ANALOG 
WDEVICES 

FEATURES 
Ultrahigh Speed: Current Settling to 1 LSB in 90 ns for 

a Full-Scale Change in Digital Input. Voltage Settling 
to 1 LSB in 120 ns for a Full-Scale Change in Analog 
Input 

15 MHz Reference Bandwidth 
Monotonicity Guaranteed over Temperature 
10.24 mA Current Output or 1.024 V Voltage Output 
Integral and Differential Linearity Guaranteed over 

Temperature 
0.3" 0 Skinny DIP" Packaging 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD668 is an ultrahigh speed, 12-bit, multiplying digital-to
analog convener, providing outstanding accuracy and speed per
formance in responding to both analog and digital inputs. The 
AD668 provides a level of performance and functionality in a 
monolithic device that exceeds that of many contemporary hy
brid devices. The part is fabricated using Analog Devices' Com
plementary Bipolar (CB) Process, which features venical NPN 
and PNP devices on the same chip without the use of dielectric 
isolation. The AD668's design capitalizes on this proprietary 
process in combination with standard low impedance circuit 
techniques to provide its unique combination of speed and accu
racy in a monolithic part. 

The wideband reference input is buffered by a high gain, closed 
loop reference amplifier. The reference input is essentially a 
1 V, high impedance input, but trimmed resistive dividers are 
provided to readily accommodate 5 V and 1.25 V references. 
The rCference amplifier features an effective small signal band
width of l5 MHz and an effective slew rate of 3% of full 
scale/ns. 

Multiple matched current sources and thin film ladder tech
niques are combined to produce bit weighting. The output 
range can nominally be taken as a 10.24 mA current output or a 
1.024 V voltage output. Varying the analog input can provide 
modulation of the DAC full scale from 10% to 120% of its nom
inal value. Bipolar outputs can be realized through pin-strapping 
to provide two·quadrant operation without additional external 
circuitry. 

Laser wafer trimming insures full 12-bit linearity and excellent 
gain accuracy. All grades of the AD668 are guaranteed mono
tonic over their full operating temperature range. Furthermore, 
the output resistance of the DAC is trimmed to 100 0 ± 1.0%. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

12~Bit Ultrahigh Speed 
Multiplying D/A Converter 

AD668 I 
FUNCTIONAL BLOCK DIAGRAM 

THRESHOLP LADDER 
COMMON COl'MtON 

~ v •• 

The AD668 is available in four performance grades. The 
AD668JQ and KQ are specified for operation from O"C to 
+ 70°C, the AD668AQ is specified for operation from -40"C to 
+85°C, and the AD668SQ specified for operation from -SS°C 
to + 125°C. All grades are available in a 24-pin cerdip (0.3" 
package. 

PRODUCT HIGHLIGHTS 
1. The fast settling time of the AD668 provides suitable perfor

mance for waveform generation, graphics display, and high
speed ND conversion applications. 

2. The high bandwidth reference channel allows high frequency 
modulation between analog and digital inputs. 

3. The AD668's design is configured to allow wide variation of 
the analog input, from 10% to 120% of its nominal value. 

4. The AD668's combination of high performance and tremen
dous flexibility makes it an ideal building block for a variety 
of high speed, high accuracy instrumentation applications. 

5. The digital inputs are readily compatible with both TTL and 
SV CMOS logic families. 

6. Skinny DIP (0.3") packaging minimizes board space require
ments and eases layout considerations. 

7. The AD668 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD668/883B data sheet for detailed 
specifications. 
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AD668-SPECIFICATIONS (@TA= +25°C, Yee= +15 V, VEE= -15 V, unless otherwise noted) 

AD668J/A AD668K AD668S 
Parameter Min Typ Max Min Typ Max Min Typ Max Uilits 

RESOLUTION 12 12 12 Bits 

LSB .WEIGHT (At Nominal FSR) 
Current 2.5 * * µ.A 
Voltage (Current into RL) 250 * * µV 

ACCURACY' 
Linearity -1/2 +112 -1/4 +1/4 * * LSB 

Tmin to Tmax -3/4 +3/4 -1/2 +112 * * LSB 
Differential Nonlinearity -1 +l -1/2 +1/2 * * LSB 

Tmin to Tmax -1 +l -1/2 +112 * * LSB 
Monotonicity GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE. 
Unipolar Offset (Digital) -0.2 +0.2 * * * * % ofFSR 
Bipolar Offset -1.0 +1.0 -0.6 +0.6 * * % ofFSR 
Bipolar Zero -0.5 +0.5 -0.2 +0.2 * * % ofFSR 
Analog Offset -1.0 +1.0 -0.7 +0.7 * * %ofVNOM 
Gain Error -1.0 +1.0 * * * * % ofFSR 

TEMPERATURE COEFFICIENTS2 

Unipolar Offset -8 +8 -5 +5 * * ppm of FSRf'C 
Bipolar Offset -25 +25 -15 +15 * * ppm of FSRf'C 
Bipolar Zero -20 +20 -15 +15 * * ppm of FSRf'C 
Analog Offset -20 +20 -10 +10 -20 +20 ppm of v NOM/"C 
Gain Drift -30 +30 -15 +15 -40 +40 ppm of FSRf'C 
Gain Drift (IouT) ±150 ±150 ±150 ppm of FSRl"C 

REFERENCE INPUT 
Input Resistance 

5.0 V Range 5 * * k!l 
1.25 V Range 5 * * k!l 
1.0 V Range 1 * * MO 

Reference Range (T min to T maxl 10 100 120 * * * * * * % ofVNOM 

DATA INPUTS 
Logic Levels (T min to T .,..) 

·v!H 2.0 7.0 * * * * v 
VIL 0.0 0.8 * * * . *. v 

Logic Currents (T mm to T max) 
Irn -10 +10 * * * * µA 
I,L 0 60 100 * * * 0 100 200 -µA 
VTH Pin Voltage 1.4 * * v 

CODING BINARY, OFFSET BINARY 

CURRENT OUTPUT RANGES 0 to 10.24, ± 5.12 mA 

VOLTAGE OUTPUT RANGES 0 to 1.024, ± 0.512 v 

OUTPUT COMPLIANCE -2 + 1.2 * * * * v 

OUTPUT RESISTANCE 
Exclusive of RL 160 200 240 * * * * * * n 
Inclusive of RL 99 100 IOI * * * * * * n 

REFERENCE AMPLIFIER 
Input Bias Current 1.5 * * µA 
Slew Rate 3 * * % of FS/ns 
Large Signal Bandwidth IO * * MHz 
Small Signal Bandwidth 15 * * MHz 
U ndervoitage Recovery Time 

VRF.FNNoM to 0% 35 * * ns 
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AD668 
AD668J/A AD668K AD668S 

Parameter Min Typ Max Min Typ Max Min Typ Max Units 

AC CHARACTERISTICS 
Analog Settling Time 

(10% to 120% Step) 
to±!% 60 * * ns to 1% of FSR 
to ±0.1% 90 * * ns to 0.1% of FSR 
to ±0.025% 120 * * ns to 0.025% of FSR 

Digital Settling Time 
Current 

to±!% 30 * * ns to I% of FSR 
to ±0.025% 90 * * ns to 0.025% of FSR 

Voltage (100 fl, Internal RLl3 

to 1% 50 * * ns to 1% of FSR 
to 0.1% 75 * * ns to 0.1% of FSR 
to 0.025% 110 * * ns to 0.025% of FSR 

Glitch Impulse• 350 * * pV-sec 
Peak Amplitude 20 * * % ofFSR 

Total Harmonic Distortion5 -75 * * dB 
Multiplying Feedthrough Error6 -62 * * dB 

FULL-SCALE TRANSITION2 

10% to 90% Rise Time 11 * * ns 
90% to 10% Fall Time 11 * * ns 

POWER REQUIREMENTS 
+10.8 V to +16.5 V 27 32 * * mA 
-10.8 V to -16.5 V 7 9 * * -mA 
Power Dissipation 510 615 * * mW 
PSRR7 0.05 * * % ofFSR/V 

TEMPERATURE RANGE 
Rated Specification2 (J, K, S) 0 +70 * * -55 +125 oc 
Rated Specification (A) -40 +85 oc 
Storage -65 +150 * * * * oc 

NOTES 
*Same as AD668J/A. 
1 Measured in IouT mode. Specified at nominal 5 V full-scale reference. 
2Measured in VouT mode, unless otherwise specified. Specified at nominal S V full-scale reference. 
3Total resistance. 
4At the major carry, driven by HCMOS logic. 
'VovT = IV p-p,V,N = 10% to 110%, 100 kHz. Digital Input All ls. 
6V1N = 200 mV p-p, I MHz Sine Wave. Digital Input all Os. 
'Measured at IS V ± 10% and 12 V ± 10%. 

Specifications shown in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
Vee to REFCOM ..................... 0 V to +18 V 
VEE to REFCOM ..................... 0 V to -18 V 
REFCOM to LCOM ............... +100 mV to -10 V 
ACOM to LCOM ....................... ±100 mV 
THCOM to LCOM ...................... ±500 mV 
REFCOM to REFIN (1, 2) .................... 18 V 
l 8 p 0 to LCOM ............................ ±5 V 
louT to LCOM ...................... -5 V to VTH 
Digital Inputs to THCOM .......... -500 mV to +7.0 V 
REFINI to REFIN2 ........................ 36 V 
VTH to THCOM ............ · ...... -0.7 V to +1.4 V 
Logic Threshold Control Input Current . . . . . . . . . . .. 5 mA 

REV.A 

Power Dissipation ........................ 670 mW 
Storage Temperature Rang.: 
Q (Cerdip) Package ................ -65°C to + 150°C 

Junction Temperature ...................... +I 75°C 
Thermal Resistance 

0JA • , . , . , • • , •. 

61c • · · · · • · · • • · 

+75°C/W 
+25°C/W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in tbe operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
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AD668 
ORDERING GUIDE 

Linearity Voltage 
Temperature Error Max Gain T.C. Package 

Model1 Range @25°C Maxppmrc Option2 

AD668JQ O"C to + 1o•c ±1/2 ±30 Q-24 
AD668KQ o·c to +1o·c ±1/4 ±15 Q-24 
AD668AQ -40"C to +ss•c ±1/2 ±30 Q-24 
AD668SQ -ss·c to + 125°C ±1/2 ±40 Q-24 

NOTES 
1For details on grade and package offerings screened in accordance with MIL-STD-883, refer 
to the Analog Devices Military Products Databook or current AD668/883B data sheet. 

2Q = Cerdip. For outline information see Package Information section. 

PIN CONFIGURATION 

DEFINITIONS 

DIGITAL 
INPUTS 

LSB 

LINEARITY ERROR (also called INTEGRAL NON
LINEARITY OR INL): Analog Devices defines linearity error 
as the maximum deviation of the actual analog output from the 
ideal output (a straight line drawn from 0 to FS) for any bit 
combination expressed in multiples of 1 LSB. The AD668 is 
laser trimmed to 1/4 LSB (0.006% of FS) maximum linearity 
error at + 25°C for the K version and 1/2 LSB for the J and S 
versions. 

DIFFERENTIAL LINEARITY ERROR (also called DIFFER
ENTIAL NONLINEARITY or DNL): DNL is the measure of 
the variation in the analog output, normalized to full scale, asso-
ciated with a 1 LSB change in digital input code. · 

MONOTONICITY: A DAC is said to be monotonic if the out
put either increases or remains constant as the digital input in
creases. Monotonic behavior requires that the differential 
linearity erro~ not exceed 1 LSB in the negative direction. 

UNIPOLAR OFFSET ERROR (DAC OFFSET): The DAC 
offset is .the portion of the DAC output that is independent of 
the digital input. The unipolar DAC offset error is measured as 
the deviation of the analog output from the ideal (0 V or 0 mA) 
when the analog input is set to 100% and the digital inputs are 
set to all Os. 
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REFERENCE COMMON IREFCOM) 

REFERENCE INPUT 1 (RERN1) 

21 1 REFERENCE INPUT 2 (RERN2) 

LOAD RESISTOR (R,) 

ANALOG COMMON (ACOM) 

LADDER COMMON ILCOM) 

BIPOLAR OFFSET llaPOI 

v .. 

THRESHOLD COMMON (THCOM) 

THRESHOLD CONTROL (V,HI 

BIPOLAR OFFSET ERROR: The deviation of the 8lllllog out
put from the ideal (negative half-scale) when the DAC is con
nected in the bipolar mode (Pin 16 connected to Pin 20), the 
analog input is set to 100%, and the digital inputs are set to all 
Os is called the bipolar offset error. 

BIPOLAR ZERO ERROR: The deviation of the analog output 
from the ideal (0 V or 0 mA) for bipolar mode when only the 
MSB is on (100 ... 00) is called bipolar zero error. 

COMPLIANCE VOLTAGE: The allowable voltage excursion· 
at the output node of a DAC which will not degrade thi: accu
racy of the DAC output. 

SETTLING TIME (DIGITAL CHANNEL): The time ~ 
quired for the output to reach and remain within a specified er
ror band about its final value, measu.'"Cd from the digital input 
transition. 

SETTLING TIME (ANALOG CHANNEL): The time re
quired for the output to reach and remain within a specified er
ror band about its fmal value, measured from the analog input's 
crossing of it's 50% value. 

GAIN ERROR: The difference between the ideal and actual 
output span of FS-1 LSB, expressed either in % of FS or LSB, 
when all bits are on is called the gain error. 
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FEATURES 
Complete 16-Bit D/A Function 

On-Chip Output Amplifier 
High Stability Buried Zener Reference 

Monolithic BIMOS II Construction 
±1 LSB Integral Linearity Error 
15-Bit Monotonic over Temperature 
Microprocessor Compatible 

16-Bit Parallel Input 
Double-Buffered Latches 
Fast 40. ns Write Pulse 

Unipolar or Bipolar Output 
Low Glitch: 15 nV-s 
Low THD+N: 0.009% 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD669 DACPORT® is a complete 16-bit monolithic D/A 
converter with an on-board reference and output amplifier. It is 
manufactured on Analog Devices' BiMOS II process. This pro
cess allows the fabrication of low power CMOS logic functions 
on the same chip as high precision bipolar linear circuitry. The 
AD669 chip includes current switches, decoding logic, an output 
amplifier, a buried Zener reference and double-buffered latches. 

The AD669's architecture insures IS-bit monotonicity over tem
perature. Integral nonlinearity is maintained at ±0.003%, while 
differential nonlinearity is ±0.003% max. The on-chip output 
amplifier provides a voltage output settling time of 10 µs to 
within 112 LSB for a full-scale step. 

Data is loaded into the AD669 in a parallel 16-bit format. The 
double-buffered latch structure eliminates data skew errors and 
provides for simultaneous updating of DACs in a multi-DAC 
system. Three TTULSTTUS V CMOS compatible signals con
trol the latches: CS, LI and LDAC. 

The output range of the AD669 is pin programmable and can be 
set to provide a unipolar output range of 0 V to +IO V or a 
bipolar output range of -10 V to + 10 V. 

The AD669 is available in seven grades: AN and BN versions 
are specified from -40°C to + 85°C and are packaged in a 28-pin 
plastic DIP. The AR and BR versions are specified for -40°C to 
+85°C operation and are packaged in a 28-pin SOIC. The SQ 
version is specified from -ss·c to + 125°C and is packaged in a 
hermetic 28-pin cerdip package. The AD669 is also available 
compliant to MIL-STD-883. Refer to the AD669/883B data 
sheet for specifications and test conditions. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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REF OUT 

Monolithic l&-Bit 
DACPORT 
AD669 I 

FUNCTIONAL BLOCK DIAGRAM 

(MSB) (LSB) 
DB15 DBO 

-VEE +Vee +VLL 

PRODUCT HIGHLIGHTS 
1. The AD669 is a complete voltage output 16-bit DAC with 

voltage reference and digital latches on a single IC chip. 

2. The internal buried Zener reference is laser trimmed to 
I0.000 volts with a ±0.2% maximum error. The reference 
voltage is also available for external applica~ons. 

3. The AD669 is both de and ac specified. DC specs include 
±1 LSB INL error and ±1 LSB DNL error. AC specs 
include 0.009% THO+ N and 83 dB SNR. The ac speci
fications make the AD669 suitable for signal generation 
applications. 

4. The double-buffered latches on the AD669 eliminate data 
skew errors while allowing simultaneous updating of DACs 
in multi-DAC systems. 

5. The output range is a pin-programmable unipolar 0 V to 
+IO V or bipolar -10 V to + 10 V output. No external com
ponents are necessary to set the desired output range. 

6. The AD669 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD669/883B data sheet for detailed 
specifications. 
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A0669~SPEClflCATIONS ITa = +25°C, Yee= +15 Y, Ya= -15 Y, YLL = +5 Yunless otherwise stated) 

AD669AN/AR AD669AQISQ AD669BNIBQIBR 
Model Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 16 16 16 Bits 

DIGITAL INPUTS (TMIN to TMAX) 
Vm (Logic "l") 2.0 5.5 * * * * Volts 
VIL (Logic "0") 0 0.8 * * * * Volts 
l1H (Vm = S.5 V) :tlO * * µ.A 
I1L (V1L = 0 V) :tlO * * µ.A 

TRANSFER FUNCTION CHARACTERISTICS1 

Integral Nonlinearity · :t2 * :ti, LS:8 
TMIN to TMAX :t4 * :t2 LSB 

Differential Nonlinearity :t2 * :ti LSB 
TMIN·to TMAX :t4 * . :t2 LSB 

Monotonicity Over Temperature 14 14 15 Bits 
Gain Error· s :t:0.15 :t:0.10 :t:0.10 %ofFSR 
Gain Drift2 (T MIN to T MAX) 25 15 15 ppmrc 
Unipolar Offset :t5 :t5 :t2.5 mV 
Unipolar Offset Drift (T MIN to T MAx) 5 3 3 ppmrc 
Bipolar Zero Error :tl5 :tl5 :tlO mV 
Bipolar Zero Error Drift (T MIN to T MAl() 12 10 5 ppm/°C 

REFERENCE INPUT 
Input Resistance 7 10 13 * * * * * * kO 
Bipolar Offset Input Resistance 7 10 13 * * * * * * kO 

REFERENCE OUTPUT 
Voltage 9.98 10.00 10.02 * * * * * * Volts 
Drift 25 15 15 ppm/°C 
External Current3 2 4 * * * * mA 
Capacitive Load 1000 * * pF 
Short Circuit Current 25 * * mA 

OUTPUT CHARACTERISTICS 
Output Voltage Range 

Unipolar Configuration 0 +10 * * * * Volts 
Bipolar Configuration -10 +10 * * * * Volts 

Output Current 5 * * mA 
Capacitive Load 1000 * * pF 
Short Circuit Current 25 * * mA 

POWER SUPPLIES 
Voltage 

Vee• +13.5 +16.S * * * * Volts 
VEE4 -13.5 -16.5 * * * * Volts 
VLL +4.5 +5.5 * * * * Volts 

Current (No Load) 
Ice +12 +18 * * * * mA 
IEE -12 -18 * * * * mA 
ILL 

@ Vm, V1L = 5, 0 V 0.3 2 * * * * mA 
@ Vm, V1L = 2.4, 0.4 V 3 7.5 * * * * mA 

Power Supply Sensitivity 1 3 * * * * ppm/% 
Power Dissipation (Static, No Load) 365 625 * * mW 

TEMPERATURE RANGE 
Specified Performance (A, B) -40 +85 -40 +85 -40 +85 °C 
Specified Performance (S) -55 +125 °C 

NOTES 
1For 16-bit resolution, I LSB = O.OOIS% of FSR = IS ppm of FSR. For IS-bit resolution, I LSB = 0.003% of FSR = 30 ppm of FSR. For 14-bit resolution 
i LSB = 0.006% oi FSR = 60 ppm of FSR. FSR stands for Fuil-Scaie Range and is iO V for a 0 to + iO V span lll:lli 20 V for a - lO V to + iQ V span. 

'Gain error and gain drift measured using the intcmal reference. Gain drift is primarily reference related. Sec the Using the AD669 with the AD688 Reference 
section for further information. 

'Enernal current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD669. 
4Qperation on ± 12 V supplies is possible using an external reference like the ADS86 and reducing the outpUt range. Refer to the lnternal/Externa1 Reference 
Use section. 

'Measured with fixed SO n resistors. Eliminating these resistors increases the gain error by 0.2S% of FSR (Unipolar mode) or O.SO% of FSR (Bipolar mode). 
Refer to the Analos Circuit Connections section. 

*Same as AD669AN/ AR specification. 
Specifications subject to cbange without notice. 
Specifications in boldface are tested on all production units at linal electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. Those shown in boldface are tested on all production units. 
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AD669 

AC PERFORMANCE CHARACTERISTICS (With the exception of Total Harmonic Distortion+ Noise and Signal-to-Noise 
Ratio, tliese characteristics are included for design guidance only and are not subject to test. THO+ N and SNR are 100% tested. 
TMI• s Ta s TMAX, Yee = + 15 V, VEE = -15 V, Yu = +5 V except where stated.) 

Parameter Limit Units Test Conditions/Comments 

Output Settling Time 13 µsmax 20 V Step, TA= +25"C 
(Tinie to ±0.0008% FS · 8 µs typ 20 v Step, TA = + 25"C 
with 2 kn, 1000 pF Load) 10 µs typ 20 V Step, TMIN :5 TA :5 TMAx 

6 µs typ 10 V Step, TA= +25°C 
8 µs typ 10 V Step TMIN :5 TA :5 TMAx 
2.5 µs typ 1 LSB Step, TMIN :5 TA :5 TMAX 

Total Harmonic Distortion+ Noise 
A, B, S Grade 0.009 %max 0 dB, 1001 Hz; Sample Rate= 100 kHz; TA= +25"C 
A, B, S Grade 0.07 %max -20 dB, 1001 Hz; Sample Rate= 100 kHz; TA= +25"C 
A, B, S Grade 7.0 %max -60 dB, 1001 Hz; Sample Rate= 100 kHz; TA= +25"C 

Signal-to-Noise Ratio 83 dB min TA= +25°C 

Digital-to-Analog Glitch Impulse 15 nV-s typ DAC Alternately Loaded with 8000H and 7FFFH 

Digital Feedthrough 2 nV-s typ DAC Alternately Loaded with OOOOH and FFFFH; CS High 

Output Noise Voltage 120 nV/yHztyp Measured at Voun 20 V Span; Excludes Reference 
Density (1 kHz - 1 MHz) 

Reference Noise 125 nV/yHztyp Measured at REF OUT 
Specifications sub1ect to change without nonce. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outg0ing quality levels. All min 
and max specifications are guaranteed. Those shown in boldface are tested on all production units. 

TIMING CHARACTERISTICS 
Yee= +15 V, Yu= -15 V, Yu= +5 V, Ya1 = 2.4 V, Yto = 0.4 V 

Limit Limit 
Limit -40°Cto -55°C to 

Parameter +25°C +85°C +125°C Units 

(Figure la) 
te& 40 50 55 nsmin 
tu 40 50 55 nsmin 
tDs 30 35 40 nsmin 

tDH 10 10 15 nsmin 
tLH 90 110 120 nsmin 
tLW 40 45 45 nsmin 

(Figure lb) 
tLOW 130 150 165 nsmin 

tHIGH 40 45 45 nsmin 
tDS 120 140 150 nsmin 

tDH 10 10 15 nsmin 
Specifications subJect to change without notice. 

Specifications in boldface. are tested on all production units at final electrical 
test. Results from those tests are used to calculate outgOing quality levels. All 
min and max specifications are guaranteed. Those shown in boldface are 
tested on all production units. 

REV.A 

DATA 

LDAC 

Figure 1a. AD669 Level Triggered Timing Diagram 

CS AND/OR 
LI,LDAC 

DATA 

tDH 

TIE CS AND/OR LI TO GROUND OR TOGETHER WITH LDAC 

Figure 1b. AD669 Edge Triggilred Timing Diagram 
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AD669 
ESD SENSITIVITY . . . . · •.. . . . 
The AD669 features«input protection circuitry (:Onsisting of large transistors and polysilici>n series 
resistors to dissipate ho.th high-enerv discharges (HumanBody Model),and fast, low-energy pulses. · 
(Charged Device Model). Per Method 3015.2 of MIL-STD~l!83C, ~e AD669 has been clalisified as 
a Class 2 device. · · 

Proper ESD precautions are strongly reconiinended to avoid functiOnal damage or performance 
degradation. Charges as high as 4000 volts reacfUy accumubite on the human body and test equip
ment and discharge without detection. Unused devices must be stored in conductive foam or 
shunts, and the foam should be discharged to the destination. socket before deviees are removed. 
For further information on ESD precautions, refer to Analog Devices' ESD Prevention Manual. 

WARNING! (/1 
~~--

t 1 frJ ;r r~ l\f 

ABSOLUTE MAXIMUM RATINGS* 
Vee to AGND ......•............ -0.3 V to +17.0 V 
Ve to AGND ............ , ...... +0.3 V to -17.0 V 
VLL to DGND , .................•. -0.3 V to +7 V 
·AGND to DGND ..............•............ ±1 V 
Digital Inputs (Pins S through 23) to DGND . , ... -1.0 V to 

. +7.0V 
REF IN to AGND ... • : ......... " .• ; ....... ± 10.S V 
Span/Bipolar Offset to AGND ................ ± 10.5 V 
Ref Out, VotJT ....... Indefinite Shon To AGND, DGND, 

· Vee, Vl!I!, and VLL 
Power Dissipation (Any Package) 

To +60°C ............................ 1000 mW 
Derates above +60-C ................... 8.7 mWl°C 

Storage Temperature .. , •...•......... -65"C to + 150-C 
Lead Temperature (Soldering, 10 sec) ............. 300"C 
*Stresses above those listed under "Absolute Maximum Ratinp" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi· 
cated in the operational section of this specification is .not implied. Exposure 
to absolute maximum rating c:Onditions · for extended pCriods may affect 
device reliability. 

ORDERING GUIDE 

Linearity Gain 
Temperature Error Max TC max 

Model Range TM1N-TMAX ppml"C 

AD669AN -40"C.to +8S"C ±4LSB 25 
AD669AR -40"C to +85"C ±4LSB .25 
AD669BN -40"C to +85"C ±2LSB 15 
AD669BR -40"C to +85"C ±2LSB 15 
AD669SQ -55°C to + 125"C ±4LSB 15 
AD669/883B** -55"C to + 125"C ** ** 

PIN CONFIGURATION 

Package Package 
Description Option* 

Plastic DIP N-28 
SOIC R-28 
Plastic DIP' N-28 
SOIC R-28 
Cerdip Q-28 
** ** 

REF.OUT 

REFll 

IPANJBIP 
. OFF8ET 

Your 

MIND 

LDAC 

DBO 

D81 

Diii 

11113 

11114 -11111 

11117 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see. Package Information section. 
**Refer to AD669/883B military data sheet. 
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FEATURES 
±0.00076% Integral and Differential Linearity 
±0.00038% Unipolar Offset, Bipolar Zero 
17-Bit Monotonic 
Complete 16-Bit D/A Function 

On-Chip Output Amplifier 
On-Chip Buried Zener Voltage Reference 

Microprocessor Compatible 
Serial or Byte Input 
Double Buffered Latches 
Fast (40 ns) Write Pulse 
Asynchronous Clear (to 0 V) Function 

Serial Output Pin Facilitates Daisy Chaining 
Pin Strappable Unipolar or Bipolar Output 
Low Glitch: 15 nV-sec 
Low THD+N: 0.009% 
Output Control on Power-Up & Power-Down 

PRODUCT DESCRIPTION 
The AD760 is a complete 16-bit self-calibrating monolithic DAC 
(DACPORT®) with onboard voltage reference, double buffered 
latches and output amplifier. It is manufactured on Analog 
Devices' BiMOS II process. This process allows the fabrication 
of low power CMOS logic functions on the same chip as high 
precision. bipolar linear circuitry. 

Self-calibration is initiated by simply bringing the CAL pin low. 
The CALOK pin indicates when calibration has been success
fully completed. The output multiplexer (MUXouT) can be 
used to isolate the load from the movement of the DAC output 
during calibration. The INL and DNL errors are less than 
±0.5 LSB or ±0.00076% after calibration. Unipolar offset or 
bipolar zero is less than ±0.25 LSB or ±0.00038%. This level 
of performance is unmatched by any other monolithic DAC. 

Data can be loaded into the AD760 in serial mode or as two 
8-bit bytes. This is made possible by two digital input pins which 
have dual functions (Pins 13 and 14). The serial mode input for
mat is pin selectable, to be MSB or LSB first. In byte mode the 
user can similarly define whether the high byte or low byte is 
loaded first. The serial output (SouT) pin allows the user to 
daisy chain several AD760s by shifting the data through the 
input latch into the next DAC thus minimizing the number of 
control lines required in a multiple DAC application. The dou
ble buffered latch structure eliminates data skew errors and pro
vides for simultaneous updating of DACs in a multi-DAC system. 

The asynchronous CLR function can be configured to clear the 
output to unipolar or bipolar zero depending on the state of 
LBE (another dual-use pin) when CLR is strobed. The AD760 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

16-Bit Self .;.Calibrating 
Serial/Byte DACPORT 

AD760 I 
FUNCTIONAL BLOCK DIAGRAM 

MS8/ 
SIN LSii 
OR OR 

CS 080 081 082 087 

also powers up or down with the output in a predetermined 
state by means of a digital and analog power supply detection 
circuit which is built in to the output multiplexer. This is par
ticularly useful for robotic and industrial control applications. 

The AD760 is available in three grades. AN and AP versions are 
specified from -40°C to +85°C and are packaged in a 28-pin 
600 mil plastic DIP and a 28-pin PLCC. The SD version is 
packaged in a 28-pin 600 mil cerdip package and is also avail
able compliant to MIL-STD-883. Refer to the AD760/883B data 
sheet for specifications and test conditions. 

PRODUCT HIGHLIGHTS 
!. Complete, true 16-bit, self-calibrating DAC, with a voltage 

reference, double-buffered latches and output amplifier on a 
single chip. 

2. Pin programmable output can provide a unipolar output 
range of 0 V to + I 0 V or a bipolar output range of - 10 V to 
+ 10 V. No external components required. 

3. Asynchronous CLR function can send the output to unipolar 
or bipolar zero. 

4. MUXouT is switched to a user defined input when powering 
up or down. 

5. The AD760 is both de and ac specified. DC specifications 
include ±0.S LSB INL and DNL errors. AC specifications 
include 0.009% THD+ N and 83 dB SNR. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD760---SPEClflCATIQNS (TA= +25°C, Yee= + 15 V, VEE = -15 V, VLL = +5 V unlilss otherwise stated) 

Model AD760AN/AP AD760SQ 
Min Typ Max Min Typ Max Units 

RESOLUTION' 16 16 Bits 

TRANSFER FUNCTION CHARACTERISTICS2 

WITH CALIBRATION @TcAL ± 20'C3 

Integral Nonlinearity ±0.5 * LSB 
Differential Nonlinearity ±0.5 * LSB 
Monotonicity 17 * Bits 
Unipolar Offset ±0.25 * LSB 
Bipolar Zero Error ±0.25 * LSB 

WITHOUT CALIBRATION 
Integral Nonlinearity ±2 LSB 
TMIN toTMAx ±4 * LSB 
Differential Nonlinearity ±2 * LSB 
TM1N to TMAX ±4 * LSB 
Monotonicity Over Temperature 14 * Bits 
Unipolar Offset ±5 * mV 
Unipolar Offset Drift (T MIN to T MAx) 5 * ppm/'C 
Bipolar Zero Error ±15 * mV 
Bipolar Zero Error Drift (T MIN to T MAx) 12 * ppm/'C 
Gain Error4 • 5 ±0.10 ±0.15 % ofFSR 
Gain Drift5 (T MIN to T MAx) 15 25 ppm/'C 
DAC Gain Error6 TBD * % ofFSR 
DAC Gain Drift6 (T MIN to T MAx) TBD * ppm/'C 

INPUT RESISTANCE 
REFIN 7 10 * kl! 
SPAN/BIP OFF 7 10 kl! 

REFERENCE OUTPUT 
Voltage 9.98 * v 
Drift 25 ppm/'C 
External Current' * mA 
Capacitive Load * pF 
Short Circuit Current * mA 
Long Term Stability ppm/1000 Hrs. 

OUTPUT C:HARACTERISTICS2 

Output Voltage Range 
Unipolar Configuration 0 * v 
Bipolar Configuration -10 +10 * * v 

Output Current 5 * mA 
Capacitive Load 1000 pF 
Short Circuit Current 25 * mA 
MUXouT Resistance TBD TBD * * kl! 

DIGITAL INPUTS (TMIN to TMAx) 
V1H (Logic "l") 2.0 5.5 * * v 
V1L (Logic "0") 0 0.8 * v 
Im (Vm = 5.5 V) ±10 * µ.A 
I1L (VIL = 0 V) ±10 * µ.A 

DIGITAL OUTPUTS (TMIN to TMAx) 
VoH (IoH = -0.6 mA) ·2.4 * v 
VodloL = 1.6 mA) 0.4 * v 

POWER SUPPLIES 
Voltage 

Vee 8 +13.5 +16.5 * v 
VEE 8 -16.5 -13.5 * v 
VLL +4.5 +5.5 * * v 

Current (No Load) 
Ice +16 +21 * * mA 
IEE -21 -16 * mA 
ILL 

@ V,w v,L =· 5 v, 0 v 0.3 2 mA 
@Vim v,L = 2.4 v, 0.4 v 3 7.5 * * mA 

Power Supply Sensitivity with V ouT = 10 V 1 3 * * ppm/% 
Power Dissipation (Static, No Load) 495 725 * * mW 

TEMPERATURE RANGE 
Specified Performance (A) -40 +85 'C 
Specified Performance (S) -55 +125 'C 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD760 
NOTES 
1For 16-bit resolutiori, 1 LSB = 0.0015% of FSR. For 15-bit resolution, 1 LSB = 0.003% of FSR. For 14-bit resolution, 1 LSB = 0.006% of FSR. FSR stands 
for full-scale range and is 10 Vin unipolar mode and 20 Vin bipolar mode. 

2Characteristics are guaranteed at V ouT Pin (23). 
3T CAL is the calibration temperature. 
4Gain Error is measured with a fixed 50 n resistor as shown.in Figure 4a and Figure Sa. 
5Gain Error and gain drift are measured with the internal reference. The internal reference is the main contributor to the gain drift. If lower drift is required the 
AD760 can be used with a precision external reference such as the AD587, AD586 or AD688. 

6DAC Gain Error is measured without the on-chip voltage reference. It represents the performance that can be obtained with an external precision reference. 
'External current is defined as the current available in addition to that supplied to REF IN and SPAN/BIPOLAR OFFSET on the AD760. 
80peration on ± 12 V supplies is possible using an external reference such as the ADS86 and reducing the output range. Refer to the Internal/External Reference 
section. 

*Indicates that the specification is the same as the AD760AN. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS With the exception of Total Harmonic Distortion + Noise and Signal-to-Noise 
Ratio, these characteristics are included for design guidance only and are not subject to test. THD+N and SNR are 100% tested. (TMIN < TA 
< TMAX• Yee = + 15 V, VEE = -15 V, VLL = +5 V, tested at V0u1 except where stated.) 

Parameter 

Output Settling Time 
(Time to +0.0008% FS, with 
2 k!l, 1000 pF Load) 

MUXouT Settling Time 
(Time to +0.0008% FS, with 
100 pF Load) 

Total Harmonic Distortion + Noise 
A, S Grade 
A, S Grade 
A, S Grade 

Signal-to-Noise Ratio 

Digital-to-Analog Glitch Impulse 

MUXouT Glitch Impulse 

Digital Feedthrough 

Output Noise Voltage Density (l kHz-1 MHz) 

Reference Noise (l kHz-1 MHz) 

Specifications are subject to change without notice. 

Limit Units Test Conditions/Comments 

13 
8 
10 
6 
8 
2.5 

0.009 
O.D7 
7.0 

83 

15 

TBD 

2 

60 

125 

µs max 
µs typ 
µstyp 
µstyp 
µs typ 

'"I;,i~f'j!; r~ferenced to the rising edge of CALOK, 
fmultiplexer switches from MUXIN to VouT· 

ep. TA= +25°C 
;1~8' 0 

v1s~~~";J\6 = + 25 c 
tR. •. if. 
~O''V Step, TA + 25°C 
rO V Step 

% max 0 dB, 1001 Hz. Sample Rate= 100 kHz. TA= +25°C 
% max -20 dB, 1001 Hz. Sample Rate= 100 kHz. TA = +25°C 
% max -60 dB, 1001 Hz. Sample Rate= 100 kHz. TA= +25°C 

dB min TA= +25°C 

nV sec typ DAC Alternatively Loaded with 8000H and 7FFFH 

nV sec typ 100 pF Load 

nV sec typ DAC Alternatively Loaded with OOOOH and FFFFH. CS High 

nV/yHz typ Measured at VouT> 20 V Span, Excludes Reference 

nV/yHz typ Measured at REF OUT 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD760 
TIMING CHARACTERISTICS CVcc = +15 V, VEE= -15 v, Yu= +5 v, VHI = 2.4 v •. vLO = 0.4 VJ 

Parameter Limit +2s0c Limit -40"C to +ss•c Limit -ss•c to +12soe Units 

(Figure la) 
tcs 50 50 50 ns tnin 
tos 50 60 70 ns tnin 
toH 10 10 10 ns tnin 
ta Es 40 50 50 ns tnin 
tBEH 0 10 10 ns tnin 
tLH 140 200 200 ns tnin 
tLW 50 60 60 ns tnin 

(Figure lb) 
tcLK 80 100 ns tnin 
tLo 30 50 ns tnin 
tHI 30 50 ns min 
tos 50 60 ns tnin 
toH 10 10 ns tnin 
tLH 140 200 nsmin 
tLW 40 SU ns tnin 

(Figure le) 

tcLR 90 100 nsmin 
ts ET 80 100 ns tnin 
tHOLD 0 0 ns tnin 

(Figure Id) 
tPROP 60 nsmax 

(Figure le) 

tcAL 30 ns tnin 
teusv 200 ms max 
tco 150 nsmax 
tcs 140 nsmax 
tcv 120 nsmax 

Specifications subject to change without notice. 

----laES---"i .. t-- llEH 

Figure 1a. AD760 Byte Load Timing 

This information applies to a product under development. Its characteristics and sp11cifications are subject to change without notice. 
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AD760 

SIN _____ ¥ VAUD1 X ___ ..... ::==x VAUD16 X .... _________ _ 
1--IDS --- ~!DH 
-ILD- t,. 

Figure 1b. AD760 Serial Load Timing 

LBE 

Figure 1d. Serial Out Timing 

CAL OK ~---~-~-1.}' '.•usv-SS -J-s:1 
iiBE 

---i.~---' 

Figure 1e. Calibration Timing 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD760 
CAUTION ~~~~~~~~~.,....-~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD760 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! Q] 
~~EDEVICE 

ABSOLUTE MAXIMUM RATINGS* 
Vee to AGND ................... -0.3 V to +17.0 V 
VEE to AGND ................... +0.3 V to -17.0 V 
VLL to DGND .................... -0.3 V to +7 V 
AGND to DGND .......................... ±1 V 
Digital Inputs (Pins 2, 7-14, and 16-21) 

to DGND ..................... -1.0 V to +7.0 V 
REF IN to AGND ....................... ± 10.5 V 
Span/Bipolar Offset to AGND ................ ± 10.5 V 
REF OUT, VouT• MUXouT• MUXIN .... Indefinite Short to 

Model 

AD760AN 
AD760AP 
AD760SQ 
AD760SQ/883B** 

NOTES 

AGND, DGND, Yeo VEE• and VLL 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-55°C to + 125°C 
-55°C to + 125°C 

Linearity Error Max 
TCAL ± 20°C 

±0.5 LSB 
±0.5 LSB 
±0.5 
±0.5 L 

*For outline information see Package Information section. 
**Refer to the AD760/883B military data sheet. 

Power Dissipation (Any Package) 
To +60°C ........................... 1000 mW 
Derates above +60°C ................... 8.7 mWl°C 

Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, JO sec) ............. 300°C 
*Stresses above thpse listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

max Package Package 
Description Option* 

Plastic DIP N-28 
PLCC P-28A 
Cerdip Q-28 
** ** 

PIN CONFIGURATION 

CALOK 

DB4,12 

DB3,11 

DB20 10 

DIP 

MUX,. 

MUXOUT 

REF OUT 

REFIN 

SPAN/BIP OFF 

VOUT 

AGND 

LDAC 

CUi 
SER 

HBE 

LBE, UNVBIP CLR 

DB4,12 

DB3.11 

"I'" - "' ~ rii 
0 "' ,. 

'" iii 
0 

PLCC 

AD760 
TOP VIEW 

(Not to Scale) 

~ 
.; 

~ 1~ u :i:: .. 
iii g 
I~ 0 

I~ 

LDAC 

CLii 
SEii 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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DEFINITIONS OF SPECIFICATIONS 
INTEGRAL NONLINEARITY: Analog Devices defines inte
gral nonlinearity as the maximum deviation of the actual, 
adjusted DAC output from the ideal analog output (a straight 
line drawn from 0 to FS-1 LSB) for any bit combination. This 
is also referred to as relative accuracy. 

DIFFERENTIAL NONLINEARITY: Differential nonlinearity 
is the measure of the change in the analog output, normalized to 
full scale, associated with a I LSB change in the digital input 
code. Monotonic behavior requires that the differential linearity 
error be greater than or equal to - I LSB over the temperature 
range of interest. 

MONOTONICITY: A DAC is monotonic if the output either 
increases or remains constant for increasing digital inputs with 
the result that the output will always be a single-valued function 
of the input. 

GAIN ERROR: Gain error is a measure of the output error 
between an ideal DAC and the actual device output with all ls 
loaded after offset error has been adjusted out. 

OFFSET ERROR: Offset error is a combination of the offset 
errors of the voltage-mode DAC and the output amplifier and is 
measured with all Os loaded in the DAC. 

BIPOLAR ZERO ERROR: When the AD760 is connected for 
bipolar output and 10 ... 000 is loaded in the DAC, the devia
tion of the analog output from the ideal midscale value of 0 V 
called the bipolar zero error. 

DRIFT: Drift is the change in a parameter (su 
and bipolar zero) over a specified temperature 
temperature coefficient, specified in ppmfC, · cu 
measuring the parameter at T MIN> 25°C and T MAX 

the change in the parameter by the corresponding tempe 
change. 

TOTAL HARMONIC DISTORTION + NOISE: Total har
monic distortion + noise (THO+ N) is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental input fre
quency. It is usually expressed in percent(%). 

THO+ N is a measure of the magnitude and distribution of lin
earity· error, differential linearity error, quantization error and 
noise. The distribution of these errors may be different, depend
ing upon the amplitude of the output signal. Therefore, to be 
the most useful, THO+ N should be specified for both large and 
small signal amplitudes. 

SIGNAL-TO-NOISE RATIO: The signal-to-noise ratio is 
defined as the ratio of the amplitude of the output when a full
scale signal is present to the output with no signal present. This 
is measured in dB. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: This is the 
amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is measured at half 
scale when the DAC switches around the MSB and as many 
as possible switches change state, i.e., from 011 . . . 111 to 
100 ... 000. . 

DIGIT AL FEEDTHROUGH: When the DAC is not selected 
(i.e., CS is held. high), high frequency logic activity on the digi
tal inputs is capacitively coupled through the device to show up 
as noise on the V 0UT pin. This noise is digital feedthrough. 

AD760 
THEORY OF OPERATION 
The AD760 uses autocalibration circuitry to produce a true 
16-bit DAC with Jess.than 0.5 LSB Integral and Differential 
Linearity Error and 0.25 LSB Offset Error. The block diagram 
in Figure 2 shows the circuit components needed for calibration. 

The MAIN DAC uses an array of bipolar current sources with 
MOS current steering switches to develop a current proportional 
to the applied digital word, ranging from 0 to 2 mA. A seg
mented architecture is used, where the most significant four 
data bits are thermometer decoded to drive 15 equal current D 
sources. The lesser bits are scaled using a R-2R ladder, then 
applied together with the segmented sources at the summing 
node of the output amplifier. An extra LSB is added to the 
MAIN DAC, for use during calibration. 

The self calibration architecture of the AD760 attempts to 
reduce the linearity errors of its transfer function. The algorithm 
measures and removes the carry errors (DNL errors) associated 
with the upper 64 codes, including the zero offset. 

In normal operation the top six bits of a code entering the 
MAIN DAC simu ously address the RAM, calling up a 

ctii 
LDAC 1 

.)s then applied to the CALDAC. The 
tfi the MAIN DAC and CALDAC are 

ing amplifier to produce the corrected 

1 ration the output of the MAIN DAC is 
t below the code to be calibrated. The extra 

IN DAC is turned on to find the extrapolated 
code. The comparator is then nulled using the 
DAC. The voltage at V OUT has in effect 

at the code to be citlibrated. 

SIN ~:I/ 
OR OR 

CS DBO 091 DB2 DB7 

REF ~,55}--..,.,,-I 

IN '""-;::::C:~~c:::;-' 

REF 
OUT 

1 ~---~-~ 1>--l• ll---l•'>-~•>---' 
CALOK +Vee +VLL 

Figure 2. Functional Block Diagram 

Next, the extra LSB is turned off and the MAIN DAC code is 
incremented by one LSB. The comparator is once again nulled, 
this time with the CALDAC, until the V ouT is adjusted to 
equal the previously sampled output. The CALDAC code is 
stored in RAM and the process is repeated for the next code. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD760 

0.1 0.2 LSBo 

Figure 3. /NL Statistics 

Calibration repeatability is limited by thermal noise and the 
finite resolution of the two adjusting DACs. Over many recalibra
tions the AD760 will produce less than 0.2 LSB of peak INL for 
90% of calibrations (0.5 LSB at a 30 ppm reject rate). A cumu
lative probabilicy plot of the peak INL is shown in Figure 3. 

ANALOG CIRCUIT CONNECTIONS 
Internal scaling resistors provided in the AD760 may be con
nected to produce a unipolar output range of 0 V .to + 10 V or a 
bipolar output range of -10 V to + 10 V. Gain and .offset drift 
are mini.mized in the AD760 because of the thermal tracking of 
the scaling resistors with other device components. 

UNIPOLAR CONFIGURATION 
The configuration shown in Figure 4a will provide a 
0 V to + 10 V output range. In this mode a 50 n r 
between REF OUT (Pin 26) and REF IN (Pin 25). It is 
to use the AD760 without any external components by tying P 
26 directly to Pin 25. Eliminating this resistor will increase the 
gain error by 0.50% of FSR. 

MSB/ s,. m 
OR OR 

Cs DBO DB1 DB~ DB7 

Figure 4a. 0 V to + 10 V Unipolar Voltage Output 

If it is desired to adjust the gain error to zero, 0this can be 
accomplished using the circuit shown in Figure 4b. The adjust
ment procedure is as follows: 

STEPl ... ZERO ADJUST 
Initiate calibration sequence. CALOK (Pin l) must remain high 
throughout Gaill Adjust. · · 

STEP 2 ... GAIN ADJUST 
Turn all bits ON and adjust gain trimmer, RI, until the output 
is .9.999847 volts, (Full scale is adjusted to I LSB less than the 
nominal full scale of l 0. 000000 volts). 

own in Figure Sa will provide a bipolar output 
volta om -10.000000 V to +9.999694 V with positive full 
scale occurring with all bits ON. As in the unipolar mode, resis
tor Rl may be eliminated altogether to provide AD760 bipolar 
operation without ap.y external components. Eliminating this 
resistor will increa8e the gain error by 0. 50% of FSR in the 
bipolar mode. 

MSB/ s,. m 
OR OR 

Cs DBO DB1 DB2 DB7 

DGND .::. 
Figure 5a. ::t10 V Bipolar Voltage Output 
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Gain Error can be adjusted to zero using the circuit shown in 
Figure Sb. 

Figure 5b. ±10 V Bipolar Voltage Output Gain Adjustment 

It should be noted that using external resistors. will intro 
small temperature drift component beyond that in 
AD760. The internal resistors are trimmed t 
temperature-track other resistors on chip, ev 
absolute tolerances are ± 20% and absolute t 
dents are approximately -SO pprn/°C. In the case that e 
resistors are used, the temperature coefficient mismatch between 
internal and external resistors, multiplied by the sensitivity of 
the circuit to variations in the external resistor value, will be the 
resulrant additional temperature drift. 

INTERNAL/EXTERNAL REFERENCE USE 
The AD760 has an internal low noise buried Zener diode refer
ence which is trimmed for absolute accuracy and temperature 
coefficient. This reference is buffered and optimized for use in a 
high speed DAC and will give long-term stability equal or supe
rior to the best discrete Zener diode references. The perfor
mance of the AD760 is specified with the internal reference 
driving the DAC and with the DAC alone (for use with a preci
sion external reference). 

The internal reference has sufficient buffering to drive external 
circuitry in addition to the reference currents required for the 
DAC (typically l mA to REF IN and l mA to BIPOLAR 
OFFSET). A minimum of 2 mA is available for driving external 
loads. The AD760 reference output should be buffered with an 
external op amp if it is required to supply more than 4 mA toral 
current. The reference is tested and guaranteed to ±0.2% max 
error. 

It is also possible to use external references other than 10 volts 
with slightly degraded linearity specifications. The recom
mended range of reference voltages is +S V to + 10.24 V, which 

AD760 
allows S V, 8.192 V and 10.24 V ranges to be used. For exam
ple, by using the ADS86 S V reference, outputs.of 0 V to +S V 
unipolar or ± S V bipolar can be realized. Using the ADS86 
voltage reference makes it possible to operate the AD760 with 
± 12 V supplies with 10% tolerances. 

Figure 6 shows the AD760 using the ADS86 precision S V refer
ence in the bipolar configuration. The highest grade ADS86MN 
is specified with a drift of 2 pprn/°C which is a 7 .S x improve
ment over the AD760's internal reference. This circuit includes 
an optional potentiometer that can be used to adjust the gain 
error in a manner similar to that described in the BIPOLAR 
CONFIGURATION section. Use -S.000000 V and +4.999847 
as the output values. 

The AD760 can also be used with the ADS87 10 V reference, 
using the same configuration shown in Figure 6 to produce a 
± 10 V output. The highest grade ADS87LR, N is specified at 
S ppm/°C, which is a 3x improvement over the AD760's inter
nal reference. 

Figure 6. Using the AD760 with the AD586 5 V Reference 

OUTPUT SETTLING AND GLITCH 
The AD760's output buffer amplifier typically settles to within 
0.0008% FS (l/2 LSB) of its final value in 8 µs for a full-scale 
step. Figures 7a and. 7b show settling for a full-scale and an 
LSB step, respectively, with a 2 kn, 1000 pF load applied. The 
guaranteed maximum settling time at + 2S°C for a full-scale step 
is 13 µs with this load. The typical settling time for a l LSB 
step is 2.S µs. 

The digital-to-analog glitch impulse is specified as lS n V-s typi
cal. Figure 7c shows the typical glitch impulse characteristic at 
the code 011 . . . 111 to l 00 . . . 000 transition when loading 
the second rank register from the first rank register. 
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Figure 7. Output Characteristics 

DIGITAL CIRCUIT DETAILS 
The AD7.60 has several "dual-use" pins ·which allow flexible 
operation while maintaining the lowest possible pin countand 
consequently the smallest package size. The following informa
tion is useful when applying the AD7.60. 

The AD7.60 uses an internal Output Multiplexer to disconnect 
the DAC output from MUXouT (Pin 27) when·the device is 
uncalibrated or when. a calibration sequence is in prcgr.ess. At 
those times"MUXoUT is switched to MUX1N (Pin 28) so the 
user can force a predetermined output voltage. 

A Power On-Reset feature senses whenever any power supply is 
low enough to jeopardize the integrity of the calibration data in 
the RAM. At power-up or in the event of a power supply tran
sient, CALOK (Pin 1) is low and the MUXoUT pin is switched 
toMUXIN. 

Self-Calibration is initiated by bringing the CAL pin low. The 
CALOK pin will go low and the MUXouT pin is connected to 
MUXiN· After successful completion of calibration CALOK will 
go high and MUXoUT is switched to V oUT· The status of the 
calibration may be determined by taking the HBE pin low. 
CALOK either switches high if the calibration is in progress or 
CALOK remains low if a power supply voltage transient caused 
the AD7.60 to be set to the uncalibrated state. 

Serial Mode Operation is enabled by bringing the SER (Pin 19) 
low. AU unused data bits, DBZ-DB7 must be tied low .. This 
changes the function of DBO (Pin 14) to that of the serial input 
pin, SIN. It also changes the function of DBI (Pin 13) to a con
trol input, MSB/LSB that tells the AD7.60 which bit is going to 
be loa!led first. 

In serial mode the byte controls HBE (Pin 18) and LBE (Pin 
17) are disabled, and Pin l 7's function changes to control how 
the asynchronous clear function works: a low when CLR is 
strobed sends. the DAC to unipolar zero, a high sen!is it to bipo
lar zero. 

Data is clocked into the · 
CS as shown in F 

shift register on the rising edge of 
data is then resident in the first 

to the DAC by taking the LDAC 
AC to change to the appropriate 
latch controlled by LDAC is a 

the first rank latch will be 

clear function clears the DAC latch 
irst rank latch. Therefore, the data that 

dent in the. first rank latch can be reloaded by 
sim ng LDAC high again. Alternatively, new data can 
be Joa ed into the first rank latch if desired. 

The serial out pin (SoUT) can be used to daisy chain several 
DACs together in multi-DAC applications to minimize the num
ber of data lines required. The first rank latch simply acts like a 
1.6-bit shift register, and repeated strobing of CS will shift the 
data out through SouT and into the next DAC. Each DAC in 
the chain will require its own LDAC signal unless all of the 
DACs are to be updated simultaneously. 

Byte Mode Operation is enabled by setting SER high, which 
configures DBO-DB7 as data inputs. In this mode HBE and 
LBE are used to identify the data as either the high byte or the 
low byte of the 1.6-bit word. The user can load the data in either 
order into the first rank latch using the rising edge of the CS 
signal as shown in Figure la. The status of Pin 17, when CLR 
is strobed determines whether the AD7.60 clears to 11nipolar or 
bipolar zero. (But it can not be hardwired to the desired state, 
as in the serialmode.) 

NOTE: CS and CAL are edge triggered. HBE, LBE; CLR, 
SER, and LDAC are level triggered. 

AD760 TO MC68liC11 (SPI BUS) INTERFACE 
The AD7.60 interface to the Motorola SPI (serial peripheral 
interface) is shown in Figure 8. ·The MOSI, SCK, and SS pins 
of the HCl 1 are respectively connected to the BITO, CS and 
LDAC pins of the AD7.60. The SER pin of the AD7.60 is tied 
low causing the first rank latch to be transparent. The majority 
of the interfacing issues are taken care of in the software initial
ization. A typical routine such as the one shown below begins 
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by initializing the state of the various SPI data and control 
registers. 

The most significant data byte (MSBY) is then retrieved from 
memory and processed by the SENDAT subroutine. The SS pin 
is driven low by indexing into the PORTO data register and 
clear Bit 5. This causes the 2nd rank latch of the AD760 to 
become transparent. The MSBY is then set to the SPI data reg
ister where it is automatically transferred to the AD760. 

The HCll generates the requisite 8 clock pulses with data valid 
on the rising edges. After the most significant byte is transmit
ted, the least significant byte (LSBY) is loaded from memory 
and transmitted in a similar fashion. To complete the transfer, 
the LDAC pin is driven high latching the complete 16-bit word 
into the AD760. 

!NIT LDAA #$2F 
STAA PORTO 
LDAA #$38 
STAA DDRD 
LDAA #$50 
STAA SPCR 

;SS: I; SCK = O; MOS!= I 
;SEND TO SPI OUTPUTS 
;SS, SCK,MOSI = OUTPUTS 
;SEND DATA DIRECTION INFO 
;DABL INTRPTS,SPI IS MASTER & ON 
;CPOL=O, CPHA = 0,IMHZ BAUD RATE 

NEXTPT LDAA MSBY ;LOAD ACCUM W/UPPER 8 BITS 
BSR SENDAT ;JUMP TO DAC OUTPUT ROUTINE 
JMP NEXTPT ;INFINITE LOOP 

SENDAT LDY #$1000 ;POINT AT ON-CHIP REGISTERS 
BCLR $08,Y,$20 ;DRIVE SS (LDAC) LOW 
STAA SPDR ;SEND MS-BYTE TO SP! DATA. 

WAIT! LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAIT! ;POLL FOR END OF 
LDAA LSBY ;GET LOW 8 BITS FR 
STAA SPDR ;SEND LS-BYTE TO S A 

WAITZ LDAA SPSR ;CHECK STATUS OF SPIE 
BPL WAITZ ;POLL FOR END OF X-MISSIO 
BSET $08,Y,$20 ;DRIV SS HIGH TO LATCH DATA 
RTS 

68HC11 
MOSIO----t.0 BITO 

SCK CS 
SS 0----1.0 LDAC 

A0760 

Figure 8. AD760 to 68HC11 (SP/) Interface 

AD760 TO MICROWIRE INTERFACE 
The flexible serial interface of the AD760 is also compatible 
with the National Semiconductor MICROWIRE* interface. The 
MICROWIRE interface is used on microcontrollers such as the 
COP400 and COP800 series of processors. A generic interface to 
the MICROWIRE interface is shown in Figure 9. The Gl, SK, 
and SO pins of the MICROWIRE interface are respectively con
nected to the LDAC, CS and BITO pins of the AD760. 

*MICROWIRE is a registered trademark of National Semiconductor. 

o----t~ J BITO 

0----1~) Cs 
0----t.Q LDAC 

m 
AD760 

Figure 9. AD760 to MICROWIRE Interface 

AD760 
NOISE 
In high resolution systems, noise is often the limiting factor. A 
16-bit DAC with a 10 volt span has an LSB size of 153 µV 
(-96 dB). Therefore, the noise floor must remain below this 
level in the frequency range of interest. The AD760's noise 
spectral density is shown in Figures 10 and l l. Figure 12 shows 
the DAC output noise voltage spectral density for a 20 V span 
excluding the reference. This figure shows the l/f comer 
frequency at 100 Hz and the wideband noise to be below 
120 nV/y'Hz. Figure 13 shows the reference noise voltage spec
tral density. This figure shows the reference wideband noise to 
be below 125 nV/y'Hz. 

1k 10k 100k 1M 10M 

FREQUENCY - Hz 
~,~~:~b'~*' 
fAC Output Noise Voltage Spectral Density 

, ............................................................................................ ...... 
1 10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 11. Reference Noise Voltage Spectral Density 

BOARD LAYOUT 
Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is the first issue. A 
306 µA current through a 0.5 !l trace will develop a voltage 
drop of 153 µ V, which is l LSB at the 16-bit level for a 10 V 
full-scale span. In addition to ground drops, inductive and 
capacitive coupling need to be considered, especially when high 
accuracy analog signals share the same board with digital sig
nals. Finally, power supplies need to be decoupled in order to 
filter out ac noise. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD76o 
Analog and digital signals should not share a common path. 
Each signal should have an appropriate analog or digital retUrn: 
routed close to it. Using this approach, signal loops enclose a 
small area, minimizing the inductive coupling of noise. Wide PC 
tracks, large gauge wire, and ground planes are highly recom
mended to 11rovide low impedance signal paths. Separate analog 
and digitalground planes should also be used, with a single 
interconnection point to minimize ground loops. Analog signals 
should be routed as far as possible from digital signals and 
should cross them at right angles. 

One feature that the AD760 incorporates ti> help the user layout 
is that the analog pins (Vee• VEE• REF OUT, REF IN, SPAN/ 
BIP OFFSET, Voun MUXoun MUX1N andAGND) are adja
cent to help isolate analog ~ignals from digital signals. 

SUPPLY Dt::COUPLING 
The AD760 power supplies should be well filtered, well regu
lated, and free from high frequency noise. Switching power sup
plies are not recommended due to their tendency to generate 
spikes which can induce noise in the analog system. 

Decoupling capacitors should be used in very close layout prox
imity between all power supply pins and ground. A 10 µF tan
talum capacitor in parallel with a 0.1 µF ceramic capacitor 
provides adequate decoupling. Vee and VEE should be bypassed 
to analog ground, while V LL should be decoupled to digital 
ground. 

An effort should be made to minimize the trace length between 
the capacitor leads and the respective converter power supply 
and common pins. The cirCuit layout should attempt to locate 
the AD760, associated analog cirCuitry and interconnections 
as far as possible from logic cirCuitry. A solid analog ground 
plane around the AD760 will isolate large switching ground cur
rents. For the5e reasons, the use of wire wrap circuit construc
tion is not recommended; careful printed circuit construction is 
preferred. 

GRO:UNDING 
The AD760 has two pins, designated analog ground (AGND) 
and digital ground (DGND.) The analog ground pin is the 
"high quality" ground reference point for the device. Any exter
nal loads on the output of the AD760 should be returned to ana
log ground. If an external reference is used, this should also be 
remrned to the analog ground. · 

If a single AD760 is used with separate analog and digital 
ground planes, connect the analog ground plane to AGND and 
the digital ground plane GND keeping lead lengths as short 
as possible. Then c ND anp DGND together at the 
AD760. If · e used or the AD760 shares ana-

nents, connect the analog and dig
power supplies rather than at 
ection of grounds prevents large 

ently prevents digital currents from 
•analog ground; 

This information applies to a product under development. Its characteriiltics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. · 
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lr'lll ANALOG 
Ml DEVICES 

FEATURES 
Zero-Chip Interface to Digital Signal Processors 
Complete DACPORT~ 

On-Chip Voltage Reference 
Voltage and Current Outputs 

Serial, Twos-Complement Input 
±3 V Output 
Sample Rates to 390 kSPS 
94 dB Minimum Signal-to-Noise Ratio 
-411 dB Maximum Total Harmonic Distortion 
15-Bit Monotonicity 
±5 V to ±12 V Operation 
16-Pin Plastic and Ceramic Packages 
Available in Commercial, Industrial, and Military 

Temperature Ranges 

APPLICATIONS 
Digital Signal Processing 
Noise Cancellation 
Radar Jamming 
Automatic Test Equipment 
Precision Industrial Equipment 
Waveform Generation 

PRODUCT DESCRIPTION 
The AD766 16-bit DSP DACPORT provides a direct, three
wire interface to the serial ports of popular DSP processors, 
including the ADSP-2101, TMS320CXX, and DSPS6001. No 
additional "glue logic" is required. The AD766 is also complete, 
offering on-chip serial-to-parallel input format conversion, a 
16-bit current-steering DAC, voltage reference, and a voltage 
output op amp. The AD766 is fabricated in Analog Devices' 
BiMOS II mixed-signal process which provides bipolar transis
tors, MOS transistors, and thin-film resistors for. precision ana
log circuits in addition to CMOS devices for logic. 

The design and layout of the AD766 have been optimized for ac 
performance and are responsible for its guaranteed and tested 
94 dB signal-to-noise ratio to 20 kHz and 79 dB SNR to 
250 kHz. Laser-trimming the AD766's silicon chromium thin
film resistors reduces total harmonic distortion below - 81 dB 
(at 1 kHz), a specification also production tested. An optional 
linearity trim pin allows elimination of midscale differential 
linearity error for even lower THD with small signals. 

The AD766's output amplifier provides a ±3 V signal with a 
high slew rate, small glitch, and fast settling. The output ampli
fier is short circuit protected and can withstand indefinite shorts 
to ground. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data aheet. To obtain the most recent version or 
complete data sheet, call our faz retrieval system at 1·800-446-6212. 

REV.A 

-Vs 

DGND 

VL 

NC 

CLK 

LE 

DATA 

-VL 

16-Bit 
DSP DACPORT 

AD766 I 
FUNCTIONAL BLOCK DIAGRAM 

Vs 
TRIM 

MSBADJ 

loUT 
AGND 

SJ 

RF 

Your 

NC= NO CONNECT 

The serial interface consists of bit clock, data, and latch enable 
inputs. The twos-complement data word is clocked MSB first on 
falling clock edges into the serial-to-parallel converter, consistent 
with the serial protocols of popular DSP processors. The input 
clock can support data transfers up to 12.S MHz. The falling 
edge of latch enable updates the internal DAC input register at 
the sample rate with the sixteen bits most recently clocked into 
the serial input register. 

The AD766 operates over a ±5 V to ± 12 V power supply 
range. The digital supplies, + V L and - Vu can be separated 
from the analog signal supplies, +Vs and - Vs, for reduced 
digital crosstalk. Separate analog and digital ground pins are also 
provided. An internal bandgap reference provides a precision 
voltage source to the output amp that is stable over temperature 
and time. 

Power dissipation is typically 120 mW with ±5 V supplies and 
300 mW with ± 12 V. The AD766 is available in commercial 
(O°C to 70"C), industrial (-40°C to 85°C), and military (-55°C 
to 125°C) grades. Commercial and industrial grade parts are 
available in a 16-pin plastic DIP; military parts processed to 
MIL-STD-883B are packaged in a 16-pin ceramic DIP. See 
Analog Devices' Military Products Databook or current military 
data sheet for specifications for the military version. 
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AD766-SPECIFICATIONS !Tmin to Tmax• ±5 V supplies, Fs = 500 kSPS unless otherwise noted. No deglitch~rs 
or MSB trimming is used.) · 

_;;_ 

AD766J AD766A 
Parameter Min Typ Max Min Typ Max Units 

RESOLUTION 16 16 Bits 

DIGIT AL INPUTS 
Vm 2.0 +VL 2.0 +VL v 
VIL 0.8 0.8 v 
I1w Vm = VL 1.0 1.0 µA 
I1u v,L = 0.4 -10 -10 µA 

SERIAL PORT TIMING 
Serial Clock Period ( lcLK) 95 115 ns 
Serial Clock HI ( tH1) 30 30 ns 
Serial Clock LO ( tLO) 30 70 ns 
Data Valid ( toAT Al 40 40 ns 
Data Setup (ts) 15 20 ns 
Data Hold (tH) 15 20 ns 
Clock-to-Latch-Enable (lcTLEl 80 JOO ns 
Latch-Enable-to-Clock (tLETcl 15 15 ns 
Latch Enable HI (tLEHI) 40 40 ns 
Latch Enable LO (tLELo) 40 80 ns 

ACCURACY1 

Gain Error ±2.0 ±2.0 % ofFSR 
Gain Drift ±25 ±25 ppm of FSR/"C 

Midscale Output Voltage Error ±30 ±30 mV 
Bipolar Zero Drift ±4 ±4 ppm of FSR/"C 

Differential Linearity Error ±0.001 ±0.001 % ofFSR 
Monotonicity 15 15 Bits 

TOTAL HARMONIC DISTORTION 
FouT = 1037 Hz1 

0 dB -88 -81 -88 -81 dB 
-20dB -75 -65 -75 -65 dB 
-60dB -37 -27 -37 -27 dB 

FouT = 49:07 kHz2 

OdB -77 -72 -77 -72 dB 
-20dB -69 -66 -69 -66 dB 
-60dB -25 -21 -25 -21 dB 

SIGNAL-TO-NOISE RATIO' 
20 Hz to 20 kHz (FouT = 1037 Hz)1 94 102 94 102 dB 
20 kHz to 250 kHz (FouT = 49.07 kHz)2 79 83 79 83 dB 

SETTLING TIME (to ±0,0015% of FSR) 
Voltage Output1 

6 V Step 1.5 1.5 µ.s 
I LSB Step 1.0 1.0 µs 
Slew Rate 9 9 V/µs 

Current Output 
I mA Step 10 n to JOO n Load 350 350 ns 
I kn Load 350 350 ns 

OUTPUT 
Voltage Output Configuration 1 

Bipolar Range ±2.88 ±3.0 ±3 . .12 ±2.88 ±3.0 ±3.12 v 
Output Current ±8.0 ±8.0 mA 
Output Impedance 0.1 0.1 n 
Short Circuit Duration Indefinite to Common Indefinite to Common 

Current Output Configuration 
Bipolar Range ±0.7 ±1.0 ±1.3 ±0.7 ±1.0 ±1.3 mA 
Output Impedance ( ± 30%) 1.7 1.7 kn 

POWER SUPPLY 
Voltage: +VL and +V5 4.75 13.2 4.75 13.2 v 

-VL and -Vs -13.2 =4.75 -l~.2 -4.75 v 
Current Case 11: Vs and VL = +5 V +I 12.0 15.0 12.0 15.0 mA 

-Vs and -VL = -5 V -I -12.0 -15.0 -12.0 -15.0 mA 
Case2: VsandVL=+l2V +I 10.5 10.5 mA 

-V5 and -VL = -12 V -I -14 -14 mA 
Case 34 : Vs and VL = +5 V +I 12 12 mA 

-Vs and -VL = -12 V -I -14 -14 mA 
Power Dissipation: Vs and VL = ±5 V1 120 150 120 150 mW 

VsanclVL=±l2V 300 300 mW 
Vs and VL = +5 V, 
-Vs and -VL = -12 v• 225 225 mW 

·.· 
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AD766J 
Parameter Min Typ 
TEMPERATURE RANGE 

Specified 0 
Storage -60 

NOTES 
'For A grade only, vol1age outputs are guaranteed only if +Vs 2' 7 V and -Vs,; -7 V; 
'Specified using external op amp, see Figure 3 for more details. 
'Tested at full-scale input. 

AD766 
AD766A 

Max Min Typ Max Units 

+70 -40 +85 'C 
+100 -60 +JOO 'C 

4For A grade only, power supplies must be symmetric, i.e., V5 = l-V5I and +VL = 1-VLI· Each supply must independently meet this equality within :t:5% . 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE 
VL to DGND ......................... Oto 13.2 V 
Vs to AGND ......................... 0 to 13.2 V 
-VL to DGND ..................... -13.2 V to 0 V 

Temperature Package 
Model Range Option* 

-VstoAGND ..................... -l3.2VtoOV AD766JN 0°C to +70°C N-16 
Digital Inputs to DGND ................ -0.3 V to VL AD766AN -40°C to +8S°C N-16 
AGND to DGND ........................ ±0.3 V AD766SD/883B -55°C to + 125°C D-16 
Shon Circuit Protection . . . . . . .. Indefinite Short to Ground 
Soldering . . . . . . . . . . . . . . . . . . . . . . . . . + 300°C, I 0 sec *N = Plastic DIP; D = Ceramic DIP. For outline information 

see Package Information section. 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

PIN DESIGNATIONS CONNECTION DIAGRAM 

Pin Function 

-Vs 
2 DGND 
3 VL 
4 NC 
5 CLK 
6 LE 
7 DATA 
8 -VL 
9 VouT 

Description 

Analog Negative Power Supply 
Digital Ground 
Logic Positive Power Supply 
No Connection 
Clock Input 
Latch Enable Input 
Serial Data Input 
Logic Negative Power Supply 
Voltage Output 

-Vs 

DGND 

VL 

NC 

CLK 

LE 

DATA 

-VL 

Vs 
TRIM 

MSB ADJ 

•our 
AGND 

SJ 

10 RF Feedback Resistor NC = NO CONNECT 

11 SJ Summing Junction 
12 AGND Analog Ground 
13 louT Current Output 
14 MSB ADJ MSB Adjustment Terminal 

1~ TRIM MSB Trimming Potentiometer Terminal 
16 Vs Analog Positive Power Supply 

ESD SENSITIVITY 
The AD766 features input protection circuitry consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and 
fast, low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the 
AD766 has been classified as a Category 1 Device. 
Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. Charges as high as 4000 volts readily accumulate on the human body and test 
equipment, and discharge without detection. Unused devices must be stored in conductive foam 
or shunts, and the foam discharged to the destination socket before devices are removed. For 
further information on ESD precaution, refer to Analog Devices' BSD Prevention Manual. 

WARNING! c2J 
~~EDEVICE 
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NANALOG 
WDEVICES 

FEATURES 
Complete 12-Blt DIA Function 

On-Chip Output Amplifier 
High Stability Burled Zener Reference 

Fast 40ns Write Pulse 
0.3" Skinny DIP and PLCC Packages 
Single Chip Construction 
Monotonicity Guaranteed Over Temperature 
Settling Time: 3p.s max to 112LSB 
Guaranteed for Operation with ::t 12V or :!: 15V 

Supplies 
Til.JSV CMOS Compatible Logic Inputs 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD767 is a complete voltage output 12-bit digital-to-analog 
converter including a high stability buried Zener reference and 
input latch on a single chip. The converter uses 12 precision 
high-speed bipolar current steering switches and a laser-trimmed 
thin-film resistor network to provide high accuracy. 

Microprocessor compatibility is achieved by the on-chip latch. 
The design of the input latch allows direct inter{ace to 12-bit 
buses. The latch responds to strobe pulses as short as 40ns, 
allowing use with the fastest available microprocessors. 

The functional c<>mpleteness and high performance of the AD767 
result from a combination of advanced switch design, high-speed 
bipolar manufacturing proce8s, and the proven laser wafer
trimming (L WT) technology. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristii:s comparable to the best discrete 
reference diodes. The laser trimming process which provides the 
excellent linearity is also used to trim the absolute value of the 
reference as well as its temperature coefficient. The AD767 is 
thus well suited for wide temperature range performance with 
± l/2LSB maximum linearity error and guaranteed monotonicity 
over the full temperature range. Typical full-scale gain T .C. is 
sppmrc. 

*Pr«ected bJ Pamm N-ben 3,803,590; 3,890,611; 3,932,863; 3,978,473; 
4,020,486; ..... othen pendiq. 

Tbia is an abridged data Sheet. To obtain the most recent version °" 
complete data olieet, call our fu retrieval.,._ at 1-800-446-6212. 
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Microprocessor-Compatible 
12-Bit D/A Converter 

AD767* I 
FUNCTIONAL BLOCK DIAGRAM 

v .. 

PRODUCT HIGHLIGHTS 
1. The AD767 is a complete voltage output DAC wii:h voltage 

reference and digital latches on a single IC chip. 
2. The input latch responds to write pulse widths as shon as 

40ns assuring direct interface with the industry's fastest 
microprocessors. 

3. The internal buried Zener reference is laser-trimmed to 10.00 
volts with a ± 1% maximum error. The reference voltage is 
also available for external application. 

4. The gain setting and bipolar offset resistors are matched to 
the internal ladder network to guarantee a low gain temperature 
coefficient and are laser trimmed. for minimum full-scale and 
bipolar offset errors. 

S. The precision high-speed current steering switches and 
on-board high-speed output amplifier settle within 112LSB 
for a lOV full-scale transition in 3.0f.Ul when properly 
compensated. · 

6. The AD767 is available in versions compliant with MIL~STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD767/883B data sheet for detailed specifications. 



SPECIFICATIONS (TA=+25°C, ±15 volt power supplies, Unipolar Mode, unless otherwise noted.) 

Model AD767J/AJS1 AD767KIB AD767A2 Chips 

Min Typ Mu Min Typ Mu Min Typ Mu 

DIGIT ALINPUTS 
Resolution 12 12 12 

Logic Levels (TTL Compatible, T ,.;,,-T-J' 
Vm(Logic"l") +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 
V,L(Logi~."O")J, K, A, B 0 +0.8 0 +0.8 0 +0.8 
V id Logic "0") S 0 +0.7 
Im (Vm = S.5V) 3 10 3 10 3 10 

I1dV IL= 0.8V) 1 5 1 5 1 5 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error@ + 25°C ± 1/2 ± l ± 1/8 ±112 ± 1/2 ±1 

TA=TmintOTmax ±1/2 ±1 ±1/4 ±1/2 ± 1/2 ±1 
Differential Linearity Error@ + 25°C ± 112 ±1 ±1/4 ±1 ±1/2 ±1 

TA=TmintOTmax Monotonicity Guaranteed Monotonicity Guaranteed Monotonicity Guaranteed 
GainError4 ±0.1 ±0.2 ±0.1 ±0.2 ±0.1 ±0.2 
Unipolar Offset Error4 ±1 ±2 ±1 ±2 ±I ±2 
Bipolar Zero Error4 ±0.05 ±0.1 ±0.05 ±0.1 ±0.0S ±0.l 

DRIFT 

GainTA =25°CtoT minorTmax ±S ±30 ±S ±IS ±5 ±30 
Unipolar Offset TA= 25°C to T min or T max ±I ±3 ±1 ±3 ±1 ±3 
Bipolar Zero TA= 25°C to T minorTmax ±5 ±10 ±10 ±5 ±10 

CONVERSION SPEED 
SettlingTimeto ±0.01%ofFSRfor 

FSR change (2kOll500pF load) 
with lOkfi Feedback 3 4 3 4 3 4 
with 5kfi Feedback 2 3 2 3 2 3 

For LSB Change 1 1 I 
Slew Rate 10 10 10 

ANALOG OUTPUT 
Ranges• ±2.S, ±5, ± 10, ±2.5, ±5, ± 10, ±2.5, ±5, ± 10, 

+s, + 10 +5, + 10 +5, + 10 

Output Current ±5 ±S ±5 
Outputimpedance(dc) 0.05 0.05 0.05 

Short-Circuit Current 40 40 

REFERENCE OUTPUT 9.90 10.00 10.10 9.90 10.00 10.10 9.90 10.00 

External Current 0.1 1.0 0.1 1.0 0.1 1.0 

POWER SUPPLY SENSITIVITY 
Vee= + ll.4to + 16.5V de 5 10 5 10 5 
VEE= -ll.4to-16.5Vdc 5 10 5 10 5 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±12, ±15 ±12, ±15 ::!:: 12, ± 15 

Range6 ±11.4 ±16.5 ±11.4 ±16.5 ±11.4 

Supply Current 
+ 11.4 to + 16.5V de 9 13 9 13 9 
-11.410 -16.5V de 18 23 18 23 18 

Total Power Consumption 400 600 400 600 400 

TEMPERATURE RANGE 
JIK 0 +70 0 +70 
A/B -25 +85 -25 +85 -25 

s -55 + 125 -55 +125 
Operating -55 + 125 -55 + 125 
Storage (All Grades) -65 + 125 -65 + 125 -65 

NOTES 
1AD767 "S" specifications shown for information only. Consult Analog Devices Military Databook or contact factory for a controlled 
specification sheet. 

2AD767A Chips specifications are tested at + 25°C and, when in boldface, at + 85°C. They are typical at -2S"C. 
Jnie digital input specifications are 100% tested at + 25°C, and guaranteed but not tested over the full temperature range, 
•Adjustable to zero. 
5FSR means uFull·Scale Range" and is 20V for ± IOV range and IOV for the_± SV range. 
6 A minimum power supply of ± 12.SV is required for a ± lOV full·scale output and ± l l .4V is required for all other voltage ranges. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on aU production units at final 
electrical test (except per Notes I and 2). Results from those tests are used to 
calculate outgoing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface are tested on all production units. 

40 

10.10 

10 
10 

±16.5 

13 
23 
600 

+85 

+ 125 

AD767 

Units 

Bits 

v 
v 
v 
µA 
µA 

LSB 
LSB 
LSB 
LSB 
%ofFSR5 

LSB 
%ofFSR 

ppm ofFSR/°C 
ppm ofFSR/°C 
ppm ofFSR/°C 

µs 
µs 
µs 
V/µs 

v 

mA 
n 
mA 

v 
mA 

ppmofFS/% 
ppmofFS/% 

v 
v 

mA 
mA 
mW 

"C 
"C 
"C 
"C 
"C 
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AD767 
ABSOLUTE MAXIMUM RATINGS* 
V cc to Power Ground . . . . 
VEE to Power Ground . . . . 
Digitallnputs(Pins 11, 13-24) 

to Power Ground . . . . . 
Ref In to Reference Ground . 
Bipolar Offset to Reference Ground . 
lOV Span R to Reference Ground . 
20V Span R to Reference Ground . 

TIMING SPECIFICATIONS 
(All Models, TA =2S°C, Vee=+ 12Vor + lSV, 
VEE= -12Vor - lSV) 

OV to +18V 
OV to -18V 

-1.0V to +7.0V 
±12V 
±12V 
±12V 
±24V 

Ref Out, Votrr (Pins 6, 9) . . Indefinite short to power ground 
Momentary Short to V cc 

Power Dissipation ................... lOOOmW 

• Stresses above those listed under "Absolute Maximum Ratings" may. cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Symbol Parameter Min Typ Max 

tos Data Valid to End of CS 40 - - ns 
( - 25°C to + 85°C) 60 - - ns 

.i_ - SS°C to + 125°<;;2_ 90 - - ns 
toH Data Hold Time 10 -' - ns 

( - 25°C to + 85°C) 10 - - ns 
( - SS°C to + 125°C) 20 - - ns 

tcs CS Pulse Width 40 - - ns 
( - 25°C to + 85°C) 60 - - ns 

.i_ - SS°C to + 125°Q 90 - - ns 
tsETI Output Voltage Settling Time* - 2 4 µs 

*tsETT is measured referenced to the leading edge of tcs· If tcs>t08, then 
tsETT is measured referenced to the beginning <?f Data Valid. 

PIN CONFIGURATION 

DIP PLCC 

25 088 

ORDERING GUIDE 

Linearity 
Package Temperature Error Max GainT.C. 

Model1 Option2 Range°C Tm1n-T....,. Maxppm/"C 
AD767JN Plastic DIP (N-24) Oto +70 ±lLSB 30 
AD767JP PLCC (P-28A) Oto +70 ±lLSB 30 
AD767KN Plastic DIP (N-24) Oto +70 ±l/2LSB 15 
AD767KP PLCC (P-28A) Oto +70 ±l/2LSB IS 
AD767AD Ceramic DIP (D-24A) -2Sto +85 ±lLSB 30 
AD767BD Ceramic DIP (D-24A) -2Sto +85 ± l/2LSB 15 
AD767SD/ 

883B Ceramic DIP (D-24A) -5Sto+l2S Note2 Note2 
AD767A 

Chips NIA -2Sto +85 ±ILSB 30 

NOTES 
1D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

2For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the 
Analog Devices Military Products Databook or current AD767/883B data sheet. 

3-88 DIGITAL-TO-ANALOG CONVERTERS REV.A 



l"llANALOG 
WDEVICES 

FEATURES 
32 MSPS Update Rate 
16-Bit Resolution 
Linearity: 1 LSB DNL@ 14 Bits 

1 LSB INL@ 14 Bits 
Fast Settling: 25 ns Full-Scale Settling to 0.025% 
SFDR @ 1 MHz Output: 80 dBc 
Low Glitch Impulse: 60 pV-s 
Power Dissipation: 500 mW 
On-Chip 2.5 V Reference 
Edge-Triggered Latches 
CMOS Compatibility 

PRODUCT DESCRIPTION 
The AD768 is a 16-bit, high speed digital-to-analog converter 
(DAC) that offers exceptional ac and de linearity. The 
is manufactured on Analog Devices' Advanced Bi 
(ABCMOS) process, combining the speed of 
the accuracy of laser trimmable thin-film res 
ciency of CMOS logic. A segmented current 
ture is combined with a proprietary switching techn 
reduce glitch energy and maximize dynamic accuracy. ge trig-
gered input latches and a temperature compensated bandgap 
reference have been integrated to provide a complete monolithic 
DAC solution. 

The AD768 is a current-6utput DAC with a nominal full-scale 
output current of 20 mA and a I kn output impedance. Differ
ential current outputs are provided to support single-ended or 
differential applications. The current outputs may be tied di
rectly to an output resistor to provide a voltage output, or fed 
to the summing junction of a high speed amplifier to provide a 
buffered voltage output. 

The on-chip reference and control amplifer are configured for 
maximum accuracy and flexibility. The AD768 can be driven by 
the on-chip reference or by a variety of external reference volt
ages based on the selection of an external resistor. An external 
capacitor allows the user to optimally tradeoff reference band
width and noise performance. 

The AD768 operates on ±5 V supplies, typically consuming 
500 mW of power. The AD768 is available in a 28-pin SOIC 
package and is specified for operation over the industrial tem
perature range. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

16-Bit, 32 MSPS 
Low Glitch D/A Converter 

AD768 I 
FUNCTIONAL BLOCK DIAGRAM 

DCOM V00 

MSBa: SEGMENTED 
CURRENT SOURCES 
AND SWITCHES 

AD768 

liLS:se:Ba;:-----;:;:=:i.U_j610UTA 
CURRENT SOURCES, 
SWITCHES, AND 
1k!l R-2R 
LADDERS 

2.SV 
BANDGAP 

REFERENCE 

REFCOM REFOUT IREFIN COMP 

fast settling time provide outstanding dy
for waveform reconstruction or digital 

uirements, including communications. 

t de accuracy of the AD768 makes.it suitable 
AID conversion applications. , 

, edge-triggered input CMOS la.tches interface 
y to CMOS logic families. The AD768 can support 

update rates up to 32 Msps. " 

4. A temperature compensated, 2.5 V bandgap referem;e is in
cluded on-chip allowing for generation of the reference input 
current with the use of a single external resistor. An external 
reference may also be used. 

5. The current output(s) of the AD768 may be used singly or 
differentially, either into a load resistor or external op· amp 
summing junction. 

6. Proper selection of an external resistor and compensation 
capacitor allow the performance-conscious user to optimize 
the AD768 reference level and bandwidth for the target 
application. 

This information applies to a product und~r development. Its char~cteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD768-SPEClf ICATIQNS (TA= +25"C, Yoo= +5.0 V, Yss~ -5 V, LADCOM, REFCOM, DCDM=DV, IREFIN = 5 mA, 
CLOCK = 1 D MHz, unless otherwise noted) 

Parameter Min Typ Max Unit$ 

RESOLUTION 16 Bits 

DC ACCURACY (16-Bit)1 
Linearity Error -6 ±4 +6 LSB 

TM1NtoTMAX -8 +8 LSB 
Differential Nonlinearity -6 ±4 +6 LSB 

TM1NtoTMAX -8 +8 LSB 

DC ACCURACY (14-Bit) 1• 2 

Linearity Error -3/4 ±112 +3/4 LSB 
TM1NtoTMAX -1 +1 LSB 

Differential Nonlinearity -3/4 ±112 +3/4 LSB 
TMIN to TMAX -1 +1 LSB 

Monotonicity GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE 

ANALOG OUTPUT 
Unipolar Offset Error -0.2 +0.2 %ofFSR 
Gain Error -0.5 +0.5 % ofFSR 
Full-Scale Output Current3 20 rnA 
Output Compliance Range v 
Output Resistance k.Q 
Output Capacitance pF 

REFERENCE OUTPUT 
Reference Voltage v 
Reference Output Current4 mA 

REFERENCE INPUT 
Reference Input Current rnA 
Reference Bandwidth5 MHz 

TEMPERATURE COEFFICIENTS 
Unipolar Offset Drift ppm of FSR/°C 
Gain Drift6 ppm of FSR/°C 
Gain Drift7 +40 ppm of FSR/°C 
Reference Voltage Drift -20 +20 ppm/oc 

DYNAMIC PERFORMANCE 
Output Update Rate 32 40 Msps 
Output Settling Time (tST)(to 0.025%)8 25 35 ns 
Output Propagation Delay (tpo) 5 ns 
Glitch Impulse 60 pV-s 
Output Rise Time 5 ns 
Output Fall Time 5 ns 

DIGITAL INPUTS 
Logic "l" Voltage 3.5 v 
Logic "O" Voltage 1.5 v 
Logic "1" Current -10 +10 µA 
Logic "O" Current -10 +10 µA 
Input Capacitance 10 pF 
Input Setup Time (ts) 5 ns 
Input Hold Time (tw 5 ns 
Latch Puise Width (tLrw) i5 ns 

OPERATING RANGE -40 +85 cc 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Parameter 

AC LINEARITY 
Spurious-Free Dynamic Range (SFDR) 

fouT = 500 kHz; CLOCK= 10 MHz 
foUT = 1.0 MHz; CLOCK= 10 MHz 
fouT = 5 MHz; CLOCK = 30 MHz 

Total Harmonic Distortion (THD) 
fouT = 500 kHz; CLOCK= 10 MHz 
fouT = 1.0 MHz; CLOCK= 10 MHz 
fouT = 5 MHz; CLOCK = 30 MHz 

POWER SUPPLY 
Positive Voltage Range 
Negative Voltage Range 
Positive Supply Current 
Negative Supply Current 
Nominal Power Dissipation 
Power Supply Rejection Ratio (PSRR) 

NOTES 
1 Measured at louyA, driving a virtual ground. 
2Three LSBs are grounded, DBO, DBI, and DB2. 

Min Typ 

-80 
-80 
TBD 

TBD 
TBD 
TBD 

4.75 
-5.25 

33 
67 
500 

3Nominal FS output current is 4x the current at IREFIN. Therefore, nominal FS current is 20 mr\¥'Ilet'<"'""''"' 
40utput current is defined as total current available for IREFIN and any external load. 
5Reference bandwidth is a function of external cap at COMP pin. 
6Excludes internal reference drift. 
7Includes internal reference drift. 
8Measured as unbuffered voltage output (1 V step) with FS current into 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 

Parameter 

Positive Supply Voltage (V00) 

Negative Supply Voltage (VEE) 
Analog-to-Other Grounds (REFCOM) 
Digital-to-Other Grounds (DCOM) 
Reference Output (REFOUT) 
Reference Adjust (REFADJ) 
Reference Input Current (IREFIN) 
Digital Inputs (DBO-DB15, Clock) 
Analog Outputs (IoUTA, IouTB) 
Maximum Junction Temperature 
Storage Temperature 
Lead Temperature 

NOTE 

DCOM, REFCOM, LADCOM 
DCOM, REFCOM, LADCOM 
DCOM, LADCOM 
LADCOM, REFCOM 
REFCOM 
REFCOM 

DCOM 
LADCOM 

-6.0 
-0.5 
-0.5 

-0.5 

-0.5 
-2.0 

-65 

v 
v 

+0.5 v 
+0.5 v 
V0 o + 0.5 v 
Von+ 0.5 v 
+6.0 mA 
Vo0 + 0.5 v 
+5.0 v 
+150 oc 
+150 oc 
+300 oc 

1Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum raring for 
extended periods may affect device reliability. 

CAUTION 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD768 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

AD768 
Max Units 

dB 
TBD dB 

dB 

dB 
TBD dB 

dB 

5.25 v 
-4.75 v 
TBD mA 
TBD mA 
TBD mW 
TBD % ofFSR/V 

5mA. 

PIN CONFIGURATION 

28-PIN SOIC 

IOUTA 1 • LA DC OM 

IOUTB 

RE FOUT 3 v •• (-5V) 

REF ADJ 4 V00 (+SV) 

REFCOM DB15(MSB) 

IREFIN 0814 

(LSB)DBO 7 
AD768 

DB13 
TOP VIEW 

DB1 8 (Not to Scale) 0812 

DB11 

DB3 0810 

DB4 DB9 

DBS DBB 

DB6 CLOCK 

DB7 DCOM 

NC = NO CONNECT 

~~g 
ESD SENSITIVE DEVICE 

<This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD76'8 

Pin No. Symbol 

l IOUTA 
2 COMP 
3 REFOUT 
4 REF ADJ 
5 REFCOM 
6 IRE FIN 
7 DBO 
8-14 DBI-7 
15 DCOM 
16 CLOCK 
17-23 DB8-DB14 
24 DB15 
25 Yoo 
26 VEE 
27 IOUTB 

28 LADCOM 

Type 

AO 
AI 
AO 
AI 
p 
AI 
DI 
DI 
p 
DI 
DI 
DI 
p 
p 
AO 

p 

PIN DESCRIPTION 

Name and Function 

DAC Current Output. Full-scale current when all data bits are ls. 
Compensation Node. Add capacitor for.noise reduction. 
Reference Output Voltage. Nominal value. is 2.5 V. 
Reference Adjust. Apply voltage from 0 t<) 2.S V fo adjust DAC gain. 
Reference Ground. 
Reference Input Current. Nominal is 5 mA. DAC full-scale is 4),< this current. 
Data Bit 0 (LSB). 
Data Bits 1-7. 
Digital Ground. 
Clock Input. Data latched on positive edge of clock. 
Data Bits 8-14. 
Data Bit 15 (MSB). 
Positive Supply Voltage. Nominal is +5 V. 
Negative Supply Voltage. Nominal is -5 V. 
Complementary DAC Current Output. Full-scale current.when all data bits 
are Os. 
DAC Ladder Common. 

Type: AI = Analog Input; DI = Digital Input; AO = Analog Output; P = Power 

ORDERING GUIDE 

Model Package* 

AD768AR 28-Pin 300 mil SO 

*For outline information see Package Information section. 

I 
!PD "" 

::~ -------i_ .. __ . r~t 0.025% 

Typical Co~~iguration: Buffered Unipolar Voltage Output 

This information applies to a product under development. Its characteristics and specifications are.subject to change without notice. 
Analog Devices assumes no.obligation regarding future manufacture unless otherwise agreed to in writing. 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Dynamic Range: 88.5 dB 
Resolution: 0.375 dB 
On-Chip Data Latches 
+5 V Operation 
AD7111A Pin Compatible with AD7524 
Low Power 

APPLICATIONS 
Audio Attenuators 
Sonar Systems 
Function Generators 
Digitally Controlled AGC System 

GENERAL DESCRIPTION 
The LOGDAC® AD7111/AD7111A are monolithic multiplying 
DIA converters featuring wide dynamic range in a small pack
age. Both DACs can attenuate an analog input signal over the 
range 0 dB to 88.5 dB in 0.375 dB steps. They are available in 
16-pin DIPs and SOIC packages. The AD7111 is also available 
in a 20-terminal LCCC package. 

The degree of attenuation across the DAC is determined by an 
8-bit word applied to the on-board decode logic. This 8-bit word 
is decoded into a 17 -bit word which is then applied to a 17 -bit 
R-2R ladder. The very fine step resolution, which is available 
over the entire dynamic range, is due to the use of this 17-bit 
DAC. 

The AD711 l/AD7111A are easily interfaced to a standard 8-bit 
MPV bus via an 8-bit data port and standard microprocessor 
control lines. The AD71 ll WR input is edge triggered and 
requires a rising edge to load new data to the DAC. The 
AD7111A WR is level triggered to allow transparent operation 
of the latches, if required. It should also be noted that the 
AD7111A is exactly pin and function-compatible with the 
AD7524, an industry standard 8-bit multiplying DAC. This 
allows an easy upgrading of existing AD7524 designs which 
would benefit both from the wider dynamic range and the finer 
step resolution offered by the AD7111A. 

The AD7111/AD7111A are fabricated in Linear Compatible 
CMOS (LC2MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 

LOGDAC is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

LC2MOS LOGDAC 
Logarithmic D/A Converter 

AD7111/AD7111A I 
FUNCTIONAL BLOCK DIAGRAMS 

PRODUCT HIGHLIGHTS 
1. Wide Dynamic Range: 0 dB to 88.5 dB attenuation range in 

0.375 dB steps. 

2. Small Package: The AD7111/AD7111A are available in 
16-pin DIPs and SOIC packages. 

3. Transparent Latch Operation: By tying the CS and WR 
inputs low, the DAC latches in the AD7111A can be made 
transparent. 

4. Fast Microprocessor Interface: Data setup times of 25 ns and 
write pulse width of 57 ns make the AD7111A compatible 
with modern microprocessors. 
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AD71l1/AD71 llA-SPECIFICATIONS 
AD7111 .· E. LECTRICAL. "CHARACTERISTICS (V00 = +5 V, V11 = -10 V de, IDUT ·= AGNO = DGND = 0 V 

- · · · output amplifier AD711 except where noted) · . 
_:_ 

-:c-
. AD7111UCJU Grades AD7111K/BIT Grades . 

Parameter -"- ~ =. +25"C T.A = T•m1> T....,. TA= +25"C T,. = TMI,., T....,. Units Conditions/Comments 

NOMINAL. RESOLUTION 0:37S' 

ACCURACY RELATIVE TO 
0 dB ATTENUATI<;>N 

0.375 dB Steps: 
Accuracy"' ±0.17 dB Oto 36 
Monotonic 0 to S4 

0. 75 dB Steps: 
Accuracy "' ±0.35 dB Oto48 
Monotonic Oto 72 

LS dB Steps: 
Accuracy "' ±0. 7 dB Oto S4 
Monotonic Full Range 

3.0 dB Steps: 
Accuracy "' ± 1.4 dB Oto66 
Monotonic Full Range 

6.0 dB Steps: 
Accuracy"' ±2.7 dB Oto72 
Monotonic Full Range 

GAIN ERROR ±0.1 

~INPUT RESISTANCE 9/11/15 

RFB INPUT RESISTANCE 9.3/11.S/15.7 

DIGITAL INPUTS 
Vm (Input High Voltage) 2.4 
V1L (Input Low Voltage) 0.8 
Input Leakage Current ±I 

SWITCHING CHARACTERISTICS1 

!cs 0 
lcH 0 
lwa 3SO 
tos 17S 
toH 10 
tRF,.!!1 3 

POWER SUPPLY 
Yoo +5 
loo. I 

500 

NOTE 
'Sample tested at + 2S"C to ensure compliance. 
Specifications subject to change without notice. 

0.37S 

Oto 36 
0 to S4 

Oto42 
0 to'66 

Oto48 
Oto78 

Oto S4 
Full Range 

Oto 60 
Full Range 

±0.15 

9/11/IS 

9.3111.S/15.7 

2.4 
0.8 
±10 

0 
0 
500 
250 
10 
4.5 

+5 
4 
1000 

0.37S 0.37S dB 

Oto 30 0 to 30 dB min Guaranteed Attenuation Ranges 
0 to48 Oto48 dB min for Specified Step Sizes 

0 to42 Oto 36 dB min 
Oto 72 Oto60 dBmin 

0 to48 0 to 42 dB min Full Range Is from 0 dB 
0 to 85.5 Oto72 dB min to 88.5 dB 

0 to60 0 to48 dBmin 
Full Range Full Range dB min 

Oto60 Oto48 dB min 
Full Range Full Range dB min 
±0.IS ±0.20 dB max 

7/11/18 7/11/18 kn min/typ/max 

7.3/11.5/18.8 7.3/11.5/18.8 kn min/typ/max 

2.4 2.4 Vmin 
0.8 0.8 Vmax 
±I ±10 µAmax Digital Inputs = V 00 

0 0 nsmin Chip Select to Write Setup Time 
0 0 nsmin Chip Select to Write Hold Time 
350 500 nsmin Write Pulse Width 
175 250 ns min Data Valid to Write Setup Time 
10 10 nsmin Data Valid to Write Hold Time 
3 4.5 .,..min Refresh Time 

+5 +5 v 
I 4 mAmax Digital Inputs = V1L or V 111 

500 1000 µAmax Digital Inputs = o V or V 00; 

See Figure 6 

AC PERFORMANCE CHARACTERISTICS These characteristics are included for design guidance only and are not subject 
to test V00 = +5 V, v1• = -10 V de except where noted, 1001 = AGND = DGND = 0 V, output amplifier AD711 except where noted. 

AD7111UCJU Grades AD7111K/B/T Grades 
Parameter TA= +25"C TA= TMIN• TMAx TA= +25"C TA= t;...N, TMAX Units Conditions.IComments 

DC Supply Rejection, .1Gain/ .1V00 0.001 o.oos 0.001 0.005 dB.per%max .1V00 = ± 10%, Input Code= 00000000 
Propagation Delay 3.0 4.5 3.0 4.5 IJoSmax Full Scale Change Measure<! frmn 

WR Going High, CS = 0 V 
Digital-to-Analog Glitch Impulse 100 - JOO - nV secs typ Measured with AD843 as .Output 

Amplifier for Code Transition 
10000000 to 00000000 
Cl of Figure I is 0 pF 

Output Capscitance, Pin I I8S 18S 185 185 pFmax 
Input Capacitance, Pin IS and Pin 16 7 7 7 7 pFmax 
Feedthrough at I kHz -94 -72 -92 -68 dB max 
Total Harmonic Distortion -91 -91 -91 -91 dB ly2,_ VIN= 6 V .rms at I kHz 
Output Noise Voltage Density 70 70 70, 70 nV/y'Hzmax Includes AD7ll Amplifier Noise 
Digital Input Capscitance 7 7 7 7 pFmax 

Specifications subject t6 change without notice. 
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AD7111/AD7111A 
1 C C ST Cs (V00 = +5 V, V1N = -10 V de, lour= AGND = DGND = 0 V 

AD71 1A-ELECTRICAL HARA TERI I output amplifier AD711 except where noted) 

AD7111AC Grade AD7lllAB Grade 
Parameter TA= +25°C TA= TMIN' TMAX TA= +25°C TA= TMIN• TMAX Units Conditions/Comments 

NOMINAL RESOLUTION 0.37S 0.37S 0.37S 0.37S dB 

ACCURACY RELATIVE TO 
0 dB ATTENUATION 

0.37S dB Steps: 
Accuracy"" ±0.17 dB 0 to 36 Oto 36 0 to 30 0 to 30 dB min Guaranteed Attenuation Ranges 
Monotonic Oto S4 0 to S4 0 to 48 0 to 48 dB min for Specified Step Sizes 

0. 7S dB Steps: 
Accuracy "" ±0.3S dB 0 to 48 0 to 42 0 to 42 0 to 36 dB min 
Monotonic 0 to 72 Oto 66 Oto 72 0 to 60 dB min 

I.S dB Steps: 
Accuracy "" ±0. 7 dB 0 to S4 0 to 48 Oto 48 0 to 42 dB min Full Range Is from 0 dB 
Monotonic Full Range 0 to 78 0 to 8S.S 0 to 72 dB min to 88.S dB 

3.0 dB Steps: 
Accuracy "" ± 1.4 dB 0 to 66 0 to S4 Oto60 0 to 48 dB min 
Monotonic Full Range Full Range Full Range Full Range dB min 

6.0 dB Steps: 
Accuracy ,.; ± 2. 7 dB 0 to 72 0 to60 0 to 60 Oto 48 dB min 
Monotonic Full Range Full Range Full Range Full Range dB min 

GAIN ERROR ±0.1 ±0.IS ±0.IS ±0.20 dB max 

VIN INPUT RESISTANCE 9/II/15 9/II/IS 7/II/18 7/II/18 k!l min/typ/max 

RFs INPUT RESISTANCE 9.3/11.S/IS.7 9.3/11.S/IS.7 7 .3/I l.S/18.8 7.3/11.S/18.8 k!l min/typ/max 

DIGITAL INPUTS 
V1H (Input High Voltage) 2.4 2.4 2.4 2.4 Vmin 
v,L (Input Low Voltage) 0.8 0.8 0.8 0.8 Vmax 
Input Leakage Current ±I ±IO ±I ±IO µAmax Digital Inputs = V oo 

SWITCHING CHARACTERISTICS1 

!cs 0 0 0 0 ns min Chip Select to Write Semp Time 

lcH 0 0 0 0 ns min Chip Select to Write Hold Time 

twR S7 S7 S7 S7 ns min Write Pulse Width 

tos 25 25 2S 25 nsmin Data Valid to Write Se!llp Time 

toH IO IO IO IO nsmin Data Valid to Write Hold Time 

POWER SUPPLY 

Voo +s +S +s +s v Data Inputs = v,L or v,H 

loo I 2 I 2 mAmax CS=WR=OV 
I I I I mAmax Digital Inputs = 0 V or V 00; 

See Figure 6 

NOTE 
'Sample tested at + 25'C to ensure compliance. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS These characteristics are included for design guidance only and are not subject 
to test. V00 = +5 V, V1" = -10 V de except where noted, lour = AGND = DGND = 0 V, output amplifier AD711 except where noted. 

AD7111AC Grade AD7111AB Grade 
Parameter TA= +25°C TA= TM1N• TMAx TA= +25°C .TA= TMIN• TMAX Units Conditions/Comments 

DC Supply Rejection, t.Gainl t. V DD 0.001 o.oos 0.001 o.oos dBper%max t.V0 o = ± 10%,InputCode = 00000000 
Propagation Delay I 1.5 I 1.5 µsmax Full Scale Change Measured from 

WR Going High, CS = 0 V 
Digital-to-Analog Glitch Impulse IO 20 IO 20 nV secs typ Measured with AD843 as Output 

Amplifier for Code Transition 
10000000 to 00000000 
Cl of Figure I is 0 pF 

Output Capacitance, Pin I so 50 so so pFmax 
Input Capacitance, Pin IS and Pin 16 7 7 7 7 pFmax 
Feedthrough at I kHz -94 -90 -92 -90 dB max 
Total Harmonic Distortion -91 -91 -91 -91 dB 1:yJl._ VIN= 6Vrmsat !kHz 
Output Noise Voltage Densiiy 70 70 70 70 nV/y'Hzmax Includes AD711 Amplifier Noise 

Digital Input Capacitance 7 7 7 7 pFmax 

Specifications subject to change without notice. 
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AD7111/AD7111A 
ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

VDD (to DGND) .......................... +7 V 
VIN (to AGND) ; ......................... ±35 V 
Digital Input Voltage to DGND .... -0.3 V to VDD + 0.3 V 
louT to AGND ..................... -0.3 V to VDD 
VRFB to AGND .......................... ±35 V 
AGND to DGND ....................... 0 to VDD 
DGND to AGND ....................... 0 to V DD 
Power Dissipation, DIP ....................... 1 W 

eJA' Thermal Impedance .................. ll 7°C/W 
Lead Temperature (Soldering, lOsecs) .......... + 300°C 

Power Dissipation, SOIC ...................... 1 W 
81A, Thermal Impedance .................. 75°C/W 
Lead Temperature (Soldering) 

Vapor Phase (60 secs) .................... 2!5°C 
Infrared ( 15 secs) . . . . . . . . . . . . . . . . . ...... 220°C 

Power Dissipation, LCCC . . . . . . . . . . . . . . . . . . . . . I W 
e)A' Thermal Impedance .................. 76°CfW 
Lead Temperature (Soldering, !Osecs) .......... + 300°C 

Operating Temperature Range 
Commercial (K, L Versions) ............ 0°C to +70°C 
Industrial (B, C Versions) ............ -40°C to +85°C 
Extended (T, U Versions) ........... -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ESD SUSCEPTIBILITY ---------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may still 
occur on these devices if they are subjected to high energy electrostatic discharges. Therefore, 
proper precautions are recommended to avoid any performance degradation or loss offunctionality. 

ORDERING GUIDES 

AD7111A ORDERING GUIDE 

Specified 
Temperature Accuracy Package 

Model Range Range Option' 

AD7111ABN -40°C to +85°C OdBto60dB N-16 
AD7111ACN -40°C to +85°C OdBto72dB N-16 
AD7111ABR -40°C to +85°C OdBto60dB R-16 
AD7111ACR -40°C to +85°C OdBto72dB R-16 

NOTE 
1N = Plastic DIP; R = sore. For outline information see Package Informa
tion section. 

TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog 
output decreases (or remains constant) as the digital code 
increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. See 
section on Applications. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
the louT terminal with all digital inputs high. 

TOTAL HARMONIC DISTORTION;. A measure of the 
harmonics introduced by the circuit when a pure sinusoid is 
applied to the input. It is expressed as the harmonic energy 
divided by the fundamental energy at the output. 
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AD7111 ORDERING GUIDE 

Specified 
Temperature Accuracy Package 

Model' Range Range Option2 

AD7111KN 0°C to +70°C OdBto60dB N-16 
AD7111BQ -40°C to +85°C OdBto60dB Q-16 
AD7111LN 0°C to +70°C OdBto72dB N-16 
AD7111CQ -40°C to +85°C OdBto72dB Q-16 
AD7111UQ/883B -55°C to + 125°C OdBto72dB Q-16 
AD7 lll TE/883B -55°C to + 125°C OdBto60dB E-20A 

NOTES 
1To order MIL-STD-883B, Class B processed parts, add /883B to part num
ber. Contact local sales office for military data sheet and availability. 

2N = Plastic DIP; Q = Cerdip; E = LCCC; R = sore. For outline infor
mation see Package Information section. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual transfer 
function as measured with the device. 

OUTPUT CAPACITANCE: Capacitance from louT to 
ground. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount 
of charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-secs or nV:secs depending upon 
whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with VIN= AGND. 

PROPAGATION DELAY: This is a measure of the internal 
delays of the circuit and is defined as the time from a digital 
input change to the analog output current reaching 90% of its 
final value. 
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CHIP 

SELECT 

WRITE 

DATA IN 
{D0-07} 

NOTES: 
1. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% T090%0F Voo. Yoo 
= +5V, tr - tf • 20ns. · 

2. TIMING MEASUREMENT REFERENCE LEVEL 

ISVtH;V1L. 

•t,,FsH NOT REQUIRED ON THE AD7111A AS THE WJt INPUT 
IS LEVEL TRIGGERED. 

Write Cycle Timing Diagram 

CIRCUIT DESCRIPTION 
GENERAL CIRCUIT DESCRIPTION 

Voo 

Voo 

The AD7111/AD7111A consists of a 17-bit R-2R CMOS multi
plying DIA converter with extensive digital logic. The logic 
translates the 8-bi.t binary input into a 17-bit word which is used 
to drive the DIA converter. Input data on the D7-DO bus is 
loaded into the input data latches using CS and WR control sig
nals. When using the AD7 l l l, the rising edge of WR latches 
the input data and initiates the internal data transfer to the 
decoder. A minimum time tRFSH> the refresh time, is required 
for the data to propagate through the decoder before a new data 
write is attempted. 

In contrast, the AD7111A WR input is level triggered to allow 
transparent operation of the latches if required. 

The transfer function for the circuit of Figure 1 is given by: 
0.375 N 

Vo = -VIN JO exp 
20 

AD7111/AD7111 A 

PIN CONFIGURATIONS 

DIPISOIC 

OGNO 4 

D7lMSB) 5 

NC 6 

06 7 

05 8 

LCCC 
c 

~ j ~ J ~ 
J 2 1 20 19 

AD7111 
TOP VIEW 

(Not to Scale! 

9 10 11 12 13 

c 
NC = NO CONNECT 

18 V00 

11 WR 

16 NC 

15 cs 
14 DOllSB) 

where 0.375 is the step size (resolution) in dB and N is the 
input code in decimal for values 0 to 239. For 240 s N s 255 
the output is zero. Table I gives the output attenuation relative 
to 0 dB for all possible input codes. 

R2 

R1 
VIN 0-.,,\/\/l_lJ 

AD7111 / AD7111 A louT 
WRO---~r1 

cso---~n 

*C1, = 15pF TYPICAL 

Figure 1. Typical Circuit Configuration 

The graphs on the last page give a pictorial representation of the 
specified accuracy and monotonic ranges for all grades of the 
AD7111/AD7111A. High attenuation levels are specified with 
less accuracy than low attenuation levels. The range of mono-
tonic behavior depends upon the attenuation step size used. For 

Table I. Ideal Attenuation in dB vs. Input Code 

D7-D4 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0000 0.0 0.375 0.75 1.125 1.5 1.875 2.25 2.625 3.0 3.375 3.75 4.125 4.5 4.875 5.25 5.625 
0001 6.0 6.375 6.75 7.125 7.5 7.875 8.25 8.625 9.0 9.375 9.75 10.125 10.5 10.875 11.25 11.625 
0010 12.0 12.375 12.75 13.125 13.5 13.875 14.25 14.625 15.0 15.375 15.75 16.125 16.5 16.875 17.25 17.625 
OOll 18.0 18.375 18.75 19.125 19.5 19.875 20.25 20.625 21.0 21.375 21.75 22.125 22.5 22.875 23.25 23.625 

0100 24.0 24.375 24.75 25.125 25.5 25.875 26.25 26.625 27.0 27.375 27.75 28.125 28.5 28.875 29.25 29.625 
0101 30.0 30.375 30.75 31.125 31.5 31.875 32.25 32.625 33.0 33.375 33.75 34.125 34.5 34.875 35.25 35.625 
OllO 36.0 36.375 36.75 37.125 37.5 37.875 38.25 38.625 39.0 39.375 39.75 40.125 40.5 40.875 41.25 41.625 
Olli 42.0 42.375 42.75 43.125 43.5 43.875 44.25 44.625 45.0 45.375 45.75 46.125 46.5 46.875 47.25 47.625 

1000 48.0 48.375 48.75 49.125 49.5 49.875 50.25 50.625 51.0 51.375 51.75 52.125 52.5 52.875 53.25 53.625 
1001 54.0 54.375 54.75 55.125 55.5 55.875 56.25 56.625 57.0 57.375 57.75 58.125 58.5 58.875 59.25 59.625 
1010 60.0 60.375 60.75 61.125 61.5 61.875 62.25 62.625 63.0 63.375 63.75 64.125 64.5 64.875 65.25 65.625 
lOll 66.0 66.375 66.75 67.125 67.5 67.875 68.25 68.625 69.0 69.375 69.75 70.125 70.5 70.875 71.25 71.625 

llOO 72.0 72.375 72.75 73.125 73.5 73.875 74.25 74.625 75.0 75.375 75.75 76.125 76.5 76.875 77.25 77.625 
1101 78.0 78.375 78.75 79.125 79.5 79.875 80.25 80.625 81.0 81.375 81.75 82.125 82.5 82.875 83.25 83.625 
lllO 84.0 84.375 84.75 85.125 85.5 85.875 86.25 86.625 87.0 87.375 87.75 88.125 88.5 88.875 89.25 89.625 
llll MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 
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AD7111/AD7111A-Applications Information 
example, the AD7111L is guaranteed monotonic in 0.375 dB 
steps from 0 dB to -54 dB inclusive and in 0. 75 dB steps from 
0 dB to - 72 dB inclusive. To achieve monotonic operation over 
the entire 88.5 dB range it is necessary to select input codes so 
that the attenuation step size at any point is consistent with the 
step size guaranteed for monotonic operation at that point. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows a simplified circuit of the DI A converter section 
of the AD71111AD7111A, and Figure 3 gives an approximate 
equivalent circuit. 

The current source !LEAKAGE is composed of surface and junc
tion leakages. The resistor R0 as shown in Figure 3 is the 
equivalent output resistance of the device which varies with 
input code (excluding all Os code) from 0.8R to 2R. R is typi
cally 12 kfl. CouT is the capacitance due to the N channel 
switches and varies from about 20 pF to 50 pF depending upon 
the digital input. For further information on CMOS multiplying 
DIA converters, refer to "CMOS DAC Application Guide" 
which is available from Analog Devices, Publication Number 
G872b-8- l/89. 

v,. 

• •• 
'-+-..... '-+-9-'-+--< ....... ~C----t-----Of<>uT 

..___,_..-~.,_4t--....... .._--4.,_---0AGND 

SWITCH DRIVERS 

Figure 2. Simplified DIA Circuit of AD71111AD7111A 

g(V1N.NI CoUT 

.._ __ .... ___ .... _-OAGND 

g(V1N. N) IS THE THlVENIN EQUIVALENT VOLTAGE GENERATOR 
DUE TO THE INPUT VOLTAGE V1N. THE BINARY ATTENUATION 
FACTOR N AND THE TRANSFER FUNCTION OF THE R-2R LADDER. 

Figure 3. Equivalent Analog Output Circuit of AD7111/ 
AD7111A 

DYNAMIC PERFORMANCE 
The dynamic performance of the AD71111AD7111A will depend 
upon the gain and phase characteristics of the output amplifier, 
together with the optimum choice of PC board layout and 
decoupling components. Circuit layout is most important if the 
optimum performance of the AD7111/AD7111A is to be 
achieved. Most application problems stem from either poor iay
out, grounding errors, or inappropriate choice of amplifier. 

It is recommended that when using the AD71111AD7111A with 
a high speed amplifier, a capacitor (Cl) be connected in the 
feedback path as shown in Figure 1. This capacitor, which 
should be between 10 pF and 30 pF, compensates for the phase 
lag introduced by the output capacitance of the DI A converter. 
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Figures 4 and 5 show the performance of the AD7111/AD7111A 
using the AD7 l l, a high speed, .low cost BiFET amplifier, and 
the OP-275, a dual, bipolarlJFET, audio amplifier. The perfor
mance without C 1 is shown in the middle trace and the response 
with Cl in circuit shown in the bottom trace. 

MSB 
DATA CHANGE 

C1 :OpF 

Your 

DATA CHANGE FROM BOH TO OOH. 

Figure 4. Response of AD7111/AD7111A with AD711 

DATA CHANGE FROM BOH TO OOH. 

Figure 5. Response of AD7111/AD7111A with 112 OP-275 

In conventional CMOS DIA converter design, parasitic capaci
tance in N-channel DI A converter switches can give rise to 
glitches on the DI A converter output. These glitches result from 
digital feedthrough. The AD7111/AD7111A has been designed 
to minimize these glitches as much as possible . 

For operation beyond 250 kHz, capacitor Cl may be reduced in 
value. This gives an increase in bandwidth at the expense of a 
poorer transient response as shown in Figure 5. In circuits 
where Cl is not included, the high frequency roll-off point is 
primarily determined by the characteristics of the output ampli
fier and not the AD71111AD7111A. 

Feedthrough and absolute accuracy are sensitive to output leak
age current effects. For this reason it is recommended that the 
operating temperature of the AD7111/AD7111A be kept as close 
to 25°C as is practically possible, particularly where the device's 
performance at high attenuation levels is important. 

Some solder fluxes and cleaning materials can form slightly conw 
ductive films which cause leakage effects between analog input 
and output. The user is cautioned to ensure that the manufac
turing process for circuits using the AD711IIAD7111A does not 
allow such films to form. Otherwise the feedthrough, accuracy 
and maximum usable range will be affected. 
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WDEVICES 

FEATURES 
Dynamic Range: 88.5 dB 
Resolution: 0.375 dB 
On-Chip Data Latches for Both DACs 
Four-Quadrant Multiplication 
+5 V Operation 
Pin Compatible with AD7528 
Low Power 

APPLICATIONS 
Audio Attenuators 
Sonar Systems 
Function Generators 

GENERAL DESCRIPTION 
The LOGDAC® AD7112 is a monolithic dual multiplying D/A 
converter featuring wide dynamic range and excellent DAC-to· 
DAC matching. Both DACs can attenuate an analog input signal 
over the range 0 to 88.S dB in 0.375 dB steps. It is available in 
skinny 0.3" wide 20-pin DIPs and in 20cterminal surface mount 
packages. 

The degree of attenuation in either channel is determined by the 
8-bit word applied to the on-board decode logic. This 8-bit word 
is decoded into a 17-bit word which is then loaded into one of 
the 17-bit data latches, determined by DACA/DACB. The fine 
step resolution over the entire dynamic range is due to the use 
of these 17-bit DACs. 

The AD7l 12 is easily interfaced to a standard 8-bit MPU bus 
via an 8-bit data port and standard microprocessor control lines. 
It should be noted that the AD7112 is exactly pin-compatible 
with the AD7528, an industry standard dual 8-bit multiplying 
DAC. This allows an easy upgrading of existing AD7528 designs 
which would benefit both from the wider dynamic range and the 
finer step resolution offered by the AD7l 12. 

The AD7112 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 

*Protected by U.S. Patent No. 4521764 
LOGDAC is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. 1'o obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

LC2MOS LOGDAC 
Dual Logarithmic D/A Converter 

DBO 

DB7 

AD7112* I 
FUNCTIONAL BLOCK DIAGRAM 

DAC A/ Cs Wii V1N B 
DACB 

DGND AGND 

PRODUCT HIGHLIGHTS 
L DAC-to-DAC Matching: Since both of the AD7112 DACs 

are fabricated at the same time on the same chip, precise 
matching and tracking between the two DACs is inherent. 

2. Small Package: The AD7112 is available in a 20-pin DIP and 
a 20-terminal SOIC package. 

3. Fast Microprocessor Interface: The AD7112 has bus interface 
timing compatible with all modern microprocessors. 
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AD7112-.SPEClflCAJIQNS (V00 = +5 V ± 5%; OUT A= OUT B = AGND = DGND = 0 V; V1H A= 
V1N B = 10 V. Output amplifier AD712 except where stated. All specifications TMiN to TMAX unless otherwise noted.) 

C Version1 B Version 
TA= TA= 

Parameter 25"C TMIN• TMAX 

ACCURACY 
Resolution 0.375 0.375 
Accuracy Relative to 
0 dB Attenuation 
0.375 dB Steps: 

Accuracy :s ±0.17 dB 0 to 36 0 to 36 
Monotonic 0 to 54 0 to 54 

0. 75 dB Steps: 
Accuracy :s ±0.35 dB 0 to 48 0 to 42 
Monotonic 0 to 72 0 to 66 

1.5 dB Steps: 
Accuracy :s ±0.7 dB . 0 to 54 0 to 48 
Monotonic Full Range 0 to 78 

3.0 dB Steps: 
Accuracy :s ± 1.4 dB 0 to 66 0 to S4 
Monotonic .Full Range Full Range 

6.0 dB Steps: 
Accuracy :s ± 2. 7 dB 0 to 72 0 to 60 
MonotoniC Full Range Full Range 

Gain Error ±0.1 ±0.lS 

Output (eakage Current 
OUTA,OUTB ±SO ±400 

Input Resistance, 
VIN A, VIN B 9/lS 9/lS 

Input Resistance Match ±1 ±1 
Feedback Resistance, 

RFB A, RFBB 9.3/lS.7 9.3/lS.7 
LOGIC INPUTS 

CS,WR, 
DACA/DACB, 
DBO--DB7 

Input Low Voltage, ViNL 0.8 0.8 
Input High Voltage, VmH 2.4 2.4 
Input Leakage Current ±1 ±10 
Input Capacitance2 10 10 

POWER REQUIREMENTS 
Yoo Range3 4.7S/S.2S 4.7S/S.2S 

2 2 
2 2 

NOTES 
'Temperature Range as follows: B, C Versions: -400C to +8S°C. 
2Guaranteed by design, not production tested. 

TA= 
25"C 

0.375 

0 to 30 
0 to 48 

0 to 42 
0 to 72 

0 to 48 
0 to 85.5 

0 to 60 
Full Range 

0 to 60 
Full Range 
±0.15 

±SO 

9/lS 
±2 

9.3/lS.7 

0.8 
2.4 
±1 
10 

4.7S/S.2S 
2 
2 

'The part will function with V DD = 5 V ± 10% with degraded performance. 
Specifications subject to change without notice. 
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TA= 
TMIN, TMAx 

0.375 

0 to 30 
0 to 48 

0 to 36 
0 to 60 

0 to 42 
0 to 72 

0 to 48 
Full Range 

0 to 60 
Full Range 
±0.2 

±400 

9/lS 
±2 

9.3/lS.7 

0.8 
2.4 
±10 
10 

4.7S/5.2S 
2 
2 

Units Conditions/Comments 

dB 
Guaranteed Attenuation 
Ranges for Specified Step Sizes. 

dB min 
dB min 

dBmin 
dBmin 

dB min 
dB min Full Range Is 0 to 88.S dB. 

dB min 
dB min 

dBmin 
dB min 
dB max Measured Using RFB A, 

RFB B. Both DAC Registers 
Loaded With All Os. 

nAmax 

kO min/max Typically 12 kO. 
%max 

kO min/max 

Vmax 
Vmin 
µ.A max 
pFmax 

V minimax For Specified Performance. 
mAmax Logic Inputs = VIL or V IH 

mAmax Logic Inputs = 0 V or V 00 
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AD7112 

TIMING SPECIFICATIONS1 (V00 = +5 V ± 5%; OUT A= OUT B = AGND = DGND = 0 V; V1N A= V1N B = 10 Vl 

Parameter TA= +2s0c TA= -40°c to +ss•c Units Conditions/Comments 

CS to WR Setup Time tcs 0 0 ns min See Figure 3. 
CS to WR Hold Time tcH 0 0 ns min 
DAC Select to WR Setup Time tAs 4 4 ns min 
DAC Select to WR Hold Time tAH 0 0 ns min 
Data Valid to WR Setup Time tDs 55 5S ns min 
Data Valid to WR Hold Time t~H 10 10 ns min 
WR Pulse Width twR 53 53 ns min 

NOTES 
1Timing specifications guaranteed by design not production tested. All input signals are specified with tr = tf = S ns ( 10% to 90% of 5 V) and timed from a 
voltage level of 1.6 V. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS1 (V00 = +5 V ± 5%; OUT A= OUT B = AGND = DGND = 0 V; V1N A= 
V1N B = 10 V. Output amplifier AD712 except where noted.) 

Parameter 

DC Supply Rejection b. Gain/b. VDD 
Digital-to-Analog Glitch Impulse 

Output Capacitance, CouT A> CouT a 
AC Feedthrough 

VIN A to OUT A 

VIN B to OUT B 
Channel-to-Channel Isolation 

VIN A to OUT B 

VIN B to OUT A 

Digital Feedthrough 
Output Noise Voltage Density 

(30 Hz to SO kHz) 

Total Harmonic Distortion 

NOTES 
1Guaranteed by design, not production tested. 
Specifications subject to change without notice. 

REV. 0 

TA= 
TA= -40°c to 
+2s0c +ss·c 
0.001 o.oos 
10 10 

50 so 

-94 -90 

-94 -90 

-87 -87 

-87 -87 

1 I 

15 lS 

-91 -91 

Units Conditions/Comments 

dB/% max b. V DD = ± 5%. Input Code = 00000000 
nV s typ Measured with AD843 as output amplifier for input 

code transition 10000000 to 00000000 
pFmax 

dB max VIN A, VIN B = 6 V rms at 1 kHz. DAC 
Registers loaded with all ls. 

dB max 

dB typ VIN A = 6 V rms at 10 kHz sine wave, 
VIN B = 0 V. DAC Registers loaded with all Os. 

dB typ VIN B = 6 V rms at 10 kHz sine wave, 
VIN A= 0 V. DAC Registers loaded with all Os. 

nV s typ Measured with input code transitions of all Os to all ls. 

nV/y'Hz typ Measured between RFs A and OUT A or between 
RFs B and OUT B. 

dB typ VIN A = VIN B = 6 V rms at I kHz. DAC 
Registers loaded with all Os. 
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AD7112 
ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND or DGND .............. -0.3 V, +7 V 
AGND to DGND ........... , ... -0.3 V, V00 + 0.3 V 
Digital Inputs to DGND .......... -0.3 V, V00 + 0.3 V 
OUT A, OUT B to AGND ........ -0.3 V, V00 + 0.3 V 
v,N A, v,N B to AGND ..................... ±25 v 
VRFB A, VRFB B to AGND ................... ±25 V 
Operating Temperature Range 

All Versions ..................... -40°C to + 8S°C 
Junction Temperature ...................... + 150°C 
Storage Temperature ................ -6S°C to + 150°C 
Power Dissipation, DIP ....................... 1 W 
61A> Thermal Impedance ................... 102°C/W 

Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation, SOIC . . . . . . . . . . . . . . . . . . .... 1 W 
61A> Thermal Impedance . . . . . . . . . . . . . . ...... 75°C/W 
Lead Temperature (Soldering) 

Vapor Phase (60 secs) ...................... 215°C 
Infrared (15 secs) . . . . . · . . . . . . . . . . . . . . . . . . . . 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any one time. 

ESD SUSCEPTIBILITY ---------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may Still occur 

WARNING! QJ 
~~EOEVICE on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 

precautions are recommended to avoid any performance degradation or loss of functionality. 

TERMINOLOGY 
RESOLUTION: Nominal change in attenuation when moving 
between two adjacent codes. 

MONOTONICITY: The device is monotonic if the analog out
put decreases or remains constant as the digital code increases. 

FEEDTHROUGH ERROR: That portion of the input signal 
which reaches the output when all digital inputs are high. 

Pin 

2 

3 
4 
5 

PIN FUNCTION DESCRIPTION 

Mnemonic Description 

AGND Analog Ground. 

OUTA Current Output Terminal of DAC A. 

Rps A Feedback Resistor for DAC A. 

VIN A Reference Input to DAC A 

DGND Digital Ground. OUTPUT CAPACITANCE: Capacitance from OUT A or 
OUT B to ground. 6 DACA/ Selects Which DAC Can Accept Data from 
GAIN ERROR: Gain error results from a mismatch between 
RFB (the feedback resistance) and the R-2R ladder resistance. 
Its effect in a LOGDAC is to produce a constant additive atten
uation error in dB over the whole range of the DAC. 

ACCURACY: The difference (measured in dB) between the 
ideal transfer function as listed in Table I and the actual transfer 
function as measured with the device. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: The amount of 
charge injected from the digital inputs to the analog output 
when the inputs change state. This is normally specified as the 
area of the glitch in either pA-s or nV-s depending on whether 
the glitch is measured as a current or voltage signal. Glitch 
impulse is measured with VrN = AGND. 

ORDERING GUIDE 

Specified 
Temperature Accuracy Package 

Model Range Range Option* 

AD7112BN -40°C to +85°C OdBto60dB N-20 
AD7112CN -40°C to +85°C OdBto72dB N-20 
AD7112BR -40°C to + 85°C OdBto60dB R-20 
AD7112CR -40°C to +ss0 c OdBto72dB R-20 

*N = Plastic DIP; R = SOIC. For outline information see Package Informa
tion section. 
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7-14 

15 
16 

17 
18 
19 

20 

DACB Input Port. 
DB7-DBO 8 Data Inputs. 

cs Chip Select Input, Active Low. 
WR Write Input, Active Low. 

Von Power Supply Input 5 V ± 5%. 

V1NB Reference Input to DAC B. 

RFB B Feedback Resistor for DAC B. 
OUTB Current Output Terminal of DAC B. 

PIN CONFIGURATION 
DIP/SOIC 

AGNO OUT6 

OUTA RFeB 

RFeA V1NB 

Yoo 

DGND WR 

DACA/DAC6 6 Cs 
(MS6) 067 DBO(LS6) 

066 061 

DBS 062 

064 DB3 
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AD7112 
CIRCUIT DESCRIPTION 

GENERAL CIRCUIT INFORMATION 
The AD7112 consists of a dual 17-bit R-2R CMOS multiplying 
DIA converter with extensive digital logic. Figure 1 shows a 
simplified circuit of the DI A converter section of the AD7l12. 
The logic translates the 8-bit binary input into a 17-bit word 
which is used to drive the DIA converter. Figure 2 shows a typi
cal circuit configuration for the AD7112. 

Figures 16 and 17 give a pictorial representation of the specified 
accuracy and monotonic ranges for all grades of the AD7112. 
High attenuation levels are specified with less accuracy than low 
attenuation levels. The range of monotonic behavior depends 
upon the attenuation step size used. To achieve monotonic oper
ation over the entire 88.5 dB range, it is necessary to select 
input codes so that the attenuation step size at any point is con
sistent with the step size guaranteed for monotonic operation at 
that point. The transfer function for the circuit of Figure 2 is given by: 

0.375 N 
Vo = - VIN x 10 exp - --zo 

or 

I ~~ I dB = - 0.375 N 

where 0.375 is the step size (resolution ) in dB and N is the 
input code in decimal for values 0 to 239. For 240 :S N :S 255 
the output is zero. Table I gives the output attenuation relative 
to 0 dB for all possible input codes. 

R R R 

Figure 1. Simplified DIA Circuit of 112 AD7112 

C1 

Vour 

A1: 1/2 AD712 
1/2 OP-275 

DACA/DAC B 

NOTES 
1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DATA INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF) MAY BE REQUIRED WHEN 

USING HIGH SPEED AMPLIFIER. 

Figure 2. Typical Circuit Configuration 

Table I. Ideal Attenuation in dB vs. Input Code 

D7-D4 0000 0001 0010 OOH 0100 0101 OHO OlH 1000 1001 1010 lOH 1100 HOl lHO HH 

0000 0.000 0.375 0.750 1.125 1.500 1.875 2.250 2.625 3.000 3.375 3.750 4.125 4.500 4.875 5.250 5.625 
0001 6.000 6.375 6.750 7.125 7.500 7.875 8.250 8.625 9.000 9.375 9.750 10.125 10.500 10.875 11.250 11.625 
0010 12.000 12.375 12. 750 13.125 13.500 13.875 14.250 14.625 15.000 15.375 15.750 16.125 16.500 16.875 17.250 17.625 
OOll 18.000 18.375 18. 750 19.125 19.500 19.875 20.250 20.625 21.000 21.375 21. 750 22.125 22.500 22.875 23.250 23.625 

0100 24.000 24.375 24.750 25.125 25.500 25.875 26.250 26.625 27.000 27.375 27.750 28.125 28.500 28.875 29.250 29.625 
0101 30.000 30.375 30.750 31.125 31.500 31.875 32.250 32.625 33.000 33.375 33.750 34.125 34.500 34.875 35.250 35.625 
OllO 36.000 36.375 36.750 37.125 37.500 37.875 38.250 38.625 39.000 39.375 39.750 40.125 40.500 40.875 41.250 41.625 
Olli 42.000 42.375 42.750 43.125 43.500 43.875 44.250 44.625 45.000 45.375 45.750 46.125 46.500 46.875 47.250 47.625 

1000 48.000 48.375 48.750 49.125 49.500 49.875 50.250 50.625 51.000 51.375 51. 750 52.125 52.500 52.875 53.250 53.625 
1001 54.000 54.375 54.750 55.125 55.500 55.875 56.250 56.625 57.000 57.375 57.750 58.125 58.500 58.875 59.250 59.625 
1010 60.000 60.375 60.750 61.125 61.500 61.875 62.250 62.625 63.000 63.375 63.750 64.125 64.500 64.875 65.250 65.625 
lOll 66.000 66.375 66.750 67.125 67.500 67.875 68.250 68.625 69.000 69.375 69.750 70.125 70.500 70.875 71.250 71.625 

llOO 72.000 72.375 72.750 73.125. 73.500 73.875 74.250 74.625 75.000 75.375 75.750 76.125 76.500 76.875 77.250 77.625 
llOl 78.-000 78.375 78.750 79.125 79.500 79.875 80.250 80.625 81.000 81.375 81. 750 82.125 82.500 82.875 83.250 83.625 
lllO 84.000 84.375 84.750 85.125 85.500 85.875 86.250 86.625 87.000 87.375 87.750 88.125 88.500 88.875 89.250 89.625 
llll MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE 
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AD7112 
INTERFACE LOGIC INFORMATION 

DAC Selection 
Both DAC latches share a common 8-bit port. The control input 
DAC AIDAC B selects which DAC can accept data from the 
input port. 

Mode Selection 
Inputs CS and WR control the operating mode of the selected 
DAC. See the Mode Selection Table below. 

Write Mode 
When CS and WR are both low the DAC is in the write mode. 
The input data latches of the selected DAC are transparent and 
its analog output responds to activity on DBO-DB7. 

Hold Mode 
The selected DAC latch retains the data which was present on 
DBO-DB7 just prior to CS and WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 

Mode Selection Table 

DACA/ 
DACB cs WR DACA DACB 

L L L WRITE HOLD 
H L L HOLD WRITE 
x H x HOLD HOLD 
x x H HOLD HOLD 

L = Low State, V1L; H = High State, VIH; X = Don't Care. 

r-lcs +l r-ICH I 
I I 

Cs I I 
I I 

-..1 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% TO 90%' OF V00• tR = tF = 20ns. 

2. CONTROL TIMING MEASUREMEN.T REFERENCE LEVEL= (V1H + V1J / 2 

Figure 3. Write Cycle Timing Diagram 

3-104 DIGITAL-TO-ANALOG CONVERTERS 

DYNAMIC PERFORMANCE 
The dynamic performance ofthe AD7112 will depend on the 
gain and phase characteristics of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. Circuit layout is most important if the optimum 
performance of the AD7112 is to be achieved. Most application 
problems stem from either poor layout, grounding errors, or 
inappropriate choice of amplifier. Ensure that the layout of the 
printed circuit board has the digital and analog lines separated 
as much as possible. Take care not to run any digital track 
alongside an analog signal track. Establish a single point analog 
ground (star ground) separate from the logic system ground. 
Place this ground as close as possible to the AD7112. Connect 
all analog grounds to this star ground, and also connect the 
AD7112 DGND to this ground. Do not connect any other digi
tal grounds to this analog ground point. Low impedance analog 
and digital power supply common returns are essential for low 
noise and high performance of these converters, therefore the 
foil width of these tracks should be as wide as possible. The use 
of ground planes is recommended as this minimizes impedance 
paths and also guards the analog circuitry from digital noise. 

It is recommended that when using the AD7112 with a high 
speed amplifier, a capacitor (Cl) be connected in the feedback 
path as shown in Figure 2. This capacitor which should be 
between 5 pF and 15 pF, compen~ates for the phase lag intro
duced by the output capacitance of the D/ A converter. Figures 4 
and 5 show the performance of the AD7112 using the AD712, a 
high speed, low cost BIFET amplifier, and the OP-275, a dual 
bipolar/JFET amplifier suitable for audio applications. The per
formance with and without the compensation capacitor is shown 
in both cases. For operation beyond 250 kHz, capacitor Cl may 
be reduced in value. This gives an increase in bandwidth at the 
expense of a poorer transient response as shown in Figure 7. In 
circuits where Cl is not included, the high frequency roll-off 
point is primarily determined by the characteristics of the out
put amplifier and not the AD7112. 

Feedthrough and accuracy are sensitive to output leakage cur- . 
rents effects. For this reason it is recommended ,that the operat
ing temperature of the AD7112 be kept as close to 25°C as is 
practically possible, particularly where the devices performance 
at high attenuation levels is important. A typical plot of leakage 
current vs. temperature is shown in Figure 11. 

Some solder fluxes and cleaning materials can form slightly con
ductive films which cause leakage effects between analog input 
and output. The user is cautioned to ensure that the manufac
turing process for circuits using the AD7112 does not allow such 
films to form. Otherwise the feedthrough, accuracy and maxi
mum usable range will be affected. 

STATIC ACCURACY PERFORMANCE 
The DIA converter section of the AD7112 consists of a 17-bit 
R-2R type converter. To obtain optimu..'11 static performance at 
this level of resolution it is necessary to pay great attention to 
amplifier selection, circuit grounding, etc. 

Amplifier input bias current results in a de offset at the output 
of the amplifier due to current flowing in the feedback resistor 
Rps· It is recommended that amplifiers with input bias currents 
of less than 10 nA be used (e.g., AD712) to minimize this 
offset. 
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Another error arises from the output amplifier's input offset 
voltage. The amplifier is operated with a fixed feedback resis
tance, but the equivalent source impedance (the AD7112 output 
impedance) varies as a function of the attenuation level. This 
has the effect of varying the noise gain of the amplifier thus cre
ating a varying error due to amplifier offset voltage. It is recom
mended that an amplifier with less than 50 µ V of input offset be 
used (such as the AD712 or ADOP-07) in de applications. 
Amplifiers with a large input offset voltage may cause audible 
thumps in audio applications due to de output changes. The 

TYPICAL PERFORMANCE CHARACTERISTICS 

REV.O 
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DATA CHANGE 
FROM OOH TO SOH 

C1 =0pF 

C1=15pF 

Figure 4. Response of AD7112 with AD712 

DATA CHANGE 
FROM OOH TO BOH 

C1 = OpF 

C1=15pF 

Figure 5. Response of AD7112 with OP-275 

AD7112 
AD7112 accuracy is specified and tested using only the internal 
feedback resistor. Any Gain error (i.e., mismatch of Rps to the 
R-2R ladder) that may exist in the AD7112 DIA converter cir
cuit results in a constant attenuation error over the whole range. 
The AD7112 accuracy is specified relative to 0 dB attenuation, 
hence gain trim resistors can be used to adjust V ouT = VIN 
precisely (i.e., 0 dB attenuation) with input code 00000000. For 
further information on gain error refer to the "CMOS DAC 
Application Guide" which is available from Analog Devices, 
Publication Number G872b-8-l/89. 

J Toe T T 
1----f--+--H-+--A~~ ~~~ITAL INPUTS -t---1 

TIED TOGETHER 

2 3 
v 1N-Volts 

Figure 6. Supply Current vs. Logic Input Level 
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V00 = +SV 
TA= +25°C 

OP-275 
C1=15pF 

DATA INPUT CODE= 0000 0000 
VIN= 1V rms 

-30 ~-----~----~~----~ 

H>' 10S 106 

FREQUENCY - Hz 

Figure 7. Frequency Response with AD712 and OP-275 
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AD7112 

-6(1.--....-............................. ~~~....-............................. ~~ 

J..=LIJI 1 11 
' INPUT CODE = 0000 0000 
! -70 J-Ti:::+25J>C 

~ C1= 15pF i r· 275 ~ 
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i AD712 1i 
~ hi 
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~ ri-..-,._,'-f-++--+--,~++--+ .... .i..:P1~ 
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Figure 8. Distortion vs. Frequency 
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Figure 9. Feedthrough vs. Frequency 
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Figure 10. Channel-to-Channel Isolation vs. Frequency 
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Figure 11. Output Leakage Current vs. Temperature 
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Figure 12. Digital-to-Analog Glitch Impulse 
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Figure 13. Noise Spectral Density vs. Frequency 
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1111111111 ANALOG 
Llilll DEVICES 

FEATURES 
8-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1 LSB Over Temperature 
Extended Temperature Range Operation 
µP-Compatible with Double Buffered Input 
Standard 18-Pin DIPs and 20-Terminal Surface 

Mount Package and SOIC Package 

GENERAL DESCRIPTION 
The AD7224 is a precision 8-bic, voltage-ourpuc, digital-co-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the pare. 

The double buffered interface logic consists of two 8-bit registers-
an input register and a DAC register. Only the data held in the 
DAC register determines the analog output of the converter. 
The double buffering allows simultaneous update in a system 
containing multiple AD7224's. Both registers may be made 
transparent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (SV) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.SV when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOV. The output amplifier is capable of developing + IOV 
across a 2k0 load. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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LC2MOS 
8-Bit DAC with Output Amplifier 

AD7224 I 
FUNCTIONAL BLOCK DIAGRAM 

v .. , Yoo 

MSB 

(~~1~): I 

LSB v""' 

AD7224 

Vss AGND DGNO 

PRODUCT HIGHLIGHTS 
1. DAC and Amplifier on CMOS Chip 

The single-chip design of the 8-bit DAC and output amplifier 
is inherently more reliable than multi-chip designs. CMOS 
fabrication means low power consumption (35mW typical 
with single supply). 

2. Low Total Unadjusted Error 
The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC2MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than I LSB over the full operating 
temperature range. 

3. Single or Dual Supply Operation 
The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

4. Versatile Interface Logic 
The high speed logic allows direct interfacing co most micro
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The pare also features a zero override function. 
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AD7224-SPECIFICATIONS 
DUAL SUPPLV (¥00 = 11.4Y to 16.5Y, Yss = -5Y ± 10%; AGND = OGND = DY; YREF +2Y to (¥00 -4Y)1 unless.otheiwise stated. 

, I All specifications T min to T mu unless otheiwise noted.) 

Parameter 

STA TIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accurscy 
Differential Nonlinearity 
Full Scale Error 
FullScsleTemperstureCoefficient 
Zero Code Error 
Zero Code Error Temperature cOefticient 

REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitance3 

DIGITAL INPUTS 
lnputHigbVoltage, V1NH 
Input Low Voltage, VINL 
Input Lesksge Current 
Input Capacitance3 

Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate3 

Voltage Output Settling Time3 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Feedtbrougb 
Minimum Load Resistance 

POWER SUPPLIES 
VooRsnge 
VssRsnge 
loo 

@25'C 
T...,toTmax 

lss 
@25'C 
T...,toT.,.. 

SWITCHINGCHARACTERISTICS"4 

t1 
@25'C 
TmintoTmax 

ti 
@25'C 
T...,toT,... 

t, 
@25'C 
T...,toT,... 

4 
@25'C 
T...,toTmax 

ts 
@25'C 
T...,toTmax 

t,; 
@25'C 
T...,toT,... 

NOTES 
1 Maximum possible reference voltage. 
2Temperamre ranges are as follows: 

K, L Venions: -40"C to +BS'C 
B, C Versions: -40"C to +BS'C 

. T, U Versions: -SS'C to + 12S'C 

K,B,T 
Versions2 

8 
±2 
±1 
±1 
±3/2 
±20 
±30 
±50 

2to(V0 o -4) 
8 
100 

2.4 
0.8 
±I 
8 
Binary 

2.5 

5 
7 
50 
2 

11.4/16.5 
4.5/5.5 

4 
6 

3 
5 

90 
90 

90 
90 

0 
0 

0 
0 

90 
90 

10 
10 

'Sample Tested at 2S'C by Product Assurance to enswe compliance. 
'Switching characteristics apply for single and dual supply operation. 
Specifications subject to change without notice. 
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L,C,U 
Versions Units Conditions/Comments 

8 Bits 
±i LSBmax Voo = + 15V ± 5%, VREF = + lOV 
±1/2 LSBmax 
±1 LSBmax Guaranteed Monotonic 
±1 LSBmax 
±20 ppm/"Cmax Yoo= 14Vto 16.5V, VREF = + lOV 
±20 mVmax 
±30 µ.Vl"C typ 

2to(Voo-4) V...,toV,... 
8 kOmin 
100 pFmax OccurswbenDACisloaded with all l's. 

2.4 Vmin 
0.8 Vmax 
±I µ.Amax VIN= OVorVoo 
8 pFmax 
Binary 

2.5 V/µ.smin 

5 µ.smax VREF = + lOV; Settling Time to± l/2LSB 
7 µ.smax VREF = + lOV; Settling Time to± l/2LSB 
50 nVsecstyp VREp=OV 
2 kn min VoUT= +IOV 

11.4/16.5 V...,IV.,,,.. For Specified Performance 
4.5/5.5 V...,IV,... For Specified Performance 

4 mAmax Outputs Unloaded; VIN= VINLor VINH 
6 mAmax· OutputsUnloaded;V1N=VINLorViNH 

3 mAmax Outputs Unloaded; VIN= VINL or VINH 
5 mAmax Outputs Unloaded; V1N= VINL or VINH 

90 nsmin Chip Select/Load DAC Pulse Width 
90 nsmin 

90 nsmin Write/Reset Pulse Width 
90 nsmin 

0 nsmin Chip Select/Load DAC to Write Setup Time 
0 nsmin 

0 nsmin Chip Select/Load DAC to WriteHold Time 
0 nsmin 

90 nsmin Data Valid to Write Setup Time 
90 nsmin 

10 nsmin Data Valid to Write Hold Time 
10 nsmin 
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AD7224 

SINGLE SUPPLY (Y00 = +15V ± 5%; Yss .= AGND = DGND = DY; V'REF = +10V1 unless otherwise stated. All specifications 
TMiN to TMAX unless otherwise noted.) 

Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Differential Nonlinearity 

REFERENCE INPUT 
Input Resistance 
Input Capacitance3 

DIGIT AL INPUTS 
Input High Voltage, V1NH 
Input Low Voltage, V1NL 
Input Leakage Current 
Input Capacitance' 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 

Voltage Output Settling Time4 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Feedthrough3 

Minimum Load Resistance 

POWER SUPPLIES 
VnnRange 
Inn 

@25°C 
TmintOTmax 

SWITCHING CHARACTERISTICS'· 4 

ti 
@25°c 
TmintoTmax 

t, 
@25°c 
TmintoTmax 

t, 
@25°C 
TmintOTmax 

4 
@25°c 
TmintoTmax 

ts 
@25°c 
TmintOTmax 

to 
@25°c 
TmintoTmax 

NOTES 
1Maximum possible reference voltage. 
2Temperature ranges are as follows: 

K, L Versions: -40°C to + 8S°C 
B, C Versions: -40"C to +8S°C 
T, U Versions: - 55°C to + 12S°C 

K,B,T 
Versions2 

8 
±2 
±1 

8 
100 

2.4 
0.8 
±1 
8 
Binary 

2 

5 
20 
50 
2 

14.25/15.75 

4 
6 

90 
90 

90 
90 

0 
0 

0 
0 

90 
90 

10 
10 

3Sample Tested at 25°C by Product Assurance to ensure compliance. 
4Switching characteristics apply for single and dual supply operation. 

Specifications subject to change without notice. 
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L,C,U 
Versions Units Conditions/Comments 

8 Bits 
±2 LSBmax 
±1 LSBmax Guaranteed Monotonic 

8 k!lmin 
100 pFmax Occurs when DAC is loaded with all l's. 

2.4 Vmin 
0.8 Vmax 
±1 µAmax V1N = OVorVnn 
8 pFmax 
Binary 

2 V/µsmin 

5 µsmax Settling Time to ± l/2LSB 
20 µsmax Settling Time to ± l/2LSB 
50 nVsecstyp VREF= OV 
2 k!lmin VoUT = +lOV 

14.25/15.75 VminNmax For Specified Performance 

4 mAmax Outputs Unloaded; VIN= ViNLorV1NH 
6 mAmax Outputs Unloaded; VIN= VtNL or V1NH 

90 nsmin Chip Select/Load DAC Pulse Width 
90 nsmin 

90 nsmin Write/Reset Pulse Width 
90 nsmin 

0 nsmin Chip Select/Load DAC to Write Setup Time 
0 nsmin 

0 nsmin Chip Select/Load DAC to Write Hold Time 
0 nsmin 

90 nsmin Data Valid to Write Setup Time 
90 nsmin 

10 nsmin Data Valid to Write Hold Time 
10 nsmin 
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AD7224 
ABSOLUTE MAXIMUM RATINGS* 

VootoAGND 
VootoDGND . 
Voo to Vss ... 
AGND to DGND 
Digital Input Voltage to DGND 
VREF to AGND ........ . 
Vmrr to AGND1 •••••••• 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by .. ·. 

Operating Temperature 
Commercial (K, L Versions) 
Industrial (8, C Versions) 
Extended (T, U Versions) 

Storage Temperature .... 
Lead Temperature (Soldering, lOsecs) 

NOTES 

. -0.3V, + 17V 

. -0.3V, + 17V 

. -0.3V, +24V 
-0.3V, Voo 

~0.3V, Voo +0.3V 
-0.3V, V00 +0.3V 

Vss, Voo 
450mW 

. 6mWfoC 

-40°C to +85°C 
- 40°C to + 85°C 

- SS°C to + 125°C 
- 65°C to + lSOOC 
...•. +300°C 

1Tbe outputs may be shorted to AGND provided that the Powet dissipation 
of the package is not exceeded. Typically short circuit current to AGND 
is60mA. 

MOde11 

AD7224KN 
AD7224LN 
AD7224KP 
AD7224LP 
AD7224KR-1 

· AI;>7224LR-1 
AD7224KR-18 
AD7224LR~18 
AD7224BQ 
AD7224CQ 
AD7224TQ 
AD7224UQ 
AD7224TE 
AD7224UE 

NOTES 

ORDEllING GUIDE 
. ·'. .I" 

Total 
Temperature Unadjusted Package 
Range Error(LSB) Option2 

-4-0"Cto + 8S°C ±2max N-18 
-40°C to + 85°C ±lmax N-18 
-4(>°C to + 85°C ±2max · P-20A 
-40°C to + 85°C ±lmax P-20A 
-40°C to + 85°C ±2max R-20 
-'- 40°C to + 85°C ±lmax R-20 
- 40°C to + 85°C ±2max R-18 
- 40°C to + 8S°C ±1max R-18 
-40°C to + 85°C ±2max . Q-18 
-4o°Cto +8S°C ±lmax · Q-18 
- SS°C to + 125°C ±2max Q-18 
- 55°C to + 125°C ±lmax Q-18 
- SS°C to + 125°C ±2max E-20A 
- SS°C to + 12s0c ±lmax E-20A 

*Srresses above those listed Under "Absolute Maximum Ratings" may 
cause permanent damage "to the device. This is a stress rating only and 
functional opetation of the device at these or any othet Conditions above 
those indicated in the opetational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

1To order MIL-STD-883 processed parts, add /883B.'to part numbet .. 
Contact your local sales office for military data sheet. 

2E = Leadless Cetamic Chip Cartier; N = Plastic DIP; P = Plastic Leaded; 
Q = Cerdip; R = SOIC. For outline information see Package .Jnformation 
section. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

DIP/SOIC-18 

Yoo 

REsEi' 
LDAC 

WR 

cs 
DBO(LSB) 

DB1 

DB2 

DB3 

LCCC 

; J1 ~ ;Ii 
3 2 1 20 19 

VREF 4 

AGND 5 

DGND 6 

(MSB)DB7 7 
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PIN CONFIGURATIONS 

NC 
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AD7224 
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TOPYIEW 
(Not to Scale) 

NC = NO CONNECT 
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WARNING! (2J 
~~EDEVICE 
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TOPYIEW 
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FEATURES 
Four 8-Bit DACs with Output Amplifiers 
Separate Reference Input for Each DAC 
µP Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
Extended Temperature Range Operation 
No User Trims Required 
Skinny 24-Pin DIP, SOIC and 28-Terminal Surface 

Mount Packages 

GENERAL DESCRIPTION 
The AD7225 contains four 8-bit voltage output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each D/ A converter has a separate 
reference input terminal. No external trims are required to 
achieve full specified performance for the part. 

The double-buffered interface logic consists of two 8-bit registers 
per channel-an input register and a DAC register. Control inputs 
AO and Al determine which input register is loaded when WR 
goes low. Only the data held in the DAC registers determines 
the analog outputs of the converters. The double-buffering 
allows simultaneous update of all four outputs under control of 
LDAC. All logic inputs are TTL and CMOS (SV) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.SV when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ IOV. Each output buffer amplifier is capable of developing 
+ IOV across a 2k!l load. 

The AD7225 is fabricated on an all ion-implanted high-speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuitry on the same chip. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 
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LC2MOS Quad 8-Bit DAC 
with Separate Reference Inputs 

AD7225 I 
FUNCTIONAL BLOCK DIAGRAM 

VouTA 

Your B 

VourC 

VourD 

PRODUCT HIGHLIGHTS 
1. DACs and Amplifiers on CMOS Chip 

The single-chip design of four 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one end of the package and all digit111 
inputs at the other. 

2. Single or Dual Supply Operation 
The voltage-mode configuration of the AD7225 allows single 
supply operation. The part can also be operated with dual 
supplies giving enhanced performance for some parameters. 

3. Versatile Interface Logic 
The AD7225 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. The double-buffered 
interface allows simultaneous update of the four outputs. 

4. Separate Reference Input for Each DAC 
The AD7225 offers great flexibility in dealing with input 
signals with a separate reference input provided for each 
DAC and each reference having variable input voltage 
capability. 
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AD7225-SPECIFICATIONS 
DUAL SUPPLY CV00 = 11.4Y to 16.5Y, Yss = -5Y ± 10%; AGND = DGND = DY; YREF +2Y to (Y00 -4VJ1 unless otherwise stated. 

All specifications T min to T max unless otherwise noted.) 

K,B L,C 
Parameter Versions2 Versions2 TVersion UVersion Units Conditions/Comments 

STATIC PERFORMANCE 
Resolution Bits 
Total Unadjusted Error ±2 ±I ±2 ±I LSBmax Von= +1SV±5%,VREF= +IOV 
Relative Accuracy ±I ± 112 ±I ± 112 LSBmax 
Differential Nonlinearity ±I ±I ±I ±I LSBmax Guaranteed Monotonic 
Full Scale Error ±I ± 112 ±I ± 112 LSBmax 
Full Scale Temp. Coeff. ±5 ±5 ±5 ±5 ppmrCtyp Yoo= 14Vto 16.5V, VREF = + IOV 
Zero Code Error@ 25'C ±25 ± 15 ±25 ±15 mVmax 

TmintoTmax ±30 ±20 ±30 ±20 mVmax 
Zero Code ErrorTempCoeff. ±30 ±30 ±30 ±30 µV/'Ctyp 

REFERENCE INPUT 
Voltage Range 2to<Voo -4) 2to(Voo -4) 2to(Voo -4) 2to(Voo -4) VmintoVmax 
Input Resistance II II II II k!lmin 
Input Capacitance3 100 100 100 100 pFmax OccurswheneachDACisloaded with all l's. 
Channel-to--Cha.nnel lsolation3 60 60 60 60 dB min VREF = IOV p-p Sine Wave@ IOkHz 
AC Feedthrough' -70 -70 -70 -70 dB max VREF = IOVp-pSineWave@IOkHz 

DIGIT AL INPUTS 
lnputHighVoltage, V1NH 2.4 2.4 2.4 2.4 Vmin 
InputLowVoltage, V1NL 0.8 0.8 0.8 0.8 Vmax 
Input Leakage Current ±I ±I ±I ±I µAmax V1N = OVorVon 
Input Capacirance3 8 8 8 8 pFmax 
Input Coding Binary Binary Binary Binary 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate3 2.5 2.5 2.5 2.5 V/µsmin 
Voltage Output Settling Time3 

Positive Full Scale Change 5 5 5 5 µ.smax V REF = + IOV; Settling Time to ± l/2LSB 
Negative Full Scale Change 5 5 5 5 µsmax VREF = + IOV;SetrlingTimeto ± l/2LSB 

Digital Feedthrough3 50 50 50 50 nVsecsryp Code transition all O's to all l's. 
Digital Crosstalk' 50 50 50 50 nVsecsryp Code transition all O's to all l's. 
Minimum Load Resistance 2 2 2 2 kf!min VoUT = + IOV 

POWER SUPPLIES 
Yoo Range 11.4/16.5 11.4/16.5 11.4/16.5 11.4/16.5 V..,;,/V- For Specified Performance 
loo IO IO 12 12 mAmax Outputs Unloaded; V1N= V1NLorV1NH 
lss 9 9 10 IO mAmax Outputs Unloaded; VIN= V INL or V INH 

SWITCHINGCHAitACTERISTICS3•4 

t, 
@25'C 95 95 95 95 nsmin Write Pulse Width 
TmmtoTmax 120 120 150 150 nsmin 

t, 
@25°c 0 0 0 0 nsmin Address to Write Setup Time 
TmmtoTmax 0 0 0 0 nsmin 

t, 
@25'C 0 0 0 0 nsmin Address to Write Hold Time 
TmmtoT max 0 0 0 0 nsmin 

'4 
@25'C 70 70 70 70 nsmin Data Valid to Write Setup Time 
TmmtOTmax 90 90 90 90 nsmin 

c, 
@25'C IO 10 IO IO nsmin Data Valid to Write Hold Time 
TmintOTmU IO IO IO 10 nsmin 

r. 
@25'C 95 95 95 95 nsmin Load DAC Pulse Width 
T min to J' max 120 120 150 150 nsmin 

NOTES 
1Maximum possible reference voltage. 
2Temperaturc ranges are as follows: 

K, L Venions: -40"C to +85"C 
8, C Versions: -40"C to + 85"C 
T. U Versions: - 55°!: to + 12S'C 

3Sampie Tested at 25"C to ensure compliance. 
4Switching characteristics apply for single and dual supply operation. 

Specifications subject 10 change withou1 notice. 
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AD7225 
SINGLE Suppl 'Y (¥88 = + 15V ± 5%; Vss .= AGND = DGND = OV; VREF = + 1 OV1 unless otheiwisa stated. All specifications 

L T min to T mu unless otherwise noted.) 

K,B L,C 
Parameter Venions2 Vcniona2 TVersion UVenion Units f.oaditions/Comments 

STATIC PERFORMANCE 
Resolution Bits 
Total Unadjusted Error' :!:2 :ti :!:2 :ti LSBmax 
Differential Nonlinearity' :ti :ti :ti :ti LSBmax Guaranteed Monotonic 

REFERENCE INPUT 
Input Resistance 11 11 II II kflmin 
Input Capacitance4 100 100 100 100 pFmax Occurs when each DACisloadedwithall l's.11 
Channel-to-Channel Isolation3•4 60 60 60 60 dBmin VREF = IOV p-p Sine Wave@ IOkHz 
AC Feedthrough"4 -70 -70 -70 -70 dB max VREF = IOVp-pSineWavei[J, IOkHz 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 2.4 Vmin 
Input Low Voltage, V INL 0.8 0.8 0.8 0.8 Vmax 
Input Leakage Current :ti :ti :ti :ti µAmax VIN= OVorVoo 
Input Capacitance• 8 ~ 8 pFmax 
Input Coding Binary Binary Binary Binary 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 V/µ.smin 
Voltage Output Settling Time4 

Positive Full Scale Change 5 µsmax Settling Time to :!: l/2LSB 
Negative Full Scale Change 7 7 7 7 µsmax Settling Time to :!: l/2LSB 

Digital Feedthrough"4 50 50 50 50 nVsecstyp Code transition all O's to all I's. 
Digital Crosstalk3•4 50 50 50 50 nVsecstyp CodetransitionallO'stoall l's. 
Minimum Load Resistance 2 2 2 2 kfimin VoUT= +IOV 

POWER SUPPLIES 
Von Range 14.25/15.75 14.25/15.75 14.25/15.75 14.25/15.75 Vmm/V- For Specified Performance 
loo 10 10 12 12 mAmax Outputs Unloaded; V1N= V1NL or V1NH 

SWITCHINGCHARACTERISTICS4 

•• 
@25°C 95 95 95 95 nsmin Write Pulse Width 
TmintoTmax 120 120 150 150 nsmin 

12 

@25°C 0 0 0 0 nsmin Address to Write Setup Time 
TmintoTmu: 0 0 0 0 nsmin ,, 
@25°C 0 0 0 0 nsmin Address to Write Hold Time 
TmmtoTmax 0 0 0 0 nsmin .. 
@25°C 70 70 70 70 nsmin Data Valid to Write Setup Time 
TmintoTmax 90 90 90 90 nsmin 

Is 
@25°C 10 10 10 10 nsmin Data Valid to Write Hold Time 
TmmtoTmu: 10 10 10 10 nsmin .. 
@25°C 95 95 95 95 nsmin Load DAC Pulse Width 
Tm1ntoT.,.. 120 120 150 150 nsmin 

NOTES 
1 Maximum pou.ible reference voltage. 3Sample Tested at 2S"C to ensure compliance. 
2Tcmperature mqes are as follows: "Switching cbanclelistics apply for sinalc and dual supply operation. 

K, L Versions: -40"C to +BS"C Specif1C11tion1 subject to chanp: without notice. 
B, C Venioas: -40"C to + BS"C 
T, U Versions: - SS"C to + 125"C 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Moclel1 Range Error Opticin2 

AD722SKN - 40°C to + 8S°C ±2LSB N-24 
AD722SLN -40°C to + ss·c ±ILSB N-24 
AD722SKP -40~ to + ss·c ±2LSB P-28A 
AD722SLP -40°C to + 8S°C ±ILSB P-28A 
AD722SKR -40°C to + ss·c ±2LSB R-24 
AD722SLR -40°C to + 8S°C ±ILSB R-24 

NOTES 
1To Ol'der MIL-STI>-883 processed parts, add /883B to part number. 
Contact YoUf local sales office for military data sheet. 

REV.B 

Total 
Temperature Unadjusted Package 

Moclel1 Range Error Option2 

AD722SBQ -40°C to + 8S°C ±2LSB Q-24 
AD722SCQ -40°Cto +8S°C ±ILSB Q-24 
AD722STQ - SS°C to + l2S°C ±2LSB Q-24 
AD722SUQ - SS°C to + l2S°C ±ILSB Q-24 
AD722STE - SS°C to + 12S°C ±2LSB E-28A 
AD722SUE - ssoe to + 12s•c ±ILSB E-28A 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 
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AD7225 
ABSOLUTE MAXIMUM RATINGS* 
VootoAGND 
VootoDGND . 
Voo to Vss ... 
AGNDtoDGND 
Digital Input Voltage to DGND 
VREF to AGND ........ . 
VoUT to AGND1 • • • • • • • • 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by . . . . . . . . . . 

Operating Temperature 
Commercial (K, L Versions) ...... . 

CAUTION 

-0.3V, +17V 
-0.3V, + 17V 
-0.3V, +24V 

-0.3V, Voo 
-0.3V, V00+0.3V 
-0.3V, V00 +0.3V 

Vss, Voo 
SOOmW 

2.0mW/°C 

- 40°C to + 8S°C 

Industrial (B, C Versions) 
Extended (T, U Versions) 

Storage Temperature . . . . 
Lead Temperature (Soldering, lOsecs) 

NOTES 

- 40°C to + 8S°C 
- SS°C to +12s0c 
-6S°C to + 1S0°C 
..... +300°C 

*Stresses above those listed under "Absolute Maximum R,atings" may cause 
permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

10utputs may be shorted to any voltage in the range V ss to V DD 'provided 
that the power dissipation of the package is not exceeded. Typical short 
circuit current for a short to AGND or V ss is SOmA. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
DIP and SOIC 

PIN CONFIGURATIONS 
LCCC PLCC 

5 s' Q 0 0 0 
> > > 

" e 
i:J~}~J 

4321282726 

AGND 7 

NC 8 

DGND 9 

LDAC 10 
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~ 

~ 
: : 
L, 

AD7225 
TOP VIEW 

(Not to Scale) 

~ 

~ 

j 

-) 

25 VREFC 

24 VREFO 

23 AO 

22 NC 

21 A1 

20 WR 

19 OBO(LSB) 

12 13 14 15 16 17 18 

NC= NO CONNECT ~ ~ ~ ~ ~ ~ ~ 

TERMINOLOGY 

TOTAL UNADJUSTED ERROR 
Total Unadjusted Error is a comprehensive specification 
which indudes full scale error, relative accuracy, and zero 
code error. Maximum output voltage is VREF - lLSB (ideal), 
where 1 LSB (ideal) is VREF/256. The LSB size will vary 
over the V REF range. Hence the zero code error will, relative 
to the LSB size, increase as V REF decreases. Accordingly, the 
total unadjusted error, which includes the zero code error, 
will also vary in terms of LSB's over the VREF range; As a 
result, total unadjusted error is specified for a fixed reference 
voltage of + lOV. 

RELATIVE ACCURACY 
Relative Accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing i:hrough 
the end-points of the DAC transfer function. It is measured 
after allowing for zero code error and full scale error and is 
normally expressed in LSB's or as a percentage of full scale 
reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the 
measured change and ·the ideal lLSB change between any 
two adjacent codes. A specified differential nonlinearity of 

3-114 DIGITAL-TO-ANALOG CONVERTERS 

± 1 LSB max over the operating temperature range ensures 
monotonicity. 

DIGIT AL FEEDTHROUGH 
Digital Feedthrough is the glitch impulse transferred to the 
output of the DAC due to a change in its digital input code. 
It is specified in n V secs and is measured at V REF = OV. 

DIGITAL CROSSTALK 
Digital Crosstalk is the glitch impulse transferred to the 
output of one converter (not addressed) due to a change in 
the digital input code to another addressed converter. It is 
specified in nV secs and is measured at VREF= OV. 

AC FEEDTHROUGH 
AC Feedthrough is the proportion of reference input signal 
which appears at the output of a converter when that DAC is 
loaded with all O's. 

CHANNEL-TO-CHANNEL ISOLATION 
Channel-to-channel isolation is the proportion of input signal 
from the reference of one DAC (loaded with all l's) which 
appears at the output of one of the other three DACs (loaded 
with all O's). The figure given is the worst case for the three 
other outputs and is expressed as a ratio~jn dBs. 

FULL SCALE ERROR 
Full Scale Error is defined as: 

Measured. Value - Zero Code Error - Ideal Value 

REV.B 
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FEATURES 
Four 8-Bit DACs with Output Amplifiers 
Skinny 20-Pin DIP, SOIC and 20-Terminal 

Surface Mount Packages 
Microprocessor Compatible 
TTUCMOS Compatible 
No User Trims 
Extended Temperature Range Operation 
Single Supply Operation Possible 

APPLICATIONS 
Process Control 
Automatic Test Equipment 
Automatic Calibration of Large System Parameters, 

e.g., Gain/Offset 

GENERAL DESCRIPTION 
The AD7226 contains four 8-bit voltage-output digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the four DIA 
converters. Data is transferred into one of these data latches 
through a common 8-bit TIL/CMOS (SV) compatible input 
pon. Control inputs AO and Al determine which DAC is loaded 
when WR goes low. The control logic is speed-compatible with 
most 8-bit microprocessors. 

Each D/A convener includes an output buffer amplifier capable 
of driving up to SmA of output current. The amplifiers' offsets 
are laser-trimmed during manufacture, thereby eliminating any 
requirement for offset nulling. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.SV with dual supplies. The part is also specified 
for single supply operation at a reference of + lOV. 

The AD7226 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.A 

LC2MOS 
Quad 8-Bit D/A Converter 

AD7226 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT IUGHLIGHTS 
1. DAC-to-DAC Matching 

Since all four DACs are fabricated on the same chip at the 
8ame time, precise matching and tracking between the DACs 
is inherent. 

2. Single Supply Operation 
The voltage mode configuration of the DACs allows the 
AD7226 to be operated from a single power supply rail. 

3. Microprocessor Compatibility 
The AD7226 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered. 

4. Smail Size 
Combining four DACs and four op-amps plus interface logic 
into 20-pin DIP or SOIC or a 20-terminal surface mount 
package allows a dramatic reduction in board space require
ments and offers increased reliability in systems using multiple 
converters. Its pinout is aimed at optimizing board layout 
with all the analog inputs and outputs at one end of the 
package and all the digital inputs at the other. 
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AD7226-SPECIFICATIONS 
D I S I (V00 = 11.4V to 16.5V; Yss = -5V ± 111%; AGND = DGND = DY; VREF = 'lV to (V00 -4V)1 unless othelWise s1aled. 

U3 Upp Y All specifications TM11 to TMAX unless otheiwise noted.) 

Parameter 

STA TIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Relative Accuracy 
Differential Nonlinearity 
Full Scale Error 
Full Scale Temperature Coefficient 
Zero Code Error 
Zero Code Error Temperature Coefficient 

REFERENCE.INPUT 
Voltage Range 
Input Resistance 
Input Capacitance3 

DIGITAL INPUTS 
Input High Voltage, V INH 
Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 

Voltage Output SettlingTime4 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Crosstalk 
Minimum Load Resistance 

POWER SUPPLIES 
Yoo Range 
loo 
lss 

SWITCHING CHARACTERISTICS4•5 

Address to Write Setup Time, tAs 
@25°C 
TMINtoTMAX 

Address to Write Hold Time, tAH 
@25°c 
TMINtoTMAX 

Data Valid to Write Setup Time, tos 
@25°C 
TMINtoTMAX 

Data Valid to Write Hold Time,. toH 
@2S°C 
TMINtoTMAX 

Write Pulse Width, tWR 
@2S°C 
TMINtoTMAX 

NOTES 
1 Maximum possible reference voltage. 
2Temperature ranges are as follows: 

K Version: -40"C to + 85'C 
B Version: -40"C to + 85"C 
T Version: - SS"C to + J25'C 

'Guaranteed by design. Not production tested. 
4Sample Tested at 25'C to ensure compliance. 

K,B, TVersions2 

8 
±2 
±1 
±1 
±1112 
±20 
±30 
±50 

2to(Voo -4) 
2 
65 
300 

2.4 
0.8 
±1 
8 
Binary 

2.5 

5 
7 
50 
2 

11.4/16.5 
13 
11 

0 
0 

10 
10 

90 
100 

10 
10 

ISO 
200 

'Switching Characteristics apply for both single and dual supply operation. 

Specifications subject to change without notice. 
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Units 

Bits 
LSBmax 
LSBmax 
LSBmax 
LSBmax 
ppmf'Ctyp 
mVmax 
µVl°Ctyp 

VMINtoVMAX 
kOmin 
pFmin 
pFmax 

Vmin 
Vmax 
µAmax 
pFmax 

V/µsmin 

µsmax 
µsmax 
nVsecstyp 
kOmin 

VMINNMAX 
mAmax 
mAmax 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

nsmin 
nsmin 

Conditions/Comments 

Yoo= + 15V ± 5%, VREF = + lOV 

Guaranteed Monotonic 

Yoo= 14Vto 16.5V, VREF = + lOV 

Occurs when each DAC loaded with all O's. 
Occurs when each DACloaded with all l's. 

V1N = OVorVoo 

VREF = + IOV; Settling Time to± l/2LSB 
V REF = + IOV; Settling Time to ± l/2LSB 

VoUT= +IOV 

For Specified Performance 
Outputs Unloaded; VIN= VINLorVINH. 
OutputsUnloaded;'VIN = VINLorV1NH· 
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AD7226 
• CV00 = +15V ± 5%; Yss = AGND = DGND = OV; VREF +10V1 unless otherwise stated. 

Smgle Supply All specifications TMiN to TMo unless otherwise noted.) 

Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error 
Differential Nonlinearity 

REFERENCE INPUT 
Input Resistance 
Input Capacitance3 

DIGITAL INPUTS 
Input High Voltage, ViNH 
Input Low Voltage, ViNL 
Input Leakage Current 
Input Capacitance 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate4 

Voltage Output Settling Time4 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Crosstalk 
Minimum Load Resistance 

POWER SUPPLIES 
Yoo Range 
loo 

NOTES 
1 Maximum possible reference voltage. 
2Temperature ranges are as follows: 

K Version: -40°C to + 85°C 
B Version: - 40°C to + 85°C 
T Version: -SS"C to + 125°C 

'Guaranteed by design. Not production tested. 
4Sample Tested at 25°C to ensure compliance. 

K,B, TVersions' 

8 
::!:2 
::!: I 

2 
65 
300 

2.4 
0.8 
::!: I 
8 
Binary 

2 

s 
20 
so 
2 

14.25to15.75 
13 

'Switching Characteristics apply for both single and dual supply operation. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 

V00 toAGND 
V0 oto DGND 
Vss toAGND . 
Vss to DGND. 
Yoo to Vss .. 
AGNDtoDGND 
Digital Input Voltage to DGND 
VREF to AGND . . . . . . . . . 
V0 urtoAGND1 •••••••• 

Power Dissipation (Any Package) to + 75°C 
Derates above 75°C by . 

Operating Temperature 
Commerlcal (K Version) 

CAUTION 

-0.3V, + 17V 
-0.3V, +17V 

-7V, Yoo 
-7V,Voo 

-0.3V, +24V 
-0.3V, Voo 

-0.3V, V0 o +0.3V 
-0.3V,Voo 

Vss, Voo 
. 500mW 
2.0mW!°C 

- 40°C to + 85°C 

Units 

Bits 
LSBmax 
LSBmax 

kOmin 
pFmin 
pFmax 

Vmin 
Vmax 
µ,Amax 
pFmax 

Viµ,smin 

µ,smax 
µ,smax 
nV secs typ 
kOmin 

VMlNNMAx 
mAmax 

Conditions/Comments 

Guaranteed Monotonic 

Occurs when each DAC loaded with all O's. 
Occurs when each DAC loaded with all l's. 

VIN= OVorVoo 

Settling Time to ::!: l/2LSB 
Settling Time to ::!: l/2LSB 

Your= +IOV 

For Specified Performance 
Outputs Unloaded; VIN= V1NLorV1NH 

Industrial (B Version) . 
Extended (T Version) . 

- 40°C to + 85°C 
- 55°C to + 125°C 

Storage Temperature . . - 65°C to + 150°C 
Lead Temperature (Soldering, !Osecs) ..... +300°C 

NOTES 
'Outputs may be shorted to AGND provided that the power dissipation of the 
package is not exceeded. Typically short circuit current to AGND is 60mA. 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices su.bject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! Q_] 
~~EDEVICE 
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AD7226 

TEllMINOLOGY 

ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Model1 Range Error Option2 

AD7226KN -40°C to + ss·c ±2LSB N-20 
AD7226KP -40°C to + ss•c ±2LSB P-20A 
AD7226KR -40°Cto +ss·c ±2LSB R-20 
AD7226BQ -40°Cto +ss·c ±2LSB Q-20 
AD7226TQ - ss·c to + 12s0 c ±2LSB Q-20 
AD7226TE - ss·c to + 12s0c ±2LSB E-20A 
NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD), see DESC drawing #5962-87802. 

2E = LeadlessCeramicCbipCarrier;N = PlasticDIP;P =Plastic Leaded 
Cbip Carrier; Q = Cerdip; R = SOIC. For outlineinfonnation see 
Package Information section. 

TOTAL UNADJUSTED ERROR DIFFERENTIAL NONLINEARITY 
This is a comprehensive specification which includes full-scale 
error, relative accuracy and zero code error. Maximum output 
voltage is VREF - I LSB (ideal), where 1 LSB (ideal) is VREp/256. 
The LSB size will vary over the VREF range. Hence the zero 
code error will, relative to the LSB size, increase as V REF decreases. 
Accordingly, the total unadjusted error, which includes the zero 
code error, will also vary in terms of LSB's over the VREF range. 
As a result, total unadjusted error is specified for a fixed reference 
voltage of+ lOV. 

Differential Nonlinearity is the difference between the measured 
change and the ideal lLSB change between any two adjacent 
codes. A specified differential nonlinearity of ± lLSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL CROSSTALK 
The glitch impulse transferred to the output of one converter 
due to a change in the digital input code to another of the con
verters. It is specified in nV secs and is measured at VREF=OV. 

RELATIVE ACCURACY 
FULL-SCALE ERROR 
Full-Scale Error is defined as: 

Relative Accuracy or end-point nonlinearity, is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero and full-scale error and is normally expressed 
in LSB's or as a percentage of full-scale reading. 

Measured Value - Zero Code Error - Ideal Value. 

PIN CONFIGURATIONS 

DIP, SOIC LCCC PLCC 

c m u " c m u " s j 8 s 
VouTB VouTC JJ J J J J ~ > ~ 

VOUTD • • 1 20 .. 

Yoo f., ~ 

'' AJJ v .... u 18 VDD 

Al AGND & 17 AO 
AD7228 AD7226 

Wii DONO I TOPVIEW 11 A1 
TOP VIEW 

DB7(MSBJ 7 
INot to Sea .. , 15 1 Wi (Notto Scale) 

DBOILSBJ DB7IMSBJ 7 

DBS I 14 "DBDILSB) 
081 

DBZ 
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r.ANALOG 
WDEVICES 

FEATURES 
Eight 8-Bit DACs with Output Amplifiers 
Operates with Single or Dual Supplies 
JLP Compatible (95ns WR Pulse) 
No User Trims Required 
Skinny 24-Pin DIPs, SOIC, and 28-Terminal Surface 

Mount Packages 

GENERAL DESCRIPTION 
The AD7228A contains eight 8-bit voltage-mode digital-to-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. No external trims are required to 
achieve full specified performance for the part. 

Separate on-chip latches are provided for each of the eight D/ A 
converters. Data is transferred into the data latches through a 
common 8-bit TTL/CMOS (SV) compatible input port. Address 
inputs AO, Al and A2 determine which latch is loaded when 
WR goes low. The control logic is speed compatible with most 
8-bit microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2 to + IOV when using dual supplies. The part is also 
specified for single supply + 1 SV operation using a reference of 
+ IOV and single supply + SV operation using a reference of 
+ l.23V. Each output buffer amplifier is capable of developing 
+ IOV across a 2k!l load. 

The AD7228A is fabricated on an all ion-implanted, high-speed, 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuits on the same chip. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1 .. 800-446-6212. 

REV.O 

LC2MOS 
Octal 8-Bit DAC 

AD7228A I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Eight DACs and Amplifiers in Small Package 

The single-chip design of.eight 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one side of the package and all digital 
inputs at the other. 

2. Single or Dual Supply Operation 
The voltage-mode configuration of the DAcs·allows single 
supply operation of the AD7228A. The part can also be 
operated with dual supplies giving enhanced performance for 
some parameters. 

3. Microprocessor Compatibility 
The AD7228A has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. All latch enable signals 
are level triggered and speed compatible with most high
performance 8-bit microprocessors. 
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AD7228A-SPECIFICATIONS 
Du. A·L·· SUPPLY (YDD = 10.BV ID 1&.5Y; Yss = -5Y ±_111%; GND = UV;~-:= +2V ID +10V1; : 

. . , . . ir.. = 2kO, Ct = ltlllpF unless otherwise slatad.) Al specilicatians T.., ID r_ unless otherwise llOlllll •.. 

AB AC AT AtJ ............ Venion2 Venioa Venioa Venioa Unils ConditiollliCommeata 

STA TIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Total UllldjusteclError' ±2 ±I ±2 ±I LSBmax V00 = + ISV ± 10%, VREP = + IOV 
Relative Accuracy ±I ±112 ±I ±1/2 LSBmax 
Diffemltial Nonlinearity ±I ±I ±I ±I LSBmax Guaranteed Monotonic 
Full-Scale Error' ±I ±112 ±I ±112 LSBmax Typical l!'lllpcoisSppm/"Cwith VREP= + IOV 
7.eroCode Error 
@2S"C ±2S ±IS ±2S ±IS mVmax Typicaltempcois30fl.V/'C 

T .... toT- ±30 ±20 ±30 ±20 mVmax 
MiDimumLood~ ·· 2 2 2 2 kOmin Voirr= +IOV 

REFERENCE INPUT 
VoltageRaoge1 2to10 2to!O 2tol0 2tol0 VmintoVmax 
Input RcsislaDCC 2 2 2 2 kOmin 
Input Capaci1811Ce5 500 soo 500 500 pFmax Occurs when each DAC is loaded with all ls. 
AC Feed through -70 .-70 -70 -70 dBtyp V REF= 8V p-p Sine Wave@ !OkHz/ 

DIGITAL INPUTS 
Input High Voltage, VINH. 2.4 2A 2.4 2.4 Vmin 
Input Low Voltage, V1NL 0.8 0.8 0.8 0.8 Vmax 
Input Leakaae Cuirent . ±I ±I ±I ±I ,..Amax V1N = OVorVoo 
Input Capacitance' 8 8 8 8 pFmax 
Input Codins Binary Binary Binary Binary 

DYNA~CPERFORMANCE' 
Voltage Output Slew Rate 2 . 2 2 2 V/fl.smin 
Voltage Output Sc!lling Time 

Positive Full-Scale Chanie s s s s fl.SIDIX Vasp = + IOV;SettlingTimeto ± l/2LSB 
Negative Full-Scale Change s s s s fl.SIDIX Vasp = + IOV;SettlingTimeto H/2LSB 

Digital Feedthrough so so so so nVsecs.typ Code transition all Os to all ls. V REF= OV; WR= V DD 

Digital Crosstalk' .. so so so so nVsecscyp CodettinsitionallOstoall ls. VREP= + IOV;WR=OV 

POWER SUPPLIES 
VooRaoge 10.8116.S 10.8116.S 10.8116.S 10.8/16.S VmmN~ For Specified Performance 
VssRange -4.Sl-S.S '-4.Sl-S.S -4.Sl-S.S -4.Sl-S.S V.uJV .... For Specified PerfOimance 
loo Outputs Unloaded; VIN= V INL or V INH 

@2S"C 16 16 16 16 mAmax 
T"""toT .... 20 20 22 22 mAmax 

lss Outputs Unloaded; VIN= V INL or V INH 
@2S"C 14 14 14 14 mAmax 
TmlntoT-· ' 18 18 I 20 20 mAmax 

SIN··6L· E·su· P.P· LY1<Y .. = +lsv ±111%, vss = •n = av;v. = + 1av;11i. = 2kO, c.. =100pf 
unlassolherwise stallld.) Al specilications Tni ID r_ unless olhelWise naiad. 

ST A TIC PERFORMANCE '· 
Resolution 8 8 8 8 Bits 
Total Ullldjusted Error' ±2 ±1 ±2 ±1 LSBmlx 
Differential Nonlinearity ±I ±I ±I ±1 LSBmax Guannteed MOnotOnic 
Millimliln LoodResistanc:e 2 2 2 2 ldlmin Voirr= +IOV 

REFERENCE INPUT 
Input Resistance 2 2 2 2 ldlmin 
Input Capacitance' 500 soo SOO· soo pFmax Occurs when each DAC is loaded.with Ill ls. 

DIGITAL INPUTS As per Dual Supply Specifications 

DYNAMIC PERFORMANCE' 
Voltage Output Slew Ra.re 2 2 2 2 V/fl.Smin 
VoltaieOutput SettlingTime 

Positive FUu-ScaleCliange s s s s fl.SDIU Sc!lling Time to ± 1/2LSB 
NegativC Full-Scale Change 7 7 7 7 fl.Slll8ll: SettlingTimeto ± l/2LSB 

Digital Feedthrough so so so so nVsecstyp Code transition all Os to all ls. v ... =OV; WR= v DD 

so Digital Crosstalk' so so 
POWERSUPPLms 

VooRaoge 13 .• S/16.S 13.S/16.S 
loo 

@2S"C 16 16 
T"""toT .... 20 20 

NOTES 
1Voirr mut be ICla than V00 by 3.SV to ensure correct operatioil. 
'T_.... napsanufollows: 

AB, C Venions; -40"C to +B5"C 
AT, U Venioas; -55"C hi + 125"C 

13.S/16.S 

16 
22 

'ToCill Ullldjlllled Envr induda...., code enw, ..iaa .. accuncy llUI full-sc:ole enor. 
'CokulalOd ofter """ code error bu been ldjualOd out. 

3-120 DIGITAL-TO-ANALOG CONVERTERS 

so nVsecstyp CodetransitionallOstoall ls. VREP= + IOV; WR=OV. 

13.S/16.S V..JV,... For Specified Performance 
Outputs Unloaded; VIN= VINLorVINH 

16 mAmax 
22 mAmax 

•s.mp1e - .. 25"C to ...... c:omplilnce. 
'The stitch impuloe 1rllllfened to the output of one converter (DOI ldclreaed) 
due to I ....... in the diailll input code to - adclJaoed converter. 

7Siqle + 5V _.tion ii lllo poaible witb dqnded performmu:e (,.. Fqpue 14). 

Specilicstims IUbje<t to cma.-wi-t notice. 
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AD7228A 

Panmeter AD7228AB AD7228AC AD7228AT AD7228AU Units Conditiona/Comments 

STATIC PERFORMANCE 
Resolution 8 8 8 8 Bits 
Relative Accuracy ±2 ±2 ±2 ±2 LSBmax 
Differential Nonlinearity ±I ±I ±1 ±1 LSBmax Guaranteed Monotonic 
Full-Scale Error ±4 ±2 ±4 ±2 LSBmax 
Zero Code Error 

@25°c ±30 ±W ±30 ±20 mVmax 
TmintoTma::.: ±40 ±30 ±40 ±30 mVmax 

REFERENCE INPUT 
Reference Input Range 1.2 1.2 1.2 1.2 Vmin 

1.3 1.3 1.3 1.3 Vmax 
Reference Input Resistance 2 2 2 2 kOmin 
Reference Input Capacitance 500 500 500 500 pFmax 

POWER REQUIREMENTS 
Positive Supply Range 4.7515.25 4.7515.25 4.7515.25 4.7515.25 Vmin/Vmax For Specified Performance 
Positive Supply Current 

@25"C 16 16 16 16 µ.Amax 
TmmtoTmu: 20 20 22 22 µ.Amax 

Negative Supply Current 
@25"C 14 14 14 14 µ.Amax 
TmmtoTmu: 18 18 20 20 p.Amax 

NOTES 
All other specifications as per D1:taJ Supply Specifications except for negative full-scale scttlins-time when Vss = OV. 

Specifications subject to changC without notice. 

SWITCHING CHARACTERISTICS1• 2(Seef1g11res1,2;V00 = +5V ± 5%or +10.BV1D +16.5V;Yss = DVor -5V ±10%) 

Limit at 2S"C Limit at T m1n' T....,. Limit at T mm, T mu: 

Puameten AUGrades (K,L,B,CGrades) (T,UGrades) Units Conditions/Comments 

t, 0 0 0 nsmin Address to WR Setup Time 
t, 0 0 0 nsmin Address to WR Hold Time 
t3 70 90 100 nsmin Data Valid to WR Setup Time 
i. 10 10 10 nsmin Data Valid to WR Hold Time 
t, 95 120 150 nsm.in Write Pulse Width 

NOTES 
1Sample- tested at 2S°C to ensure compliance. All input rise and fall times measured. from 10% to 90% of + SV, ta= tF = 5ns. 
2Timi.ng measurement reference level is VJNH + V1NL 

--2--

INTERFACE LOGIC INFORMATION 
Address lines AO, Al and A2 select which DAC accepts data 
from the input port. Table I shows the selection table for the 
eight DACs with Figure l showing the input control logic. 
When the WR signal is low, the input latch of the selected 
DAC is transparent, and its output responds to activity on the 
data bus. The data is latched into the addressed DAC latch on 
the rising edge of WR. While WR is high, the analog outputs 
remain at the value corresponding to the data held in their 
respective latches. 

AD7228A Control Inputs AD7228A 

WI A2 Al AO Operation 

H x x x No Operation 
Device Not Selected 

L L L L DAC I Transparent , L L L DAC I Latched 
L L L H DAC 2 Transparent 
L L H L DAC 3 Transparent 
L L H H DAC 4 Transparent 
L H L L DAC 5 Transparent 
L H L H DAC 6 Transparent 
L H H L DAC 7 Transparent 
L H H H DAC 8 Transparent 

H=HighStatc L=LowStatc X=Don'tCare 

Tab/el. AD722BA Truth Table 

REV. 0 

TO DAC 1 LATCH 

AO 
TODAC2LATCH 

TO DAC3 LATCH 

A1 
TO DAC4 LATCH 

TO DACS LATCH 

A2 
TODAC6LATCH 

TO 0AC7 LATCH 

TO DAC8 LATCH 

Figure 1. Input Control Logic 

-I t, r- -I •· I-- sv 

ADDRESS~ 
~ .. -.. -WR SV 

~~~ ~t. OV 

DATA SV 

I I I ov 

NOTE: 
THE SELECTED INPUT LATCHISTAANSPARENTWHILEWiilS LOW, 
THUS INVAUDDATADURINGTHISTIME CAN CAUSE SPURIOUS OUTPUTS 

Figure 2. Write Cycle Timing Diagram 
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AD7228A 
. ·" 

ABSOLUTE MAXIMUM RATINGS* 
VDD to GND ... ·• ;· ............. .:..o.3V, + 17V 
VDD to Vss ........... ' .•.. · .... -0.3V, +24V 
Digital input Voltage to GND . . . . . . . . . -0.3V, VDD 
VRBF to GND . . . . . . . . . . . . . . . . . . -0.3V, VDD 
VoUT to GND1 ••••••••••••••••••• Vss. VDD 
Power Dissipation (Any Package) to. + 75°C . lOOOmW 

Derates above 7S°C by . . . . 2.0mW/°C 
Operating Temperature 

Commercial 
Industrial 
Extended . 

CAUTION: 

-40"C to + 8S°C 
-40"C to + 85°C 

- SS°C to + 125°C 

Storage Temperature . . . . . . . . . 
Lead Tem~ture (SOidering, lOsccs) 

NOTE' 

-6S°C to + lSO°C 
'• •... +300°C 

10utputs may be shorted to any voltage in the range V SS to VDD providiid 
that the power dissipation of the package is not exceeded. Typical short 
c:in:uit current for a short to GND or V ss is SOmA. 

*Stresses above those listecl under "Absolute Maximiim. Ratings" may 
cause permanent damage to lhe device. This is a stras rating only and 
functional operation of the device at these or any other conditions above 
those indicated in lhe operation81 $CC!ions of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. ' 

BSD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! g 
~~EDEVICE 

PIN CONFIGURATIONS 

DIP, SOIC 

PLCC 

~ § g 0 
> > > z ~ 

NC = NO CONNECT 

AD 

A1 

A2 

WR 

PBO(LSB) 

PB1 

PB2 

PB3 

PB4 

PBS 

PB6 

PB7(MSB) 
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ORDERING GUIDE 

Total 
Temperature Unadjusted Package 

Mode11 llange Error(LSB) Option2 

AD7228ABN -40°Cto + ss•c ±2max N-24 
AD7228ACN -40°Cto +ss·c ±'lmax N-24 
AD7228ABP -40°Cto +ss•c ±2max P-28A 
AD7228ACP -40°Cto +ss·c ±lmax P-28A 
AD7228ABR -40°Cto +ss·c ±2max R-24 
AD7228ACR -40°Cto +ss•c ±lmax R-24 
AD7228ABQ - 40•c to + ss·c ±2max Q-24 
AD7228ACQ - 40°C to + 8S°C ±lmax Q-24 
AD7228ATQ3 - ss•c to + 12s·c ±2.max Q-24 
AD7228AUQ3 -SS°Cto + 12s0 c ±lmax Q-24 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to part 
number. Contact your local sales office for military data sheet' and 
availability. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip; R = Small oUtline IC (SOIC). For outline information see 
Package Information section. 

l-fhese grades will be available to /883B processing only. 
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WDEVICES 

FEATURES 
12-Bit CMOS DAC with 

On-Chip Voltage Reference 
Output Amplifier 
-5 V to +5 V Output Range 

Serial Interface 
300 kHz DAC Update Rate 
Small Size : 8-Pin Mini-DIP 
Nonlinearity: ±1/2 LSB Tmln to Tmax 
Low Power Dissipation: 100 mW typical 

APPLICATIONS 
Process Control 
Industrial Automation 
Digital Signal Processing Systems 
Input/Output Ports 

GENERAL DESCRIPTION 
The AD7233 is a complete 12-bit, voltage-output, digital-to
analog converter with output amplifier and Zener voltage refer
ence all in an 8-pin package. No external trims are required to 
achieve full specified performance. The data format is 2s com
plement, and the output range is -5 V to +5 V. 

The AD7233 features a fast, versatile serial interface which 
allows easy connection to both microcomputers and 16-bit digi
tal signal processors with serial ports. When the SYNC input is 
taken low, data on the SDIN pin is clocked into the input shift 
register on each falling edge of SCLK. On completion of the 
16-bit data transfer, bringing LDAC low updates the DAC latch 
with the lower 12 bits of data and updates the output. Alterna
tively, LDAC can be tied permanently low, and in this case the 
DAC register is automatically updated with the contents of the 
shift register when all sixteen data bits have been clocked in. 
The serial data may be applied at rates up to 5 MHz allowing a 
DAC update rate of 300 kHz. 

For applications which require greater flexibility and unipolar 
output ranges with single supply operation, please refer to the 
AD7243 data sheet. 

The AD7233 is fabricated on Linear Compatible CMOS 
(LC2MOS), an advanced, mixed-technology process. It is pack
aged in an 8-pin DIP package. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV. 0 

LC2MOS 
12-Bit Serial Mini-DIP DACPORT 

AD7233 I 
FUNCTIONAL BLOCK DIAGRAM 

2R 2R 

INPUT SHIFT 
REGISTER 

SDIN SCLK SYNC LDAC 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit DACPORT® 

Vss 

2. The AD7233 is a complete, voltage output, 12-bit DAC on a 
single chip. This single-chip design is inherently more reli
able than multichip designs. 

3. Simple 3-Wire Interface to Most Microcontrollers and DSP 
Processors. 

4. DAC Update Rate-300 kHz. 

5. Space Saving 8-Pin Package. 
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AD7233-SPECIFICATIONS 1 (V00 = +12 V to +15 V,' Yss = -12 V to -15 V,' GND= 0 V, RL = 2 kfi, 
CL = 100 pF to GND. All specifications T min to. T max unless otheiwise noted.) 

Parameter A B 

STATIC PERFORMANCE 
Resolution 12 It 
Relative Accuracy3 ±1 ±1/2 
Differential N onlinearity3 ±0.9 ±0.9 
Bipolar Zero E.rror3 ±6 ±6 
Full-Scale Error3 ±8 ±8 
Full-Scale Temperature Coefficient ±30 ±30 

DIGIT AL INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, ViNL 0.8 0.8 
Input Current 

I1N ±1 ±1 
Input Capacitance• 8 8 

ANALOG OUTPUTS 
Output Voltage Range ±5 ±5 
DC Output Impedance 0.5 0.5 

AC CHARACTERISTICS4 

Voltage Output Settling Time 
Positive Full-Scale Change 10 10 
Negative Full-Scale Change 10 10 

Digital-to-Analog Glitch lmpulse3 30 30 
Digital Feedthrough3 10 10 

POWER REQUIREMENTS 
Voo Range + 10.8/+ 16.5 + 11.4/+ 15.75 
Vss Range -10.8/-16.5 -11.4/-15.75 
loo 10 10 
lss 4 4 

NOTES 
'Temperature Ranges are as follows: A, B Versions: -40"C to +8S'C. 
'Power Supply Tolerance: A Version: ± 10%; B Version: ±5%. 
'See Terminology. 
4Sample tested @ 2S'C to ensure c<impliance. 

Specifications subject to change without notice. 

SCLK 

- t2 

SYNC 

SDIN 

LDAC 

Units Test Conditions/Comments 

Bits 
LSBmax 
LSBmax Guaranteed Monotonic 
LSBmax DAC Latch Contents 0000 0000 0000 
LSB max 
ppm of FSR/°C typ 

Vmin 
Vmax 

µ,Amax V1N=OVtoV00 

pFmax 

v 
n typ 

Settling Time to Within ± 1/2 LSB of Final Value 
µ,s max Typically 3 µ,s; DAC Latch 100 ... 000 to 011. .. 111 
µ,s max Typically 5 µ,s; DAC Latch 011. .. 111to100 ... 000 
nV secs typ DAC Latch Contents Toggled Between All Os and all ls 
nV secs typ LDAC =High 

V min/V max For Specified Performance Unless Otherwise Stated 
V min/V max For Specified Performance Unless Otherwise Stated 
mAmax Output Unloaded;Typically 7 mA 
mAmax Output Unloaded; Typically 2 mA 

u 
- ta 

u 

u 
u 

ts 

u ta 

Figure 3. AD7233 Timing Diagram 
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1, 2 (V00 = +10.8 V to +16.5 V, Yss = -10.8 V to -16.5 V, GND = 0 V, Rt =2 kO, 
TIMING CHARACTERISTICS CL =100 pf. All Specifications Tmin to Tmax unless otherwise noted.) 

Limit at 25°C Limit at T min• T max 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

ti' 200 200 ns min SCLK Cycle Time 
t, 50 50 ns min SYNC to SCLK Falling Edge Setup Time 
t3 120 190 ns min SYNC to SCLK Hold Time 
t4 10 10 ns min Data Setup Time 
ts 100 100 ns min Data Hold Time 
t6 0 0 ns min SYNC High to LDAC Low 
t7 50 50 ns min LDAC Pulse Width 
ts 0 0 ns min LDAC High to SYNC Low 

NOTES 
'Sample tested at 25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figure 3. 
3SCLK Mark/Space Ratio range is 40/60 to 60/40. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 
V00 to GND ..................... -0.3 V to +17 V 
Vss to GND ..................... +0.3 V to -17 V 
VouT1 to GND ................. -6 V to V00 +0.3 V 
Digital Inputs to GND ..... : ..... -0.3 V to V00 +0.3 V 
Operating Temperature Range 
Industrial (A, B Versions) ............. -40°C to +85°C 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation to +75°C ................. 450 mW 
Derates above +75°C by .................. 10 mW/°C 

NOTE 
1The output may be shorted to voltages in this range provided the power dis
sipation of the package is not exceeded. Short circuit current is typically 
80mA. 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! g 
~~EDEVICE 

TERMINOLOGY 
RELATIVE ACCURACY (LINEARITY) 
Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB or less 
over the operating temperature range ensures monotonicity. 

BIPOLAR ZERO ERROR 
Bipolar zero error is the voltage measured at V ouT when the 
DAC is loaded with all Os. It is due to a combination of offset 
errors in the DAC, amplifier and mismatch between the internal 
gain resistors around the amplifier. 

REV. 0 

FULL-SCALE ERROR 
Full-scale error is a measure of the output error when the ampli
fier output is at full scale (full scale is either positive or negative 
full scale). 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
This is the voltage spike that appears at the output of the DAC 
when the digital code in the DAC latch changes before the out
put settles to its final value. The energy in the glitch is specified 
in n V secs, and is measured for an all codes change (0000 0000 
0000 to 1111 1111 1111). 

DIGITAL FEEDTHROUGH 
This is a measure of the voltage spike that appears on V ouT as a 
result of feedthrough from the digital inputs on the AD7233. It 
is measured with LDAC held high. 
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AD7233 

Pin Mnemonic 

Von 
2 SCLK 
3 SDIN 

4 SYNC 

5 LDAC 

6 GND 
7 VouT 
8 Vss 

PIN FUNCTION DESCRIPTION 

Description 

Positive Supply ( + 12 V to + 15 V). 
Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 
Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 
Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in readiness for 
a new data word. 
Load DAC, Logic Input. Updates the DAC output. The DAC output is updated on the falling edge of this 
signal, or alternatively if this line in permanently low, an automatic update mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 
Ground pin = 0 V. 

Analog Output Voltage. This is the buffered DAC output voltage (-5 V to +5 V). 
Negative Supply (-12 V to -15 V). 

ORDERING GUIDE 

Temperature Relative 
Model Range Accuracy 

AD7233AN -40°C to +85°C ±1 LSB 
AD7233BN -40°C to +85°C ±112 LSB 

*N = Plastic DIP. For outline information see Package 
Information section. 

Package 
Option* 

N-8 
N-8 
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FEATURES 
Complete Dual 12-Bit DAC Comprising 

Two 12-Bit CMOS DACs 
On-Chip Voltage Reference 
Output Amplifiers 
Reference Buffer Amplifiers 

Improved AD7237/AD7247: 
12 V to 15 V Operation 
Faster Interface -30 ns typ Data Setup Time 

Parallel Loading Structure: AD7247A 
(8+4) Loading Structure: AD7237A 
Single or Dual Supply Operation 
Low Power - 165 mW typ in Single Supply 

GENERAL DESCRIPTION 
The AD7237NAD7247A is an enhanced version of the industry 
standard AD7237/AD7247. Improvements include operation 
from 12 V to 15 V supplies, faster interface times and better 
reference variations with V DD· Additional features include faster 
settling times. 

The AD7237NAD7247A is a complete, dual, 12-bit, voltage 
output digital-to-analog converter with output amplifiers and 
Zener voltage reference on a monolithic CMOS chip. No exter
nal user trims are required to achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7247 A accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7237 A has a double buffered interface structure and an 8-bit 
wide data bus with data .loaded to the respective input latch in 
two write operations. An asynchronous LDAC signal on the 
AD7237A updates the DAC latches and analog outputs. 

A REF OUT/REF IN function is provided which allows either 
the on-chip 5 V reference or an external reference to be used as 
a reference voltage for the part. For single supply operation, two 
output ranges of 0 to +5 V and 0 to + 10 V are available, while 
these two ranges plus an additional ± 5 V range are available 
with dual supplies. The output amplifiers are capable of devel
oping + 10 V across a 2 kn load to GND. 

The AD7237NAD7247A is fabricated in Linear Compatible 
CMOS (LC2MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3" wide plastic and her
metic dual-in-line package (DIP) and are also packaged in a 
24-lead small outline (SOIC) package. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data Sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

REF 
OUT 

REF 
INA 

... 
INB 

LC2MOS 
Dual 12-Bit DACPORTs 

AD7237 A/AD724 7 A I 
FUNCTIONAL BLOCK DIAGRAMS 

D80 '"'-------' 

oa1N------

LDAC 
cs 
Wii .. . , 

DGND 

PRODUCT HIGHLIGHTS 

AGND v .. 

GND Vss 

!. The AD7237A/AD7247A is a dual 12-bit DACPORT® on a 
single chip. This single chip design and small package size 
offer considerable space saving and increased reliability over 
multichip designs. 

2. The improved interface times of the parts allow easy, direct 
interfacing to most modern microprocessors, whether they 
have 8-bit or 16-bit data bus structures. 

3. The AD7237A/AD7247A features a wide power supply range 
allowing operation from 12 V supplies. 
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A-0-7-237• /A07247A SPECIFICA'JIQNS (Yoo= +12 Y to +15 Y,1 Yss =DY or -:12 Y to ---- ---_ _ HIH - - H -15 V,1 AGND = DGND = 0 VCA07237A]; GND =DY 
[AD7247A], REF IN = +5 V, RL = 2 kfi, CL = 100 pF. All specifications lmin to lmax unless otherwise noted.) 

P8rameter A' B' T' . Units 

STATIC PERFORMANCE 
Resoliition 12 12 12 Bits 
Relative Accuracy' ±I ±112 ±1/2 LSBmax 
Differential Nonlinearity' ±0.9 ±0.9 ±0.9 LSBmax 
Unipolar Offset Error' ±3 - ±3 ±4 LSB max 
Bipolar Zero Error' ±6 ±4 ±6 LSBmax 

Full-Scale Error" 5 ±5 ±5 ±6 LSBmax 
Full-Scale Mismatch' ±I ±1 ±I LSB typ 

REFERENCE OUTPUT 
REF OUT 4.97/5.03 4.97/5.03 4.95/5.05 V minimax 
Reference Temperature Coefficient ±25 ±25 ±25 ppm/°C typ 
Reference Load Change 

(<iREF OUT vs. ill) -1 -I -I mVmax 

REFERENCE INPUT 
Reference Input Range 4.75/5.25 4.75/5.25 4.75/5.25 Vmin/max 
Input Current• ±5 ±5 ±5 ,.Amax 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 Vmin 
Input Low Voltage, V INL 0.8 0.8 0.8 Vmax 
Input Curreni 

11N (Data Inputs) ±10 ±10 ±10 ,.Amax 
Input Capacitance• -. 8 8 8 pFmax 

ANALOG OUTPUTS 
Output Range Resistors 15/30 15/30 15/30 k!l minimax 
Output Voltage Ranges' +5, +10 +5, +IO v 
Output Voltage Ranges' +5; +10, ±5 +5, +10, ±5 +5, +10, ±5 
DC Output Impedance 0.5 0.5 0.5 n IYP 

AC CHARACTERISTICS6 

Voltage Output Settling Time 
Positive Full·Scale Change 8 8 JO ,,_,max 
Negative Full-Scale Change 8 8 10 µsmax 

Digital·to·Analog Glitch Impulse' 30 30 30 nV secs typ 
Digital Feedihrough3 JO 10 10 nV secs typ 
Digital Crosstalk' 30 30 30 nV secs typ 

POWER REQUIREMENTS 

Voo + 10.8/+ 16.5 + 11.4/+ 1_5.75 + 11.4/+ 15.75 Vmin/max 

Vss -10.81-16.5 -11.4/-15.75 -11.4/-15.75 V minimax 

loo 15 15 15 mAmax 
188 (Dual Supplies) 5 5 5 mAmax 

NOTES 
1Power Supply tolerance is ± 10% for A version and ±5% for B and T versions. 
'Temperature ranges are as follows: A, B Versions, -40°C io +85°C; T Version, -55°C to + 125°C. 
'See Terminology. 
4With appropriate power supply tolerances. 
5 Measured with respect to REF IN and includes_ unipolar/bipolar offset error. 
•sample tested @+ 25°C to ensure compliance. 
70 to + 10 V range is only available with V00 ;,, 14.25 V. 

Specifications subject _to change without notice. 
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Test Conditi11ns/Co111111ents 

Guaranteed Monotonic 
Vss = OV or ~12 V to -15 V4 • DAC Latch Contents AU Os 
Vss = -12 V to -15 V4• DAC Latch Contents 
1000 0000 0000 

Reference Load Current Change (0-100 ,.A) 

5V ± 5% 

V1N = OVtoV00 

Single Supply; (V ss = 0 V) 
Dual Supply; (Vss = -12 V to -15 V4) 

Settling Time to Wiihin ± 112 LSB of Final Value 
DAC Latch all Os to all ls. Typically 5 fl.S 

DAC Latch all ls to all Os. Typicaliy 5 fl.S 
Vss = -12 v to -15-v•. 
DAC Latch Contents Toggled Between all O's and all l's. 

For Specified Performance Unless Otherwise State<j 
For Specified Performance Unless Otherwise Stated 
Output Unloaded. Typically JO mA 
Output Unloaded. Typically 3 mA 
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AD7237A/AD7247A 

TIMING CHARACTERISTlcst, 2 (V00 = + 12 V to + 15 V,3 V55 = 0 V or -12 V to -15 V,3 AGND = DGND = 0 V 
[AD7237AJ, GND = 0 V [AD7247A]) 

Limit at T m;n• T max Limit at T min' T max 

Parameter (A, B Versions) (T Version) Units Conditions/Comments 

t, 0 0 ns min CS to WR Setup Time 
t, 0 0 ns min CS to WR Hold Time 
t, 80 JOO ns min WR Pulse Width 
t. 80 80 nsmm Data Valid to WR Setup Time 
ts• 10 10 ns min Data Valid to WR Hold Time 
t6s 0 0 ns min Address to WR Setup Time 
t,5 0 0 ns min Address to WR Hold Time 
lss 80 100 ns min LDAC Pulse Width 

NOTES 
'Sample resred ar +25°C 10 ensure compliance. All input signals are specified wirh Ir = rf = 5 ns (10% ro 90% of 5 V) 
and rimed from a voltage level of 1.6 V. 

'See Figures 5 and 7. 
3Power Supply tolerance is ±IO% for A version and ± 5% for B and T versions. 
4If 0 ns<t2< IO ns, add t 1 to t 5 • If t 2 ~ 10 ns, add 10 ns to t 5 • 

'AD7237A only. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless orherwise nored) 

V00 to GND (AD7247A) ............. -0.3Vto+17 V 
V00 to AGND, DGND (AD7237A) ...... -0.3Vto+17 V 
V00 to Vss ...................... -0.3 V to +34 V 
AGND to DGND (AD7237A) ....... -0.3 V, V00 +0.3 V 
VouTA1, V0 urn 1 to AGND (GND) 

..................... Vss -0.3 V to V00 +0.3 V 
REF OUT to AGND (GND) .............. 0 V to V00 

REF IN to AGND (GND) ........ -0.3 V to V00 +0.3 V 
Digital Inputs to DGND (GND) .... -0.3 V to V00 +0.3 V 
Operating Temperature Range 

Industrial (A, B Versions) ............ -40°C to +8S°C 
Extended (T Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -6S°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ....... 1000 mW 
Derates above +7S°C by .................. 10 mWl°C 

NOTE 
'Short-circuir currenr is rypically 80mA. The ourpurs may be shorred lo 
voltages in this range provided the power dissipation of the package is not 
exceeded. 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress racing only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ORDERING GUIDE 

Relative 
Temperature Accuracy Package 

Model' Range (LSB) Option2 

AD7237AAN -40°C to +8S°C ±1 max N-24 
AD7237ABN -40°C to +8S°C ±112 max N-24 
AD7237AAR -40°C to +8S°C ±1 max R-24 
AD7237ABR -40°C to +8S°C ±1/2 max R-24 
AD7237ATQ -SS°C to + 125°C ±112 max Q-24 

AD7247AAN -40°C to +8S°C ±1 max N-24 
AD7247ABN -40°C to +8S°C ±112 max N-24 
AD7247AAR -40°c to +8S°C ±1 max R-24 
AD7247ABR -40°C to +8S°C ±112 max R-24 
AD7247ATQ -SS°C to + 125°C ±112 max Q-24 

NOTES 
1To order MIL-STD-883, Class B processed parrs, add /883B lo par! num
ber. Conracr local sales office for milirary dara sheer and availability. 

'N = Plasric DIP; Q = Cerdip; R = Small Oudine (SOIC). For oudine 
information see Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7237A/AD7247A features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! Q.J 
~~EDEVJCE 
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AD7237 A/AD7247 A 
AD7237A PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 

Pin Mnemonic 

REF INA 

2 REF OUT 

3 REF INB 

4 RoFsB 

5 VouTB 

6 AGND 

7 DB7 

8-10 DB6-DB4 

11 DB3 

12 DGND 

13 DB2 

14 DB! 

15 DBO 

16 AO 

17 Al 

18 cs 
19 WR 

20 LDAC 

21 Voo 

22 VouTA 

23 Vss 

24 Ro FSA 

Description 

Voltage Reference Input for DAC A. The reference voltage for DAC A is applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the 
AD7237A is 5 V. 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF INA, REF INB. 

Voltage Reference Input for DAC B. The reference voltage for DAC B is applied to this pin. It is internally 
buffered before being applied to the DAC. The nominal reference voltage for correct operation of the 
AD7237A is 5 V. 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is connected to 
VouTB for the + 5 V range, to AGND for the + 10 V range and to REF INB for the ± 5 V range. 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to + 5 V, 0 to + 10 V and ± 5 V. The amplifier is capable of developing + 10 V 
across a 2 kn resistor to GND. 

Analog Ground. Ground reference for DACs, reference and output buffer amplifiers. 

Data Bit 7. 

Data Bit 6 to Data Bit 4. 

Data Bit 3/Data Bit 11 (MSB). 

Digital Ground. Ground reference for digital circuitry. 

Data Bit 2/Data Bit 10. 

Data Bit l/Data Bit 9. 

Data Bit 0 (LSB)/Data Bit 8. 

Address Input. Least significant address input for input latches. AO and Al select which of the four input 
latches data is written to (see Table II). 

Address Input. Most significant address input for input latches. 

Chip Select. Active low logic input. The device is selected when this input is active. 

Write Input. WR is an active low logic input which is used in conjunction with CS, AO and Al to write data 
to the input latches. 

Load DAC. Logic input. A new word is loaded into the DAC latches from the respective input latches on the 
falling edge of this signal. 

Positive Supply ( + 12 V to + 15 V). 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to + 5 V, 0 to + 10 V and ± 5 V. The amplifier is capable of developing + 10 V 
across a 2 kn resistor to GND. 

Negative Supply (0 V or -12 V to -15 V). 

Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
VouTA for the +5 V range, to AGND for the + 10 V range and to REF INA for the ±5 V range. 
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AD7247A PIN FUNCTION DESCRIPTION (DIP PIN NUMBERS) 

Pin 

2 

3 

4 

5 

6 

7-15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

REV.O 

Mnemonic 

REF OUT 

RoFSB 

VouTB 

DBI! 

DBlO 

GND 

DB9-DB1 

DBO 

CSB 

CSA 

WR 

Vnn 

VouTA 

Vss 

Ro FSA 

REFIN 

Description 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part with 
internal reference, REF OUT should be connected to REF IN. 

Output Offset Resistor for DAC B. This input configures the output ranges for DAC B. It is connected to 
V ourn for the + 5 V range, to GND for the + 10 V range and to REF IN for the ± 5 V range. 

Analog Output Voltage from DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to + 5 V, 0 to + I 0 V and ± 5 V. The amplifier is capable of developing + 10 V 
across a 2 kn resistor to GND. 

Data Bit 11 (MSB). 

Data Bit 10. 

Ground. Ground reference for all on-chip circuitry. 

Data Bit 9 to Data Bit 1. 

Data Bit 0 (LSB). 

Chip Select Input for DAC B. Active low logic input. DAC B is selected when this input is active. 

Chip Select Input for DAC A. Active low logic input. DAC A is selected when this input is active. 

Write Input. WR is an active low logic input which is used in conjunction with CSA and CSB to write data to 
the DAC latches. 

Positive Supply ( + 12 V to + 15 V). 

Analog Output Voltage from DAC A. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to + 10 V and ±5 V. The amplifier is capable of developing + 10 V 
across a 2 k.!1 resistor to GND. 

Negative Supply (0 V or -12 V to -15 V). 

Output Offset Resistor for DAC A. This input configures the output ranges for DAC A. It is connected to 
VouTA for the +5 V range, to GND for the +IO V range and to REF IN for the ±5 V range. 

Voltage Reference Input. The common reference voltage for both DACs is applied to this pin. It is internally 
buffered before being applied to both DACs. The nominal reference voltage for correct operation of the 
AD7247A is 5 V. 

AD7237A PIN CONFIGURATIONS AD7247A PIN CONFIGURATIONS 

DIP and SOIC DIP and SOIC 
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AD7237 A/AD7247 A 

AO/A1 ___ x ADDRESS VALID x.__ ____ _ 
ta~ i-- _, ~1--~~~~~ 

~ I : J. 
t, -I i-- ta ---1 I-ta \ 1'.-----

r-- t. :::I ~ta 
DATA ------x ~~f X'"'-""-----

Figure 1. AD7247A Write Cycle Timing Diagram 

Figure 2. AD7237A Write Cycle Timing Diagram 
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FEATURES 
Two 12-Bit/14-Bit DACs with Output Amplifiers 

AD7242: 12-Bit Resolution 
AD7244: 14-Bit Resolution 

On-Chip Voltage Reference 
Fast Settling Time 

AD7242: 3 µs to ±112 LSB 
AD7244: 4 µs to ±1/2 LSB 

High Speed Serial Interface 
Operates from ±5 V Supplies 
Specified Over -40°C to +85°C in Plastic Packages 
Low Power - 130 mW typ 

GENERAL DESCRIPTION 
The AD7242/AD7244 is a fast, complete, dual 12-bit/14-bit volt
age output DIA converter. It consists of a 12-bit/14-bit DAC, 
3 V buried Zener reference, DAC output amplifiers and high 
speed serial interface logic. 

Interfacing to both DACs is serial, minimizing pin count and 
allowing a small package size. Standard control signals allow 
interfacing to most DSP processors and microcontrollers. Asyn
chronous control of DAC updating for both DACs is made pos
sible with a separate LDAC input for each DAC. 

The AD7242/AD7244 operates from ±5 V power supplies, pro
viding an analog output range of ±3 V. A REF OUT/REF IN 
function allows the DACs to be driven from the on-chip 3 V 
reference or from an external reference source. 

The AD7242/AD7244 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
Both parts are available in a 24-pin, 0.3 inch wide, plastic or 
hermetic dual-in-line package (DIP) and in a 28-pin, plastic 
small outline (SOIC) package. The AD7242 and AD7244 are 
available in the same pinout to allow easy upgrade from 12-bit 
to 14-bit performance. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

LC2MOS Dual, Complete, 
12-Bit/14-Bit Serial DACs 

AD7242/AD7244 I 
FUNCTIONAL BLOCK DIAGRAM 

Voo v,, Vss Vss 

REF INA 

TFSA 6------r-:;;;;;;:-:-1 
TCLKA 0-------t 

OTA ry------L-'=~:...__J 

TFSB O------r-;;;;:;;;;;--1 
TCLKB r>-----

DTB 9-------L_;::::=:,_..J 

REFINB 

AGNO AGNO 

PRODUCT HIGHLIGHTS 

TP1 TP2 

DGND DGNO 

1. Complete, Dual 12-Bit/14-Bit DACs 

TP3 

REF OUT 

The AD7242/AD7244 provides the complete function for 
generating voltages to 12-bit/14-bit resolution. The part fea
tures an on-chip reference, output buffer amplifiers and two 
12-bit/14-bit DIA converters. 

2. High Speed Serial Interface 
The AD7242/AD7244 provides a high speed, easy-to-use, 
serial interface allowing direct interfacing to DSP processors 
and microcontrollers. A separate serial port is provided for 
each bAC. 

3. Small Package Size 
The AD7242/AD7244 is available in a 24-pin DIP and a 28-
pin SOIC package offering considerable space saving over 
comparable solutions. 
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AD7242 /AD7244 SPEClflCAJIQNS (V00 = +5 V ± 5%, Yss = -5 V ± 5%, AGND = DGND = 
/1 . -.. . 0 V, REF INA= REF INB = +3 V'. YourA• V0u1e load to AGND: RL 

= 2 kO, CL = 100 pf. All Specifications Tm;n to lmax unless otherwise noted.) 

AD7242 
Parameter J, A Versions' K, B Versions' Units 

DC ACCURACY 
Resolution 12 12 Bits 
Integral Nonlinearity ±I ±112 LSB max 
Differential Nonlinearity ±1 ±I LSB max 
Bipolar Zero Error ±5 ±5 LSB max 
Positive Full-Scale Error' ±5 ±5 LSB max 
Negative Full-Scale Error' ±5 ±5 LSB max 

REFERENCE OUTPUT' 
REF OUT@ +25'C 2.99/3.01 2.99/3.01 V min/V max 

Tmin to Tmax 2.98/3.02 2.98/3.02 V min/V max 
REF OUT Tempco 35 35 ppmi'C typ 
Reference Load Change 

(II.REF OUT vs. II.I) -1 -I mVmax 

REFERENCE INPUTS 
REF INA, REF INB Input Range 2.85/3.15 2.85/3.15 V min/V max 
Input Current 1 I µAmax 

LOGIC INPUTS 
(LDACA, LDACB, TFSA, TFSB, 
TCLKA, TCLKB, DTA, DTB) 

Input High Voltage, ViNH 2.4 2.4 V min 
Input Low Voltage, vlNL 0.8 0.8 Vmax 
Input Current, r,N ±10 ±10 µAmax 
Input Capacitance, C1N 4 10 10 pFmax 

ANALOG OUTPUTS 
(VouTA• VouTBl 

Output Voltage Range ±3 ±3 Vnom 
DC Output Impedance 0.1 0.1 fl typ 
Short Circuit Current 20 20 mAtyp 

AC CHARACTERISTICS4 

Voltage Output Settling Time 
Positive Full-Scale Change 3 3 µsmax 
Negative Full-Scale Change 3 3 µs max 

Digital-to-Analog Glitch Impulse 10 JO nV secs typ 
Digital Feedthrough 2 2 nV secs typ 
Channel-to-Channel Isolation llO llO dB typ 

POWER REQUIREMENTS 
Voo +S +5 Vnom 

Vss -s -s V nom 

loo 27 27 mAmax 

Iss JS JS mAmax 
Total Power Dissipation 19S 19S mW max 

NOTES 
1Temperature ranges are as follows: J, K Versions: -40°C to +85°C; A, B Versions: -40°C to +85°C. 
2 Measured with respect to REF IN and includes bipolar offset error. 
3For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
4Sample tested @ + ZS'C to ensure compliance. 
Specifications subject to change without notice. 

AD7242 ORDERING GUIDE 

Temperature Integral 
Model Range Nonlinearity 

AD7242JN -40°C to +85'C ±I LSB max 
AD7242KN -40'C to +85'C ±1/2 LSB max 
AD7242JR -40°C to +85°C ±I LSB max 
AD7242KR -40'C to +8S°C ±1/2 LSB max 
AD7242AQ -40°C to +85°C ±I LSB max 
AD7242BQ -40'C to +8S°C ±1/2 LSB max 

Test Conditions/Comments 

Guaranteed Monotonic 

Reference Load Current Change (0-500 µA) 

3 v ± So/o 

Voo = S V ± So/o 
Voo = S V ± So/o 
v,N = 0 v to Voo 

Settling Time to Within ± 1/2 LSB of Final Value 
Typically 2 µs 
Typically 2 µs 
DAC Code Change All ls to All Os 

VouT = JO kHz Sine Wave 

±So/o for Specified Performance 
±So/o for Specified Performance 
Cumulative Current from the Two V 00 Pins 
Cumulative Current from the Two V ss Pins 
Typically 130 mW 

Package 
Option* 

N-24 
N-24 
R-28 
R-28 
Q-24 
Q-24 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For 
outline information see Package Information section. 
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AD7242/AD7244 
AD7244 

Parameter J/A Versions' S Version' Units Test Conditions/Comments 

DC ACCURACY 
Resolution 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSB max 
Differential Nonlinearity ±1 ±1 LSB max Guaranteed Monotonic 
Bipolar Zero Error ±10 ±15 LSB max 
Positive Full-Scale Error' ±10 ±15 LSB max 
Negative Full-Scale Error' ±10 ±15 LSB max 

REFERENCE OUTPUT' 
REF OUT@ +25°C 2. 99/3.01 2.99/3.01 V min/V max 

Tmin to Tmax 2.98/3.02 2.93/3.05 V min/V max 
REF OUT Tempco 35 35 ppm/°C typ 
Reference Load Change 

(t.REF OUT vs. t.I) -1 -1 mVmax Reference Load Current Change (0-500 µA) 

REFERENCE INPUTS 
REF INA, REF !NB Input Range 2.85/3.15 2.85/3.15 V min/V max 3 v ± 5% 
Input Current 1 1 µA max 

LOGIC INPUTS 
(LDACA, LDACB, TFSA, TFSB, 
TCLKA, TCLKB, DTA, DTB) 

Input High Voltage, V,NH 2.4 2.4 Vmin V00 = 5 V ± 5% 
Input Low Voltage, VINL 0.8 0.8 Vmax V00 = 5 V ± 5% 
Input Current, I,N ±10 ±10 µA max v,N = 0 v to Yoo 
Input Capacitance, c,N 4 10 10 pF max 

ANALOG OUTPUTS 
(VouTA, YouTB) 

Output Voltage Range ±3 ±3 Vnom 
DC Output Impedance 0.1 0.1 fl typ 
Short Circuit Current 20 20 mA typ 

AC CHARACTERISTICS4 

Voltage Output Settling Time Settling Time to Within ± 112 LSB of Final Value 
Positive Full-Scale Change 4 4 µ.s max Typically 2.5 µs 
Negative Full-Scale Change 4 4 µs max Typically 2.5 µ~ 

Digital-to-Analog Glitch Impulse 10 10 nV secs typ DAG Code Change All ls to All Os 
Digiial Feedthrough 2 2 nV secs typ 
Channel-to-Channel Isolation 110 110 dB typ YouT = 10 kHz Sine Wave 

POWER REQUIREMENTS 

Yoo +5 +5 Vnom ±5% for Specified Performance 

Yss -5 -5 Vnom ±5% for Specified Performance 

loo 27 28 mAmax Cumulative Current from the Two V 00 Pins 

Iss 15 15 mAmax Cumulative Current from the Two V ss Pins 
Total Power Dissipation 195 205 mW max Typically 130 mW 

NOTES 
1Temperature ranges are as follows: J Version: 0°C to +70°C; A Version: -400C to +85°C; S Version: -55°C to +125°C. 
2 Measured with respect to REF IN and includes bipolar offset error. 
3For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 
4Sample tested@ +25°C to ensure compliance. 

Specifications subject to change without notice. 

REV.A 

AD7244 ORDERING GUIDE 

Temperature Integral Package 

Model1 Range Nonlinearity Option2 

AD7244JN -40°C to +8S°C ±2 LSB max N-24 

AD7244JR -40°C to + 8S°C ±2 LSB max R-28 

AD7244AQ -40°C to + 8S°C ±2 LSB max Q-24 

AD7244SQ3 -SS°C to + 125°C ±2 LSB max Q-24 

NOTES 
1To order MIL-STD-883, Class B, processed parts, add /883B to part num
ber. Contact local sales office for military data sheet and availability. 

'N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

3This grade will be available to /883B processing only. 
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AD7242/AD7244 

TIMING CHARACTERISTICS1• 2 (VDD = +5 V ± 5%, Yss = -5 V ± 5%, AGND = DGND = 0 VJ 

Limit at T min• T max Limit at T min• T max 

Parameter CT, K, A, B Versions) (S Version) Units Conditions/Comments 

t, 50 50 nsmin TFS to TCLK Falling Edge 
t, 75 100 nsmin TCLK Falling Edge to TFS 
t/ 150 200 ns min TCLK Cycle Time 
t4 30 40 nsmin Data Valid to TCLK Setup Time 
t, 75 100 nsmin Data Valid to TCLK Hold Time 
!,; 40 40 ns min LDAC Pulse Width 

NOTES 
1Timing specifications are sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% of S V) and timed fro~ 
a voltage level of 1.6 V. 

2See Figure 6. 
'TCLK Mark/Space ratio is 40/60 to 60/40. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

V00 to AGND .................... -0.3 V to +7 V 
V88 to AGND ..................... +0.3 V to -7 V 
AGND to DGND ............. -0.3 V to V00 + 0.3 V 
VouT to AGND ....................... Vss to V00 

REF OUT to AGND ........... -0.3 V to V00 + 0.3 V 
REF INA, REF INB to AGND .... -0.3 V to V00 + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to V00 + 0.3 V 
Operating Temperature Range 

J, K Versions 
AD7244 . . . . . . .................. 0°C to + 70°C 
AD7242 ...................... -40°C to +85°C 

A, B Versions .................... -40°C to +85°C 
S Version ...................... -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 550 mW 
Derates above +75°C by ................... 6 mWl°C 

*Stresses above those listed under "Absolute Maxim.um Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

PIN CONFIGURATIONS 
DIP 

LOACA 
REFINA 

REF OUT 

Vss 

Your A 

AGNO 
OGNO 

Yoo 

TP3 

OGNO 
AGNO 

TCLKB 

OTB 
VoUTe 

NC 
TFSB 

LOA CB 
Vss 

TP2 

REFINB 

WARNING! ~ 

~~EDEVICE 
SOIC 

REFINA 

REF OUT 

Vss 
NC 

VoUTA 

AGNO 

v •• 
TP3 

DGNO 

TCLKB 

NC 

OTB 

TFSB 

LOA CB 

NC = NO CONNECT 
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FEATURES 
12-Bit CMOS DAC with 

On-Chip Voltage Reference 
Output Amplifier 

3 Selectable Output Ranges 
-5 V to +5 V, Oto +5 V, Oto +10 V 

Serial Interface 
300 kHz DAC Update Rate 
Small Size: 16-Pin DIP or SOIC 
Nonlinearity: ±1/2 LSB Tmin to Tmax 
Low Power Dissipation: 100 mW typical 

APPLICATIONS 
Process Control 
Industrial Automation 
Digital Signal Processing Systems 
Input/Output Ports 

GENERAL DESCRIPTION 
The AD7243 is a complete lZ-bit, voltage output, digital-to
analog converter with output amplifier and Zener voltage refer
ence on a monolithic CMOS chip. No external trims are 
required to achieve full specified performance. 

The output amplifier is capable of developing + 10 V across a 
Z kn load. The output voltage ranges with single supply opera
tion are 0 to +5 V or 0 to + 10 V, while an additional bipolar 
± 5 V output range is available with dual supplies. The ranges 
are selected using the internal gain resistor. 

The data format is natural binary in both unipolar ranges, while 
either offset binary or Zs complement format may be selected in 
the bipolar range. A CLR function is provided which sets the 
output to 0 V in both unipolar ranges and in the Zs complement 
bipolar range, while with offset binary data format, the output is 
set to - REFIN. This function is useful as a power-on reset as it 
allows the output to be set to a known voltage level. 

The AD7243 features a fast versatile serial interface which 
allows easy connection to both microcomputers and 16-bit digi
tal signal processors with serial ports. The serial data may be 
applied at rates up to 5 MHz allowing a DAC update rate of 
300 kHz. A serial data output capability is also provided which 
allows daisy chaining in multi-DAC systems. This feature allows 
any number of DACs to be used in a system with a simple 
4-wire interface. All DACs may be updated simultaneously 
using LDAC. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

LC2MOS 
12-Bit Serial DACPORT 

AD7243 I 
FUNCTIONAL BLOCK DIAGRAM 

REF OUT 

REFIN 

SDIN CiJi BIN/ SCLK SYNC i:iiAC DCEN SDO 
COMP 

AGND 

DGND 

Vss 

The AD7243 is fabricated on Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process. It is pack
aged in 16-pin DIP and 16-pin SOIC packages. 

PRODUCT HIGHLIGHTS 
1. Complete lZ-Bit DACPORT® 

The AD7243 is a complete, voltage output, lZ-bit DAC on a 
single chip. The single chip design is inherently more reliable 
than multichip designs. 

2. Single or Dual Supply Operation. 

3. Minimum 3-wire interface to most DSP processors. 

4. DAC Update Rate-300 kHz. 

5. Serial Data Output allows easy daisy-chaining in multiple 
DAC systems. 
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(VDD = +12 v to +15 V,1 Yss = 0 v or -12 v to -15 V,1 

AD724. 3-SPECIFICATIONS AGND =. ~GN_D = 0 V, REFIN = +5 v, RL "'.' 2 kfi, CL= .100 pf to AGND. 
. . · · . All Specifications Tmin to Tmax unless otherw1sa noted.} . 

Parameter A2 B• s• Units 

STATIC. PERFORMANCE 
Resi>lution 12 12 12 Bits 
Relative Accuracy' ±1 ±112 ±1 LSBmax 
Differential Nonlinearity3 ±0.9 ±0.9 ±0.9 LSBmax 
Unipolar Offset Error' ±4 ±4 ±5 LSBmax 

Bipolar Zero Error3 ±5 ±5 ±6 LSBmax 
Full-Scale Error" 4 ±6 ±6 ±7 LSBmax 
Full:Scale Temperature Coefficient ±5 ±5 ±5 ppmofFSR/ 

'C typ 

REFERENCE OUTPUT 
REFOUT 4.95/5.05 4.95/5.05 4.95/5.05 Vmin/Vmax 
Reference Temperature Coefficient ±25 :io25 ±30 ppm/'C typ 
Reference Load Change 
(11.REFOUT vs. IL) -1 -1 -1 mVmax 

REFERENCE INPUT 
Reference Input Range, REFIN 4.95/5.05 4 .. 95/5.05 4.95/5.05 Vmin/Vmax 
Input Current 5 5 5 jJ.A max 

DIGITAL INPUTS 
Input High Voltage,.V,NH 2.4 2.4 2.4 Vmin 
Input Low Voltage, V INL 0.8 0.8 0.8 Vmax 
Input Current, IIN ±1 ±1 ±1 jJ.A max 
Input Capacitance' 8 8 8 pFmax 

DIGITAL OUTPUT 
Serial Data Out (SDO) 
Output Low Voltage, VoL 0.4 0.4 0.4 Vmax 
Output High Voltage, VoH 4.0 4.0 4.0 Vmin 

ANALOG OUTPUT 
Outpot Range Resistor, RoFs 15/30 15/30 15/30 kn minimax 
Outpot Voltage Ranges6 +5, +10 +5, +10 +5, +10 v 
Output Voltage Ranges• +5, +10, ±5 +5, +10, ±5 +5, +10, ±5 v 
DC Output Impedance 0.5 0.5 0.5 Otyp 

AC CHARACTERISTICS5 

Voltage Output Settling-Time 
Positive Full-Scale Change 10 10 12 jl.SIDax 

Negative Full-Scale Change 10 10 10 jl.S max 
Negative Full-Scale Change 10 10 10 jJ.S typ 

Digital-to-Analog Glitch Impulse3 30 30 30 nV secs typ 

Digital Feedthrough3 10 10 10 nV secs typ 

POWER REQUIREMENTS 
Yoo Range + 10.8/+ 16.5 + 11.4/+ 15.75 + 11.41+ 15.75 Vmin!Vmax 
V ss Range (Dual Supplies) -10.8/-16.5 -11.41-15.75 -11.41-15.75 Vmin/Vmax 
loo 10 10 12 mAmax 
lss (Dual Supplies) 4 4 4 mAmax 

NOTES 
1Power Supply Tolerance A Version: ± 10%; B, S Versions: ±5%. 
2Temperature Ranges are as follows: A, B Versions: -40'C to +85'C; S Version: -55'C to + 125'C. 
'Sec terminology. 
4Mcasured with respect to REFIN and includes unipolar/bipolar offset error. 
'Sample tested @ + 25'C to ensure compliance. 
60 to + 10 Voutput range is available only with V00 2: +14.25 V. 
Specifications subject to change without notice. 

3--138 DIGITAL-TO-ANALOG CONVERTERS 

Test Conditions/Comments 

Guaranteed Monotonic 
Vss = 0Vor-12Vto -15V;1 DACLatch 
Contents All Os 
V ss = -12 V to -15 V1; DAC Latch Contents All Os 

Reference Load Current (IL) Change ({}-100 jJ.A) 

5 V ± 1 % for Specified Performance 

VIN= 0VtoV00 

Is1NK = 1.0 mA 
IsouRCE = 400 ll-A 

Single Supply; v SS = 0 v 
Dual Supply; V ss = -12 V to -15 V 

Settling Time to Within ± 112 LSB of Final Value 
Typically 3 jl.S 
Typically 5 jl.s; V ss = -12 V to -15 V1 

Vss = 0 V 
DAC Latch Contents Toggled Between All Os 
and All ls 
LDAC =High 

For Specified Performance Unless OthCrwise Stated 
For Specified Performance Unless Otherwise Stated 
Output Unloaded; Typically 7 mA · 
Output Unloaded; Typically 2 mA. 
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AD7243 

1 2 (V00 = +10.8 V to +16.5 V, Yss = 0 V or -10.8 V to -16.5 V, AGND = DGND = 0 V, 
TIMING CHARACTERISTICS ' RL = 2k!l, CL = 100 pf. All Specifications Tmin to Tmax unless otherwise noted.) 

Limit at +25°C Limit at T m;n• T max 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

t/ 200 200 ns min SCLK Cycle Time 
t, 50 50 ns min SYNC to SCLK Falling Edge Setup Time 
t, 120 190 nsmin SYNC to SCLK Hold Time 
t. 10 10 ns min Data Setup Time 
ts 100 100 ns min Data Hold Time 
t6 0 0 ns min SYNC High to LDAC Low 
t7 50 50 ns min LDAC Pulse Width 
ts 0 0 ns min LDAC High to SYNC Low 
t9 75 75 ns min CLR Pulse Width 
t104 120 180 ns max SCLK Falling Edge to SDO Valid 

NOTES 
1Sample tested at +25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 7 & 8. 
3SCLK mark/space ratio range is 40/60 to 60/40. 
4SDO load capacitance is no greater than 50 pF. 

ABSOLUTE MAXIMUM RATINGS' 
(TA=+ 25°C unless otherwise noted) 

V00 to AGND, DGND .............. -0.3Vto+17 V 
Vss to AGND, DGND .............. +0.3 V to -17 V 
AGND to DGND ............. -0.3 V to V00 + 0.3 V 
VouT2 to AGND ............... -6 V to V00 + 0.3 V 
REFOUT to AGND ................... 0 V to V00 

REFIN to AGND ............. -0.3 V to V00 + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to V00 + 0.3 V 
SDO to DGND ............... -0.3 V to V00 + 0.3 V 
Operating Temperature Range 

Industrial (A, B Versions) ............ -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + IS0°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by ................... 6 mWl°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one Absolute Maximum Rating may be applied at any time. 

2The outputs may be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. Short circuit current is typically 
80mA. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Model Temperature Range Relative Accuracy 

AD7243AN -40°c to +85°C ±1 LSB 
AD7243BN -40°c w +ss·c ±112 LSB 
AD7243AR -40°c to +85°c ±I LSB 
AD7243BR -40°c to +ss·c ±1/2 LSB 
AD7243AQ -40°c to + ss·c ±I LSB 
AD7243BQ -40°c to +ss•c ±1/2 LSB 
AD7243SQ2 -ss·c to + 12s·c ±I LSB 

NOTES 
'N = Plastic DIP; R = SOIC; Q = Cerdip. For outline information see Package Information section. 
'Available to /883B processing only. Contact your local sales office for miliiary data sheet. 

WARNING! g 
~~EDEVICE 

Package Option' 

N-16 
N-16 
R-16 
R-16 
Q-16 
Q-16 
Q-16 
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A07243 

Pin Mnemonic 

RE FIN 

z REFOUT 

3 CLR 

4 BIN/COMP 

5 SCLK 

6 SDIN 

7 SYNC 

8 DGND 

9 LDAC 

10 DCEN 

11 SDO 

lZ AGND 

13 RoFS 

14 VouT 

15 Vss 

16 Vnn 

PIN FUNCTION DESCRIPTION (DIP & SOIC PIN NUMBERS) 

Description 

Voltage Reference Input. It is internally buffered before being applied to the DAC. The nominal reference 
voltage for specified operation of the AD7243 is 5 V. 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the part 
using its internal reference, REFOUT should be connected to REFIN. 

Clear, Logic Input. Taking this input low sets V ouT to 0 V in both unipolar ranges and the Zs complement 
bipolar range and to - REFIN in the offset binary bipolar range. 

Logic Input . This input selects the data format to be either binary or Zs complement. In both unipolar ranges, 
natural binary format is selected by connecting this input to a logic "O." In the bipolar configuration, offset 
binary format is selected with a logic "O" while a logic "l" selects Zs complement format. 

Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 

Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 

Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in readiness for 
a new data word. 

Digital Ground. Ground reference for all digital circuitry. 

Load DAC, Logic Input. Updates the DAC output. The DAC output is updated on the falling edge of this 
signal or alternatively if this line is permanently low, an automatic update mode is selected whereby the 
DAC is updated on the 16th falling SCLK pulse. 

Daisy-Chain Enable, Logic Input. Connect this pin high if a daisy-chain interface is being used, otherwise 
this pin must be connected low. 

Serial Data Out, Logic Output. With DCEN at Logic "l" this output is enabled, and the serial data in the 
input shift register is clocked out on each falling SCLK edge. 

Analog Ground. Ground reference for all analog circuitry. 

Output Offset Resistor for the amplifier. It is connected to VouT for the +5 V range, to AGND for the 
+ 10 V range and to REFIN for the -5 V to +5 V range. 

Analog Output Voltage. This is the buffer amplifier output voltage. Three different output voltage ranges 
can be chosen: 0 to +5 V, 0 to + 10 V and -5 V to +5 V. 

Negative Power Supply (used for the output amplifier only, may be connected to 0 V for single supply 
operation or to - lZ V to -15 V for dual supplies). 

Positive Power Supply ( + IZ V to + 15 V). 

PIN CONFIGURATION 
DIP and SOIC 

REFIN Voo 

Vss 

Vour 

RoFS 

AGND 

SDO 

DCEN 
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FEATURES 
12-Bit CMOS DAC with Output Amplifier and 

Reference 
Improved AD7245/AD7248: 

12 V to 15 V Operation 
±1/2 LSB Linearity Grade 
Faster lnterface-30 ns typ Data Setup Time 

Extended Plastic Temperature Range (-40°C to +85°C) 
Single or Dual Supply Operation 
Low Power-65 mW typ in Single Supply 
Parallel Loading Structure: AD7245A 
(8+4) Loading Structure: AD7248A 

GENERAL DESCRIPTION 
The AD7245A/AD7248A is an enhanced version of the industry 
standard AD7245/AD7248. Improvements include operation 
from 12 V to 15 V supplies, a ± 1/2 LSB linearity grade, faster 
interface times and better full scale and reference variations with 
V DD· Additional features include extended temperature range 
operation for commercial and industrial grades. 

The AD7245A/AD7248A is a complete, 12-bit, voltage output, 
digital-to-analog converter with output amplifier and Zener volt
age reference on a monolithic CMOS chip. No external user 
trims are required to achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and double-buffered interface logic. The AD7245A 
accepts 12-bit parallel data which is loaded into the input latch 
on the rising edge of CS or WR. The AD7248A has an 8-bit 
wide data bus with data loaded to the input latch in two write 
operations. For both parts, an asynchronous LDAC signal trans
fers data from the input latch to the DAC latch and updates the 
analog output. The AD7245A also has a CLR signal on the 
DAC latch which allows features such as power-on reset to be 
implemented. 

The on-chip 5 V buried Zener diode provides a low noise, tem
perature compensated reference for the DAC. For single supply 
operation, two output ranges of 0 to + 5 V and 0 to + 10 V are 
available, while these two ranges plus an additional ± 5 V range 
are available with dual supplies. The output amplifiers are capa
ble of developing + 10 V across a 2 kO load to GND. 

The AD7245A/AD7248A is fabricated in linear compatible 
CMOS (LC2MOS), an advanced, mixed technology process that 
combines precision bipolar circuits with low power CMOS logic. 
The AD7245A is available in a small, 0.3" wide, 24-pin DIP and 
SOIC and in 28-terminal surface mount packages. The 
AD7248A is packaged in a small, 0.3" wide, 20-pin DIP and 
sore and in 20-terminal surface mount packages. 

DACPORT is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
compl~te data sheet, call our fax retrieval system at 1-800·446·6212. 

REV.A 

LC2MOS 
12-Bit DACPORTs 

AD7245A/AD7248A I 
AD7245A FUNCTIONAL BLOCK DIAGRAM 

Voo REF OUT RDFs 

DBO 0811 DGND 

AD7248A FUNCTIONAL BLOCK DIAGRAM 

Voo REFOUT RoFs 

PRODUCT HIGHLIGHTS 
I. The AD7245A/AD7248A is a 12-bit DACPORT® on a single 

chip. This single chip design and small package size offer 
considerable space saving and increased reliability over multi
chip designs. 

2. The improved interface times on the part allows easy, direct 
interfacing to most modern microprocessors. 

3. The AD7245A/AD7248A features a wide power supply range 
allowing operation from 12 V supplies. 
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AD7245A/AD7248A-SPECIFICATIONS (Yoo= +12 v to +15V,1 Vss=0Vor-l2Vto -d5 V,1 

AGND = DGND = 0 V, RL = 2 kO, CL = 100 pf. All specifications TMtN to TMAx unless otherwise noted.) 
Ai B2 Ti 

Parameter Version Version Version Units 

STATIC PERFORMANCE 
Resolution 12 12 12 Bits 
Relative Accuracy @ + 25°C3 ±3/4 ±1/2 ±1/2 LSB max 
TM1N to TMAx ±1 ±3/4 ±3/4 LSB max 
TM1N to TMAX ±1/2 LSB max 
Differential Nonlinearity3 ±1 ±1 ±I LSB max 
Unipolar Offset Error @ + 25°C3 ±3 ±3 ±3 LSB max 

TMIN toTMAx ±5 ±5 ±5 LSB max 
Bipolar Zero Error @ + 25°C3 ±3 ±2 ±2 LSB max 

TMIN toTMAx ±5 ±4 ±4 LSB max 
DAC Gain Error" 6 ±2 ±2 ±2 LSB max 
Full-Scale Output Voltage Error7 @ + 25°C ±0.2 ±0.2 ±0.2 % ofFSRmax 
AFull Scale/ AV no ±0.06 ±0.06 ±0.06 % of FSR/V max 
AFull Scale/AVss ±0.01 ±0.01 ±0.01 % of FSR/V max 
Full-Scale Temperature Coefficient' ±30 ±30 ±40 ppm ofFSR/"C max 

REFERENCE OUTPUT 
REF OUT @ + 25°C 4.99/5.01 4.99/5.01 4.99/5.01 Vmin/Vmax 
AREF OUT/AV00 2 2 2 mVNmax 
Reference Temperature Coefficient ±25 ±25 ±35 ppm/oC typ 
Reference Load Change 

(AREF OUT vs. AI) -I -I -I mVmax 

DIGIT AL INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 Vmin 
Input Low Voltage, VINL 0.8 0.8 0.8 Vmax 
Input Current, I1N ±10 ±IO ±10 µ,A max 
Input Capacitance9 8 8 8 pFmax 

ANALOG OUTPUTS 
Output Range Resistors 15/30 15/30 15/30 kfl min/kfl max 
Output Voltage Rangesrn +5, +10 +5, +10 +5, +IO v 
Output Voltage Ranges IO +5, +IO, +5, + 10, +5, +IO, 

±5 ±5 ±5 v 
DC Output Impedance 0.5 0.5 0.5 fl typ 

AC CHARACTERISTICS9 

Voltage Output Settling Time 
Positive Full-Scale Change 7 7 IO µs max 
Negative Full-Scale Change 7 7 IO µs max 

Output Voltage Slew Rate 2 2 1.5 V/µs min 
Digital Feedthrough3 IO 10 IO nV-s typ 
Digital-to-Analog Glitch Impulse 30 30 30 nV-s typ 

POWER REQUIREMENTS 
VDD + 10.8/ + ll.4/ + 11.4/ Vmin/ 

+ 16.5 + 15.75 + 15.75 Vmax 
Vss -10.8/ -11.4/ -ll.4/ Vmin/ 

-16.5 -15.75 -15.75 Vmax 
100 @ +25°C 9 9 9 mAmax 
TMIN toTMAX 10 IO 12 mAmax 
lss (Dual Supplies) 3 3 5 mAmax 

NOTES 
1Power supply tolerance is ± 10% for A Version anl;l ±5% for B and T Versions. 
2Temperature ranges are as follows: A/B Versions; -40°C to +85°C; T Version; -55°C to +125°C-. 
3See Terminology. 
4\Y/ith appropriate power supply tolerances. 

Test Conditions/Comments 

V00 = 15 V ± 5% 
Guaranteed Monotonic 
Vss = 0Vor-12Vto-15V4 

Typical Tempco is ±3 ppm of FSR5/"C. 
RoFs connected to REF OUT; V ss = -12 V to -15 V4 

Typical Tempco is ±3 ppm of FSR5/"C. 

Voo = + 15 V 
Voo = +12 V to +15 V4 

Vss = -12 V to -15 V4 

Voo = +15 V 

Vnn=+l5V 
Voo = +12 v to +15 V4 

Reference Load Current Change (0-100 µ,A) 

VIN=OVtoVnn 

V ss = 0 V; Pin Strappable 
Vss =-12 V to -15 V;4 Pin Strappable 

Settling Time to Within ± 112 LSB of Final Value 
DAC Latch All Os to All ls 
DACLatchAlllstoAllOs; Vss = -12 V to -15 V4 

For Specified Performance Unless Otherwise Stated 

For Specified Performance Unless Otherwise Stated 

Output Unloaded; Typically 5 mA 
Output Unloaded 
Output Unloaded; Typically 2 mA 

5FSR means Full-Scale Range and is 5 V for the 0 to +5 V output range and 10 V for both the 0 to + 10 V and ±5 V output ranges. 
6This error is calculated with respect to the reference voltage and is measured after the offset error has been allowed for. 
7This error is calculated with respect to an ideal 4.9988 Von the 0 to +5 V and ±5 V ranges; it is calculated with respect to an ideal 9.9976 Von the 
0 to + 10 V range. It includes the effects of internal voltage reference, gain and offset errors. 

'Full-Scale TC= AFS/AT, where AFS is the full-scale change from TA= +25°C to TMIN or TMAX· 
9Sample tested at + 25°C to ensure compliance. 

100 to +10 Voutput range is available only when V00 ;;, +14.25 V. 
Specifications subject to change without notice. 
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AD7245A/AD7248A 

SWITCHING CHARACTERISTICS1 (V00 = +12 V to +15 V;2 Yss = 0 V or -12 V to -15 V;2 See Figures 5 and 7.) 

Parameter A, B Versions S Version 

t1 
@ +25°C 55 55 
Tmin to Tmax 80 100 

t, 
@ +25°C 40 40 
Tmin to Tmax 80 100 

t3 
@ +25°C 0 0 
Tmin to Tmax 0 0 

t. 
@' +25°C 0 0 
.T min to T max 0 0 

ts 
@' +25°C 40 40 
Tmin to Tmax 80 80 

to 
@' +25°C 10 10 
Tm.in to Tmax 10 10 

t7 
@' +25°C 40 40 
Tm;n to Tmax 80 100 

ts 
@ +25°C 40 40 
rmin to Tmax 80 100 

NOTE 
1Sample tested 8.t +25°C to ensure compliance. 
2Power supply tolerance is :!:: 10% for A Version and ::!:5% for Band S Versions. 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND .................... -0.3 V to +17 V 
V00 to DGND ................... -0.3 V to +17 V 
V00 to Vss ..................... -0.3 V to +34 V 
AGND to DGND .................... -0.3 V, V00 

Digital Input Voltage to DGND ...... -0.3 V, V00 +0.3 V 
V 0ur to AGND1 ....................... V ss• V 00 

Your to Vss1 ........................ 0 V, +24 V 
Your to V001 ..•••....••.......•....• -32 V, 0 V 
REF OUT1 to AGND .................... 0 V, V00 

Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 6 mW/"C 

Units Conditions 

nstyp Chip Select Pulse Width 
ns min 

ns typ Write Pulse Width 
ns min 

ns min Chip Select to Write Setup Time 
ns min 

ns min Chip Select to Write Hold Time 
ns min 

nstyp Data Valid to Write Setup Time 
ns min 

ns min Data Valid to W~ite Hold Time 
ns min 

ns typ Load DAC Pulse Width 
ns min 

nstyp Clear Pulse Width 
ns min 

Operating Temperature 
Commercial (A, B Versions) ........... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

NOTE 
1The output may be shorted to voltages in this range prO\·ided the power dis
sipation of the package is not exceeded. Vot'T short circuit current is typi
cally 80 mA. 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on· unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c:J 
~~EDEVICE 
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AD7245A/AD7248A 
AD7245A ORDERING GUIDE 

Temperature Relative Package 
Model1 Range Accuracy Option2 

AD7245AAN -40°C to +85°C ±3/4 LSB N-24 
AD7245ABN -40°C to +85°C ±1/2 LSB N-24 
AD7245AAQ -40°C to +85°C ±3/4 LSB Q-24 
AD7245ATQ3 -55°C to + 125°C ±3/4 LSB Q-24 
AD7245AAP -40°C to +85°C ±3/4 LSB P-28A 
AD7245AAR -40°C to +85°C ±3/4 LSB R-24 
AD7245ABR -40°C to +85°C ±1/2 LSB R-24 
AD7245ATE3 -55°C to + 125°C ±3/4 LSB E-28A 

NOTES 
'To order MJL-STD-883, Class B, processed parts, add /883B to part num
ber. Contact our local sales office for military data sheet and availability. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOJC. For outline information see Package 
Information section. 

3This grade will be available to /883B processing only. 

AD7248A ORDERING GUIDE 

Temperature Relative Package 
Model1 Range Accuracy Option2 

AD7248AAN -40°C to +85°C ±3/4 LSB N-20 
AD7248ABN -40°C to +85°C ±1/2 LSB N-20 
AD7248AAQ -40°C to +85°C ±3/4 LSB Q-20 
AD7248ATQ3 -55°C to + 125°C ±3/4 LSB Q-20 
AD7248AAP -40°C to +85°C ±3/4 LSB P-20A 
AD7248AAR -40°C to +85°C ±3/4 LSB R-20 
AD7248ABR -40°C to +85°C ±1/2 LSB R-20 

NOTES 
'To order MIL-STD-883, Class B, processed parts, add /883B to part num
ber. Contact our local sales office for military data sheet and availability. 

'N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = 
SOIC. For outline information see Package Information section. 

'This grade will be available to /883B processing only. 

TERMINOLOGY 

RELATIVE ACCURACY 
Relative Accuracy, or end-point nonlinearity, is a measure of the 
actual deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after allow
ing for zero and full scale and is normally expressed in LSBs or 
as a percentage of full-scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL FEEDTHROUGH 
Digital Feedthrough is the glitch impulse injected from the digi
tal inputs to the analog output when the inputs change state. It 
is measured with LDAC high and is specified in nV-s. 
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DAC GAIN ERROR 
DAC Gain Error is a measure of the output error between an 
ideal DAC and the actual device output with all 1 s loaded after 
offset error has been allowed for. It is, therefore defined as: 

Measured Value-Offset-Ideal Value 

where the ideal value is calculated relative to the actual reference 
value. 

UNIPOLAR OFFSET ERROR 
Unipolar Offset Error is a combination of the offset errors of the 
voltage mode DAC and the output amplifier and is measured 
when the part is configured for unipolar outputs. It is present or 
all codes and is measured with all Os in the DAC register. 

BIPOLAR ZERO OFFSET ERROR 
Bipolar Zero Offset Error is measured when the part is config
ured for bipolar output and is a combination of errors from the 
DAC and output amplifier. It is present for all codes and is 
measured with a code of 2048 (decimal) in the DAC register. 

SINGLE SUPPLY LINEARITY AND GAIN ERROR 
The output amplifier of the AD7245A/AD7248A can have a true 
negative offset even when the part is operated from a single pos
itive power supply. However, because the lower supply rail to 
the part is 0 V, the output voltage cannot actually go negative. 
Instead the output voltage sits on the lower rail and this results 
in the transfer function shown across. This is an offset effect 
and the transfer function would have followed the dotted line if 
the output voltage could have gone negative. Normally, linearity 
is measured after offset and full scale have been adjusted or al
lowed for. On the AD7245A/AD7248A the negative offset is 
allowed for by calculating the linearity from the code which the 
amplifier comes off the lower rail. This code is given by the 
negative offset specification. For example, the single supply lin
earity specification applies between Code 3 and Code 4095 for 
the 25°C specification and between Code 5 and Code 4095 over 
the T min to T max temperature range. Since gain error is also 
measured after offset has been allowed for, it is calculated be
tween the same codes as the linearity error. Bipolar linearity and 
gain error are measured between Code 0 and Code 4095. 

OUTPUT 
VOLTAGE 

NEGATIVE{ / ov ~ / 
OFFSET // 

DAC CODE 
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Pin Mnemonic 

Vss 

2 RoFs 

3 REF OUT 

4 AGND 

5 DBll 

6--11 DBIO-DB5 

12 DGND 

13-16 DB4--DB1 

17 DBO 

18 cs 

REV.A 

AD7245A/AD7248A 
AD7245A PIN FUNCTION DESCRIPTION 

(DIP PIN NUMBERS) 

Description Pin Mnemonic Description 

Negative Supply Voltage (0 V for single 19 WR Write Input (Active LOW). This is used in 
supply operation). conjunction with CS to write data into the 

Bipolar Offset Resistor. This provides input latch of the AD7245A. 

access to the on-chip application resistors 20 LDAC Load DAC Input (Active LOW). This is an 
and allows different output voltage ranges. asynchronous input which when active 

Reference Output. The on-chip reference is transfers data from the input latch to 

provided at this pin and is used when the DAC latch. 

configuring the part for bipolar outputs. 21 CLR Clear Input (Active LOW). When this input 

Analog Ground. is active the contents of the DAC latch are 
reset to all Os. 

Data Bit 11. Most Significant Bit (MSB). 
22 Yoo Positive Supply Voltage. 

Data Bit 10 to Data Bit 5. 
23 RFB Feedback Resistor. This allows access to 

Digital Ground. the amplifier's feedback loop. 
Data Bit 4 to Data Bit I. 24 VouT Output Voltage. Three different output 
Data Bit 0. Least Significant Bit (LSB). voltage ranges can be chosen: 0 to + 5 V, 

Chip Select Input (Active LOW). The device 0 to + 10 V or -5 V to +5 V. 

is selected when this input is active. 

AD7245A PIN CONFIGURATIONS 

DIP and SOIC 

Wii 

cs 
DBO 

DB1 

DBB DB2 

DB3 

DGND DB4 PLCC 

AD7246A 
TOP VIEW 

(Not to Sale) 

lll!i!iR~ 
NC • NO CONNECT 

LCCC 

§ 
~J;~J1: 
4321282726 .,..... 

'' i ., AGND 5 25 CLR 

0811 6 24 LDAC < 
0810 7 23 Wii < A07245A 

~ TOP VIEW NC8 22NC 

(Not to Scale! 

~ 
089 9 21 cs 
088 10 20 DBO 

087 11 19 081 i 
~ 

12 13 14 15 18 17 18 

Ill ill Ii! !! ii 13 ;Cl 
Cl i5 il Cl Cl 

NC = NO CONNECT 
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AD7245A/AD724BA 

Pin Mnemonic 

Vss 

2 RoFs 

3 REF OUT 

4 AGND 

s DB7 

6 DB6 

7 DBS 

8 DB4 

9 DB3 

10 DGND 

11 DB2 

I2 DBI 

l3 DBO 

AD7248A PIN FUNCTION DESCRIPTION 
(ANY PACKAGE) 

Description Pin Mnemonic Description 

Negative Supply Voltage (0 V for single 14 CSMSB Chip Select 1nput for MS Nibble. (Active 
supply operation). LOW). This selects the upper 4 bits of the 

Bipolar Offset Resistor. This provides input la~ch. Input data ~s right justified. 

access to the on-chip application resistors IS CSLSB Chip Select Input for LS byte. (Active 
and allows different output voltage ranges. LOW). This selects the lower 8 bits of the 

Reference Output. The on-chip reference is input latch. 

provided at this pin and is used when I6 WR Write Input' This is used in conjunction 
·configuring the part for bipolar outputs. with CSMSB and CSLSB to load data into 

Analog Ground. the input latch of the AD7248A. 

Data Bit 7. I7 LDAC Load. DAC Input (Active LOW). This is 

Data Bit 6 .. 
an asynchronous input which when.active 
transfers data from the input latch to the 

Data Bit 5. DAC latch. 

Data Bit 4. 18 Von Positive Supply Voltage. 

Data Bit 3/Data Bit I I (MSB). 19 Rps Feedback Resistor. This allows access to 

Digital Ground. 
the amplifier's feedback loop. 

Data Bit 2/Data Bit IO. 
20 Vour Output Voltage. Three different output 

voltage ranges can be chosen: 0 to + S V, 
Data Bit I/Data Bit 9. 0to+10 V or -5 V to +5 V. 

Data Bit 0 (LSB)/Data Bit 8. 

AD7248A PIN CONFIGURATIONS 

DIP and SOIC 

I-
:> 
0 
Iii 
IC 
3 

~ 
AGND4)j 

IMSB)DB75 

0868 

DB& 7 

DB48 

• 13 
" 

LCCC 

~ = 8 12 
IC > > IC 

• , 20 19 

'' '' ... 
AD7248A 
TOPVIEW 

CNotto-1 

::;;: 
10 ,, 12 13 
" Iii p i!l g " ! 

iii 
~ 

18 Voo 

17i:DAC ..... 
15 CSLSi 
14CSMii 

PLCC 

AD7248A 
'foPVIEW 

l~ot to Scale) 
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Liiill DEVICES 

FEATURES 
Two 12-Bit CMOS DAC Channels with 

On-Chip Voltage Reference 
Output Amplifiers 

Three Selectable Output Ranges per Channel 
-5 V to +5 V, Oto +5 V, Oto +10 V 

Serial Interface 
125 kHz DAC Update Rate 
Small Size : 16-Pin DIP or SOIC 
Low Power Dissipation 

APPLICATIONS 
Process Control 
Industrial Automation 
Digital Signal Processing Systems 
Input/Output Ports 

GENERAL DESCRIPTION 
The AD7249 contains a pair of 12-bit, voltage-output, digital-to
analog converters with output amplifiers and Zener voltage ref
erence on a monolithic CMOS chip. No external trims are 
required to achieve full specified performance. 

The output amplifiers are capable of developing + 10 V across a 
2 kO load. The output voltage ranges with single supply opera
tion are O V to + 5 V or 0 V to + 10 V, while an additional bi
polar ±5 V output range is available with dual supplies. The 
ranges are selected using the internal gain resistor. 

Interfacing to the AD7249 is serial, minimizing pin count and 
allowing a small package size. Standard control signals allow 
interfacing to most DSP processors and microcontrollers. The 
data stream consists of 16 bits, DB15 to DB13 are don't care 
bits, the 13th bit (DB 12) is used as the channel select bit and 
the remaining 12 bits (DBll to DBO) contain the data to update 
the DAC. The 16-bit data word is clocked into the input regis
ter on each falling SCLK edge. 

The data format is natural binary in both unipolar ranges, while 
either offset binary or twos complement format may be selected 
in the bipolar range. A CLR function is provided which sets the 
output to 0 V in both unipolar ranges and in the twos comple
ment bipolar range, while with offset binary data format, the 
output is set to - REFIN. This function is useful as a power-on 
reset as it allows the outputs to be set to a known voltage level. 

DACPORT is a registered traclemark of Analog Devices, Inc. 

REV.O 

RE FOUT 

REFIN 

AGND 

DGND 

LC2MOS 
Dual 12-Bit Serial DACPORT 

AD7249 I 
FUNCTIONAL BLOCK DIAGRAM 

SCLK SDIN SYNc BIN/COMP CLR LDAC 

The AD7249 features a serial interface which allows easy con
nection to both microcomputers and 16-bit digital signal proces
sors with serial ports. The serial data may be applied at rates up 
to 2 MHz allowing a DAC update rate of 125 kHz. 

The AD7249 is fabricated on linear compatible CMOS 
(LC2MOS), an advanced, mixed technology process. It is pack
aged in 16-pin DIP and 16-pin SOIC packages. 

PRODUCT HIGHLIGHTS 
1. Two complete 12-bit DACPORTs® 

The AD7249 contains two complete voltage output, 12-bit 
DACs in both 16-lead DIP and SOIC packages. 

2. Single or dual supply operation 

3. Minimum 3-wire interface to most DSP processors 

4. DAC update rate-125 kHz 
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AD7249-SPECIFICATIONS (Yoo= +12 v to +15 V,1 Yss = 0 Vor -12 v to -15 V,1 AGND = DGNb = 
0 V, REFIN = +5 V, RL = 2 kfl, CL = 100 pf to AGND All specifications TMtN to TMAX unless otherwise noted.) 

Parameter A Version2 B Version2 S Version2 Units 

STATIC PERFORMANCE 
Resolution 12 12 12 Bits 
Relative Accuracy3 ±1 ±112 ±1 LSB max 
Differential Nonlinearity3 ±0.9 ±0.9 ±0.9 LSB max 
Unipolar Offset Error3 ±5 ±5 ±6 LSB max 

Bipolar Zero Error3 ±6 ±5 ±7 LSB max 

Full-Scale Error3• 4 ±6 ±6 ±7 LSB max 
Full-Scale Temperature Coefficient ±5 ±5 ±5 ppm of FSR/"C typ 

REFERENCE OUTPUT 
REFOUT 4.95/5.05 4.95/5.05 4.95/5.05 V min/V max 
Reference Temperature Coefficient ±25 ±25 ±30 ppm/'C typ 
Reference Load Change 
(~VREFOUT vs. Id -1 -1 -1 mVmax 

REFERENCE INPUT 
Reference Input Range, REFIN 4.95/5.05 4.95/5.05 4.95/5.05 V min/V max 
Input Current 5 5 5 µ.A max 

DIGIT AL INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 Vmin 
Input Low Voltage, VINL 0.8 0.8 0.8 Vmax 
Input Current 

IIN ±1 ±1 ±l µ.A max 
Input Capacitance' 8 8 8 pF max 

ANALOG OUTPUTS 
Output Range Resistor, 

RoFsA & RoFsB 15/30 15/30 15/30 kfl min/ max 
Output Voltage Ranges6 +5,+10 +5, + 10 +5, + 10 v 
Output Voltage Ranges6 +5,+10,±5 +5, + 10, ±5 +5, + 10, ±5 v 
DC Output Impedance 0.5 0.5 0.5 fl typ 

AC CHARACTERISTICS' 
Voltage Output Settling-Time 

Positive Full-Scale Change 10 10 10 µ.s max 
Negative Full-Scale Change 10 10 10 µ.s max 

10 10 10 µ.s typ 
Digital-to-Analog Glitch lmpulse3 30 30 30 nV secs typ 

Digital Feedthrough3 10 10 10 nV secs typ 
Digital Crosstalk3 10 10 10 nV secs typ 

POWER REQUIREMENTS 
V00 Range + 10~8/+ 16.5 + ll.4/+ 15.75 + ll.4/+ 15.75 V min/V max 

V ss Range (Dual Supplies) -10.8/-16.5 -11.4/-15.75 -11.4/-15.75 V min/V max 

T 15 15 15 mAmax 'DD 

lss (Dual Supplies) 5 5 5 mAmax 

NOTES 
1Power supply tolerance, A Version: ± 10%; B, S Versions: ±5%. 
'Temperature ranges are as follows: A, B Versions: -40'C to +85'C; S Version: -SS'C to + 125'C. 
'See Terminology. 
4Measured with respect to REFIN and includes unipolar/bipolar offset error. 
'Guaranteed by design not production tested. 
6Q V to 10 V output range available only with V00 "' 14.25 V. 

Specifications subject to change without notice. 
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..::.. 
Test Conditions/Comments 

Guaranteed Monotonic 
Vss = 0 Vor -12 Vto -15 V1; DAC 
Latch Contents All Os 
Vss = -12 V to -15 V1 

DAC Latch Contents All Os 

Reference Load Current (IL) 
Change (0 µ.A-100 µ.A) 

5 v ± 1% 

V1N=OVtoV00 

Single Supply; V ss = 0 V 
Dual Supply; V ss = -12 V or -15 V 

Settling Time to Within 
± 112 LSB of Final Value 
Typically 3 µ.s 
Typically 5 µ.s. V ss = -12 V to - 15 V 
Vss = OV 
DAC Latch Contents Toggled 
Between All Os and All 1 s 

For Specified Performance Unless 
Otherwise Stated 
For Specified Performance Unless 
Otherwise Stated 
Output Unloaded; Typically 11 mA 
Output Unloaded; Typically 3 mA 
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AD7249 

TIMING CHARACTERISTICS1• 2 (V00 = +12 V to +15 V,3 Yss = 0 V or -12 V to -15 V,3 AGND = DGND = O V, RL = 
2 kO, CL = 100 pf. All specifications TMiN to TMu unless otherwise noted.) 

Limit at +25°C Limit at T MIN• T MAX 

Parameter (All Versions) (All Versions) Units Conditions/Comments 

t 4 
l 400 500 ns min SCLK Cycle Time 

t, 50 50 ns min SYNC to SCLK Falling Edge Setup Time 
t3 120 150 ns min SYNC to SCLK Hold Time 
t. IO 10 ns min Data Setup Time 
ts 170 225 ns min Data Hold Time 
to 0 0 ns min SYNC High to LDAC Low 
t7 50 50 ns min LDAC Pulse Width 
ts 0 0 ns min LDAC High to SYNC Low 
t., 75 75 ns min CLR Pulse Width 
t10 75 100 nsmin SYNC High Time 

NOTES 
1Timing specifications guaranteed by design not production tested. All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a 
voltage level of I. 6 V. 

'See Figure 8. 
3Power supply tolerance, A Version: :!: 10%; B, S Versions: :!:5%. 
4 SCLK Mark/Space Ratio range is 45/55 to 55/45. 

ABSOLUTE MAXIMUM RATINGS' 
(TA = + 25°C unless otherwise noted) 

VDD to AGND, DGND .............. -0.3 V to +17 V 
Vss to AGND, DGND .............. +0.3 V to -17 V 
AGND to DGND ............. -0.3 V to VDD + 0.3 V 
VouTA, 8 2 to AGND ........ Vss - 0.3 V to VDD + 0.3 V 
REFOUT to AGND .................... 0 V to V DD 
REFIN to AGND ............. -0.3 V to VDD + 0.3 V 
Digital Inputs to DGND ......... -0.3 V to VDD + 0.3 V 
Operating Temperature Range 

Industrial (A, B Versions) ............ -40°C to +8S°C 
Extended (S Version) .............. -ss•c to + 125°C 

Junction Temperature ...................... + 150°C 
Storage Temperature Range ........... -65°C to + 150°C 
Power Dissipation Plastic DIP ................ 600 mW 

61A Thermal Impedance . . . .............. + ll 7°C/W 
Lead Temperature (Soldering, 10 secs) ......... + 300°C 

Power Dissipation, Cerdip .................. 600 mW 
OJA Thermal Impedance ................... 76°C/W 
Lead Temperature (Soldering, 10 secs) ......... + 300°C 

Power Dissipation, SOIC ................... 600 mW 
61A Thermal Impedance ................... 75°C/W 
Lead Temperature (Soldering) 

Vapor Phase (60 secs) ................... +215°C 
Infrared (IS secs) ...................... +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability 
Only one Absolute Maximum Rating may be applied at any time. 

2The outputs may be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD7249 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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AD7249 

Pin 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Mnemonic 

REFOUT 

RE FIN 

RoFSB 

VouTB 

AGND 

CLR 

BIN/COMP 

DGND 

SDIN 

LDAC 

SCLK 

SYNC 

Yoo 

VouTA 

Vss 

RoFsA 

PIN FUNCTION.DESCRIPTION (DIP & SOIC PIN NUMBERS) 

Description 

Voltage Reference Output. The internal 5 V analog reference is provided at this pin. To operate the 
part using its internal reference, REFOUT should be·connected to REFIN. 

Voltage Reference Input. It is internally buffered before being applied to both DACs. The nominal 
reference voltage for specified operation of the AD7249 is 5 V. 

Output Offset Resistor for the amplifier of DAC B. It is connected to VouTB for the + 5 V range, to 
AGND for the +IO V range and to REFIN for the -5 V to +5 V range. 

Analog Output Voltage of DAC B. This is the buffer amplifier output voltage. Three different output 
voltage ranges can be chosen: 0 to +5 V, 0 to + 10 V and -5 V to +5 V. 

Analog Ground. Ground reference for all analog circuitry. 

Clear, Logic Input. Taking this input low clears both DACs. It sets VouTA and VouTB to 0 Vin 
both unipolar ranges and the twos complement bipolar range and to - REFIN in the offset binary 
bipolar range. 

Logic Input. This input selects the data format to be either binary or twos complement. In both 
unipolar ranges natural binary format is selected by connecting this input to a Logic "O". In the 
bipolar configuration offset binary format is selected with a logic "O" while a Logic "l" selects twos 
complement. 

Digital Ground. Ground reference for all digital circuitry. 

Serial Data In, Logic Input. The 16-bit serial data word is applied to this input. 

Load DAC, Logic Input. Updates both DAC outputs. The DAC outputs are updated on the falling 
edge of this signal or alternatively if this line is permanently low, an automatic update mode is 
selected whereby both DACs are updated on the 16th falling SCLK pulse. 

Serial Clock, Logic Input. Data is clocked into the input register on each falling SCLK edge. 

Data Synchronization Pulse, Logic Input. Taking this input low initializes the internal logic in 
readiness for a new data word. 

Positive Power Supply. 

Analog Output Voltage of DAC A. This is the buffer amplifier output voltage. Three different 
output voltage ranges can be chosen: 0 to +5 V, 0 to + 10 V and -5 V to +5 V. 

Negative Power Supply (used for the output amplifier only) may be connected to 0 V for single 
supply operation or -12 V to -15 V for dual supplies. 

Output Offset Resistor for the amplifier of DAC A. It is connected to VouTA for the +5 V range, to 
AGND for the + 10 V range and to REFIN for the -5 V to +5 V range. 

PIN CONFIGURATIONS 
(DIP and SOIC) 

ORDERING GUIDE 

Temperature Relative Package 
Model Range Accuracy Option' 

AD7249AN -40°C to +85°C ±1 LSB N-16 
AD7249BN -40°C to +85°C ±112 LSB N-16 
AD7249AR -40°C to + 85°C ±1 LSB R-16 
AD7249BR -40°C to +85°C ±1/2 LSB R-16 
AD7249SQ2 -55°C to + 125°C ±1 LSB Q-16 

NOTES 
1For outline information see Package Information section. 
2Availabie to /883B processing oniy. Contact your iocai saies offo.:..: for mili
tary data sheet. 
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TERMINOLOGY 
Bipolar Zero Error 
Bipolar Zero Error is the voltage measured at V ouT when the 
DAC is configured for bipolar output and loaded with all Os 
(Twos Complement Coding) or with 1000 0000 0000 (Offset 
Binary Coding). It is due to a combination of offset errors in the 
DAC, amplifier and mismatch between the internal gain resis
tors around the amplifier. 

Full-Scale Error 
Full-Scale Error is a measure of the output error when the 
amplifier output is at full scale (for the bipolar output range full 
scale is either positive or negative full scale). It is measured with 
respect to the reference input voltage and includes the offset 
errors. 

Digital-to-Analog Glitch Impulse 
This is the voltage spike that appears at V ouT when the digital 
code in the DAC Latch changes, before the output settles to its 
final value. The energy in the glitch is specified in n V secs, and 
is measured for an all codes change from 0000 0000 0000 to 
I Ill ll ll Ill I. 

Digital Feedthrough 
This is a measure of the voltage spike that appears on V OUT as a 
result of feed through from the digital inputs on the AD7249. It 
is measured with LDAC held high. 

Relative Accuracy (Linearity) 
Relative Accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints of the transfer func
tion. It is measured after allowing for zero and full-scale errors 
and is expressed in LSBs or as a percentage of full-scale reading. 

Single Supply Linearity and Gain Error 
The output amplifier on the AD7249 can have true negative off
sets even when the part is operated from a single + 15 V supply. 
However, because the negative supply rail (V ssl is 0 V, the out
put cannot actually go negative. Instead, when the output offset 
voltage is negative, the output voltage sits at 0 V, resulting in 
the transfer function shown in Figure l . 

OUTPUT 
VOLTAGE 

DACCODE 

Figure 1. Effect of Negative Offset (Single Supply) 
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AD7249 
This "knee" is an offset effect, not a linearity error, and the 
transfer function would have followed the dotted line if the out
put voltage could have gone negative. 

Normally, linearity is measured between zero (all Os input code) 
and full scale (all ls input code) after offset and full scale have 
been adjusted out or allowed for, but this is not possible in sin
gle supply operation if the offset is negative, due to the knee in 
the transfer function. Instead, linearity of the AD7249 in the 
unipolar mode is measured between full scale and the lowest 
code which is guaranteed to produce a positive output voltage. 
This code is calculated from the maximum specification for neg
ative offset. For the A and B versions, the linearity is measured 
between Codes 3 and 4095. For the S grade, linearity is mea
sured between Code 5 and Code 4095. 

Differential Nonlinearity 
Differential Nonlinearity is the difference between the measured 
change and the ideal l LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± l LSB or less 
over the operating temperature range ensures monotonicity. 

Unipolar Offset Error 
Unipolar Offset Error is the measured output voltage from 
V ouT with all zeros loaded into the DAC latch, when the DAC 
is configured for unipolar output. It is due to a combination of 
the offset errors in the DAC and output amplifier. 

CIRCUIT INFORMATION 
D/A Section 
The AD7249 contains two 12-bit voltage-mode D/A converters 
consisting of highly stable thin film resistors and high-speed 
NMOS single-pole, double-throw switches. The simplified cir
cuit diagram for the DAC section is shown in Figure 2. The 
output voltage from the converter has the same polarity as the 
reference voltage, REFIN, allowing single supply operation. 

2R 2R 

Your 

REFIN*-1--1-6-~---+A-++--t-' 
AGND _._,.__6-___ ....,_ _ _.. _ _. 

*BUFFERED REFIN VOLTAGE 

Figure 2. DIA Simplified Circuit Diagram 
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AD7249 
Internal Reference 
The AD7249 has ari oncchlp temperature compensated buried 
Zener reference which is factory trimmed to S V ± SO mV. The 
reference voltage is provided at the REFOUT pin. This refer
ence can be used to provide the reference voltage for the D/ A 
convener by connecting the REFOUT pin to the REFIN pin. 

The reference voltage can also be used as ·ii reference for other 
components and is capable of providing up to SOO µA to an 
external load. The maximum recommended capacitance .on 
REFOUT for nomial operation is SO pF. If the reference output 
is required to drive a capacitive load greater than SO pF, then a 
200 n resistor should be placed in series with the capacitive 
load. Figure 3 shows the suggested REF OUT decoupling 
scheme, a 200 n resistor and the parallel combination of a 
10 µF tantalum and a 0.1 µF ceramic capacitor. This decou
pling scheme reduces the noise spectral density of the reference. 

Figure 3. Reference Decoupling Scheme 

External Reference 
In some applications, the user may require a system reference or 
some other external reference to drive the AD7249. References 
such as the ADS86 provide an ideal external. reference source 
(See Figure 10). The REFIN voltage is internally buffered by a 
unity gain amplifier before being applied to the D/A convener. 
The D/ A converter is scaled for a S V reference and the device 
is tested with S V applied to REFIN. Other reference voltages· 
may be used with degraded performance. Figure 4 shows the 
degradation in linearity vs. REFIN. 

1.0 ~---....... --...,...-----..-1----, 
0.1 1----+---+---,1----+--v00 • +1sv-+-

o.a 1----1---+---,1----+--Vss =-15V~ 
.II TA=+zs•c 2_ 
~~ L 
~ 0.61"': f 
~ o~ L 
!io.4 "-.... V ~ 
~ o.3 1---1----1-~~"""'....j"""~l'.----ho_L_L-J 
:::i [::t;NL L 0.2 v 

0.1 1--~-=~=~~""""""'"""~--1--1 o.o .__....__ ........ _ __....__..._ _ _._ _ __. _ __. 
2 3 5 6 8 

REFIN-V-

Figure 4. Linearity vs. REFIN Voltage 
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Op Amp Section 
The output of the voltage-mode D/A convc;ner is buffered by a 
noninvenmg CMOS amplifier. The RoFs input Bllows three ou~
put voltage ranges to be 11Clected. The buffer amplifier is capable 
of developing + 10 V across a 2 kn load to AGND. · 

The output amplifier can be operated from a single +is V sup
ply by tying V58 = 0 V. 

The amplifier can also be operated from dual supplies to allow 
an additional bipolar output range of -S V to +S V. Dual sup
plies are necessary for the bipolar output range but can also be 
used for the unipolar ranges to give faster settling time to volt
ages near 0 V, to allow full sink capability of 2.S mA over the 
entire output range and to eliminate the effects of negative off
sets on the transfer characteristic (outlined previously). A plot of 
the output sink capability of the amplifier is shown in Figure S. 

~ 
I 

J 

o~--~--~--~--~--~ 
o 4 e· a 10 

OUTPUT VOLTAGE - Volts 

Figure 5. Amplifier Sink Current 

50 100 200 500 1k 2k 5k 10k 20k 50k 100k 

FREQUENCY - Hz 

'REFERENCE DECOUPLING COMPONENTS ARE 
A 2000 RESISTOR IN SERIES WITH A PARALLEL 
COMBINATION OF 10µF AND 0.1 µF TO GND. 

Figure 6: Noise Spectral Density vs. Frequency 
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DIGITAL INTERFACE 
The AD7249 contains an input serial to parallel shift register 
and a DAC latch for both DAC A and DAC B. A simplified 
diagram of the input loading circuitry is shown in Figure 7. 
Serial data on the SDIN input is loaded to the input register 
under control of SYNC and SCLK. The SYNC input provides 
the frame synchronization signal which tells the AD7249 that 
valid serial data on the SDIN input will be available for the next 
16 falling edges of SCLK. An internal counter/decoder circuit 
provides a low gating signal so that only 16 data bits are clocked 
into the input shift register. After 16 SCLK pulses the internal 
gating signal goes inactive (high) thus locking out any further 
clock pulses. Therefore either a continuous clock or a burst 
clock source may be used to clock in the data. The SYNC input 
is taken high after the complete 16-bit word is loaded in. 

DAC selection is accomplished using the thirteenth bit (DBl2) 
of the serial data input stream. A zero in DB12 will select DAC 
A while a one in this position selects DAC B. Although 16 bits 
of data are clocked into the input register, only 12 bits get trans
ferred into the DAC latch. The relevant DAC latch is deter
mined by the value of the thirteenth bit and the first three bits 
in the 16-bit stream are don't cares. Therefore, the data format 
is three don't cares followed by the DAC selection bit and the 
12-bit data word with the LSB as the last bit in the serial stream. 

DECODER 

SDIN 1'>-----------1--1 

LDACO----~~-==:::::::::::::::_ __ J.__,, 

AD7249 

There are two ways in which a DAC latches and hence the ana
log outputs may be updated. The status of the LDAC input is 
examined after SYNC is taken low. Depending on its status, one 
of two update modes are selected. 

If LDAC = O, then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto
matically when the last bit in the serial data stream is clocked in. 
The update thus takes place on the sixteenth falling SCLK edge. 

If LDAC = 1, then the automatic update is disabled and both 
DAC latches are updated by taking LDAC low any time after 
the 16-bit data transfer is complete. The update now occurs on 
the falling edge of LDAC. Note that the LDAC input must be 
taken back high again before the next data transfer is initiated. 
When a complete word is held in the shift register it may then 
be loaded into the DAC latch under control of LDAC. 

Clear Function (CLR) 
The clear function clears the contents of the input shift register 
and loads both DAC Latches with all Os. It is activated by tak
ing CLR low. In all ranges except the Offset Binary bipolar 
range (-5 V to +5 V) the output voltage is reset to 0 V. In the 
offset binary bipolar range the output is set to - REFIN. The 
clear function is especially useful at power-up as it enables the 
output to be reset to a known state. 

DAC LATCH A (12 BITS) 

CLKA 

SHIFT REGISTER A 

SDATA 

SHIFT REGISTER B 

CLKB 

DAC LATCH B (12 BITS) 

CLRO-------------------..... --d 

Figure 7. Simplified Loading Structure 
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SCLK 

DON'T DON'T DON'T DAC MSB LSB DON'T DON'T DON'T OAC MSB LSB 
CARE CARE CARE SELECT CARE CARE CARE SELECT 

=0 = 1 

--------DACA------.... ------- DACB ------.... 

LI5Ac ------------------!!-----------------1-----.i 

1. 

CUi --------------1-------------1'!-----0-

Figure 8. Timing Diagram 

TRANSFER FUNCTION 
The internal scaling resistors provided on the AD7249 allow sev
eral output voltage ranges. The pari can produce unipolar out
put ranges of 0 V to +5 V or 0 V to + 10 Vanda bipolar 
output range of ±5 V. Connections for the various ranges are 
outlined below. Since each DAC has its own RoFs input the two 
DACs can be set up for different output ranges. 

Unipolar (0 V to + 10 V) Configuration 
The first of the configurations provides an output voltage range 
of 0 V to + 10 V. This is achieved by connecting the output off
set resistor RoFsA> RoFse (Pin 3, 16) to AGND. Natural Binary 
data format is selected by connecting BIN I COMP (Pin 7) to 

DGND. In this configuration, the AD7249 can be operated 
using either single or dual supplies. Note that the V DD supply is 

*ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 9. Unipolar (0 V to + 10 V) Configuration 
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restricted to + 15 V ± l 0% for this range in order to maintain 
sufficient amplifier headroom. Dual supplies may be used to 
improve settling time and give increased current sink capability 
for the amplifier. Figure 9 shows the connection diagram for 
unipolar operation of the AD7249. Table I shows the digital 
code vs. analog output for this configuration. 

Unipolar (0 V to +5 V) Configuration 
The 0 V to + 5 V output voltage range is achieved by tying 
RoFsA to VouTA or RoFsB to VouTe· Once again, the AD7249 
can be operated using either single or dual supplies. The table 
for output voltage versus digital code is as in Table I, with 
2REFIN replaced by REFIN. Note, for this range, l LSB = 

REFIN . c2-12) = (REFIN/4096). 

Table I. Unipolar Code Table (0 V to +10 V Range) 

Input Data Word 
MSB LSB Analog Output, V ouT 

XXXY 1111 llll 1111 
XXXY 1000 0000 0001 

+ 2REFIN · ( 4095/4096) 
+ 2REFIN · (2049/4096) 

XXXY 1000 0000 0000 
XXXY Olll 1111 1111 

+ 2REFIN · (2048/4096) = + REFIN 
+2REFIN · (2047/4096) 

XXXY 0000 0000 0001 
XXXY 0000 0000 0000 

X = Don't Care. 

+ 2REFIN · (l/4096) 
ov 

Y = DAC Select Bit, 0 = DACA, I= DACB. 
Note: I LSB = 2REFIN/4096. 
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Bipolar (±5 V) Configuration 
The bipolar configuration for the AD7249, which gives an out
put range of - 5 V to + S V, is achieved by connecting RoFsA' 
RoFsa to VREFIN· The AD7249 must be operated from dual 
supplies to achieve this output voltage range. Either offset 
binary or twos complement coding may be selected. Figure 10 
shows the connection diagram for bipolar operation. An AD586 
provides the reference voltage for the DAC but this could be 
provided by the on-chip reference by connecting REFOUT to 
REFIN. 

•ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 10. Bipolar Configuration with External Reference 

Bipolar Operation (Twos Complement Data Format) 
The AD7249 is configured for twos complement data format by 
connecting BIN/COMP (Pin 7) high. The analog output vs'. dig
ital code is shown in Table II. 

Table II. Twos Complement Bipolar Code Table 

Input Data Word 
MSB LSB 

XXXY Olll 1111 !Ill 
XXXY 0000 0000 0001 
XXXY 0000 0000 0000 
XXXY !Ill 1111 1111 
XXXY 1000 0000 0001 
XXXY 1000 0000 0000 

X = Don't Care. 

Analog Output, V OUT 

+REFIN · (2047/2048) 
+ REFIN · (1/2048) 
ov 
-REFIN · (1/2048) 
-REFIN · (2047/2048) 
-REFIN · (2048/2048)=-REFIN 

Y = DAC Select Bit, 0 = DACA, I = DACB. 
Note: I LSB = REFIN/2048. 
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Bipolar Operation (Offset Binary Data Format) 
The AD7249 is configured for Offset Binary data format by con
necting BIN/COMP (Pin 7) low. The analog output vs. digital 
code may be obtained by inverting the MSB in Table II. 

APPLYING THE AD7249 
Good printed circuit board layout is as important as the overall 
circuit design itself in achieving high speed converter perfor
mance. The AD7249 works on an LSB size of 2.44 mV for the 
unipolar 0 V to 10 V range and the bipolar ±5 V range, when 
using the unipolar 0 V to S V range the LSB size is 1.22 mV. 
Therefore the designer must be conscious of minimizing noise 
in both the converter itself and in the surrounding circuitry. 
Switching mode power supplies are not recommended as switch
ing spikes can feedthrough to the on-chip amplifier. Other 
causes of concern are ground loops and feedthrough from micro
processors. These are factors which influence any high perfor
mance converter, and proper printed circuit board layout which 
minimizes these effects is essential to obtain high performance. 

LAYOUT HINTS 
Ensure that the layout has the digital and analog tracks. sepa
rated as much as possible. Take care not to run any digital track 
alongside an analog signal track. Establish a single point analog 
ground separate from the logic system ground. Place this star 
ground as close as possible to the AD7249. Connect all analog 
grounds to this star point and also connect the AD7249 DGND 
pin to this point. Do not connect any other digital grounds to 
this analog ground point. Low impedance analog and digital 
power supply common returns are essential for low noise opera
tion of high performance converters. To accomplish this track 
widths should be kept a wide as possible and also the use of 
ground planes minimizes impedance paths and also guards the 
analog circuitry from digital noise. 

NOISE 
Keep the signal leads on the VouTA and VouTB signals and the 
signal return leads to AGND as short as possible to minimize 
noise coupling. In applications where this is not possible use a 
shielded cable between the DAC outputs and their destination. 
Reduce the ground circuit impedance as much as possible since 
any potential difference in grounds between the DAC and its 
destination device appears as an error voltage in series with the 
DAC output. 

Power Supply Decoupling 
To achieve optimum performance when using the AD7249, the 
V00 and Vss lines should be decoupled to AGND using 0.1 µF 
capacitors. In noisy environments it is recommended that 10 µF 
capacitors be connected in parallel with the 0.1 µF capacitors. 
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MICROPROCESSOR INTERFACING 
Microprocessor interfacing to the AD7249 iS via a serial bus 
which uses standard protocol compatible with bSP processors 
and microcontrollers. The communications channel requires a 
three-wire interface consisting of a clock signal, a data signal 
and a synchronization signal. The AD7249 requires a .16-bit da:ta 
word with data valid on the fallfog edge of SCLK. For all the 
interfaces, the DAC update may be dohe automatically when all 
the data is clocked in or it may be done under control of 
LDAC. 

Figures 11 to 15 show the AD7249 configured for interfacing to 
a number of popular DSP processors and microcontrollers. 

AD7249-ADSP-2101/ ADSP-2102 Interface 
Figure 11 shows a serial interface between the AD7249 and the 
ADSP-2101/ ADSP-2102 DSP processor. The ADSP-2101/ 
ADSP-2102 contains two serial ports and either port may be 
used in the interface. The data transfer is initiated by TFS 
going low. Data from the ADSP-2101/ADSP-2102 is clocked 
into the AD7249 on the falling edge of SCLK. DB12 of the 
16-bit serial data stream selects the DAC to be updated. Both 
DACs can be updated by holding LDAC high while performing 
two write cycles to the DAC. TFS must be taken high after 
each 16 bit write cycle. LDAC is brought low at the end of the 
second cycle and both DAC outputs are updated together. In ' 
the interface shown the DAC is updated using an external timer 

ADSP-2101/ 
A07249* 

ADSP-2102* LoAc 

SCLK SCLK 

OT SDIN 

TFS SYNC 

•ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 11. AD7249-ADSP-2101/ADSP-2102 Interface 

which generates an LDAC pulse. This could also be done using 
a control or decoded address line from the processor. Alterna
tively, if the LDAC input is hardwired low the output update 
takes place automatically on the 16th falling edge of SCLK. 

AD7249-DSP56000 Interface 
A serial interface between the AD7249 and the DSP56000 is 
shown in Figure 12. The DSP56000 is configured for Normal 
Mode Asynchronous operation with Gated Clock. It is also set 
up for a 16-bit word with SCK and SC2 as outputs and the FSL 
control bit set to a "O." SCK is internally generated on the 
DSP56000 and applied tc the AD7249 SCLK input. Data fro...111 
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the DSP56000 is valid on the falling edge of SCK. The SC2 out~ 
put provides the framing pulse for valid data. This line must be 
inverted before being applied to the SYNC input of the 
AD7249. . ' 

DSP56000 
AD7249* 

LoAc 

SCK SCLK 

STD SDIN 

SC2 SYN'C 

•ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 12. AD7249-DSP5600 Interface· 

In this interface an external LDAC pulse generated from an 
external timer is used to update the outputs of the DACs. This 
update can also be produced using a bit programmable control 
line from the DSP56000. 

AD7249-TMS32020 Interface 
Figure 13 shows a serial interface between the AD7249 and the 
TMS32020 DSP processor. Iri this interface, the CLKX and 
FSX signals for the TMS32020 should be generated using exter
nal clock/timer circuitry. The FSX pin of the TMS32020 must 
be configured as an input. Data from the TMS32020 is valid on 
the falling ~dge of CLKX. 

The clock/timer circuitry generates the LDAC signal for the 
AD7249 to synchronize the update of the output with the serial 
transmission. Alternatively, the automatic update mode may be 
selected by connecting LDAC to DGND. 

LDAC 

TMS32020 

AD7249* 

FSX SYNC 

CLKX SCLK 

DX SDIN 

•ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 13. AD7249-TMS32020 Interface 
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AD7249-68HCU Interface 
Figure 14 shows a serial interface between the AD7249 and the 
68HC11 microcontroller. SCK of the 68HCll drives SCLK of 
the AD7249 while the MOS! output drives the serial data line of 
the AD7249. The SYNC signal is derived from a port line (PCO 
shown). 

For correct operation of this interface, the 68HC1 l should be 
configured such that its CPOL bit is a 0 and its CPHA bit is a 
l. When data is to be transmitted to the part, PCO is taken low. 
When the 68HC11 is configured like this, data on MOSI is valid 
on the falling edge of SCK. The 68HC11 transmits its serial 
data in 8-bit bytes with only eight falling clock edges occurring 
in the transmit cycle. To load data to the AD7249, PCO is left 
low after the first eight bits are transferred and a second byte of 
data is then transferred serially to the AD7249. When the sec
ond serial transfer is complete, the PCO line is taken high. 

Figure 14 shows the LDAC input of the AD7249 being driven 
from another bit programmable port line (PCl). As a result, 
both DACs can be updated simultaneously by taking LDAC low 
after both DACs latches have updated. 

68HC11* 
AD7249* 

PC! ..... LDAC 

PCO SYNC 

SCK SCLK 

MOSI SDIN 

*ADDITIONAL PINS OMITTED FOR CLARITY. 

Figure 14. AD7249-68HC11 Interface 

AD7249-87C51 Interface 
A serial interface between the AD7249 and the 87C5 l microcon
troller is shown in Figure 15. TXD of the 87C5 l drives SCLK 
of the AD7249 while RXD drives the serial data line of the part. 
The SYNC signal is derived from the port line P3.3 and the 
LDAC line is driven port line P3.2. 

The 87CS l provides the LSB of its SBUF register as the first bit 
in the serial data stream. Therefore, the user will have to ensure 
that the data in the SBUF register is arranged correctly so that 
the don't care bits are the first to be transmitted to the AD7249 
and the last bit to be sent is the LSB of the word to be loaded 
to the AD7249. When data is to be transmitted to the part, P3.3 
is taken low. Data on RXD is valid on the falling edge of TXD. 
The 87C5 l transmits its serial data in 8-bit bytes with only eight 
falling clock edges occurring in the transmit cycle. To load data 
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to the AD7249, P3.3 is left low after the first eight bits are 
transferred, and a second byte of data is then transferred serially 
to the AD7249 with DB12 used to select the appropriate DAC 
register. When the second serial transfer is complete, the P3.3 
line is taken high and then taken low again to start the loading 
sequence to the second DAC (see timing diagram Figure 8). 

Figure 15 shows the LDAC input of the AD7249 driven from 
the bit programmable port line P3.2. As a result, both DAC 
outputs can be updated simultaneously by taking the LDAC line Ill 
low following the completion of the write cycle to the second 
DAC. Alternatively LDAC could be hardwired low and the ana-
log output will be updated on the sixteenth falling edge of TXD 
after the SYNC signal for the DAC has gone low. 

87C51* 
AD7249* 

P3.2 iFAC 

P3.3 SYNC 

TXD SCLK 

RXD SDIN 

*ADDITIONAL PINS OMITTED FOR CLARITY • 

Figure 15. AD7249-87C51 Interface 

APPLICATIONS 
OPTO-ISOLATED INTERFACE 
In many process control type applications it is necessary to pro
vide an isolation barrier between the controller and the unit 
being controlled. Opto-isolators can provide voltage isolation in 
excess of 3 kn. The serial loading structure of the AD7249 
makes it ideal for opto-isolated interfaces as the number of inter
face line.s is kept to a minimum. 

Figure 16 shows a 2-channel isolated interface using the 
AD7249. 

The sequence of events to program the output channels is as 
follows. 

l. Take the SYNC line low. 

2. Transmit the 16-bit word for DAC A (DB 12 of the 16 bit 
data word selects the DAC, DB12 = 0 to select DAC A ) 
and bring the SYNC line high after the 16 bits have been 
transmitted. 

3. Bring SYNC line low again and transmit 16 bits for DAC B, 
bring SYNC back high at end of transmission. 

4. Pulse the LDAC line low. This update8 both output channels 
simultaneously on the falling edge of LDAC. 
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Figure 16. Opto-lsolated Interface 
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FEATURES 
Microprocessor Compatible (6800,8085, ZSO, etc.) 
TTL/CMOS Compatible Inputs 
On-Chip Data Latches 
End Point Linearity 
Low Power Consumption 
Monotonicity Guaranteed (Full Temperature Range) 
Latch Free (No Protection Schottky Required) 

APPLICATIONS 
Microprocessor Controlled Gain Circuits 
Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 
Bus Structured Instruments 

GENERAL DESCRIPTION 
The AD7524 is a low cost, 8-bit monolithic CMOS DAC 
designed for direct interface to most microprocessors. 

Basically an 8-bit DAC with input latches, the AD7524's load 
cycle is similar to the "write" cycle of a random access mem
ory. Using an advanced thin-film on CMOS fabrication 
process, the AD7524 provides accuracy to 1/8LSB with a 
typical power dissipation of less than 10 milliwatts. 

A newly improved design eliminates the protection Schottky 
previously required and guarantees TTL compatibility when 
using a +SV supply. Loading speed has been increased for 
compatibility with most microprocessors. 

Featuring operation from +SV to +lSV, the AD7524 inter· 
faces directly to most microprocessor buses or output ports. 

Excellent multiplying characteristics (2- or 4-quadrant) make 
the AD7524 an ideal choice for many microprocessor con
trolled gain setting and signal control applications. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446*6212. 
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CMOS 
8-Bit Buffered Multiplying DAC 

AD7524 I 
FUNCTIONAL BLOCK DIAGRAM 

DB7 DB6 DBS 
IMSB) 

DATA INPUTS 

ORDERING GUIDE 

Temperature Nonlinearity Package 
Model1 Range (V00 = +15V) Option2 

AD7524JN -40°C to +8S°C ±l/2LSB N-16 
AD7524KN -40°C to +8S°C ±l/4LSB N-16 
AD7524LN -40°C to +8S°C ±l/8LSB N-16 
AD7524JP -40°C to +8S°C ±l/2LSB P-20A 
AD7524KP -40°C to + 85°C ±l/4LSB P-20A 
AD7524LP -40°C to +8S°C ±l/8LSB P-20A 
AD7524JR -40°C to +8S°C ±l/2LSB R-16A 
AD7524AQ -40°C to +8S°C ±l/2LSB Q-16 
AD7524BQ -40°C to + 8S°C ±l/4LSB Q-16 
AD7524CQ -40°C to +85°C ±l/8LSB Q-16 
AD7524SQ -SS°C to + 125°C ±l/2LSB Q-16 
AD7524TQ -SS°C to + 125°C ±l/4LSB Q-16 
AD7524UQ -SS°C to + 125°C ±1/SLSB Q-16 
AD7524SE -SS°C to + 125°C ±l/2LSB E-20A 
AD7524TE -SS°C to + 125°C ±l/4LSB E-20A 
AD7524UE -SS°C to + 125°C ±1/SLSB E-20A 

NOTES 
'To order MIL-STD·883, Class B processed parts, add/883B to part number. 
Contact your local sales office for military data sheet. For U.S. Standard 
Military Drawing (SMD) see DESC drawing #5962-87700. 

2E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 
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AD7524-SPECIFICATIONS 
LIMIT,,-'.fA = :t-i5°c 

PARAMETER Von= +5V VoD = +15-V 

STATIC PERFORMANCE 
Resolution 
Relative Accuracy 

J, A, s._VersiO_ns·' ±112 
K,.B, TVcrsions ±1/2 
L, C, U Versions ±1/2 

Monotonicitv guaranteed 
Gain Error2 ±2 112 
Average Gain TC3 ±40 

de Supply Rejecti.On,3 .. LM;ain/6Voo 0.08 
0.002 

Output Leakage Current 
lo UT 1 (Pin 1) ±SO 
•ouTz (Pin 2) ±SO 

DYNAMIC PERFORMANCE 
Output Current Settli!1g.lime3 
(to 1/2 LSB) 400 

ac Feedthrough3 

at OUT! 0.25 
atOUT2 0.25 

REFERENCE INPUT 
RIN (pin IS to GND)4 

20 

ANALOG OUTPUTS 
Output ·capacitance3 

· CoUT! (pin I) 120 
CouT2 (j>in 2) 30 
CouTI (pin 1) 30 
CouT2 (pin 2) 120 

DI I LI p 

Input HIGH Voltage Requirement 
Vm +2.4 

Input LOW Voltage Requirement 
VIL +0.8 

, Input 'Current 
IIN ±1 

Input Capacitance3 
DBO-DB7 s 
iVR,cs 20 

SWITCHING CHARACTERISTICS 
Chip Select to Write Setup Times 

tcs 
AD7524j, K, L, A, B, C 170 
AD7524S, T, U 170 

Chip Select to Write Hold Time 

tcH 
All Grades 

Write-Pulse Width 

'WR 
AD7S24J, K, L, A, B, C 170 
AD7524S, T, U 170 

Data Setup Time 

•os 
AD7S24j, K, L, A, B, C llS 

AD7524S, T, U llS 

Data Hold Time 

'DH 
All Grades 10 

POWER SUPPLY 
loo 1 

100 

NOTES 
1Temperate ranges as folfuws: J, K, L versions: -40"C to +85°C 

A, 8, C versions: -40"C to +35"C 
S, T, U versions: - SS"C to + 125"C 

±1/2 
±1/4 
±118 
~aianteed 
±1114 
±10 

0.02 
0.001 

±50 
±SO 

2SO 

0.25 
0.25 

s 
20 

120 
30 
30 
120 

+13.S 

+1.5 

±1 

s 
20 

100 
100 

0 

100 
100 

60 
60 

10 

2 
100 

~~~~~ ~~t:::. !!!!i!'--? i~~"'rHI f.-tb.~k tt11istor. Full Scale Rangt (FRS) = V?t!!!'· 

4DAC thin·film resistor temperature coefficient is approximately -300ppmrC, 
'AC parameter, samp)e tested@ 25"C to ensure conformance to specifications. 
Specifications subject to change without notice. 

3-160 DIGITAL-TO-ANALOG CONVERTERS 

(YREF = + lOY, Y0011 = Youl2 = DY, unless otherwise noted) 

LIMIT, TM1N1 TMAX 1 

:vDD = 5V Voo•+UV UNITS TEST.CONDITIONS/COMMJIN.'fS 

Bits 

±1/2 ±112 LSB max 
±112 ±114 LSB max 
±112 ±118 LSB max 
guaranteed guaranteed 
±3 112 ±1112 LSB max 

ppm/°C 
' ; ' 0 

±40 ±10 Gain TC meaSured from +25 C to 
Tmin or from +2S°C to Tniax 

0.16 0.04 % FSR/%max 6Von =±10% 
0.01 o.oos % FSR/% typ 

±400 ±200 nAmax DBO-DB7=0V;W!,_C~OV;VR£p=±10V 
±400 ±200 nAmax DBO-DB7 =Von; WR, CS=OV; VaBF.=±IOV 

500 350 nsmax OUT! Load= 1000, CBXT = llpF; WR, Cs= 
OV;9BO-DB7 = ov to Von to ov. 

o.s 0.5 %FSRmax VaEL= ±_!.QV, _lOOkHz sine wa~~; DB0-087 = 
o.s o.s % FSRmax OV; WR, CS = OV 

s s k!lmin 
20 20 kOmax 

120 120 pFmax DBO-DB7 = Vooi WR, CS= ov 
30 30 pFmax 
30 30 pFmax DBO-DB7 = ov; WR, cs= ov 
120 120 pFmax 

+2.4 +13.S Vmin 

+0,8 +1.5 Vmax 

±10 ±10 µAmax VIN = OV or Yoo 

s s pFmax VIN=OV 
20 20 pFmax VIN =OV 

See timing diagram. 
twa = tcs 

220 130 nsmin 
240 ISO nsmin 

nsmin 

tcs ;i. twa. tcH;;. o 
220 130 nsmin 
240 ISO nsmin 

170 80 nsmin 
170 100 nsmin 

10 10 nsmin 

2 2 mAmax All Digital Inputs VIL or VJH 
soo soo µAmax All Digital Inputs OV or Voo 
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ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C, unless otherwise noted) 

V00 to GND 
VRFB to GND ........ . 
VREF to GND ........ . 
Digital Input Voltage to GND 
OUT!, OUT2 to GND . . . . 
Power Dissipation (Any Package) 

To +7S°C ..... . 
Derates above 75°C by . . . . 

CAUTION: 

-0.3V, + 17V 
.... ±2SV 
.... ±2SV 

-0.3V to Von +0.3V 
-0.3V to V00 +0.3V 

·4SOmW 
6mW/°C 

Operating Temperature 
Commerical CJ, K, L) . 
Industrial (A, B, C) 
Extended (S, T, U) .. 

Storage Temperature . . 
Lead Temperature (Soldering, !Osecs) 

AD7524 

-40°C to +8S°C 
- 40°C to + 8S°C 

- SS°C to + 125°C 
-6S°C to + IS0°C 
..... +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated ~n the operational sections of this specification is not 
implied. Exposllre to absolute maximum rating conditions for extended 
periods may affect device reliability. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are Zener protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The foam 
should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~SENSITIVE DEVICE 

TERMINOLOGY 

RELATIVE ACCURACY: A measure of the deviation from 
a straight line through the end points of the DAC transfer 
function. Normally expressed as a percentage of full scale 
range. For the AD7524 DAC, this holds true over 
the entire VREF range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n b.its has a resolution of (2-n) (V REF). A 
bipolar converter of n bits has a resolution of [2-<n-OJ 
IVREFI. Resolution in no way implies linearity. 

GAIN ERROR: Gain Error is a measure of the output error 
between an ideal DAC and the actual device output. It is 

measured with all ls in the DAC after offset error has been 
adjusted out and is expressed in LSBs. Gain Error is adjust
able to zero with an external potentiometer. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from OUTl and OUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
OUTl terminal with all digital inputs LOW or on OUT2 
terminal when all inputs are HIGH. This is an error current 
which contributes an offset voltage at the amplifier output. 

PIN CONFIGURATIONS 

DIP, SOIC 

REV. B 

RFEEOBACK 

Yoo 

Wit 

cs 
DBO (LSB) 

DB1 

I:! 
" 0 

DB7 IMSB) 5 

ii 
NC= NO CONNECT Q 

PLCC 

i: J " u ; 0 2 

AD7524 
TOP VIEW 

!Not to Scale) 

a u ill 8 Q 2 Q 

LCCC 

I:! i: 
! $ 6 s !i! a: > 

3 2 1 20 19 
~.,...._ 

.,.....,...... 

' ' GND 4 '' 18 Voo 
Viii 

.. 
087 (MSB) 5 11 WR 

AD7524 
NC 6 TOP VIEW 16 NC 

DBS 7? I (Not to Selle) 15 cs 
085 8 14 DBO (LSB) 

_,.. _,.. _,.. _,.._/ 

• 10 11 12 13 

NC= NO CONNECT ! a !i! !! 8 Q 
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AD7524 
CIRCUIT DESCRIPTION 

CIRCUIT INFORMATION 
The AD7S24, an 8-bit multiplying DIA converter, consists of 
a highly stable thin film R-2R ladder and eight N-channel 
current switches on a monolithic chip. Most applications re
quire the addition of only an output operational amplifier and 
a voltage or current reference. 

The simplified DIA circuit is shown in Figure 1. An inverted 
R-2R ladder structure is used - that is, the binarily weighted 
currents are switched between the OUTl and OUT2 bus Jines, 
thus maintaining a constant current in each ladder leg inde
pendent of the switch state. 

'---++-4>--+-_-4.'J--++...i>-----0 OUT2 

....,_--4~---. ...... -4"J--4~-.---uouT1 

DB7 IMSBI DBS DBS DBO (LSBI 

Figure 1. AD7524 Functional Dia{Jf'am 

EQUIVALENT CIRCUIT ANALYSIS 

RFEEDBACK 

The equivalent circuit for all digital inputs LOW is shown in 
Figures 2. In Figure 2 with all digital inputs LOW, the refer
ence current is switched to OUT2. The current source 
I LEAKAGE is composed of surface and junction leakages to 
the substrate while the fso current source represents a con
stant 1-bit current drain through the termination resistor on 
the R-2.R ladder. The "ON" capacitance of the output N-chan
nel switches is 120pF, as shown on the OUT2 terminal. The 
"OFF" switch capacitance is 30pF, as shown on the OUTl 
terminal. Analysis of the circuit for all digital inputs high is 
similar to Figure 2 however, the "ON" switches are now on 
terminal OUTl, hence .the 120pF appears at that terminal. 

ff,:EEDBACK 

Figure 2. AD7524 DAC Equivalent Circuit - A!! Digital 
Inputs Low 

INTERFACE LOGIC INFORMATION 

MODE SELECTION 
AD7S24 mode selection is controlled by the CS and WR 
inputs. 

WRITE MODE 
When CS and WRare both LOW, the AD7S24 is in the WRITE 
mode, and the AD7S24 analog output responds to data activ-
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ity at the DBO-DB7 data bus inputs. In this mode, the AD7524 
acts like a nonlatched input D/A converter. 

HOLD MODE 
When either CS or WR is HIGH, the AD7524 is in the 
HOLD mode. The AD7S 24. analog output holdsthe value cor
re~ndin&_!o the last digital input.present at DBO-DB7 prior 
to WR or CS assuming the HIGH state. 

MODE SELECTION TABLE 

.cs Wi MODE DAC RESPONSE 

L L Write DAC responds to data bus 
(DBO - 087) inputs 

H x Hold Data bus (DBO - DB7) is 
Jocked out; 

x H Hold DAC holds last data present 
when WR or CS assumed 
HIGH state . 

L = Low State, H = High State, X =Don't Care. 

WRITE CYCLE TIMING DIAGRAM 

tcs----1~ 

WRITE 

DATA IN (DBO - D87) 

12 

~ 10 

2 

NOTES: 
1. All input signal rise and fan times measured from 

10% to 90% of Voo. Voo = +SV, t, = tt = 20r:is; 
Voo = +l5V, t, = tt = 40ns. 

2. Tim.int Measurement Refere~ levtil is ViH ~ ViL 

3. tos + toH is approximately constant at 145ns i:nin 
at +25°·C, Voo = +SV and twr"" 170ns min. The 
AD7524 ts specified for a minimum t_OH of 10ns. 
however, in applications where tOH > 10ns, tos 
may be reduced accordi"91y up to the limit tos = 
65n .. toH • 80ns. 

l J 

vl..1J ALL-ci1ic;r4A~01~PUTS 
TIED TOGETHER 

~ 
Voo ·;sv ~ 

'5: 
~ ~ 

M ~ t--... 
10 12 14 

1 
t 

1 

... 
200 

V1N. VOLTS 

Voe 

Figure 3. Supply Current vs. Logic Level 

Typical plots of supply current, loo. versus logic input volt
age, VIN, for Yoo= +SV and Voo = +lSV are shown above. 
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WDEVICES 

FEATURES 
On-Chip Latches for Both DACs 
+ 5V to + 15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTL/CMOS Compatible 
Latch Free (Protection Schottky& not Required) 

APPLICATIONS 
Digital Control of: 

Gain/Attenuation 
Filter Parameters 
Stereo Audio Circuits 
X-Y Graphics 

GENERAL DESCRIPTION 
The AD7528 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
skinny 0.3" wide 20-pin DIPs and in 20-terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTUCMOS compatible input port. Control 
input DAC A/DAC B determines which DAC is to be loaded. 
The AD7528's load cycle is similar to the write cycle of a random 
access memory and the device is bus compatible with most 8-bit 
microprocessors, including 6800, 8080, 8085, Z80. 

The device operates from a + SV to + lSV power supply, dis
sipating only 20m W of power. 

Both DACs .offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.A 

CMOS Dual 8-Bit 
Buffered Multiplying DAC 

AD7528 I 
FUNCTIONAL BLOCK DIAGRAM 

RFBA Ill 

AGND 

RFB B 

OUT B 

PRODUCT HIGHLIGHTS 
1. DAC to DAC matching: since both of the AD7528 DACs are 

fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7528's matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip 
DAC latches into a common data bus and adding a DAC Al 
DAC.B select lin.e has allowed.the AD7528 to be packaged in 
either a small 20.pin DIP, SOIC, PLCC or LCCC. 
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AD7528-SPECIFICATIQNS (VREF A= VREF B = +10V; OUT A= OUT B =DY unless otherwise specified) 
VDD = +SV Voo = +lSV - Venloo' T.., = +ZS-C T ... ,T_ T4 = +25-C T-.T- UoiU TeRCooditiouleo..m.ta 

STATICPERFORMANCE2 

Resolution All 8 Bip 

Relative~curacy J,A,S ±I ., ±I ±I LSBmu: This is an Endpoint Linclrity Spcciftcation 
K,B,T ±II ±II ±II ±II LSBmu 
L,C,U ±1/i ±II ±II ±•h LSBmu: 

Differential Nonlinearity All ±I ±I ±I ±I LSBmu AU GndesGuarantecdMonoronicOver 
Full OperatingTcmpenturc Range 

Gain Error J,A,S ±4 ±6 ±4 ±S LSD mu Measured Using Internal RFB A and RFBB. 
K,B,T ., ±4 ±2 ±3 LSBmax Both DACLatcbes Loaded with l l l l l l l I . 
L,C,U ±1 H ±I ±I LSBmu Gain Error is Adjustable Using Circuits 

ofFigures4andS. 

Gain T cmperatun: Coefficient• 
.:l.Gainl b. Temperature AU ±0.007 ±0.007 ±0.0035 ±0.0035 %/'Cmu 

Output Leakage Current 
0UTA(Pm2) AU ±SO ±400 ±50 ±200 nAmu DAC Latches Loaded with 00000000 
0UTB(Pin20) AU ±SO ±400 ±SO ±200 nAmax 

lnputResistancc(VREFA, VRr::FB) All 8 8 8 8 kflmin Input Resistance TC = - 300ppml°C, Typical 
IS IS IS lS kllmu Input Resistance is 1 lk!I 

V REF A/V REF 8 Input Resistance 
Match All ±I ±I ±I ±I %""" 

DIGITALlNPUTSJ 
Input High Voltage 

V,H All 2.4 2.4 13.S 13.5 Vmin 
Input Low Voltage 

V,L All 0.8 0.8 l.S l.S Vmax 
lnputCunent 

'"' All ±I ± 10 ±I ::!: 10 .A .... v,N = OorVon 
Input Capacitance 

D~DB7 AU JO JO JO 10 pFmax 
WR,Ci,DACA/DACB All IS IS IS lS pFmu 

SWITCHINGCHARACTERISTICs4 See Timing Diagram 
ChipSelecttoWriteSctUpTimc 

"" All 200 230 60 80 nsmin 
Chip Select to Write Hold Time 

Im All 20 30 JO lS nsmin 
DACSelccttoWrite Set Up Time ... All 200 230 60 80 nsmin 
DAC SeJect to Write Hold Time 

tAH All 20 30 10 lS nsmin 
DataValidtoWriteSetUpTime 

•o• All 110 130 30 .. nsmin 
Data Valid to Write Hold Time 

loH All nsmin 
Write Pulse Width ,,... All 180 200 60 80 nsmin 

POWER SUPPLY SeeFigure3 
loo All 2 2 2 mAmax AllDigjtallnpuUiV1L01"VIH 

All 100 500 100 500 ........ All Digital lnputsOV Ot"Voo 

AC PERFORMANCE CHARACTERISTICS5 (Measured Using Recommended 
P.C. Board Layout (Figure 7) and AD644 as Output Amplifiers) 

Parameter Version1 

DCSUPPLYREJECTION(AGAIN/AVoo) All 

CURRENT SElTLING TIME2 All 

PROPAGATION DELAY (From Digital 
lnputto90%ofFinal Analog Output Current) AU 

DIGITAL TO ANALOG GLITCH IMPL'LSE All 

OUTPUTCAPACITANCE 
Com A All 
ComB 
CouTA 
CouTB 

AC FEEDTHROUGW' 
VREFAtoOUTA AU 
VREFBtoOUTB 

CHANNEL TO CHANNEL ISOLATION 
VREFAtoOUTB All 

VREFBtoOUTA 

D!GITAL CROSSTALK All 

HARMONIC DISTORTION All 

NOTES 
1Temperatwe Ranges are J, K, L Versions: - 40"C to + 8S°C 

A,8,CVersions: -40"Cto +SS°C 
S,T,UVersiona: -SS"Cro +12S"C 

2SpecificationappliestobothDAC&inAD7S28, 
31..ogic inputs are MOS Gates. Typical input current ( + 2S°C) is less than lnA. 
'Guaranteed by design but no1 production tested. 
51'hese characteristics are for design guidance only and are not subject to test. 

Von= +sv 
T"= +25"C T ..... ,T_. 

o.oz .... 
3SO 400 

220 270 

160 

so so 
so so 
120 120 
120 120 

-70 -65 
-70 -65 

-77 

-77 

30 

-85 

6Feedthrougb can be funher reduced by connecting the metal lid on the ceramic package (suffui; 0) to OOND. 

Specifications subject to changewitbou1 notice. 
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Von= +ISV 
T"= +25"C T..u.,T-

0.01 0.02 

180 200 

80 100 

440 

50 50 
so so 
120 120 
120 120 

-70 -65 
-70 -65 

-77 

-77 

60 

-8S 

UnUs 

%per%mn: 

nVsectyp 

··....... 
pFmax 
pFmox 

dB mu 
dB mu 

dBtyp 

dBtyp 

nVsectyp 

dBtyp 

TestConditioas/Cam.ments 

6.Voo = ±5% 

Tol/2LSB.OutA/OutBload = IOO!l. 
WR= Cs= OV. DBO-DB7 = OVtoVooorVootoOV 

VREFA = VREFB = + IOV 
OUT A, OUT B Load = 1000 CExT = 13pF 
Wi,Cs = OVDB0-087 = OVtoVooorVootoOV 

For Code Transition 00000000 to 11111111 

DAC Latches Loaded with 00000000 

DAC Latches Loaded with 11111111 

V11.EFA, VREFB = 20Vp-pSineWave 
@lOOkHz 

Both DAC Latches Loaded with 11111111. 
V11.EFA = 20Vp-pSineWave@lOOkHz 

V11.EFB"" OVseeFigure6. 

VREFA = 20Vp-pSineWave@IOOkHz 
VREFA = OVseeFigure6. 

Measured for Code Transition 00000000 to 11111111 

V1N =6Vrms@lkHz 

REV.A 



ABSOLUTE MAXIMUM RATINGS 
(TA = + 25°C unless otherwise noted) 

Vo0 toAGND . 
V00 to DGND . 
AGND to DGND 
DGNDtoAGND 
Digital Input Voltage to DGND 
VP1N2, Vp1N20 to AGND .. 
VREF A, VREF B to AGND .. . 
VRFB A, VRFB B to AGND .. . 

. OV, +17V 

. OV, +17V 
Voo +0.3V 
Voo +0.3V 

-0.3V, V00 +0.3V 
-0.3V, V00 +0.3V 

. ±25V 

Power Dissipation (Any Package) to + 75'C 
Derates above + 75°C by . . . . . . . . . 

. ±25V 
4SOmW 

6mW/'C 
Operating Temperature Range 

Commercial (J, K, L) Grades . 
Industrial (A, B, C) Grades 
Extended (S, T, U) Grades .. 

Storage Temperature . . . . . . 
Lead Temperature (Soldering, lO secs.) . 

CAUTION: 

- 40°C to + SS'C 
- 40'C to + SS'C 

- SS'C to + 125°C 
- 6S'C to + ISO'C 
. . . . . +300'C 

1. ESD sensitive device. The digital control inputs are diode pro
tected; however, permanent damage may occur on unconnected 
devices subjected to high energy electrostatic fields. Unused 
devices' must be stored in conductive foam or shunts. 

2. Do not insert this device into powered sockets. Remove power 
before insertion or removal. 

TERMINOLOGY 
Relative Accuracy: 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after adjusting 
for zero and full scale and is normally expressed in LSBs or as a 
percentage of full scale reading. 

ORDERING GUIDE1 

Temperature Relative Gain Package 
Model2 Range Accuracy Error Option3 

AD7528JN -40'Cto +85'C ±lLSB ±4LSB N-20 
AD7528KN -40'Cto +85'C ± l/2LSB ±2LSB N-20 
AD7528LN -40'C to + 85'C ± l/2LSB ±ILSB N-20 
AD7528JP -40'Cto +85'C ±ILSB ±4LSB P-20A 
AD7528KP -40'Cto +85'C ± l/2LSB ±2LSB P-20A 
AD7528LP -40'Cto +85'C ± l/2LSB ±ILSB P-20A 
AD7528JR -40'Cto + 85'C ±ILSB ±4LSB R-20 
AD7528KR -40'Cto +85'C ± l/2LSB ±2LSB R-20 
AD7528LR -40'C to + 85'C ± l/2LSB ±ILSB R-20 
AD7528AQ -40'C to + 85'C ±ILSB ±4LSB Q-20 
AD7528BQ -40'C to + 85'C ± l/2LSB ±2LSB Q-20 
AD7528CQ -40'Cto +85'C ± l/2LSB ±ILSB Q-20 
AD7528SQ -55'Cto + 125'C ±ILSB ±4LSB Q-20 
AD7528TQ - 55'C to + 125'C ± l/2LSB ±2LSB Q-20 
AD7528UQ - 55'C to + 125'C ± l/2LSB ±ILSB Q-20 
AD7528SE -55'C to + 125'C ±ILSB ±4LSB E-20A 
AD7528TE - 55'C to+ 125'C ± l/2LSB ±2LSB E-20A 
AD7528UE - 55'C to + 125'C ± l/2LSB ±ILSB E-20A 

NOTES 
1 Analog Devices reserves the right to ship side-brazed ceramic in lieu of cerdip. Parts will 
be marked with cerdip designator "Q." 

2Processing to MIL-STD-883C, Class Bis available. To order, add suffix "/8838" to part 
number. For further information, see Analog Devices' 1990 Military Products Databook. 

3E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; 
Q = Cerdip; R = SOIC. For outline information see Package Information section. 

REV.A 

AD7528 
Differential Nonlinearity: 
Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent codes. 
A specified differential nonlinearity of ± ILSB max over the 
operating temperature range ensures monotonicity. 

Gain Error: 
Gain error or full-scale error is a measure of the output error be
tween an ideal DAC and the actual device output. For the AD7528, 
ideal maximum output is VREF - ILSB. Gain error of both DACs 111 is adjustable to zero with external resistance . 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital to Analog Glitch Impulse: 
The amount of charge injected from the digital inputs to the analog 
output when the inputs change state. This is normally specified 
as the area of the glitch in either pA-secs or n V-secs depending 
upon whether the glitch is measured as a current or voltage signal. 
Glitch impulse is measured with VREF A, VREF B = AGND. 

Propagation Delay: 
This is a measure of the internal delays of the circuit and is defined 
as the time from a digital input change to the analog output current 
reaching 90% of its final value. 

Channel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a change in digital input code to the other converter. Specified 
in nV secs. 

PIN CONFIGURATIONS 

DACA1DAC B 6 

!MSB) 087 1 

LCCC 

o( : ~ : Ill 

J 5 ~ 5 J 
3 2 12019 

~ 

1..1 18 VRE• B 

AD7528 
TOP VIEW 

(Notto Scale) 

17 V00 

16 WR 

15 cs 
14 DBO (LSB) 

. 
J 

PLCC 

AD7528 
TOP VIEW 

(Not t0Sc11le) 

DIP, SOIC 

11 v11.,e 
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ADl528 
INTERFACE LOGIC INFORMATION 
DAC.Selection: 
Both DAC latches share a common 8-bit input port. The control 
input DAC A /DAC B selects which DAC can accept data from 
the input port. 

Mode Selection: 
Inputs CS and WR control the operating mode of the selected 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected DAC are 
transparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present 
on DBO-DB7 just prior to CS or WR assuming a high state. 
Both analog outputs remain at the values corresponding to the 
data in their respective latches. 

DACA/ 
DACB cs WR DACA 

L L L WRITE 
H L L HOLD 
x H x HOLD 
x x H HOLD 

L = Low State H = High State X = Don't Care 

Mode Selection Table 

WRITE CYCLE TIMING DIAGRAM 

DACB 

HOLD 
WRITE 
HOLD 
HOLD 

------.1----'----t,.------V~ 
.WRITE 

... .... 
----~ j.,,------'--,1 r----V~ 

v~ DATA IN IDB0-087) 

NOTES: 

DATA IN STABLE v. 

1. ALL INPUT SIGNAL RISE AND FALL TIMES 
MEASURED FROM 10% TO 90% OF Vop· 
Yoo= +5V,t, = t, = 20ns; 
Yoo= +15V,t,::::t,:c40ns. 

2. TIMING MEASUREMENT. REFERENCE LEVEL IS ~ 

CIRCUIT INFORMATION-DIA SECTION 
The AD75,28 contains two identical 8-bit multiplying DIA con
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified DIA circuit for DAC A is shown in Figure 
1. An inverted R-2R ladder structure is used, that is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder leg inde
pendent of switch state. 

DAC A DATA LATCHES 
AND DRIVERS 

Figure 1. Simplified Functional Circuit for DAC A 
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EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7528's DI A converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note. that AGND (Pin I) is 
common for both DAC A and DAC B. 

The current source I LEAKAGE is composed of surface and junction 
leakages and, as wjth most semiconductor devices, approximately 
doubles every I0°C. The resistor Ro as shown in Figure 2 is the 
equivalent output resistance of the device which varies with 
input code (excluding all O's code) from 0.8R to 2R. R is trpically 
l lk!l. CoUT is the capacitance due to the N-channel switehes 
and varies from about SOpF to 120pF depending upon the digital 
input. g(VREF A, N) is the Thevenin equivalent voltage generator 
due to the reference input voltage V REF A and the tcinsfer 
function of the R-2R ladder. 

+ 
glVREFA,NJ-

Ro 
R 

RFB A 

OUT A 

AGND 

Figure 2. Equivalent Analog Output Circuit of DAC A 

For further information on CMOS multiplying DIA converters 
refer to "Appplication Guide to CMOS Multiplying DIA Con
verters" available from Analog Devices, Publication Number 
G479-15-8/78. 

CIRCUIT INFORMATION-DIGITAL SECTION 
The input buffers are simple CMOS inverters designed such 
that when the AD7528 is operated with Von = SV, the buffer 
converts TTL input levels (2.4V and 0.8V) into CMOS logic 
levels. When VIN is in the region of 2.0 volts to 3.5 volts the 
input buffers operate in their linear region and pass a quiescent 
current, see Figure 3. To minimize power supply currents it is 
recommended that the digital input voltages be as close to the 
supply rails (V00 and DGND) as is practically possible. 

The AD7528 may be operated with any supply voltage in the 
range Ss;V0 ns;IS volts. With Von = + lSV the input logic 
levels are CMOS compatible only, i.e., l.SV and 13.SV. 

'-v001 = +11sv I l I I 
800 !--+-+-+-+-+-.... ~,-. -'=::,----T'-'-+- T • = +z&-c ~.,.-vi ALL DIGITAL INPUTS 

700 1--+--+--l-+--f-.-ti-t--+--+-TIED TOGETHER ,--1 7 g 

~ ... t--+--+---<f---+-1++----+--+--+---<f--+--+--+---I • i 
II 500 l--+--+--lf--+1-f-l--+--+--l-+--t--+-l--+--15 t 
l... 4 II 

1, VoD= +5V / "" + j:rt; r/- ~ 3 ~ 
100 '~ --u ~ 

• • 91011121314 

v .. -Volts 

Figure 3. Typical Plots of Supply Current, 100 vs. Logic 
Input Voltage V,N, for V00 = +5V and + 15V · 
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FEATURES 
Two 12-Bit DACs in One Package 
DAC Ladder Resistance Matching: 0.5% 
Space Saving Skinny DIP and Surface Mount Packages 
4-Quadrant Multiplication 
Low Gain Error (1LSB max Over Temperature) 
Byte Loading Structure 
Fast Interface Timing 

APPLICATIONS 
Automatic Test Equipment 
Programmable Filters 
Audio Applications 
Synchro Applications 
Process Control 

GENERAL DESCRIPTION 
The AD7537/AD7547 contains two 12-bit current output DACs 
on one monolithic chip. Also on-chip are the level shifters, data 
registers and control logic for easy microprocessor interfacing. 
There are 12 data inputs. The AD7537 has a 2-byte loading 
structure making it compatible with 8-bit processor systems. 
The AD7547 has a 12-bit parallel loading structure for use in 
16-bit systems. 

The DIA converters provide 4-quadrant multiplication capabili
ties with separate reference inputs and feedback resistors. Mono
lithic construction ensures that thermal and gain error tracking 
is excellent. Twelve-bit monotonicity is guaranteed for both 
DACs over the full temperature range. 

The DACs are manufactured using the Linear Compatible 
CMOS (LC2MOS) process. This allows fast digital logic and 
precision linear circuitry to be fabricated on the same die. 

PRODUCT HIGHLIGHTS 
1. DAC to DAC Matching 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. Many applications which 
are not practical using two discrete DACs are now possible. 
Typical matching: 0.5%. 

2. Wide Power Supply Tolerance 
The device operates on a +12V to +lSV V00, with ±10% 
tolerance on this nominal figure. All specifications are guar
anteed over this range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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LC2MOS 
Dual 12-Bit DACs 

AD7537/AD7547 I 
AD7537 FUNCTIONAL BLOCK DIAGRAM 

AD7537 

087-080 DGND 

AD7547 FUNCTIONAL BLOCK DIAGRAM 

DGND 0811 DBO 
!MSB) ILSB) 
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AD7537/AD7547-SPECIFICATIONS1 
(V00 = +12V to +15V, ±10%, VREFA = VREFe = 10V; 
lourA = loure = AGNO = OV. All specifications T min to T max 

unless otherwise noted.) 

J,A K,B L,C 
Parameter Versions Versions Versions SVersion TVenion UVersion Units Test Conditions/Comments 

ACCURACY 
Resolution 12 12 12 12 12 12 Bits 
Relative Accuratjr ±I ±1/2 ±1/2 ±I ±112 ±112 LSBmax 
Differential Nonlinearity ±1 ±I ±I ±I ±I ±I LSBmax All grades guaranteed 

monotonic over temperature. 
Gain Error ±6 ±3 ±I ±6 ±3 ±2 LSBmax Measured using RFBA' RFBe· 

Both DAC registers loaded 
with all l's. 

Gain Temperature Coeff1Cient2; 
<I.Gain/ <I. Temperature ±5 ±5 ±5 ±5 ±5 ±5 ppm/°Cmax Typical value is lppmf'C 

Output Leakage Current 
loUTA 

+25°C 10 10 10 10 10 10 nAmax DAC A Register loaded 
TmmtoTmax 150 150 150 250 250 250 nAmax with all O's. 

loUTB 
+25'C 10 10 10 IO 10 10 nAmax DAC B Register loaded 
TmmtoTmax 150 150 150 250 250 250 nAmax with all O's. 

REFERENCE INPUT 
Input Resistance 9 9 9 9 9 9 kllmin Typical Input Resistance= 14kll 

20 20 20 20 20 20 kllmax 
VREFAJ VREFB 

Input Resistance Match ±3 ±3 ±1 ±3 ±3 ±I %max Typically ±0.5°/o 

DIGITALINPUTS 
VIH (Input High Voltage) 2.4 2.4 2.4 2.4 2.4 2.4 Vmin 
V1L (Input Low Voltage) 0.8 0.8 0.8 0.8 0.8 0.8 Vmax 
Im (Input Current) 

+25'C ±I ±1 ±I ±I ±I ±I µAmax VIN=Voo 
TmintOTmax ±10 ±10 ±10 ±10 ±10 ±10 µAmax 

CIN (Input Capacitance)2 10 10 10 10 10 10 pFmax 

POWER SUPPLY' 
Yoo 10.8/16.5 10.8/16.5 10.8/16.5 10.8/16.5 10.8/16.5. 10.8116.5 Vmin/Vmax 
loo 2 2 2 2 2 2 mAmax 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance only and are not subject ID test 
CVoo = + 12VID + 15V; VREFA = YREFB = + 10¥, IOlll'A = loUIB = AGNO = DY. Output Amplifiers are A0644 except where stated.) 

Parameter TA= +25'C 

Output Current Settling Time 1.5 

Digital-to-Analog Glitch Impulse 7 

AC Feedthrough4 

VREFA to louTA -70 
VREFB to Ioure -70 

Power Supply Rejection 
<1.Gain/<l.Voo ±0.01 

Output Capacitance 
CoUTA 70 
CoUTB 70 
CoUTA 140 
CouTe 140 

Channel-to-Channel Isolation 
VREFA to IouTe -84 

VREFB tolouTA -84 

Digital Crosstalk 7 

Output Noise Voltage Density 25 
(IOHz-IOOkHz) 

Total Harmonic Distonion -82 

NOTES 
1Temperaturc range as follows: J, K, L Versions: -4C>°C to + 8S°C. 

A,B,CVersions: -40"Cto +85°C. 
S, T, UVersions: -5S°Cto + 12S°C. 

2Sampletested at25°C to ensure compliance. 
3Functional at V 00 = SV with degraded specifications. 
"Pin 12 (DGND)on ceramic DIPs is connected to lid. 

Specifications subject to change without notice .. 
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TA= Tmm, Tm.ax Units Test Conditions/Comments 

- µ.smax To0.0I%offull-scalerange. louTload= IOO!l,CEXT= 13pF. 
DAC output measured from rising edge of WR. 
Typical ValueofSettlingTimeis0.8µs. 

- nV-styp Measured with VREFA = VREFB = OV. IouTA, loUTB 
load= lOO!l, CEXT = 13pF. DAC registers alternately 
loadedwithallO'sandall l's. 

-65 dB max VREFA' VREFB =20Vp-p lOkHzsinewave. DAC 
-65 dB max registers loaded with all O's. 

±0.02 %pero/omax 6.Vno=Vonmax-Voomin 

70 pFmax DACA,DACBloadedwithallO's. 
70 pFmax 
140 pFmax DACA,DACBloaded with all l's. 
140 pFmax 

- dBtyp v REFA = 20V p-p lOkHz sinewave, VREFB = ov. 
Both DACs loaded with all I's. 

- dBtyp VREFe=20Vp-p lOkHzsinewave, VREFA =OV. 
Both DACs loaded with all 1 's. 

- nV-styp Measured for a Code Transition of all O's to all l's. 
loUTA,IoureLoad= iOOil,CExT= i3pF 

- nV/YHztyp Measured between RFBA and lour A or RFBs and ioUI'B· 
Frequency of measurement is IOHz.-JOO kHz. 

- dBtyp V1N=6Vrms, lkHz.BothDACsloadedwithall l's. 
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AD7537/AD7547 

AD7537 TIMING CHARACTERISTICS (Voo = 10.BV to 16.5V, VREFA = VREFs = +lOV, loUTA = AGNDA =av, louTB = AGNDB = OV). 

Limit at 
Limit at Limit at TA= +ss·c 

Parameter TA= +is·c TA= -40°Cto +ss•c to +12s0c Units Test Conditions/Comments 

t1 15 15 30 
ti 15 15 25 
t3 60 80 80 
4 25 25 25 
ts 0 0 0 
16 0 0 0 
t1 80 80 100 
ts 80 80 100 

Specifications subject to change without notice. 

Table I. AD7537 Truth Table 

BX ~ ft FUNCTION 

x x No Data Transfer 

I x No Data Transfer 

s s 0 A Rising Edge on CSA or CSB Loads 

Data to the Respective DAC from the Data Bus 

0 I J DAC A Register Loaded from Data Bus 

I 0 s DAC B Register Loaded from Data Bus 

0 0 s DAC A and DAC B Registers Loaded 

from Data Bus 
NOTES 
I. X "" Don'tcare 
2. S means rising edge triggered 

t=··----1 1-'•:j 
AO-Al m I I Y.;,""Z.,.,/'J,7'//,~Z"7,/;"'/l/,""'/;,""z"?;;""'/;, .... ; :~ 

~-~~~......:...I 1:::•·--+-":::i""".,...,..,.,....,.,.,..........,. 
DATA Vf//IJl}/I lllflffl!X I Xl//@fi///JI //(Ji :~ 

CS, UPD -----~,r-·•1 l"-Jlr----- SV 

ov 
i-•,-i 

W. -------\__Jr--------- sv 

---------------t:J--r---" : ClR 
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NOTES 
1. AH INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 

90% OF +sv. t,=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS ~ 

Figure 1. Timing Diagram for AD7537 

OV 

nsmin Address Valid to Write Setup Time 
nsmin Address Valid to Write Hold Time 
nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select or Update to Write Setup Time 
nsmin Chip Select or Update to Write Hold Time 
nsmin Write Pulse Width 
nsmin Clear Pulse Width 

AD7537 ORDERING GUIDE' 

Temperature Relative Gain Package 
Model2 ~ Accuracy Error Option' 

AD7537JN - 40"C to + ss·c ±ILSB ±6LSB N-24 
AD7537KN -40°C to + ss·c ± l/2LSB ±3LSB N-24 
AD7537LN - 40"C to + ss·c ± l/2LSB ±ILSB N-24 
AD7537JP - 40•c to + ss·c ±ILSB ±6LSB P-28A 
AD7537KP - 40•c to + ss•c ± l/2LSB ±3LSB P-28A 
AD7537LP -40"Cto +ss·c ± l/2LSB ±ILSB P-28A 
AD7537AQ -40"Cto +ss·c ±ILSB ±6LSB Q-24 
AD7537BQ - 40"C to + ss·c ± l/2LSB ±3LSB Q-24 
AD7537CQ -40°Cto +ss•c ± l/2LSB ±ILSB Q-24 
AD7537SQ - ss•c to + 12s·c ±ILSB ±6LSB Q-24 
AD7537TQ - SS"C to + 12s·c ± l/2LSB ±3LSB Q-24 
AD7537UQ - S5"C to + 12s•c ± l/2LSB ±2LSB Q-24 
AD7537SE - ss·c to + 12s"C ±ILSB ±6LSB E-28A 
AD7537TE - ss·c to + I2S"C ± l/2LSB ±3LSB E-28A 
AD7537UE - ss·c to + 12s•c ± l/2LSB ±2LSB E-28A 

NOTES 
1 Analog Devices reserves the right to ship ceramic packages (D-24A) in lieu of cerdip 
packages (Q-24). 

2To order MIL-STD-883, Class B processed. parts, add/8838 to part number. 
Contact your local sales office for military data sheet. 

3E = Lead.less Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded Chip Carrier; 
Q = Cerdip. For outline information see Package Information section. 
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AD7537 /AD754 7 

AD7547 TIMING CHARACTERISTICS (Voo '= 10.BV to l6.5V, Yam= VaEFB = +1DV, loUTA = AGNDA = DVJ. 

Limitat Limit at 
Limit at TA= -40"C TA=-55°C 

Parameter TA= +25°C to +ss·c to +12s•c Units Test Conditions/Comments 

t1 60 80 80 
ti 25 25 25 
t3 80 80 100 
t4 0 0 0 
ts 80 80 100 

Specifications subject to change without notice. 

Table II. AD7547 Truth Table 

~ UJ.11) B' WI Al AO FUNCTION 

I x x x No Data Transfer 
I x x x No Data Transfer 
0 x x x x x All Registers Cleared 

0 0 0 0 DAC A LS Input Register 

Loaded with DB7-DBO(LSB) 
0 0 0 DAC A MS Input Register 

Loaded with DB3(MSB)-DBO 
0 0 0 DAC B LS Input Register 

Loaded with DB7-DBO(LSB) 
0 0 DAC B MS Input Register 

Loaded with DB3(MSB)-DBO 
0 0 x x DACA, DACBRegisters 

Updated Simultaneously from 
Input Registers 

0 0 0 x x DAC A, DAC B Registers are 

Transparent 

NOTE: X = Dori't care 

.. 1 .. ---t, ·I 
DATA ..,.~..,.....,.~ ......... I I 

,.'----t-,---.~l-·-J4 5V 
I 

,~-y----5V 

NOTES 
1. ALL tt--.IPUT SIGNAL RISE A,._.JC FALL TIMES f.,1EASUftEC FROP .. 110% 

TO 90% OF +5V. t, = t, = 20ns. V +V 
2. TIMING MEASUREMENT REFERENCE LEVEL IS~ 

Figure 2. Timing Diagram for AD7547 
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nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select to Write SetupTime 
nsq:tln Chip Select to Write Hold Time 
nsmin Write Pulse Width 

AD7547 ORDERING GUIDE1 

Temperature Relative Gain Package 
Mode12 Range Accuracy Error Option3 

AD7547JN -40°Cto +85°C ±lLSB ±6LSB N-24 
AD7547KN - 40°C to + 85°c ± l/2LSB ±3LSB N-24 
AD7547LN -40°Cto +85°C ± l/2LSB ±lLSB N-24 
AD7547JP - 40•c to + ss·c ±lLSB ±6LSB P-28A 
AD7547KP -40°Cto +8s0c ± l/2LSB ±3LSB P-28A 
AD7547LP - 40•c to + 85°C ± l/2LSB ±lLSB P-28A 
AD7547JR - 40°c to + 85°C ± ILSB ±6LSB R-24 
AD7547KR - 40°Cto + 85°C ± l/2LSB ±3LSB R-24 
AD7547LR - 40°C to + 85°C ± l/2LSB ±lLSB R-24 
AD7547AQ - 4o•c to + 85°c ±lLSB ±6LSB Q-24 
AD7547BQ - 40•c to + 85°C ± l/2LSB ±3LSB Q-24 
AD7547CQ - 40°C to + 85°C ± l/2LSB ±lLSB Q-24 
AD7547SQ - 55°C to + 12s·c ±lLSB ±6LSB Q-24 
AD7547TQ - ss•c to + 12s0c ± l/2LSB ±3LSB Q-24 
AD7547UQ -ss•cto + 12s•c ± l/2LSB ±2LSB Q-24 
AD7547SE - ss•c to + 12s0 c ±lLSB ±6LSB E-28A 
AD7547TE - 55°C to + 125°C ±l/2LSB ±3LSB E-28A 
AD7547UE - 55°C to + 125°C ± l/2LSB ±2LSB E-28A 

NOTES 
1 Analog Devices reserves the right to ship ceramic packages (D-24A) in lieu 
of cerdip packages (Q-24). 

2To order MIL-STD-883, Class B processed parts, add /8838 to part number . 
Contact your local sales office for military data sheets. 

3E = LCadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see Package 
lnfoxmation. section. 
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AD7537 PIN CONFIGURATIONS 

V111 ,4 I 

PLCC 

AD7S37 , .. ,,_ 
INottolcal.I 

1t At 

V111,_. I 

Ci • 

.., .. 

AD7537 /AD754 7 

LCCC 

u 
AD7537 

TOOVIEW 
INottotc. .. I 

11 u" ti 11 n ,, 

21 v .... 
:z4 v_ 

:ui UJ6 
22 NC 

"iii! 
.. m 

upn= 
NC • NO CONNECT 

PIN FUNCTION DESCRIPTION (DIP) 

PIN MNEMONIC 

1 AGNDA 

2 louTA 
3 RFBA 
4 VREFA 
5 cs 
6-14 DBO--DB7 

12 DGND 

15 AO 

16 Al 
17 CLR 

18 WR 
19 UPD 
20 Von 
21 VREFB 
22 RFBB 
23 louTB 
24 AGNDB 

ABSOLUTE MAXIMUM RATINGS* 
(TA= 25°C unless otherwise stated) 

V00 to DGND ...... . 
VREFA• VREFB to AGND, ... . 
VRFBA• VRFBB to AGND, ... . 
Digital Input Voltage to DGND 
IouTA> IoUTB to DGND ... . 
AGND to DGND ....... . 
Power Dissipation (Any Package) 

To +75"C ..... . 
Derates above + 75°C . .· . . . 

DESCRIPTION 

Analog Ground for DAC A. 

Current output terminal of DAC A. 

Feedback resistor for DAC A. 
Reference input to DAC A. 

Chip Select Input. Active low. 

Eight data inputs, DBO--DB7. 
Digital Ground. 

Address Line 0. 

Address Line I. 
Clear Input. Active low. Clears all registers. 

Write Input. Active low. 

Updates DAC Registers from inputs registers. 

Power supply input. Nominally + 12V to + 15V, with ± 10% tolerance. 
Reference input to DAC B. 

Feedback resistor for DAC B. 

Current output terminal of DAC B. 
Analog Ground for DAC B. 

-0.3V, + 17V 
.... ±25V 
.... ±25V 

-0.3V, Von +0.3V 
-0.3V, V00 +0.3V 
-0.3V, V00 +0.3V 

Operating Temperature Range 
Commercial (J, K, L Versions) 
Industrial (A, B, C Versions) 
Extended (S, T, U Versions) . 
Storage Temperature . . . . . 

Lead Temperature (Soldering, lOsecs) 

- 40°C to + 85°C. 
- 40°C to + 85°C 

-55°C to + 12s0c 
-65°C to + 1so0c 
..... +300°C 

450mW 
6mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

WARNING! cJ 
~~EOEVICE 
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AD7537 /AD7547 

DIP, SOIC 

AD7547 PIN CONFIGURATIONS 

LCCC 

43Z1ZIZ721 

I 
_rr -V"" 

~ lJ V•E•" 15 ZS VDD 

Cii I 24 CSB 

ILSll DIO 7 

NC I .. , . 
DB2 10 

083 11 

> AD7547 
TOP VIEW 

INOttoSAlel 

~ ~ 

12131415111711 

!Pl!qlH 
NC = NO CONNECT g 

21 WR 
22 NC 

21 DB11 IMSBI 

20 DB10 

19 DBI 

PLCC 

JJli!JJJ 

AD7S47 
TOP VIEW 

INottolcelel 

NC•NOCONNEc! S I i! B B ! 
PIN FUNCTION DESCRIPTION (DIP) 

PIN MNEMONIC DESCRIPTION 

1 AGND Analog Ground. 
2 four A Current output terminal ofDACA. 
3 RFBA Feedback resistor for DACA. 
4 VREFA Reference input to DACA. 
s CSX Chip Select Input for DAC A. Active low. 

6-18 DBO-DBll 12datainputs, DBO(LSB)-DBll (MSB). 
12 DGND Digital Ground. 
19 WR Write Input. Data transfer occurs on rising edge of WR. See Table I. 
20 CSi Chip Select Input for DACB. Active low. 
21 Voo Power supply input. Nominally+ 12Vto + lSVwith ± lOo/otolerance. 
22 VREFB Reference input to DACB.' 
23 RFBB Feedback resistorofDACB. 
24 lotrrB Current output terminal ofDACB. 

CIRCUIT INFORMATION EQUIVALENT CIRCUIT ANALYSIS 

D/ASECTION 
The AD7537/AD7547 contains two identical 12-bit multiplying 
DIA converters. Each DAC consists of a highly stable R-2R 
ladder and 12 N-channel current steering switches. Figure 3 
shows a simplified D/A circuit for DAC A. In the R"2R 
ladder, binary weighted currents are steered between lourA and 
AGND. The current flowing in each ladder leg is constant, 
ii-respective of switch state. The feedback resistor RFBA is used 
with an op-amp to convert the current flowing in lourA to a 

Figure 4 shows the equivalent circuit for one of the D/A converters 
(DAC A) in the AD7537/AD7547. A similar equivalent circuit 
can be drawn for DACB. Note that AGND is common to both 
DAC A and DAC B. A 

----------0 IQUTA 

R t D.~REF Ro 

0-,..._,._ __ --4,_____,.,_..._ .... -0AGND 

Figure 4. Equivalent Analog Circuit for DACA 
voltage output. · · 

A A 

Figure 3. Simplified Circuit Diagram for DACA 
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Cour is the output capacitance due to the N-channel switches 
and varies from about SOpF to lSOpF with digital input code. 
The current source ILKa is composed of surface and junction 
leakages and approximately doubles every Ul°C. Ro is the 
equivalent output resistance of the device which varies with 
input code. 

DIGITAL CIRCUIT INFORMATION 
The digital inputs are designed to be both TTL and SV CMOS 
compatible. All logic inputs are static-protected MOS gates with 
typical input currents of less than lnA. 
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~ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Low Cost 14-Bit Upgrade for 12-Bit Systems 
14-Bit Parallel Load with Double Buffered Inputs 
Small 24-Pin, 0.3" DIP and SOIC 
Low Output Leakage 1<20nAI over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7538 is a 14-bit monolithic CMOS DIA converter which 
uses laser trimmed thin-film resistors to achieve excellent 
linearity. 

The DAC is loaded by a single 14-bit wide word using standard 
Chip Select and Memory Write Logic. Double buffering, which 
is optional using LDAC, allows simultaneous update in a system 
containing multiple AD7538s. 

A novel low leakage configuration (U.S. Patent No. 4,590,456) 
enables the AD7538 to exhibit excellent output leakage current 
characteristics over the specified temperature range. 

The AD7538 is manufactured using the Linear Compatible 
CMOS (LC2MOS) process. It is speed compatible with most 
microprocessors and accepts ITL or CMOS logic level inputs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800446-6212. 

REV.A 

LC2MOS 
µP-Compatible 14-Bit DAC 

AD7538 I 
FUNCTIONAL BLOCK DIAGRAM 

Yoo 

0813-DBO DGND Yss 

PRODUCT HIGHLIGHTS 
1. Guaranteed Monotonicity 

The AD7538 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Cost 
The AD7538, with its 14-bit dynamic range, affords a low 
cost solution for 12-bit system upgrades. 

3. Small Package Size 
The AD7538 is packaged in a small 24-pin, 0.3" DIP and a 
24-pin SOIC. 

4. Low Output Leakage 
By tying V ss (Pin 24) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

5. Wide Power Supply Tolerance 
The device operates on a + 12 to + 15V V DD• with a ± 5% 
tolerance on this nominal figure. All specifications are guaran
teed over this range. 
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AD7538-SPECIFICATIONS (V00 = +11.4V to +15.75V2, VREF = +lOV; Vp1N3 = VPIN4 = OV, 
Yss = -300mV. All specifications Tmin to Tmax unless otherwise stated.) 

J,K A,.B 
Panmeter Versions Versions SVenion TVenion Uai18 Test Conditioao.ICommenlS 

ACCURACY 
Resolution J4 J4 J4 J4 Bits 
Relative Accuracy :t2 :t J :!:2 :t J LSBmax All grades guaranteed monotonic 
Differential Nonlinearity :!: J :t J :ti :ti LSBmax over tempenturc. 
Full-Scale Error Measured using internal RFB 

+2S"C :!:4 :!:4 :!:4 :!:4 LSBmax DAC registers loaded with. 
Tmin-Tma :!:8 :t5 :tlO :!:6 LSBmax all ls. 

Gain Temperature Coefficient3; 

b.Gain/4 Temperature :t2 :!:2 :t2 :t2 ppml"Ctyp 
Output Leakage Current loUT (Pin 3) 

+25"C :t5 ±5 :!:5 :!:5 nAmax All digital inputs OV 
TmiDtoTaw. ±10 :tlO :t20 :t20 nAmax Vss= -300mV 
TmintoT- ±25 ±25 :!: J50 ±J50 nAmax Vss=OV 

REFERENCE INPUT 
Input Resistance, Pin J 3.5 3.5 3.5 3.5 k!lmin Typical Input Resistance= 6k0 

10 JO JO JO k!lmax 

DIGITAL INPUTS 
Vrn (Input High Voltage) 2.4 2.4 2.4 2.4 Vmin 
V1L (Input Low Voltage) 0.8 0.8 0.8 0.8 Vmax 
JIN (Input Current) 

+25"C :ti :ti :ti :ti µAmax VIN=OVorVoo 
TmmtoTmu: ±10 :tlO ±10 ±10 µAmax 

ctN (Input Capacitance)' 7 7 7 7 pFmax 

POWER SUPPLY 
VooRange 11.4115.75 11.4115.75 11.4115.75 11.4/15.75 VmiJVJnJP Specification guaranteed over 
VssRange -200/-500 -200/-500 -200/-500 -200/-500 mVmin/mVmax this range 
loo 4 4 4 4 mAmax All digital inputs V1L or V IH 

500 500 500 500 µAmax All digital inputs OV or V oo 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance only and are not subject Ill tast. 
tvoo = + 11.4Vlll + 15.75V, YREF= + lOV, YPll3=VP1N4=0V, Yss=OV OR -300mV, 
OutputAmplifier is AD711 axcapt where stated.) 

Parameter TA=25°CTA=T-, T,... Units Test Conditions/Comments 

Output Current Settling Time 1.5 - 1J.SID8X To0.003%offull-scalerange. 
IoUTload= 1000, 
Cru<T= l3pF. DACregisteralternately 
loaded with all ls and all Os. 
TypicalvalueofSettlingTime 
iso.s..,s. 

Digital to Analog Glitch Impulse 20 - nV-sectyp Measured with VREF = ov. louT load 
= 1000, Cru<T = 13pF. DAC 
register alternately loaded with all 
ls and all Os. 

Multiplying Fecdthrough Error 3 5 mVp-ptyp VREF= ± lOV, lOkHzsinewave 
DAC register loaded with all Os. 

Power Supply Rejection 
4Gain/4Vnn ±0.01 ±0.02 %per%max 4Vnn=±5% 

OutpUt Capacitance 
CoUT(Pin3) 260 260 pFmax DAC register loaded with all ls 
CoUT(Pin3) 130 130 pFmax DAC register loaded with all Os 

Outpnt Noise Voltage Density 
(lOHz- lOOkHz) 15 - nVVHZtyp Measured between RFD andioUT 

NOTES 
1Temperatu.rera.."..geasfo!!ows: J,KVersior..s: Oto +70°C 

A, B Versions: - 2S°C to + 85°C 
S, TVersions: -ss•c to+ 12S°C 

'Spccificationsareguarantcedfora Von of+ ll.4Vto + 1S.7SV. AtV00 = SV, thcdeviceisfullyfunctionalwithdcgradedspccifications. 
'Sample tested to ensure compliance. 

Specif1c&tions subject to change without notice. 
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AD7538 

TIMING CHARACTERISTICS1 <Yoo=+ 11.4YID + 15.75Y, YREF= + lOY, YPll3=Y-=OY, Yss=OYor -300mY 
All specifications T.., IDT ... unless otherwise stallld. See flllKll 1 for Timing Diagram.) 

Limit at 
Limit at TA=Oto +70"C Limit at 

Parameter TA=25°C TA= -2s0cto +ss•c TA= - SS"C to + 125°C Units Test Conditions/Comments 

t, 0 0 
tz 0 0 
t, 170 200 

4 170 200 
ts 140 160 

16 20 20 

NOTES 
1Temperature range as follows: J, K Versions: 

A, B Versions: 
S, T Versions: 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA= + 25°C unless otherwise stated) 
V00 (Pin 23) to DGND . 
Vss (Pin 24) to AGND 
VREF (Pin l) to AGND . 
VRFB (Pin 2) to AGND . 
Digital Input Voltage (Pins 6--22) 

to DGND .. . 
Vr1N3 to DGND ........ . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) 

To +7S°C 
Derates above + 75°C . . . . . 

0 
0 
240 
240 
180 
30 

Oto +70°C 
- 2s0c '° + ss·c 
- ss·c to + 12s·c 

-0.3V, + 17V 
- lSV, +0.3V 

::t25V 
. . . . ::t25V 

-0.3V, V00 +0.3V 
-0.3V, Von +0.3V 
-0.3V, V00 +0.3V 

. lOOOmW 
··1omWl°C 

nsmin CS to WR Setup Time 
nsmin CS to WR Hold Time 
nsmin LDAC Pulse Width 
nsmin Write Pulse Width 
nsmin Data Setup Time 
nsmin Data Hold Time 

Operating Temperature Range 
Commercial (J, K versions) 
Industrial (A, B versions) 
Extended ( S, T versions) . 
Storage Temperature . . . 

Lead Temperature (Soldering, lOsec) 

... Oto +70°C 
- 2s·c to + ss0c 

- SS°C to + 125°C 
-6s0c to + 1so0c 

+300°c 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c:J 
~~EDEVICE 

PIN CONFIGURATION 
t, t2 

-el I+- -I l+-

cs ---i'~ -'~~:~yr------------:~ 
: ~··--.1 

LDAC ---'---'------....;' I 5V 
ov 

:,.------------~ 5V ov 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURES FROM 10% TO 

90% OF +sv. t,=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V," ; V" 

3· ~J~r::;.1~~~~1~¢!~0L~:.0~i~.T~rEL~~~~ ~~~i?~:~OES HIGH. 

Figure 1. AD7538 Timing Diagram 
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AD7538 
TERMINOLOGY 
RELATIVE ACCURACY DIGITAL-TO-ANALOG GLITCH IMPULSE 
Relative accuracy or end"point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least Significant Bits or as a percentage of full-scale 
reading. 

The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digit8i-to-Ana
log Glitch Impulse. This is normally specified as the area of the 
glitch in either pA-secs or nV-secs depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
VREF=AGND. 

DIFFERENTIAL NONLINEARITY OUTPUT CAPACITANCE 
This is the capacitance from loUT to AGND. 

OuTPurLEAKAGECURRENT 

Differential nonlinearity is the difference between the measured 
change and the ideal lLSB change between any two adjacent 
codes. A specified differential nonlinearity of ± lLSB max over 
the operating temperature range ensures monotonicity. Output Leakage Current is current which appears at loUT witb 

the DAC register loaded to all Os. 
GAIN ERROR 

MULTIPLYING FEEDTHROUGH ERROR Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all ls in 
the DAC after offset error has been adjusted out and is expressed 
in Least Significant Bits. Gain error is adjustable to zero witb 

This is the ac error due to capacitive feedthrough from VREF 
terminal to IoUT with DAC register loaded to all zeros. 

an exterual potentiometer. 

ORDERING GUIDE 

Temperature Relative Full-Scale Package 
Model Range Accuracy Error Option* 

AD7538JN 0°Cto +70°C ±2LSB ±8LSB N-i4 
AD7538KN 0°Cto +70°C ±ILSB ±4LSB N-24 
AD7538JR 0°Cto +70°C ±2LSB ±8LSB R-24 
AD7538KR 0°C to + 70"C ±ILSB ±4LSB R-24 
AD7538AQ - 25°C to + 85°C ±2LSB ±8LSB Q-24 
AD7538BQ -25°Cto +85°C ±ILSB ±4LSB Q-24 
AD7538SQ - 55°C to + 125°C ±2LSB ±8LSB Q-24 
AD7538TQ - 55°C to + 125°C ±lLSB ±4LSB Q-24 

*N = Plastic DIP; Q = Cerwp; R = SOIC. For outline information see Package 
Information section. 

PIN FUNCTION DESCRIPTION 

PIN 

1 
2 
3 
4 
5 

6-19 
20 
21 
22 

23 
24 

MNEMONIC 

VREF 
RFB 
Io UT 
AGND 
DGND 
DB13-DBO 
LDAC 
cs 
WR 

Voo 
Vss 

DESCRIPTION 

Voltage Reference. 
Feedback resistor. Used to close the loop around an external op amp. 
Current Output Terminal. 
Analog Ground 
Digital Ground 
Data Inputs. Bit 13(MSB)toBitO(LSB). 
Chip Select input. Active LOW. 
gsynchronous Load DAC input. Active LOW. 
Write input. Active LOW. 

~ IDE WI[ OPERATION 

0 1 0 Load Input Register. 
I 0 x Load DAC Register from Input Register. 
0 0 0 Input and DAC Registers are transparent 
I I x No operation. 
x I No operation. 

NOTE: X = Don'tCare. 

+ 12V to + 15V supply input. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, 
the pin should be at a negative voltage. See Figures4 and 5 for recommended circuitry. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Four 12-Bit DACs in One Package 
4-Quadrant Multiplication 
Separate References 
Single Supply Operation 
Guaranteed Specifications with +3.3 V/+5 V Supply 
Low Power 
Versatile Serial Interface 
Simultaneous Update Capability 
Reset Function 
28·Pin SOIC, SSOP and DIP Packages 

APPLICATIONS 
Process Control 
Portable Instrumentation 
General Purpose Test Equipment 

GENERAL DESCRIPTION 
The AD7564 contains four 12-bit DACs in one monolithic 
device. The DACs are standard current output with sepa 
VREF> IouTI> IouTZ and RFB terminals. These DACs op 
a single +5 V supply (Normal Mode) and a single 
+5 V supply (Biased Mode). ::;':: 

1;:::~ , _,,, -'" 

The AD7564 is a serial input device. Data is loaned \!~g:i7:::: : 
FSIN, CLKIN and SDIN. Two address pins AO and A~§:Sef:up 
a device address, ana this feature may be used to simplify::device 
loading in a multi-DAC environment. Alternatively, AO and Al 
can be ignored ana the serial out capability used to configure a 
daisy-chained system. 

All DACs can be simultaneously updated using the asynchro
nous LDAC input, and they can be clearea by asserting the 
asynchronous CLR input. 

The device is packaged in 28-pin SOIC, SSOP and DIP 
packages. 

LC2MOS 
+3.3 V/+5 V Quad 12-Bit DAC 

AD7564 I 
FUNCTIONAL BLOCK DIAGRAM 

Imm A 

[""1''1,.---.r""1L..,--,...JlrTT-""---..,r--y•ounA .... 
LJ..---,_~----'-JLL..._i-r--'--"'10~8 

f"""'l,..;:=~.J'"""1L..,--,...Jlfl-1'l..--..,r--y loLIT2B 
... c 

LJ..----,_~---OJ[___J<r~~'--"'10~C 

1o.,,,c 

""'" -,_ _ _J ____ '-....1'. lol.m D 

lour.iD 

AD7564 

HIGHLIGHTS 
S~:~:l;pntains four 12-bit current output DACs with 
itl;F inputs. 

'.D7564 can be operated from a single +5 V supply 
ormal Mode) or a single +3.3 V to +5 V supply (Biased 

Mode). 

3. Simultaneous update capability and reset function are 
available. 

4. The AD7564 features a fast, versatile serial interface com
patible with all modern microprocessors and microcomputers. 

ORDERING GUIDE 

Temperature Linearity Nominal Package 
Model Range Error (LSBs) Supply Voltage Option* 

AD7564BN -40°C to +85°C ±0.5 +5V N-28 
AD7564BR -40°C to +85°C ±0.5 +5V R-28 
AD7564BRS -40°C to +85°C ±0.5 +5V RS-28 
AD7564AR-B -40°C to +85°C ±1 +3.3 Vto +5 V R-28 
AD7564ARS-B -40°C to +85°C ±1 +3.3 V to +5 V RS-28 

*N = DIP; R = SOIC; RS = SSOP. For outline information see Package Information section. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

This information appli~s to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV.O DIGITAL-TO-ANALOG CONVERTERS 3-177 

Ill 



AD7564-SPECIFICATIONS 
(Yoo= +4. 75 V to +5.25 V; lounA to loUT1D = loUT2A = loUT2B = AGND = 0 V; VREF = + 10 V; TA = T MIN to T MAX• 

Normal Mode unless.otherwise noted> 

Parameter BGrade Units Test Conditions/Comments 

ACCURACY 
Resolution 12 Bits 1 LSB = VREF/212 = 2.44 mV when VREF = 10 V 
Relative Accuracy ±0.5 
Differential Nonlinearity ±0.9 

LSB max 
LSBmax All Grades Guaranteed Monotonic Over Temperature 

Gain Error 
+25°C ±4 
TM1NtoTMAX ±5 

Gain Temperature Coefficient2 2 
5 

Output Leakage Current 
IoUT1 
@+25°C 10 
TMIN to TMAX 200 

REFERENCE INPUT 
Input Resistance· 6 

12 
Ladder Resistance Mismatch 2 

DIGITAL INPUTS 
V1NH• Input High Voltage 2.4 
V1NL> Input Low Voltage o;s 
I1NH• Input Current ±1 
C1N• Input Capacitance2 10 

DIGITAL OUTPUT (SDOUT) 
Output Low Voltage CVor.l 0.4 
Output High Voltage CVoH) 4.0 

POWER REQUIREMENTS 
Von Range 4.75/5.25 
Power Supply Rejection 
~Gain/~Voo -75 

loo 300 
2 

NOTES 
1Temperature range is as follows: B Version: -40°C to +85°C. 

LSBsmax 
LSBsmax 
ppm FSR/°C typ 
ppm FSR/°C max 

nAmax 
nAmax 

kn min 
kn max 

dBmin 
µAmax 
mAmax 

2Not production tested. Guaranteed by characterization at initial product release. 

Specifications subject to change without notice. 

Typical Input Resistance = 9 kn 

V1NH = 4.0 V min, V1NL = 0.4 V max 
V1NH = 2.4 V min, V1NL = 0.8 V max 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future mahufacture unless otherwise agreed to in writing: 
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AD7564 
Biased Mode 1 

(Yoo= +3 V to +5.5 V; YIDun = Y1ou12 = AGND = 1.23 V; VREF = D V to 2.45 V; TA= TM1N to TMAX• 
unless otherwise noted) 

Parameter 

ACCURACY 
Resolution 

Relative Accuracy 
Differential Nonlinearity 

Gain Error 
+25°C 
TM1NtoTMAX 

Gain Temperature Coefficient3 

Output Leakage Current 
IoUT1 
@+25°C 
TMIN to TMAX 

Input Resistance 
@louT2 Pins 

DIGITAL INPUTS 
V1NH> Input High Voltage@Voo = +5 V 
VINH> Input High Voltage@ Yoo= +3.3 V 
V1N1..> Input Low Voltage@ Yoo= +5 V 
V1NL> Input Low Voltage@ V00 = +3.3 V 
I1NH• Input Current 
CIN, Input Capacitance2 

DIGITAL OUTPUT (SDOUT) 
Output Low Voltage (You 
Output Low Voltage (Vou 
Output High Voltage CVott) 
Output High Voltage (Yott) 

POWER REQUIREMENTS 
Voo Range 
Power Supply Sensitivity2 

AGain/AV00 

loo 

NOTES 

AGrade2 

12 

±1 
±0.9 

±4 
±5 
2 
5 

10 
200 

6 

2.4 
2.1 
0.8 
0.6 

4.75/5.25 

-75 
300 

2 

Units 

Bits 

LSB max 
LSB max 

LSBsmax 
LSBsmax 
ppm FSR/°C typ 
ppm FSR/°C max 

nAmax 
nAmax 

k.Q min 

Vmin/Vmax 

dBtyp 
µAmax 

mAmax 

Test Conditions/Comments 

1 LSB = (V10uT2- VREF)/212 = 300 µV when 
V10UT2 = 1.23 Vand VREF = 0 V 

All Grades Guaranteed Monotonic Over 
Temperature 

See Terminology Section 

This Varies with DAC Input Code 

Yoo= +5 V 
Yoo= +3.3 V 
Yoo= +5V 
Yoo= +3.3 V 

V1NH =Yoo - 0.1 V min, V1NL = 0.1 V max; 
SDOUT Open Circuit 
Yoo= +5 V, V1NH = 2.4 V min, V1NL = 
0.8 V max; SDOUT Open Circuit 

'These specifications apply with the devices biased up at 1.23 V for single supply applications. The model numbering reflects this by means of a "-B" suffix 
(for example: AD7564AN-B). Figure 16 is an example of Biased Mode Operation. 

'Temperature ranges is as follows: A Version: -40°C to +85°C. 
3Not prod,uction tested. Guaranteed by characterization at initial product release. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 

AC Performance Characteristics 
CY00 = +4.75 Y to +5.25 Y; Yioun = Y10u12 = AGND =DY. Ym = 6 Y rms, 1 kHz sine wave; DAC output op amp is 

Normal Mode 
AD843; TA = T MIN to T MAX• unless otherwise noted. These characteristics are included for Design Guidance and are 
not sub·ect to test.) 

Parameter 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 

Digital-to-Analog Glitch Impulse 

Multiplying Feedthrough Error 

Channel-to-Channel Isolation 

Digital Crosstalk 
Digital Feedthrough 

Total Harmonic Distortion 
Output Noise Spectral Density 

@1 kHz 

B Grade 

500 

40 

-70 

-76 

10 
10 

-83 

20 

AC Performance Characteristics 
(Yoo = +3 Y to +5.5 Y; Y1oun = 

Units 

ns typ 

nV-s typ 

dB max 

dBtyp 

nV-s typ 
nV-s typ 

dB typ 

nV/--IHz 

Biased Mode 
put op amp is AD820; TA= TM1N 
ance and are not sub'ectto tes 

Parameter 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 

Digital to Analog Glitch Impulse 

Multiplying Feedthrough Error 
Output Capacitance 

Digital Feedthrough 

Total Harmonic Distortion 
Output Noise Spectral Density 

@1 kHz 

A Grade 

5 

40 

-70 
60 
30 
10 

-83 

20 

µs typ 

nV-s typ 

dB max 
pFma:x 
pFmax 
nV-s typ 

dBtyp 

nV/--IHz typ 

Test Conditions/Comments 

To 0.01 % of Full-Scale Range. DAC Latch Alternately Loaded 
with All Os and All 1 s 
Measured with VREF = 0 V. DAC Register Alternately Loaded 
with All Os and All Is 
VREF = 20 V p-p, 10 kHz Sine Wave. DAC Latch Loaded 
with All Os 
Feedthrough from Any One Reference to the Others with 20 V 
p-p, 10 kHz Sine Wave Applied 
Effect of All Os to All ls Code Transition on Nonselected DACs 
Feedthrough to Any DAC Output with FSIN High and Square 
Wave Applied to SDIN and SCLK 
VREF = 6 V rms, 1 kHz s· 

Output Op Amp Is 

p-p, sine wave biased at 1.23 Y; DAC out
cteristics are included for Design Guid-

To 0.01 % of Full Scale Range. VREF = 0 V. DAC Latch Alter
nately Loaded with all Os and all ls. 
Measured with VmUT2 = 0 V and VREF = 0 V. DAC Register Alter
nately Loaded with all Os and all ls. 
DAC Latch Loaded with all Os. 
All ls Loaded to DAC 
All Os Loaded to DAC 
Feedthrough to Any DAC Output with FSIN HIGH and a Square 
Wave Applied to SDIN and CLKIN 

All ls Loaded to DAC. V10UT2 = 0 V; VREF = 0 v 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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A07564 

Timing Specifications 1 (TA= TMIN to TMAX unless otherwise noted} 

Limit at Limit at 
Parameter Von= +3 Vto +3.6V Von= +4. 75 V to +5.25 V Units Description 

t1 140 100 nsmin CLKIN Cycle Time 
t2 60 40 nsmin CLKIN High Time 
t3 60 40 nsmin CLKIN Low Time 
t4 50 30 ns min FSIN Setup Time 
ts 50 30 nsmin Data Setup Time 
t6 10 5 nsmin Data Hold Time 
t1 125 90 ns min FSIN Hold Time 
ts2 100 70 nsmax SDOUT Valid After CLKIN Falling Edge 
t9 60 40 nsmin LDAC, CLR Pulse Width 

NOTES 
1Notproduction tested. Guaranteed by characterization at initial product release. All input signals are specified with tr= tf= 5 ns (10% to 90% of V00)·and timed 
from a voltage level of 1.6 V for a V00 of 5 V and from a voltage level 1.35 V for a V00 of 3.3 V. 

2t8 is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V with a V00 of 5 V and 0.6 V or 2.1 V for a. V00 

of 3.3 V. 

-'t i..... 
I 5 I I 

I ....... 1'4-t& r:::::::v--v ll· 
SDIN(l)~ll 

--------ll------..;... 
SDOUT(O) 

--------11-------J 
--------!!---------. 

LDAC,CLR 

Figure 1. Timing Diagram 

000 

11-----------

+1.6V 

Figure 2. Load Circuit for Digital Output Timing Specifications 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 
ABSOLUTE MAXIMUM RA TINGS 1 

(TA= +25°C unless otherwise noted) 
PIN CONFIGURATION 

V00 to DGND .......................... -0.3 V to +6 V DIP, SOIC and SSOP Packages 

loUTI to DGND ................... -0.3 V to V00 + 0.3 V 
loUT2 to DGND ................... -0.3 V to Yoo+ 0.3 V 
AGND to DGND ................. -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND ...... -'0.3 V to V00 + 0.3 V 
VRF8 , VREF to DGND ........................... ± 15 V 
Input Current to Any Pin Except Supplies2 •••••••• ±10 mA 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ...... -40°C to +85°C 
Storage Temperature Range ............. -65°C to +150°C 
Junction Temperature .. , ...................... +150°C 
DIP Package, Power Dissipation ................. 875 mW 

0JA Thermal Impedance .................... 75°C/W 
Lead Temperature, Soldering (I 0 sec) .......... 260°C 

SOIC Package, Power Dissipation ................ 875 mW 
eJA Thermal Impedance .................... 75°C/W 
Lead Temperature, Soldering (10 sec) .......... 260°C 

Vapor Phase (60 sec) ..................... +215°C 
Infrared (15 sec) .................. , ...... +220°C 

SSOP Package, Power Dissipation ................ 900 mW 
01A Thermal Impedance . . . . . . . . . . . . . . . . . . . 100°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .......... , ........ , . +215°C 
Infrared (15 sec) ........................ +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Rati 
permanent damage to the device. This is a stress rating only 
operation of the device at these or any other conditions above those 
operational sections of this specification is not implied. Exposure to absol 
maximum rating conditions for extended periods may affect device reliability. 

2Transient currents of up to l 00 mA will not cause SCR latch-up. 

CAUTION--------------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7564 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Thererore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

10UT2B 

AGND 

NC 

loun B 

RFBB 

VREF-B 

10UT2A 

loUTI A 

Rp8 A 

VREFA 

AO 

A1 

CLKIN 

SDIN 

~~g 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Pin 
Number Mnemonic 

DGND 

2 IouT2C 

3 Von 

4 loUT1C 

5 RpaC 

6 VREFC 

7 loUT2D 

8 loUT1D 

9 RpaD 

10 VREFD 

11 SDOUT 

12 CLR 

13 LDAC 

14 FSIN 

15 SDIN 

16 CLKIN 

17 Al 

18 AO 

19 VREFA 

20 RpaA 

21 IounA 

22 louT2A 
23 VREFB 

24 RpaB 

25 loUT1B 
26 N/C 

27 AGND 

28 loUT2B 

AD7564 
PIN DESCRIPTIONS 

Description 

Digital Ground. 

IoUT2 terminal for DAC C. This should normally connect to the signal ground of the system. 

Positive power supply. This is +5 V ± 5%. 

IoUT! terminal for DAC C. 

Feedback resistor for DAC C. 

DAC C reference input. 

IoUT2 terminal for DAC D. This should normally connect to the signal ground of the system. 

IoUTi terminal for DAC D. 

Feedback resistor for DAC D. 

DAC D reference input. 

This shift register output allows multiple devices to be connected in a daisy chain configuration. 

Asynchronous CLR input. When this input is taken low, all DAC latches are loaded with all Os. 

Asynchronous LDAC input. When this input is taken low, all DAC latches are simultaneously 
updated with the contents of the input latches. 

Level-triggered control input (active low). This is:th:!:'1nctne synchronization signal for the input data. 
When FSIN goes low, it enables the input shift1.i;:e1~ti:}:, :i'nd data is transferred on the falling edges of 
CLKIN. If the address bits are valid, ··· :' 1~A't data is transferred to the appropriate input 
latch on the sixteenth falling ed · ~oes Jo~:'.i: 
Serial data input. The deyic r~:hB'~''iJd DBI are DAC select bits. DB2 and 
DB3 are device addr .. ::J'the 12-bit data to be loaded to the selected 
DAC. 

ee"'n!h1 
Clock Input~l\:)ll 

,8,,, 

Device address pin •. ,: 
of the serial input str 
not loaded to any input latch. Ho 

;~idt AO gives the device an address. If DB2 and DB3 
to this address, the data which follows is ignored and 

,'it will appear at SDOUT irrespective of this. 

Device address pin. This input in association with Al gives the device an address. 

DAC A reference input. 

Feedback resistor for DAC A. 

loun terminal for DAC A. 

louT2 terminal for DAC A. This should normally connect to the signal ground of the system. 

DAC B reference input. 

Feedback resistor for DAC B. 

louTi terminal for DAC B. 

No Connect pin. 

This pin connects to the back gates of the current steering switches. It should be connected to the 
signal ground of the system. 

IoUT2 terminal for DAC B. This should normally connect to the signal ground of the system. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7564 
TERMINOLOGY 
Relative Accuracy 
Relative accuracy or endpoint linearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after ad
justing for zero error and full-scale error and is normally.ex
pressed in. Least Significant Bits or as a percentage of fuil-scale 
reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal I LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 ~B maximum 
ensures monotonicity. 

Gain Error 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all ls 
in the DAC after offset error has been adjusted out and is ex
pressed in Least Significant Bits. Gain error is adjustable to 
zero with an· external potentiometer.· 

Output Leakage Current 
Output leakage current is current which flows in the DAC 
ladder switches when these are turned off. For the loUTi 
terminal, it can be measured by loading all Os to the DAC and 
be measured by loading all Os to the DAC and measuring the loun 
current. Minimum current will flow in the loUT2 line when the 
DAC:: is 10aded with all ls. This is a combination of the switch 
leakage current and the ladder termination resistor current. 
The I~UT2 leakage current is typically equai to that in 

Output Capacitance 
This.is the capacitance from thefloUT1 pin to AGND. 

Output Voltage Settling Time 
This is the amount of tirii.e it takes for the output to settle to a 
specified level for a :(ull-.scale input change. For the AD7564, i~ 
is specified with the AD843 as i:he output op amp. 

Digital to Analog Glitch Impulse 
This is the amount of charge injected into the analog output 
when .the inputs change state. It is normally specified as the 
area of the glitch in either pA-secs or n V-secs, depending upon 
whether the glitch is measured as a current er voltage signal. It 
is measured with the reference input connected to AGND and 
the digital inputs toggled between all Is and all Os, 

AC Feedtlµ-ough Error 
This is the error due to capacitive feedthrough from the DAC 
reference input to the DAC loUT terminal, when all Os are 
loaded in the DAC. 

Channel-to-Channel Isolation: 
Channel-to"channel isolation refers to the proportion of input 
signal from one DAC's reference input which appears at the · 
output of any other DAC iii the device and is expressed in dBs. 

Digitai Crossfaik 
The glitch impulse t 
due to a chan ·· 
defined 

d t<i the output o.f one converter 
ut code to the other converter is 

sstalk and is specified in nV-secs. 

, high frequency logic activity on 
is d1pacitively coupled through the .de~ 
e loUT pin and subsequently on the op 
is digital feedthrough. 

Table I. AD7564 Loading Sequence ' 

DB15 

DBI l DBIO DB9 DBS DB7 DB6 DB5 DB4 DB3 · DB2 DBI DBO. Al 

DSl 

0 
0 

Table II. DAC Selection · 

DSO 

0 
1 
0 
l 

Function 

DAC A Selected 
DAC B Selected 
DAC C Seiected 
DAC D Selected 

DBO 

AO PSI DSO 

This information applies to a product under development. Its characteristics and specifications are subject to· change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreedto in writing. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Eight 12-Bit DACs in One Package 
4-Quadrant Multiplication 
Separate References 
Single +5 V Supply 
Low Power: 1 mW 
Versatile Serial Interface 
Simultaneous Update Capability 
Reset Function 
44-Pin PQFP and PLCC 

APPLICATIONS 
Process Control 
Automatic Test Equipment 
General Purpose Instrumentation 

GENERAL DESCRIPTION 
The AD7568 contains eight 12-bit DACs in one monolithic 
device. The DACs are standard current output with separate 
VREF• IoUT1> loUTI and RFB terminals. 

The AD7568 is a serial input device. Data is loaded using 
FSIN, CLKIN and SDIN. One address pin, AO, sets up a 
device address, and this feature inay be used to simplify device 
loading in a multi-DAC environment. ·· Fiiii 

All DACs can be simultaneously updated using the asy11chro- "· CLKJN 

nous LDAC input and they can be cleared by asserting the sa11 

asynchronous CLR input. 

The AP7568 is housed in a space-saving 44-pin plastic quad 
flatpack and 44-lead PLCC. 

NC 1 ...... 
R1111F I 

b;nP -~ ........ . 
._GI 

'R .. G 7 

..... G a 
"""G I 
V..,H 10 

R,.H 1f 

Plastic Quad Flatpack 

lJ i;~1111n 
'OV;91tll~llllX 

AD7568POFP 
TOP VIEW 

NottoScn 

NC• NO CONNECT 

PIN CONFIGURATIONS 

11 NC 
• v..,c 
31 .... c 
3D launC ........ 
av..,1 
'D ..... 

a •oun• ....... 
Ill Y._A 

23 R,.A 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fu retrieval system at 1-800-446-6212. 

REV.B 

LC2MOS 
Octal 12-Bit DAC 

AD7568 I 
FUNCTIONAL BLOCK DIAGRAM 

Yoo AGNO DGND v,_o v .. c v...,a v ... A A,.A 

loomA 

......... ..... 
loomB 

'"""" ""8C 

•oomc 

lounC 
.... D 

loomD 

launD ..... 
loomE 

'aunE ..... 
•oun• 
'ounF 
R,.G 

loomG 
launG' ..... 
lounH 

'"""" 

Plastic Leaded Chip Carrier 

j j i 1.d I~ I~ ~ ! i1 j j 
NC 111 NO CONNECT 
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AD7568-SPECIFICATIONS1 

Parameter AD7568B2 

ACCURACY .. 
Resolution 12 
Relative Accuracy ±0.5 
Differential Nonfinear\ty ±0.9 
Gain Error 

+25°C ±4 
TMINtoTMAX ±5 

Gain Temperature Coefficient · · 2 
5 

Output Leakage C1irrent 
loUT1 

@ +25°C 10 
TMINtoTMAX. 200 

REFERENClBNPUT 
Input Resistance 5 

9 
Laddei; Resistance Mismatch I 2 

DIGITAL INPuTS ' 
VINH, Input High Voltage 2.4 
VINL• Input LoW Voltage 0.8 
11NH, Input Current· ±1 
CIN, lnp11t Capacitance . 10 

POWER REQUIREMENTS ·. 

VooRange 4.75/5.25 
Power Supply Sensitivity · · 

ll.Gain/ll.Voo -75 
loo 300. 

3.5 

Parameter AD7568B2 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 500 

Digital to Analog Glitch Impulse 40 

Multiplying Feedthrough Error -66 

Output Capacitanee 60 
30 

Channel-to-Channel Isolation -76 

Digital Crosstalk 40 
....... ,. 

Digital Feedthrough 40 

Total Harmonic Distortion -83 
Output Noise Spectral Density 

@lkHz 20 

NOTES , . 
'Temperature range as follows: B. Version: -40"C to.+ BS'C. 

(Y00 = +4.75 V to +5.25 V; loun = lum = D V; YaEf = +5 Vi 
T1 = r.11 to TMAX, unless otherwise stated), ·· 

Units Test COnditionslCOaunents ..:. . 
-, 

Bits 1 LSB = Vu.p/212 = 1.22 mV when VREP = 5 V 
LSBmax 
LSBmax All Grades Guaranteed .Monotonic over Temperature 

LSBsmax 
LSBsmax 
ppin FSR/°C typ 
ppm FSR/°C max 

nAmax See Terminology Section. 
nAmax 

kOmin Typical Input Resistance = 7 kO 
kOmax 
%max Typically 0.6% 

Vmin 
Vinax 
µ.Amax 
pFmax 

Vmin/Vmax 

dBtyp 
µAmax VINH = 4.0 V min, VINL = 0.4 V max 
mAmax . VINH = 2.4 V min, VINL = 0.8 V max 

Units Test Conclitions/Comments 

nstyp To 0.01 % of Full-Scale Range. DAC Latch· Alternately 
Loaded with All Os and All ls. 

nV-s typ Measured with VRBF = 0 v. DAC Register Alternately 
Loaded with All Os and All ls. 

dB max VaEF = 20 V pk-p~; 10.kHz Sine Wave. DAC Latch 
Loaded with All Os. 

pFmax All ls Loaded to DAC. 
pFmax All Os Loaded to DAC. 
dBtyp Feedthrough from Any One Reference to the Others 

with 20.V pk-pk, 10 kHz Sine Wave Applied~ 
nV-styp Effect of all Os to all ls Code Transition on Nonselected 

DACs • 
nV-s typ Feedthrougb to Any DAC Output with FSIN High and 

Square Wave Applied to SDIN and SCLK. 
dBtyp VREP = 6 V rms, 1 kHz Sine Wave. 

nV/y'Hz All ls Loaded to the DAC. VREP = 0 V. Output Op 
Amp is AD OP-07; 

2All specif!C8tions alsci apply for Vup ~ + 10 V, except relative accuracy which degrades to ±1 LSB. 
Specifications subject to change without notice. 
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AD7568 

TIMING SPECIFICATIONS (¥00 = +5 V ± 5%; loun = louu = 0 V; T1 = t.11 to TMAX, unless otherwise stated) 

Limit at Limit at 
Parameter TA= +2S"C TA= -40"C to +SS"C Units Description 

t, 100 100 nsmin CLKIN Cycle Time 

t2 40 40 nsmin CLKIN High Time 

t3 40 40 nsmin CLKIN Low Time 

4 30 30 nsmin FSIN Setup Time 

ts 30 30 nsmin Data Setup Time 

~ 5 5 nsmin Data Hold Time 

~ 90 90 nsmin FSIN Hold Time 
t12 70 70 nsmax SDOUT Valid After CLKIN Falling Edge 

t, 40 40 nsmin LDAC, CLR Pulse Width 

NOTES 
'Sample rested at +2S'C to ensure compliance. All input signals are specified with tr= tf = S ns (10% to 90% of S V) and timed from a voltsge level of 1.6 V. 
'ta is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

REV.B 

TO OUTPUT 
PIN 

CLKlN (I) 

SDIN(I) 

ta l+-
SDOUT~> ~----~~~ 

-~· LiiAC,CLR ---------
NOTES 
1. AO IS HARDWIRED HIGH OR LOW. 

Figure 1. Timing Diagram 

ORDERING GUIDE 

Temperature Linearity Package 
Model Range Error (LSBs) Option* 

AD7568BS -40°C to +85°C ±0.5 S-44 
AD7568BP -40°C to +85°C ±0.5 P-44A 

+2.1V 
*S = Plastic Quad Flatpack (PQFP), P = Plastic Leaded Chip Carrier 
(PLCC). For outline information see Package Information section. 

Figure 2. Load Circuit for Digital 
Output Timing Specifications 
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AD7568 
ABSOLUTE MAXIMUM RATINGS1 

(TA = + 25'C unless otherwise noted) 
V00 to DGND ..........•......... -0.3 V to +6 V 
IouTl to DGND ............... -0.3 V to V00 + 0.3 V 
I0 UT2 to DGND .............. -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to V00 + 0.3 V 
VRFB• VREF to DGND ......... ' ............ ±15 V 
Input Current to Any Pin Except Supplies2 ••••••• ± 10 mA 
Operating Temperature Range 

Commercial Plastic (B Versions) ......... -40°C to +85°C 
Storage Temperature Range ........... -65°C t~ + 150°C 
Lead Temperature (Soldering, 10 secs) •.......... + 300°C 
Power Dissipation (Any Package) to +75°C ....... 250 mW 
Derates above +75°C by .................. 10 mW/°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch-up. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

Table I. · AD7568 Loading Sequence 

DB15 

I DBll I DBlO DB9 DBS DB7 DB6 DBS DB4 DB3 DB2 DBl 

Table II. DAC Selection 

DS2 DSl DSO Function 

0 0 0 DAC A Selected 
0 0 1 DAC B Selected 
0 1 0 DAC C Selected 
0 1 1 DAC D Selected 
1 0 0 DAC E Selected 
l 0 1 DAC F Selected 
l l 0 DAC G Selected 

-. ............ '"' . 
LJJ\I,, H :.e1ecrea 
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TERMINOLOGY 
Relative Accuracy 
Relative Accuracy or endpoint linearity is a measure of the max
imum deviation from a straight line passing through the end
points of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally ex
pressed in Least Significant Bits or as a percentage or full-scale 
reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum 
ensures monotonicity. 

Gain Error 
Gain Error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured wi.th all ls in 
the DAC after offset error has been adjusted out and is ex
pressed in Least Significant Bits. Gain error is adjustable to zero 
with an external potentiometer. 

Output Leakage Current 
Output leakage current is current which flows in the DAC lad
der switches when these are turned off. For the Ioun terminal, 
it can be measured by loading all Os to the DAC and measuring 
the IoUTt current. Minimum current will flow in the IouT2 line 
when the DAC is loaded with all ls. This is a combination of 
the switch leakage current and the ladder termination resistor 
current. The IouT2 leakage current is typically equal to that in 
IoUT1· 

Output Capacitance 
TQis is the capacitance from the Ioun pin to AGND. 

REV.B 

AD7568 
Output Voltage Settling Time 
This is the amount of time it takes for the output to settle to a 
specified level for a full-scale input change. For the AD7568, it 
is specified with the AD843 as the output op amp. 

Digital to Analog Glitch Impulse 
This is the amount of charge injected into the analog output 
when the inputs change state. It is normally specified as the area 
of the glitch in either pA-secs or nV-secs, depending upon 
whether the glitch is measured as a current or voltage signal. It 
is measured with the reference input connected to AGND and 
the digital inputs toggled between all 1 s and all Os. 

AC Feedthrough Error 
This is the error due to capacitive feedthrough from the DAC 
reference input to the DAC IoUT terminal, when all Os are 
loaded in the DAC. 

Channel-to-Channel Isolation 
Channel-to-channel isolation refers to the proportion of input 
signal from one DAC's reference input which appears at the out
put of any other DAC in the device and is expressed in dBs. 

Digital Crosstalk 
The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defined as the Digital Crosstalk and is specified in n V-secs. 

Digital Feedthrough 
When the device is not selected, high frequency logic activity on 
the device digital inputs is capacitively coupled through the de
vice to show up as noise on the IouT pin and subsequently on 
the op amp output. This noise is digital feedthrough. 
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AD7568-Typical Performance Curves 
5.5 

5.0 

4.5 

4.0 

3.5 

1 3.0 
I 

8 2.5 -t v 

I 
Yoo=+5V -
TA=+25°C_ 

~ 2.0 

1.5 

1.0 

0.5 

0.0 

-r 
iz: 

~ 
~ 

0.0 1.0 2.0 3.0 4..0 5.0 
DIGITAL INPUT- if~iii 

Figure 3. Supply Current vs. Logic 
Input Voltage 
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Figure 6. Integral Nonlinearity Error 
vs. VREF 
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Figqre 4. Supply Current vs. 
Temperature 
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0.8 Yoo=+5V 

TA =+25°C 

~ 11.6 
0 

i OA 
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Figure 7. Typical DAC to DAC 
Linearity Matching 
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Figure 9. Digital-to-Analog Glitch 
Impulse 
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Figure 5. Differential Nonlinearity 
Error vs. VREF 
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WDEVICES 

FEATURES 
On-Chip Latches for Both DACs 
+ 12V to + 15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTUCMOS Compatible from + 12V to + 15V 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Disk Drives 
Programmable Filters 
X-Y Graphics 
Gain/Attenuation 

GENERAL DESCRIPTION 
The AD7628 is a monolithic dual 8-bit digital/analog converter 
featuring excellent DAC-to-DAC matching. It is available in 
small 0.3"-wide 20-pin DIPs and in 20-terminal surface mount 
packages. 

Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control 
input DAC A/DAC B determines which DAC is to be loaded. 
The AD7628's load cycle is similar to the write cycle of a random 
access memory, and the device is bus compatible with most 8-
bit microprocessors, including 6502, 6809, 8085, Z80. 

The device operates from a + 12V to + 15V power supply and 
is TTL-compatible over this range. Power dissipation is a low 
20mW. 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 

REV.A 

CMOS Dual 8-Bit 
Buffered Multiplying DAC 

AD7628 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. DAC to DAC matching: since both of the AD7628 DACs are 

fabricated at the same time on the same chip, precise matching 
and tracking between DAC A and DAC B is inherent. The 
AD7628's matched CMOS DACs make a whole new range of 
applications circuits possible, particularly in the audio, graphics 
and process control areas. 

2. Small package size: combining the inputs to the on-chip 
DAC latches into a common data bus and adding a DAC Al 
DAC B select line has allowed the AD7628 to be packaged in 
a small 20-pin 0.3" wide DIP, 20-pin SOIC, 20-terminal 
PLCC and 20-terminal LCC. 

3. TTL-Compatibility: All digital inputs are TTL-compatible 
over a + 12V to + 15V power supply range. 
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AD7628-:SPECIFICATIONS ~:=A : 18¥: ~ : 1
:

1:!; OUT A= OUT B = DY unless othelwisll spacifiad) 
Ta= -40'Cto TA= -SS'"Cto .......... TA• +JS"CI tl5'C , +us-ci Uaila TatCoadidoufCommea .. 

...;. 
STAnCPERFORMANCE2 

Resolution Bits 
RelativeAccwacy ±1/2 H ±112 ±112 LSB""" This is an Endpoint Llnc:aricy Specification 
OOW..lialNcmlm.arity ±l ±1 ±l LSBmu AUGradesGuuantccdMonotonkOvcr 

Full Operating Temperature Ru,.. 

Gainl!nw ±2 ±3 ±3 LSBmu: Measured Using IntcrnalRFBA and RFB B. 
BotbDACLatchesLoadedwith 11111111. 
Gain Error is AdjU1tabk: Using Circui1s 
ofFigurcs4andS. 

GainTempcraturcCoefficient3 

4Gain/4.Tempcrature ±0.0035 ±0.0035 %1"Cmax 
OutputLeakageCurrent 

OUTA(Pin2) ±SO ±200 ±200 nAmu DAC Latches Loaded with 00000000 
OUTB(Pin20) ±SO ±200 ±200 nAmu 

Input Resistance (V 11.EP A, v REF B) 8 8 8 kllmin Input Resistance TC = - 300ppml°C, Typical 
15 15 15 kllmn Input Resistance isl lkO 

V REF A/V lll!F B Input Resistance 
Match ±1 ±1 ±1 %mu 

DIGITALINPUTS4 

Input High Voltage 
v,. 2.4 2.4 2.4 Vmin 

lnpuc Low Voltage 

V1L 0.8 0.8 0.8 Vmn 
lnputCu~t 

!IN ±1 ±IO ±10 µAmu VlN = OorVoD 
Input Capacitance 

DBO-DB7 . 10 10 10 pFmax 
WR.,C8,DACA/DACB 15 15 15 pFmax 

SWITCHINGCHARACTERISTits3 

See Timing Diagram 
Chip Select to Write Set Up Time 

lcs 160 160 210 nsmin 
Chip Sdect to Write Hold Time 

lcH 
DACSdect to Write ~t Up Time 

10 10 10 mmin 

... 160 160 210 nsmin 
DACSclcct to Write Hold Time 

IAH 10 10 10 nsmin 
Data Valid to Write Set Up Time 

los 160 160 210 nsmin 
Data Valid to Write Hold Time 

'"" 10 10 10 nsmin 
Write Pulte Width ,,.. 150 170 210 nsmin 

POWER SUPPLY SceFigure.3 
Ioo~KGradc mA AU Digital lnputl V1L or VrH 

B, TGrades 2.S 2.S mA All Digital Inputs V1L or Vm 
AUGndes 100 sod 500 "A AU Digital lnputsOV or Voo 

SpecifbtiODSsub1cctto~withoutnot1ce. 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for Design Guidance only and are not subject to test 
Yoo= + 10.BV to + 15.75V. (Measured Using Recommended P.C. Board Layout (Figure 7) and A0644 as Output Amplifiers) 

Parameter TA= +2S"C1 

DC SUPPLY REJECTION 
(b.GAIN!b.Voo) 0.01 

CURRENT SETTLING TIME 350 

DIGITAL-TO-ANALOG GLITCH 
IMPULSE 330 

OUTPUT CAPACITANCE 
CoUTA 25 
CoUTB 25 
CoUTA 60 
CoUTB 60 

AC FEEDTHROUGH 
VREFA to OUT A -70 
VllEPBtoOUTB -70 

CHANNEL-TO-CHANNEL ISOLATION 
Va.EFAtoOUTB -80 

V1tEFBtoOUTA -80 

DIGITAL CROSSTALK 60 

HARMONIC DISTORTION -85 

NOTES 
1TemperatureRangesareKVersion; -40"Cto +85°C 

8Version;-40"Cto +8S°C 
TVersion; -SS°Cto + 12YC 

2Specification applies to both DA Cs in AD7628. 

TA= -40"C 
10 +8S"C1 

0.02 

400 

-

25 
25 
60 
60 

-65 
-65 

-

-

-

-

3Guaranteed by design but no1 production tested. 
4Logic inputs are MOS Gates. Typical input current ( + 2S°C)is less than lnA. 
Specifications subject to change without notice. 

3-,-792 DIGITAL-TO-ANALOG CONVERTERS 

TA= -55"Cto 
+125"C1 Units Teat Conditions/Comments 

0.02 %per%max ii Von= :t5% 

400 n•max To l/2LSB. Out NOut B load = 1000. 
WR=CS"=OV. 
DB0-087 =OVto V00 orV00 toOV 

- nVsectyp For Code TransitionOOOOOOOOto 11111111 

25 pFmax DAC Latches Loaded withOOOOOOOO 
25 pFmax 
60 pFmu DAC Latches Loaded with 11111111 
60 pFmu 

-65 dB max V11.EFA. VaEFB = 20Vp-pSincWavc 
-65 dB max @lOkHz 

Both DAC Latches Loaded with 11111111. 

- dBtyp V11.EFA = 20Vp-pSincWave@IOkHz 
VREFB = OVsceFigurc6. 

- dB1yp VREFB = 20Vp-pSincWavc@lOkHz 
VREFA = 0VsceFigure6. 

- nVsectyp Measured for Code Transition 00000000 
tollllllll 

- dBtyp VIN =6Vrms@lkfh 

..:..· 
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ABSOLUTE MAXIMUM RA TINGS 
(TA = + 25°C unless otherwise noted) 

V0 o toAGND 
VootoDGND 
AGND to DGND 
DGND toAGND 
Digital Input Voltage to DGND 
Vr1N2, Vr1N20 to AGND .. 
VREF A, VREF B to AGND .. . 
VRFB A, VRFB B to AGND .. . 

. OV, + 17V 

. OV, + 17V 
Voo +0.3V 
Voo +0.3V 

-0.3V, V00 +0.3V 
-0.3V, Voo +0.3V 

. ±2SV 

Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by . . . . . . . . . 

. ±2SV 
450mW 

6mW/°C 
Operating Temperature Range 

Commercial (K) Grades 
Industrial (B) Grades 
Extended (T) Grades . 

Storage Temperature 
Lead Temperature (Soldering, !Osec) 

CAUTION: 

- 40°C to + 8S°C 
- 40°C to + 85°C 

- SS°C to + 125°C 
-65°C to + 1so0 c 

+300°c 

l. ESD sensitive device. The digital control inputs are diode 
protected; however, permanent damage may occur on 
unconnected devices subjected to high energy electrostatic 
fields. Unused devices must be stored in conductive foam 
or shunts. 

2'. Do not insert this device into powered sockets. Remove 
power before insertion or, removal. 

ORDERING GUIDE 
Temperature Relative Gain Package 

Model' Range Accuracy , Error Option' 

AD7628KN - 40°C to + 85°C ± l/2LSB ±2LSB Nc20 
AD7628KP - 40°C to + 85°C ± l/2LSB ±2LSB P-20A 
AD7628KR - 40°C to + 85°C ± l/2LSB ±2LSB R-20 
AD7628BQ - 40"C to + 85°C ± l/2LSB ±2LSB Q-20 
AD7628TQ -55°C to + 125°C ± l/2LSB ±2LSB Q-20 
AD7628TE -55°C to+ 12s0c ± l/2LSB ±2LSB E-20A 

NOTES 
1To order MIL-STD-883, Class B process parts, add /883B to part number. 
Contact your local sales office for military data sheet. 

2For outline information see Package Information section. 

AD7628 
TERMINOLOGY 

Relative Accuracy: 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero and full-scale and is normally expressed in 
LSBs or as a percentage of full-scale reading. 

Differential Nonlinearity: 
Differential nonlinearity is the difference between the measured II 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± lLSB max over 
the operating temperature range ensures monotonicity. 

Gain Error: 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output. It is measured with all ls 
in the DAC latches after offset error has been adjusted out. 
Gain error of both DACs is adjustable to zero with external 
resistance. 

Output Capacitance: 
Capacitance from OUT A or OUT B to AGND. 

Digital-to-Analog Glitch Impulse: 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or n V-secs 
depending upon whether the glitch is measured as a current or 
voltage signal. Glitch impulse is measured with VREF A, VREF B 
= AGND. 

Channel-to-Channel Isolation: 
The proportion of input signal from one DAC's reference input 
which appears at the output of the other DAC, expressed as a 
ratio in dB. 

Digital Crosstalk: 
The glitch energy transferred to the output of one converter due 
to a charige in digital input code to the other converter. Specified 
in nV secs. 

DIP, SOIC 

PIN CONFIGURATIONS 

LCCC PLCC 

REV.A 

OUT8 

RF88 

VREF B 

Voo 

WR 

cs 
080(LS8) 

081 

082 

083 

VREF A 4 

OGNO 5 

OACA/DAC B 6 

OB7(M$8) .7 

086 8 

c c c m m 

~ § ~ § ~ 
3 2 1 20 19 

9 10 11 12 13 

~ ~ ~ ~ ~ 

18 VREF B 

17 v00 

16 WR 

15 cs 
14 OBO(LSB) 

ID 

fl! 
a: 

cs 
080(LSB) 
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AD7628 
INTERFACE LOGIC INFORMATION 
DAC Selection: . 
Both DAC latches share a common 8-bit input pon. The control 
input DAC A/DAC B selects which DAC can accept data Crom 
the input pon. . 

Mode Selection: 
Inputs CS. and WR control the opc:rating mode of the .selected 
DAC. See Mode Selection Table below. 

Write Mode: 
When CS and WR are both low the selected DAC is in the 
write mode. The input data latches of the selected.DAC are 
uansparent and its analog output responds to activity on DBO
DB7. 

Hold Mode: 
The selected DAC latch retains the data which was present on 
DBO-DB7 just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches. 

DACA/ 
nACB cs WR nACA 

L L L WRITE 
H L L HOLD 
x H x HOLD 
x x H HOLD 

L = LowS1a1e H= HighState X = Don'tCare 

Mode Selection Table 
WRITE CYCLE TIMING DIAGRAM 

nACB 

HOLD 
WRITE 
HOLD 
HOLD 

·17_v .. 
.... ·17-· --v .. 

e~~..-----..v .. 
DATA IN (-D_,,,.--,-, ---..x;:~:.:.:f~--'---Voo 

NOTES: 
1. ALL INPUJ SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% OF +sv. 
YDD= + 10.BV TO + 15.75V, t.. = t, = ZOns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS v .. ; v .. 

CIRCUIT INFORMAnON - D/A SECTION 
The AD7628 contains two identical 8-bit multiplying DIA con
verters, DAC A and DAC B. Each DAC consists of a highly 
stable thin film R-2R ladder and eight N-channel current steering 
switches. A simplified D/ A circuit for DAC A is shown in Figure 
1. An inverted R-2R ladder.structure_~ qsed, tbal is, binary 
weighted currents are switched between the DAC output and 
AGND thus maintaining fixed currents in each ladder 1es inde
pendent of switch state. 

DAC A DATA LATCHES 
AND DRIVERS 

Figure 1. Simplified Functional Circuit for DAC A 

3-194 DIGITAL-TO-ANALOG CONVERTERS 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 2 shows an approximate equivalent circuit for one of the 
AD7628's DIA converters, in this case DAC A. A similar equivalent 
circuit can be drawn for DAC B. Note that AGND (Pin 1) is 
common for both DAC A and DAC B. 

The current source !LEAKAGE is composed of surface and junction 
leakages and, as with most semiconductor devices, approximalely 
dcmbles every lO"C. The resistor Ro as shown in Figure 2 is the 
equi~t outpui ~ of the device which varies with 
input code (excluding all O's code) from 0.8R t0 2R. R is typically 
Ilk{}. Cour is the capacitance due to the N-channel switches 
and varies from about SOpF ~ 120pF depending upon the digital 
input. g(VREF A, N) is the ThCvenin equivalent voltage generator 
due to the reference input voltage VREF A and the tranSfer 
function of the R-2R ladder. · 

For further information on CMOS multiplying DIA converters 
refer to ''CMOS DAC Application Guide, 2ND Edition" available 
from Analog Devices, Publication Number G872a-1S-4/86. . filRFBA . R 

Ro 
DUT A 

+ . .... 
11VMiA.Nl_ .· ~ C.,.,, 

. AGND 

Figure 2. Equivalent Analog Output Circuit of DAC A 

CIRCUIT INFORMATION - DIGITAL SECTION 
The input buffers are simple CMOS level-shifters designed such 
that when the AD7628 is operated with Von from 10.8V to 
15.7SV, the buffer converts TTL input levels.(2.4V and 0.8V) 
into CMOS logic levels. When VIN is in the region of 1.0 volt to 
2.0 volts the inpUt buffers operate in their linear region and 
pass a quiescent current, see Figure 3. To minimize power 
supply currents it is. recommended that the digital input voltageS 
be as close to the supply raila <Von and DGND) as is practically 
possible. · · 

The AD7628 may be operated with any supply voltage in the 
range l0.8:sV0 o:slS.75 volts. . . 

18 

16 

14 

12 

~ 10 
I 

J 8 

6 

4 

T,. = +25'C 
ALL DIGITAL INPUTS 
TIED TOGETHER -

z·34sa1e110111211141& 

V.,-VOLTS 

Figure 3. Typical Plot of Supply Current 100 vs. Logic 
Input Voltage .ViN for V00 = + 1511. 
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~ANALOG 
L.111 DEVICES 5 V/3.3 V Quad and Octal 10-Bit DACs 

FEATURES 
Four/Eight 10-Bit DACs in One Package 
Serial and Parallel Loading Facilities Available 

AD7808-S Octal 10-Bit Serial Loading 
AD7808-P Octal 10-Bit Parallel Loading 
AD7804-S Quad 10-Bit Serial Loading 
AD7804-P Quad 10-Bit Parallel Loading 

3.3 V and 5 V Operation 
Low Power All CMOS Construction 
10-Bit Resolution, ±1 LSB DNL, ±1 LSB INL 
Four/Eight Output Amplifiers 
Double Buffered DAC Registers 
Power-Down Mode 
Low Cost 

APPLICATIONS 
Optical Disk Drives 
Automatic Test Equipment 
Instrumentation Systems 
Communication Systems 
Process Control 
Voltage Set Point Control 
Trim Potentiometer Replacement 
Automatic Calibration 

GENERAL DESCRIPTION 
The AD7804/AD7808 are quad and octal 10-bit digital-to
analog converters, with serial or parallel data load facilities de
pending on the version used. These parts operate from a +5 V 
or +3.3V(±10%) power supply and incorporate an on-board 
reference. These DACs provide output signals in the form of 
V BIAS ± V SWING that swing rail to rail. 

On-chip control registers include a system control register and a 
channel control register. The system control register has control 
over all DACs in the package. Its controls include power down, 
input coding select, clearing of all DACs and the facility to put 
all DACs into standby. The channel control register, allows in
dividual control over all DACs and its contents allow individual 
DACs to be cleared, put into standby and reference selection for 
the relevant DAC. The complete transfer function of each indi
vidual DAC can be shifted around the V8IAs point using an on
chip 8-bit Sub DAC.' All DACs contain double buffered data 
inputs, which allow all analog outputs to be simultaneously up
dated using the asynchronous LDAC input. 

This is a preliminary data sheet. Tq obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

AD7804/AD7808 I 
FUNCTIONAL BLOCK DIAGRAMS 

REF OUT AD7804-S/AD7808-S 

v., .. Y-r====:::;::::J 
COMP 

FSIN 
CLKIN 

AGNO 

AVDD DYDO 

AD7804-P/AD7808-P 

089-082 081 080 
HBVTE/ 
L8VTE 

'ONLY ONE OAC STRUCTURE SHOWN FOR CLARITY 
•• PINS ON THE A07808·P ONLY 

PRODUCT HIGHLIGHTS 

VOllT 
. 

LOAC 

CLR 

Your· 

LOAC 

CLR 

l. The AD7804/AD7808 are complete voltage output 10-bit 
quad and octal DACs capable of operating from 5 V and 
3.3 V supplies with on-board reference. 

2. CMOS construction ensures very low power dissipation, the 
part dissipating 5 mW/DAC typically in normal operation. 

3. The AD7804-S and AD7808-S have a fast versatile serial 
interface while the AD7804-P and AD7808-P offer a fast 
parallel interface. Both interfaces are compatible with all 
modern microprocessors and microcomputers, and the out
put voltage settles to ± 112 LSB within 4 µs. 

This information applies to a product under development. Its characteristics and specifications are subject to change without. notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 SPECIFICATIONS (Yooasbelow;AGND = DGND = OV;V81AS= REF OUT; CL= 100 pf; 
. . · - RL = 2 kn. All specifications T MIN to T MAX unles~ otherwise noted.) 

Parameter 3.3:v ± lO"k Version S V ± lO"/o Version Units Comments 

STATIC PERFORMANCE 
MainDAC 

Resolution 10 10 Bits 
Relative Accuracy ±2 ±2 LSBmax 
Differential Nonlinearity ±1 ±1 LSBmax Guaranteed Monotonic 
Bias Offset Error 25 25 mVmax DAC Code = 0.5 Full 
Plus or Minus Full-Scale Error 25 25 mVmax Scale 
Minimum Load Resistance 2 2 k.Cl min 

SubDAC 
Resolution 8 8 Bits 
Differential Nonlinearity ±1 ±1 LSB Guaranteed Monotonic 

OUTPUT CHARACTERISTICS 
Output Voltage Range ONoo ONoo Vmin/max 
Voltage Output Settling. Time to 10 Bits 4 4 µsmax Typically 2 µs 
Settling Time to 8 Bits 1 1 
Slew Rate 2 2 
Digital-to-Analog Glitch Impulse 20 20 
Digital Feedthrough 1 1 
DC Output Impedance 0.2 0.2 
Source/Sink Current1 

@VoUT=VMIN 1 
@VoUT=VMAX 2 

DAC REFERENCE INPUTS 
Vo1AS Range 1.15N00/2 
V81AS Input Impedance 500 

DIGITAL INPUTS 
Input High Voltage, V1H 2.1 
Input Low Voltage, V1L 0.6 
Input Leakage Current ±10 
Input Capacitance 8 
Input Coding 2s Complement/Binary 2s Complement/Binary 

REFERENCE OUTPUT 
REF OUT Output Voltage 1.26 1.26 Vnom 
REF OUT Error @ +25°C ±5 ±5 %max 
TMIN-TMAX ±7 ±7 %max 
REF OUT Temperature Coefficient 300 300 .ppm/°C 

POWER REQUIREMENTS 
Yoo 3.3 ± 10% 5± 10% v 
loo 

@+25°C 2 2.5 mA/DACmax Excluding Load Currents 
TMIN-TMAX 2.5 3 mA/DACmax 

Power Dissipation 
Normal Mode @ +25°C 7:2 + Vo2/RL 13.75 + Vo2/RL mW/DACmax 
TMIN-TMAX 9 +Vo2/RL 16.5 + Vo2/RL mW/DACmax 

Power Save Mode @ +25°C 1.5 2 µW/DACmax 
TMIN-TMAX 2 3 µW/DACmax 

NOTES 
'VMIN = Ve1Asfl6, VMAx. = 2 VB1.11...s-Ve1As/l6. 
Specifications subject to' change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/A07808 
TIMING CHARACTERISTICSl ~~~s~ !i~evr!rs: ~~e~~('; AGND = DGND = D V; Ve1AS= REF OUT. All specifications TMiN to TMAx 

AD7804-S AND AD7808-S 

Limit at Limit at TA= 
Parameter TA= +25°C -40°C to +85°C Units Description 

t1 100 100 nsmin CLKIN Cycle Time 
t2 40 40 nsmin CLKIN High Time 
t3 40 40 nsmin CLKIN Low Time 
t4 30 30 nsmin FSIN Setup Time 
t, 30 30 nsmin Data Setup Time 
t6 5 5 nsmin Data Hold Time 
t1 90 90 nsmin FSIN Hold Time 
ts 40 40 nsmin LDAC, CLR Pulse Width 

NOTE 
'Guaranteed by design not production tested. All input signals are specified with tr= tf= 5 ns (10% to 90% ofVoo) and timed from a voltage of 1.6 V. 

Figure 1. Timing Diagram for AD7804-S and AD7808-S 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 
AD7804-P AND AD7808-P 

Limit at Limit at TA= 
Parameter TA= +2S°C -40°C to +8S°C Units Description 

t1 4 4 nsmin Mode Valid to Address Setup Time 
tz 0 0 nsmin Mode Valid to Address Hold Time 
t3 4 4 nsmin. Address Valid to Write Setup Time 
4 0 0 nsmin Address Valid to Write Hold Time 
ts 45 25 nsmin Data Setup Time 
t6 JO JO nsmin Data Hold Time 
t1 0 0 nsmin Chip Select to Write Setup Time 
ts 0 0 nsmin Chip Select to Write Hold Time 
tg 40 40 nsmin Write Pulse Width 
t10 0 0 nsmin HBEN to Write Setup Time 
tu 0 0 nsmin HBEN to Write Hold Time 
t12 ·40 40 nsmin LDAC, CLR Pulse Width 

NOTE 
'Guaranteed by design not production tested. All input signals are specified with tr = tf = 5 ns (I 0% to 90% of V 00) and timed from a voltage of 1.6 V. 

MODE 

AO,A1,A2 

HBYTE/LBYTE 

DATA 

-----tl 
Figure 2. Timing Diagram for AD7804-P and AD7808-P Parallel Write 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 

PIN DESCRIPTION (AD7804-S and AD7808-S) 

Mnemonic 

AVoo 

DVoo 
AGND 
DGND 

VuIAs 

REFOUT 

Description 

Analog Power Supply. +5 V or +3 V. 

Digital Power Supply. 
Ground reference point for analog circuitry. 
Ground reference point for digital circuitry. 

This is an external reference input for the DAC. When this reference is selected for the DAC in the control register, 
the analog output from the selected DAC swings around this point. 

Reference Output; this is a bandgap reference and is typically 1.26 V. 
CLKIN Clock Input. Data is clocked into the input shift register on the falling edges of CLKIN. 

FSIN Level-triggered control input (active low). This is the frame synchronization signal for the input data. When FSIN 
goes low, it enables the input shift register and data is transferred on the falling edges of CLKIN. 

SDIN Serial Data Input. These devices accept a 16-bit word. The first 2 bits (DB15 and DB14) are used to select either 
writing to the DACs data registers or to the control registers. If the DAC data register is selected, DB13 is used to 
select either the Main DAC or the Sub DAC, DB12 to DBlO provide the DAC address and DB9 to DBO contain 
the 10-bit data. If control registers are selected by the 2 MSBs, then remaining bits are defined in the section Serial 
Interface. 

LDAC Asynchronous LDAC Input. When this digital input is taken lo C registers are simultaneously updated 
with the contents of the DAC data registers. 

CLR Asynchronous CLR Input. When this input is taken 1 r outputs are cleared. 

COMP Compensation Pin. This is a compensation pin £ rence and should be decoupled with a 
0 .1 µF capacitor to analog ground. 

VoUTA-VoUTD Analog output voltages from the DA 
VoUTll-VoUTII Analog output voltages from 

ABSOLUTE MAXIMUM RATINGS' 
(T • = +25°C unless otherwise noted) 

DV00 to DGND ......................... -0.3 V to +7 V 
AV00 to AGND .......................... -0.3 V to +7 V 
AGND to DGND ........................ -0.3 V + 0.3 V 
Digital Input Voltage to DGND ..... -0.3 V to DV00 + 0.3 V 
Analog Input Voltage to AGND ...... -0.3 V to AV00 + 0.3 V 
REF OUT to AGND ..................... -0.3 V to +V00 

VBIAs to AGND .................... -0.3 V to V00 + 0.3 V 
Input Current to Any Pin Except Supplies2 ••••••••• ±I 0 mA 
Operating Temperature Range 

Commercial Plastic (A, B Versions) ....... -40°C to +85°C 
Storage Temperature Range .............. -65°C to +150°C 
Junction Temperature ........................... +150°C 

.!' 

ge, Power Dissipation ................ 875 mW 
ermal Impedance ........................ 75°C/W 

ead Temperature, Soldering 
Vapor Phase (60 sec) ........................ +215°C 
Infrared (15 sec) . . . . . . . . . . . . . . . . . . . . . . . . . . . +220°C 

PQFP Package, Power Dissipation ................ 500 mW 
aJA Thermal Impedance ........................ 95°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ........................ +215°C 
Infrared (15 sec) ............................ +220°C 

NOTES 
1 Stresses above those listed under "Absolute Maximum :Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to I 00 mA will not cause SCR latchup. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BSD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7804/AD7808 features proprietary BSD protection circuitry, permanent dam
age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
BSD precautions are recommended to avoid performance degradation or loss of functionality. 

~~d 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 

Mnemonic 

AVoo 
DVoo 
AGND 
DGND 

VBIAS 

REFOUT 
DB9-DB2 

DBO 
DBl/(HBYTE/LBYTE) 

AO,Al,A2 

Mode 

VoUTA-VoUTD 

VouTE-VouTH 

PIN DESCRIPTION (AD7804-P and AD7808-P) 

Description 

Analog Power Supply. +5 V or +3.3 V. 

Digital Power Supply. 
Ground reference point for analog circuitry. 
Ground reference point for digital circuitry. 
This is the midpoint for the DAC outputs. The analog output from the DACs swings around this 
point. 
Reference Output; this is a bandgap reference and is typically 1.23 V. 

Data Inputs. DB9 to DB2 are the 8 MSBs of the data word. DB9 and DBS function also as the 2 
LSBs of the 10-bit word when BYTE loading structure is used. 

Data Input. Functions as the LSB when in the l 0-bit parallel mode. 
Data Input in 10-bit parallel mode. Functions as a high byte and low byte enable when BYTE load
ing structure is selected. 
DAC Address Inputs. These digital inputs are used in conjunction with CS and WR to determine 
which DAC channel control register or DAC data register is loaded from the input register. 
Chip Select. Active low logic input. 

Write Input WR is an active low logic input which is used in c 
pins to write data to the relevant registers. 
Asynchronous LDAC Input. When this digital in 
neously updated with the contents of the 
Asynchronous CLR Input. When th" 
VmAs or to VBIAs/16 volts. This i 

Logic Input. Logic en 
DACs control register. 

ction with CS and the address 

1 DAC registers are simulta-

io AC outputs are cleared either to 
n of the Sub DAC. 

logic l enables writing to the selected 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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INTERFACE SECTION (SERIAL) 
The AD7S04-S and AD7SOS-S are serial input devices. Three 
lines control the serial interface, FSIN, CLKIN and SDIN. 
The timing diagram is shown in Figure I. 

When the FSIN input goes low, data appearing on the SDIN 
line is clocked into the input register on each falling edge of 
CLKIN. When sixteen bits have been received, input register 
loading is automatically disabled until the next falling edge of 
FSIN is detected. Table I shows the loading sequence for both 
the AD7S04-S and the AD7SOS-S system control register, Table 
II shows the sequence for the channel control register and Table 
III the sequence for loading data to the DAC data registers. 
Figure 3 shows the internal registers associated with the 
AD7S04-S and AD7SOS-S serial interface DACs. Only one 
DAC structure is shown for clarity. 

I 
I 

AD7804/AD7808 
DB15 and DB14 (MDI and MDO) determine whether a write 
cycle accesses the control registers or the DAC data registers. 
When the system control register is selected by writing zeros to 
the modes bits MDI and MDO, the address bits are ignored as 
the system control register controls all DACs in the package. 
When MDI = 0 and MDO = I, writing is to the channel control 
register. Only the DAC selected by the address bits will be 
affected by writing to this register. Each individual DAC has a 
channel control register. 

The DACs data registers are addressed by writing a one to both II 
MDI and MDO (DB15 and DB14 of the input word). DB13 
determines whether writing is to the Main DAC data register or 
to the Sub DAC data register. The Main DAC is I 0 bits wide 
and the Sub DAC is S bits wide. Thus when writing to the Sub 
DAC, DB9 and DBS become don't cares. The Sub DAC is 
used the shift the complete transfer function of the Main DAC 
around its VmAs point. The Sub DAC has 1/4 LSB resolution 
and will enable the transfer function to be shifted by± VmAs/16. 

When the LDAC line goes low, all DAC registers in the device 
are simultaneously Joaded with the contents of their respective 
DAC data re!l'i~retl>~ and the outputs change accordingly. 

I~---~ 
I 

SINg~~-+i 
I 

Bringjng•the'.Ctll lliie low resets the DAC data and DAC regis
tei;s,:Ft1i~cftardware clear only effects the Main DAC, the Sub 

~~~-~. I 0i~.El~~0i~~A"ot e~~-~t~R ~Y issuing a hardware dear to the part. This 
DAC REGIST~ 1<·":1 :Qp ~,~,.atmlog output of the Mam DAC to VB!As/16 

8 ""'!;, )''.: • ffl!et binary coding is selected and the output is set 
·en twos complement coding is used. 

VREF 0--i--_,----, 
Voof2 1--+------"r 
VBIAS O-...J....--L _ _J 

Figure 3. AD7804-S and AD7808-S Internal Registers 

Table I. AD7804-SIAD7808-S System Control Register Loading Sequence 

MSB LSB 

I MDI = 0 I MDO = 0 I x I x I x I x I x I x I 0 I BIN/COMP I PD I SSTBY I SCLRM I SCLRS x I 0 I 
Table II. AD7804-SIAD7808-S Channel Control Register Loading Sequence 

DB15 (MSB) DBO (LSB) 

I MDI = 1 I MDO = 0 I x I A2 I Al I AO I x I x I x I x I x I STBY I CLR I MXO I MXI I 0 I 

Table III. AD7804-SIAD7808-S DAC Data Register Loading Sequence 

DB15 (MSB) DBO (LSB) 

I MDI= 1 I MDO =·I MAIN/SUB I A2 I Al I AO I DB9 I DBS I DB7 I DB6 I DBS I DB4 I DB3 I DB2 I DBI I DBO I 

X = Don't Care. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7804/AD7808 
INPUT/CONTROL REGISTERS 
Two mode bits (MDI and MDO), which are the two MSBs of 
the serial word written to the AD7804-S or the AD7808-S, are 
used to determine whether writing is to the DAC registers or the 
control registers for these parts. These parts contain a system 
control register for controlling the operation of all DACs in the 
package as well as a channel control register for controlling the 
operation of each individual DAC. All registers are write-only 
registers. The following table shows how to access these registers. 

Table IV. Register Selection 

MDl MDO Function 

0 
0 

0 Write Enable to System Control Register 
Write Enable to Channel Control Register 
Write Enable to DAC Data Registers 

Figures. 1-3 show the contents of the above registers. 

DAC SELECTION (A2, Al, AO) 
Bits A2, Al and AO in the input register are used to address a 
specific DAC. The following tables show how the DACs are 
selected. 

Table V. AD7808-S DAC Selection 

A2 Al AO 

0 0 0 
0 0 1 
0 1 0 
0 1 1 DAC D Selecte 
1 0 0 DACE Selected 
1 0 1 DAC F Selected 

0 DAC G Selected 
DACH Selected 

Table VI. AD7804-S DAC Selection 

A2 Al AO Function 

x 0 0 DAC A Selected 
x 0 1 DAC B Selected 
x 1 0 DAC C Selected 
x 1 1 DAC D Selected 

X = Don't Care. 

SYSTEM CONTROL REGISTER (MDl = o, MDO = 0) 
This register has control over all DACs in the package. The 
control bits include power down (PD), DAC input coding select 
(BIN/COMP), global standby (SSTBY) and a global clear of all 
Main DA Cs (SCLRM) and a global clear of all Sub DACs 
(SCLRS). The function of these bits is as follows. 

POWER DOWN (PD) 
This bit in the control register is used to shut down the com
plete device. With a 1 in this position, the reference and all 
DACs are put into low power mode. Writing a 0 to this bit puts 
the part in the normal operating mode. When in power-down 
mode the contents of all registers are retained and are valid 
when the device is taken out of standby. 

CODING (BIN/COMP) 
This bit in the global control register allows the user to select 
one of two input coding schemes. The available schemes are 
twos complement coding and offset binary coding. All DACs 
will be configured with the me input coding scheme. Writing 
a 0 to the control r cts twos complement coding, 

the control register selects offset 

selected, the output voltage from 
ed as follows: 

1 equivalent of the twos complement 
om -512 to +511. See Table IV for 

ary coding selected the output voltage from the 
C can be calculated as follows: 

VaUT = VsIAs + 1.875 x VBIAS x ((NA -512)/1024) 

Where NA is the decimal equivalent of the offset binary input 
code. NA ranges from 0 to 1023. See Table IV for V81As input. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SYSTEM STANDBY (SSTBY) 
This bit allows all the DACs in the package to be put into low 
power mode simultaneously. Writing a 0 to the SSTBY bit in 
the system control register puts all DACs into standby mode. 
The following chahges take place on writing a 0 to this bit. All 
linear circuitry is switched off. The VoUT from all DACs is con
nected through a high impedance to ground. The DACs come 
out of power-down mode when a I is written to the SSTBY bit. 
The contents of other locations in the control register are re
tained when the device is placed in power-down mode and are 
valid when normal operation is restored. 

SYSTEM SOFTWARE CLEAR FUNCTIONS (SCLRM, 
SCLRS) 
This function allows the user to clear the contents of all the 
DAC registers in software. There are two bits available, one to 
clear all Main DACs and the second to clear all Sub DACs. The 
output of the Main DAC can be cleared to one of two places 
depending on the input coding used. Input coding is also 
programmable through the system control register. If twos 
complement coding is selected then issuing a software clear will 
reset the output of the Main DAC to mid-scale CVmAs). If offset 
binary coding is selected the output will be reset to VBIAs/16 fol
lowing the execution of a software clear. The Sub DAC will be 
cleared to midscale regardless of the input coding selected. 
Writing a zero to the SCLRM or SCLRS bit in the control r 
ister clears the DACs outputs. A I in these bit positio 
DAC in normal operating mode. 

CHANNEL CONTROL REGISTER (MDl 
This register allows the user to have control in 
DACs in the package. The control bits in this register i ude 
standby (STBY), individual DAC clear (CLR) and multiplexer 
output selection (MXI and MXO). The function of these bits is 
as follows. 

STANDBY (STBY) 
This bit allows the selected DAC in the package to be put into 
low power mode. Writing a 0 to the STBY bit in the individual 
control register puts the selected DAC into standby mode. The 
following changes take place on writing a zero to this bit. All lin
ear circuitry is switched off. The VouT from the DAC is con
nected through a high impedance to ground. The DAC is 
returned to normal operation by writing a I to the STBY bit. 
The contents of other locations in the control register are re
tained when the device is placed in power-down mode and are 
valid when normal operation is restored. 

AD7804/AD7808 
SOFTWARE CLEAR FUNCTION (CLR) 
This function allows the user to clear the contents of the 
selected DAC latch in software. This software clear, clears only 
the Main DAC contents of the Sub DAC. DAC register is unaf
fected by a CLR operation. The output of the Main DAC can 
be cleared to one of two places depending on the input coding 
used. Input coding is also programmable through the global 
control register. If twos complement coding is selected, then is
suing a software clear will reset the output of the Main DAC to 

midscale (V BIAS). If offset binary coding is selected, the output II 
will be reset to VBIAs/16 following the execution of a software 
clear. Writing a 0 to the CLR bit in the control register clears 
the DACs output. A 1 in the CLR bit position puts the DAC in 
normal operating mode. 

MULTIPLEXER SELECTION (MXl, MXO) 
These two bits are used to select the reference input for the 
selected DAC. The following table shows the options available. 

MXl 

Table VII. Multiplexer Output Selection 

MXO 

1 
1 
0 

VmAs 

INTERNAL VREF 
VmJ2 
EXT VBIAS 

ws the loading sequence for writing to the data reg
s. DB13 determines whether writing is to the 

Cs data register. A one in this position selects 
ed Sub DACs data register. The Sub DAC is eight

ide and thus DB9 and DBS are don't cares when writing 
the Sub DAC. This Sub DAC allows the complete transfer 

function of each individual DAC to be shifted around the VBIAS 
point. This is achieved by using a Sub DAC whose output is 
either added or subtracted to the output of the Main DAC. This 
Sub DAC has a span of ±VDAc;il6 with 1/4-bit resolution. An 
8-bit DAC is used to implement this function. The output of 
this Sub DAC is guaranteed monotonic. The coding scheme for 
the Sub DAC is programmed through the control register. With 
offset binary coding the transfer function for the Sub DAC is 

VBIAs/16 x (2 x NA/256-1) 

where NA is the digital code written to the Sub DAC and varies 
from 0 to 255. See Table IV for V81As input. 

With twos complement coding the transfer function for the Sub 
DACis: 

Vs1Asl8 x (NB/256) 

where NB is the digital code written to the Sub DAC and varies 
from -128 to 127. See Table IV for VBIAS input. 

The DAC register for the relevant Sub DAC is selected by writ
ing 0, 1 to the mode bits MDI and MDO. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DIGITAL-TO-ANALOG CONVERTERS 3-203 



AD7804/AD7808 
CONTROL REGISTER (PARALLEL VERSION) 
Access to the control register of the AD7804-P and. the. 
AD7808-P is achieved by taking the mode pin to a logic high. 
The control register of these DACs is eight bits wide and is con
figured as in Tables V and VI. There are two control registers 
associated with the part. System control register which looks 
after the input coding, data format, power down, global clear 
and global standby. The channel control register contains bits 
that effect the operation of the selected DAC. The external 
address bits are used to select the DACs. When mode is high, 
the two mode bits. select. whi1.:h of the control registers is being 
addressed. 

Table VIII. AD7804-P and AD7808-P System Control Register 
Configuration 

DB9 DBO 

lolxlsa::RSISCLR:M ISS'IBYIPnlBIN/COMPITii1slx I MDO = ol 

Table IX. AD7804-P and AD7808-P Channel Control Register 
Configuration 

DB9 DBO 

lxl Mx1 I MXo I CI:R lsnw Ix Ix I MAiNtsuB I xlMDo = 1 I 
Each DAC has a separate channel control register. The folio 
ing is a brief discussion on each bit in these registers. 

SYSTEM OR C~ANNEL CONTROL REGISTER sac 
MDO 
0 This enables writing to the system control register. The 

contents of this are shown in Table VIII. Mode must be 
low to access this control register. 

This enables writing to the channel control register. The 
contents of. this are shown in Table IX. Mode must also 
be low to access this control register. 

DATA FORMAT 

10/8 
0 10-Bit Parallel Loading Structure (Default on Power-Up). 

Byte Loading Structure (8 + 2 Loading Left Justified Data). 

DB9 DBB DB7 DBB DBS DB4. DB3 

DB9 DBB DB7 DBB DBS DB4 DB3 

DB1 DBO x x x x x 

IN BYTE MODE DB1 BECOMES HBVTEILBVTE ENABLE. 

0 = HBYTE, 1 = LBVTE. 

INPUT CODING 

BIN/COMP 
0 · Twos Complement Coding. 

1 , Offset Binary Coding (Default on Power-Up). 

POWERDOwN 

PD 
0 Normal Operation. 

Complete Power DoWII of Device (Default on Power-Up). 

SYSTEM STANDBY 

SSTBY 
0 All DACs in the Package Put in Standby Mode. 

Normal Operation (Default on Power-Up). 

SYSTEM CLEAR 

are cleared to a known state 
scheme selected. The SCLRM 
while the SCLRS bit clears the 

C is always cleared to mid-
e coding. The Main DAC is cleared 

s depending on the coding scheme. With 
the output is cleared to V8~16. 
ent coding the output is cleared to 

MAIN DAC OR SUB DAC SELECTION 

MAIN/SUB 
0 When Mode is taken low, writing to the AD7804/AD7808 

loads data to the input register of the selected Sub DAC. 

DB2 

DB2 

x 

Writing to the DAC with MODE low loads data to the 
input register of the selected Main DAC (Default Condi
tion on Power-Up). 

DB1 DBO 10-BIT PARALLEL OPERATION 

0 x 

1 x 

Figure 4. AD7804-P and AD7808-P Parallel & Byte Loading Structure 

This information applies to a ·product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no oblig<1tion regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
Two 12-Bit MDACS with Output Amplifiers 
4-Quadrant Multiplication 
Space-Saving 0.3", 24-Pin DIP and 24-Terminal 

SOIC Package 
Parallel Loading Structure: AD7847 
(8 + 41 Loading Structure: AD7837 

APPLICATIONS 
Automatic Test Equipment 
Function Generation 
Waveform Reconstruction 
Programmable Power Supplies 
Synchro Applications 

GENERAL DESCRIPTION 
The AD7837/AD7847 is a complete, dual, 12-bit multiplying 
digital-to-analog converter with output amplifiers on a mono
lithic CMOS chip. No external user trims are required to 
achieve full specified performance. 

Both parts are microprocessor compatible, with high speed data 
latches and interface logic. The AD7847 accepts 12-bit parallel 
data which is loaded into the respective DAC latch using the 
WR input and a separate Chip Select input for each DAC. The 
AD7837 has a double-buffered 8-bit bus interface structure with 
data loaded to the respective input latch in two write operations. 
An asynchronous LDAC signal on the AD7837 updates the 
DAC latches and analog outputs. 

The output amplifiers are capable of developing ± 10 V across 
a 2 kn load. They are internally compensated with low input 
offset voltage due to laser trimming at wafer level. 

The amplifier feedback resistors are internally connected to 
VouT on the AD7847. 

The AD7837/AD7847 is fabricated in Linear Compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 

A novel low leakage configuration (U.S. Patent No. 4,590,456) 
ensures low offset errors over the specified temperature range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV. 0 

LC2MOS 
Complete, Dual 12-Bit MDACs 

DBO 

DB7 

cs 
WR 

AO 

A1 

AD7837 /AD784 7 I 
FUNCTIONAL BLOCK DIAGRAMS 

v •• 

··~ 

AGNDA 

AGNDB 

v •• 

DGND 

PRODUCT HIGHLIGHTS 
1. The AD7837/AD7847 is a dual, 12-bit, voltage-out MDAC 

on a single chip. This single chip design offers considerable 
space saving and increased reliability over multichip designs. 

2. The AD7837 and the AD7847 provide a fast versatile inter
ace to 8-bit or 16-bit data bus structures. 

DIGITAL-TO-ANALOG CONVERTERS 3-205 
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AD7837 ,.D7847-SPECIFICAJIONS1 ~DD= +~5 v ± 5%, ~SS= -~5 v ± 5%, A~NDA = AGNDB 
'" - DGND - 0 v. VREFA - VR~FB - +10 V, RL - 2 kfi, 

CL = 100 pf [VOUT connected to RFB AD7837]. All specHications Tmin to Tmax unless otherwise noted.) 
-"-

Parameter A Version B Version S Version Units 

STATIC PERFORMANCE 
Resolution 12 12 12 Bits 
Relative Accuracy' ±I ±112 ±I LSBmax 
Differential Nonlinearity' ±I ±I ±I LSB max 
Zero Code Offset Error' 

@ +25"C ±2 ±2 ±2 mVmax 
Tmin to T .... ±4 ±3 ±5 mVmax 

Gain Error 
@ +25"C ±5 ±2 ±5 LSB max 
Tmin to T.,.. ±7 ±4 ±7 LSBmax 

REFERENCE INPUTS 
V REF Input Resistance 8113 8/13 8/13 kO minimax 
V REFA> V REFB Resistance Matching ±3 ±3 ±3 %max 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 Vmin 
Input Low Voltage, ViNL 0.8 0.8 0.8 Vmax 
Input Current ±I ±I ±I µAmax 
Input Capacitance3 8 8 8 pFmax 

ANALOG OUTPUTS 
DC Output Impedance 0.2 0.2 0.2 0 typ 
Short Circuit Current 15 15 15 mAtyp 

POWER REQUIREMENTS4 

Voo Range 14.25/15.75 14.25/15.75 14.25/15.75 V minimax 

Vss Range -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 V min/max 
Power Supply Rejection 

AGain/1W00 ±0.1 ±0.1 ±0.1 %per%max 
AGain/AVss ±0.I ±0.I ±0.1 %per%max 

loo 10 10 10 mAmax 
Iss 6 6 6 mAmax 

AC CHARACTERISTICSz. 3 

Voltage Output Settling Time 4 4 4 µ.s typ 

Slew Rate 7 7 7 V/µ.s typ 
Digital-to-Analog Glitch Impulse 175 175 175 nV secs typ 

Channel-to-Channel: Isolation 

V REFA tO V OUTB -95 -95 -95 dB typ 

V REFB to VouTA -95 -95 -95 dB typ 

Multiplying Feedthrough Error -90 -90 -90 dB typ 

Unity Gain Small Signal BW 600 600 600 kHz typ 

Full Power BW 110 110 90 kHz typ 

Total Harmonic Distortion -88 -88 -88 dB typ 

Digital Crosstalk 10 10 10 nV secs typ 
Output Noise Voltage@ + 25°C 

(0.1 Hz to 10 Hz) 2 2 2 µ.V rms typ 

NOTES 
'Temperature Ranges are as follows: A, B Versions, -40°C to +85°C; S Version, -ss•c to + 125°C. 
'See Terminology. 
'Sample tested @+ 25°C to ensure compliance. 
4The Devices are functional with V 0 ofV ss = ± 12 V (See typical performance graphs.) 
Specifications subject to change without notice. 

3-206 DIGITAL-TO-ANALOG CONVERTERS 

Test Conditions/Comments 

Guaranteed Monotonic 

DAC Latch Loaded with All Os 
Temperature Coefficierit = ±5 µ.Vl°C typ 

DAC Latch Loaded with All ls 
Temperature Coefficient = ±2 PPm of 
FSRl°C typ 

Typical Input Resistance = I 0 kO 
Typically ±0.5% 

Digital Inputs at 0 V and V 00 

V 0UT Connected to AGND 

V DD = 15 V ± 5%, V REF = -10 V 
Vss = -15 V ± 5%, VREF = +10 V 
Output Unloaded. Typically 5 mA 
Output Unloaded. Typically 4 mA 

Settling Time to Within ± 112 LSB of Final 
Value. DAC Latch Alternately Loaded 
with All Os and All ls 

DAC Latch Alternately Loaded with 
01 ... 11 and 10 ... 00 

VREFA = 20 V p-p, 10 kHz Sine Wave. 
DAC Latches Loaded with All Os 
VREFB = 20 V p-p, 10 kHz Sine Wave. 
DAC Latches Loaded with All Os 
VREF = 20 V p-p, 10 kHz Sine Wave. 
DAC Latch Loaded with All Os 
VREF = 100 mV p-p Sine Wave. DAC 
Latch Loaded with All ls 
VREF = 20 V p-p Sine Wave. DAC 
Latch Loaded with All ls 
VREF = 6 V rms, I kHz. DAC Latch 
Loaded with All ls 
Code Transition from All Os to All ls 
See Typical Performance Graphs 
Amplifier Noise and Johnson Noise of RFB 

REV.O 



AD7837 /AD784 7 
TIMING CHARACTERISTICS1• 2 (V00 = +15 V ± 5%, V55 = -15 V ± 5%, AGNDA = AGNDB = DGND = 0 VJ 

Limit at T ..w., T max Limit at T mm• T max 

Parameter (A, B Versions) (S Version) Units Conditions/Comments 

t1 0 0 nsmin CS to WR Setup Time 
ti 0 0 nsmin CS to WR Hold Time 
t, 80 100 nsmin WR Pulse Width 
t4 80 80 nsmin Data Valid to WR Setup Time 
ts 10 10 nsmin Data Valid to WR Hold Time 
te.' 15 15 ns min Address to WR Setup Time 
t,3 15 15 nsmin Address to WR Hold Time 
ts' 80 100 nsmin LDAC Pulse Width 

NOTES 
1Sample tested@ +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% of s·v) and timed from a voltage level of 1.6 V. 
'See Figures 3 and 5. 
3 AD7837 only. 

ABSOLUTE MAXIMUM RATINGS* 
(f A = + 25°C unless otherwise noted) 

V00 to DGND, AGNDA, AGNDB ...... -0.3 V to +17 V 
V ss 1 to DGND, AGNDA, AGNDB ...... +0.3 V to -17 V 
VREFA>VREFB to AGNDA, AGNDB 

..................... V55 -0.3 V to V00 +0.3 V 
AGNDA, AGNDB to DGND ...... -0.3 V to V00 +0.3 V 
VouTA2, VouTB2 to AGNDA, AGNDB 

..................... Vss -0.3 V to V00 +0.3 V 
RFnA'• RFB8 3 to AGNDA, AGNDB 
........ , .............. Vss -0.3 V to V00 +0.3 V 

Digital Inputs to DGND ......... -0.3 V to V00 +0.3 V 
Operating Temperature Range 

Commercialllndustrial (A, B Versions) .... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ....... 1000 mW 
Derates above +75°C by .................. 10 mWl°C 

NOTES 
1IfV8s is open circuited with V00 and either AGND applied, the Vss pin will 
float positive, exceeding the Absolute Maximum Ratings. If this possibility 
exists, a Schottky diode connected between Vss and AGND (cathode to 
AGND) ensures the Maximum Ratings will be observed. 

'The outputs msy be shorted to voltages in this range provided the power 
dissipation of the package is not exceeded. 

'AD7837 only. 

*Stresses above those listed under "Absolute Maximum Ratings" msy cause 
permsnent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Esposure to absolute 
maximum rating conditions for extended periods msy affect device reliability. 
Only one Absolute Maximum Rating msy be applied at any one time. 

ORDERING GUIDE 

Temperature Relative Package 
Model.1 Range Accuracy Option2 

AD7837AN -40°C to +85°C ±1 LSB N-24 
AD7837BN -40°C to +85°C ±1/2 LSB N-24 
AD7837AR -40°C to +85°C ±1 LSB R-24 
AD7837BR -40°C to +85°C ±1/2 LSB R-24 
AD7837AQ -40°C to +85°C ±1 LSB Q-24 
AD7837BQ -40°C to +85°C ±1/2 LSB Q-24 
AD7837SQ -55°C to + 125°c ±1 LSB Q-24 

AD7847AN -40°C to +85°C ±1 LSB N-24 
AD7847BN -40°C to +85°C ±1/2 LSB N-24 
AD7847AR -40°C to +85°C ±1 LSB R-24 
AD7847BR -40°C to +85°C ±1/2 LSB R-24 
AD7847AQ -40°C to +85°C ±1 LSB Q-24 
AD7847BQ -40°C to +85°C I ±1/2 LSB Q-24 
AD7847SQ -55°C to + 125°c ±1 LSB Q-24 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to part 
number. 

'N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Informstion section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs .are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! ~ 

~~EDEVICE 
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AD7837 /A07847 
TERMINOLOGY 
Relative Accuray (Linearity) 
Relative accuracy, or endpoint linearity, is a measure of the 
maximum deviation of the DAC transfer function from a 
straight line passing through the endpoints. It is measured after 
allowing for zero and full-scale errors and is expressed in LSBs 
or as a percentage of full-scale reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of ± 1 LSB or less 
over the operating temperature range ensures monotonicity. 

Zero Code Offset Error 
Zero code offset error is the error in output voltage from VouTA 
or V ouTB with all Os loaded into the DAC latches. It is due to a 
combination of the DAC leakage current and offset errors in the 
output amplifier. 

Gain Error 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all ls loaded. It does not 
include offset error. 

Total Harmonic Distortion 
This is the ratio of the root-mean-square (rms) sum of the har
monics to the fundamental, expressed in dBs. 

Multiplying Feedthrough Error 
This is an ac error due to capacitive feedthrough from the V REF 

input to V ouT of the same DAC when the DAC latch is loaded 
with all Os. 

AD7837 PIN CONFIGURATION 

DIP & SOIC 
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Channel-to-Channel Isolation 
This is an ac error due to capacitive feedthrough from the V REF 

input on one DAC to VoUT on the other DAC. It is measured 
with the DAC latches loaded with all Os. 

Digital Feedthrough 
Digital feedthrough is the glitch impulse injected from the digi
tal inputs to the analog output when the data inputs change 
state, but the data in the DAC latches is not changed. 

For the AD7837, it is measured with LDAC held high. For the 
AD7847, it is measured with CSA and CSB held high. 

Digital Crosstalk 
Digital crosstalk is the glitch impulse transferred to the output 
of one convener due to a change in digital code on the DAC 
latch of the other convener. It is specified in n V secs. 

Digital-to-Analog Glitch Impulse 
This is the voltage spike that appears at the output of the DAC 
when the digital code changes, before the output settles to its 
final value. The energy in the glitch is specified in n V secs and 
is measured for a 1 LSB change around the major carry transi
tion (Olll llll llll to 1000 0000 0000). 

Unity Gain Small Signal Bandwidth 
This is the frequency at which the small signal voltage output 
from the output amplifier is 3 dB below its de level. It is mea
sured with the DAC latch loaded with all ls. 

Full Power Bandwidth 
This is the maximum frequency for which a sinusoidal input 
signal will produce full output at rated load with a distortion 
less than 3%. It is measured with the DAC latch loaded with 
all ls. 

AD7847 PIN CONFIGURATION 

DIP & SOIC 
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NANALOG 
WDEVICES 

FEATURES 
Complete 14-Bit Voltage Output DAC 
Parallel and Serial Interface Capability 
BOdB Signal-to-Noise Ratio 
Interfaces to High Speed DSP Processors 

e.g., ADSP-2100, TMS32010, TMS32020 
45ns min WR Pulse Width 
Low Power - 70mW typ. 
Operates from ±5V Supplies 

GENERAL DESCRIPTION 
The AD7840 is a fast, complete 14-bit voltage output DIA 
converter. It consists of a 14-bit DAC, 3V buried Zener refer
ence, DAC output amplifier and high speed control logic. 

The part features double-buffered interface logic with a 14-bit 
input latch and 14-bit DAC latch. Data is loaded to the input 
latch in either of two modes, parallel or serial. This data is then 
transferred to the DAC latch under control of an asynchronous 
LDAC signal. A fast data setup time of 2 lns allows direct paral
lel interfacing to digital signal processors and high speed 16-bit 
microprocessors. In the serial mode, the maximum serial data 
clock rate can be as high as 6MHz. 

The analog output from the AD7840 provides a bipolar output 
range of ±3V. The AD7840 is fully specified for dynamic per
formance parameters such as signal-to-noise ratio and harmonic 
distortion as well as for traditional de specifications. Full power 
output signals up to 20kHz can be created. 

The AD7840 is fabricated in linear compatible CMOS 
(LC2MOS), an advanced, mixed technology process that com
bines precision bipolar circuits with low power CMOS logic. 
The part is available in a 24-pin plastic and hermetic dual-in-line 
package (DIP) and is also packaged in a 28-terminal plastic 
leaded chip carrier (PLCC). 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

LDAC 

CS/SERIAL 

WfitSVNC 

LC2MOS 
Complete 14-Bit DAC 

AD7840 I 
FUNCTIONAL BLOCK DIAGRAM 

REF OUT REF IN 

CONTROL 
LOGIC 
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AD7840 SPECIFICATIONS \Yoo= -rav ::t:illb, 'ss =-aw :Cillo, 1111nu = uanu = u1, ni;;r in - -r.n, nL 

/ . - . = 2k0, CL = 10DpF. All specifications lmin to lmax unless otherwise noted.) · 

Parameter J, At JC, B1 gt Units Test Conditfons/Comments 

DYNAMIC PERFORMANCE2 ··. 

Signal to Noise Ratio3 (SNR) 76 78 76 dB min VoUT=lkHz Sine Wave, fsAMPLli =lOOkHz 
Typically 82dB at + 25°C for 0 <V ouT<20kHz4 

Total Harmonic Distortion (THD) -78 -80 -78 dB max VouT= lkHz Sine Wave, fsAMPLE= lOOkHz 
Typically -84dB at +25°C for 0 <VouT<20kHz4 

Peak Harmonic or Spurious Noise -78 -80 -78 dBmax VouT=lkHz Sine Wave, fsAMPLE=lOOkHz 
Typically -84dB at +25°C for 0 <V0 u-r<20kHz4 

DC ACCURACY· 
Resolution 14 14 14 Bits 
Integral Nonlinearity ±2 ±1 ±2 LSB max 
Differential Nonlinearity ±0.9 ±0.9 ±0.9 LSB max Guaranteed Monotonic 
Bipolar Zero Error ±10 ±10 ±10 LSB max 
Positive Full Scale Errors ±10 ±10 ±10 LSB max 
Negative Full Scale Errors ±10 ±10 ±10 LSB max 

REFERENCE OUTPUT6 

REF OUT @ + 25°C 2.99 2.99 2.99 Vmin 
3.01 3.01 3.01 Vmax 

REF OUT TC ±60 ±60 ±60 ppm!°C max 
Reference Load Change 

(AREF OUT vs. AI) -1 -1 -1 mVmax Reference Load Current Change (0-500µA) 

REFERENCE INPUT 
Reference Input Range 2.85 2.85 2.85 Vmin 3V ±5% 

3.15 3.15 3.15 Vmax 
Input Current 50 50 50 µAmax 

LOGIC INPUTS 
Input High Voltage, ViNH 2.4 2.4 2.4 Vmin Vnn=SV ±5% 
Input Low Voltage, V1NL 0.8 0.8 0.8 Vmax Vnn=5V ±5% 
Input Current, I1N ±10 ±10 ±10 µAmax VIN = OV to Vnn 
Input Current (CS Input Only) ±10 ±10 ±10 µAmax V1N =Vss to Vnn 
Input Capacitance, Cri./ 10 10 10 pFmax 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 ±3 VNom 
de Output Impedance 0.1 0.1 0.1 n typ 
Short~Circuit Current 20 20 20 mA typ 

AC CHARACTERISTICS7 

Voltage Output Settling Time Settling Time to within ± l/2LSB of Final Value 
Positive Full-Scale Change 4 4 4 µs max Typically 2µs 
Negative Full-Scale Change 4 4 4 µs max Typically 2.5µs 

Digital-to-Analog Glitch Impulse 10 10 10 nV secs typ 
Digital Feedthrough 2 2 2 nV secs typ 

POWER REQUIREMENTS 
Vnn +5 +5 +5 Vnom ± 5% for Specified Performance 
Vss -5 -5 -5 Vnom ±5% for Specified Performance 
Inn 14 14 15 mAmax Output Unloaded, SCLK=+5V. Typically lOmA 
Iss 6 6 7 mAmax Output Unloaded, SCLK=+5V. Typically 4mA 
Power Dissipation 100 100 110 mW max Typically 70mW 

NOTES 
1Temperature ranges are as foilows: J, K Versions, Oto .. +70°C; A, B Versions, -25°C to +85°C; S Version, -55°C to + 125°C. 
'VoUT (pk-pk)=±3V. 
3SNR calculation includes distortion and noise components. 
•using external sample-and-hold (see Testing the AD7840). 
5 Measured with respect to REF IN and includes bipolar offset error. 
6For capacitive loads greater than SOpF, a series resistor is required (see Internal Reference section). 
'Sample tested @ + 25°C to ensure compliance. 

Specifications subject to change without notice. 
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AD7840 

TIMING CHARACJERISJICS1• 2<V11 = +5V :t5%, V55 = -5V :t5%, AGND = DGND =DY.) 

Limit at Tmln, T....,. Limit at T mln• T....,. 
Parameter O, K, A, B Versions) (S Version) Units Conditions/Comments 

t, 0 0 ns min CS to WR Setup Time 
t2 0 0 ns min CS to WR Hold Time 
t3 45 so ns min WR Pulse Width 
t.. 21 28 ns min Data Valid to WR Setup Time 
ts 10 15 nsmin Data Valid to WR Hold Time 
t6 40 40 ns min LDAC Pulse Width 
t1 50 50 nsmin SYNC to SCLK Falling Edge 
ta3 150 200 ns min SCLK Cycle Time 
t9 30 40 ns min Data Valid to SCLK Setup Time 
t10 75 100 ns min Data Valid to SCLK Hold Time 
tu 75 100 ns min SYNC to SCLK Hold Time 

NOTE 
'Timing specifications in bold print are 100% production tested. All other times are sample tested at +2S"C to ensure compliance. All input s.ignals arc 
specified with tr= tf= Sns (10% to 90% of SV) and timed from a voltage level of l.6V. 

2See Figures 6 and 8. 
'SCLK mark/space ratio is 40/60 to 60/40. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND ...................... -0.3V to +7V 
Vss to AGND ....................... +0.3V to -7V 
AGND to DGND ................ -0.3V to V 0 0 +0.3V 
VoUT to AGND ........................ Vss to V00 

REF OUT to AGND ..................... OV to V 0 0 

REF IN to AGND ............... -0.3V to V00 +0.3V 
Digital Inputs to DGND ........... -0.3V to V00 +0.3V 
Operating Temperature Range 

Commercial G, K Versions) ............... 0 to +70"C 
Industrial (A, B Versions) ............. -2s0c to +85°C 
Extended (S Version) ............... -55°C to +125°C 

Storage Temperature Range ............ -65°C to +lSO"C 
Lead Temperature (Soldering, lOsec) ............ +300"C 
Power Dissipation (Any Package) to +7S°C ........ .450mW 
Derates above +75°C by .................... lOmW/°C 

*Suesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

CAUTION~~--~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be <fi.scharged · to the destination socket before devices are inserted. 

REV.A 

ORDERING GUIDE 

Integral 
Temperature SNR Nonlinearity Package 

Mocle11 Range (dB) (LSB) Option2 

AD7840JN 0 to +70"C 78min ±2 max N-24 
AD7840KN 0 to +70°C 80min ±1 max N-24 
AD7840JP 0 to +70"C 78 min ±2 max P-28A 
AD7840KP 0 to +70°C 80 min ±1 max P-28A 
AD7840AQ -25°C to +8S°C 78 min ±2 max Q-24 
AD7840BQ -25°C to +85°C 80 min ±1 max Q-24 
AD7840SQ3 -SS°C to + 125°C 78 min ±2max Q-24 

NOTES 
1To order MIL·STD-883, Class B processed pans, add /883B to part number. 
Contact your local sales office for military data sheet and availability. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline 
information see Package Information section. 

'This grade will be available to /883B processing only. 
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;,,107840 
PIN FUNCTION DESCRIPTION 

DIP 
Pin Pin 
No. Mnemonic 

CS/SERIAL 

2 , WR/SYF-IC 

3 DB/SDATA 

4 012/SCLK 

Function . . . . . ' 
Chip Select/SeriaUnput. When driven with normal logic levels, it is Bil active lowlogic input which is·" 
used in conjunction with WR to load parallel data to the input latch. For applications where CS is perma- . 
Iiently low, an R, C is required for correct power-up (see LDAC input). If this input is tied to V88, it 
defines the, AD784o for serial mode operation. 

Write/Frame Sync~nization Input. In the parallel data mode, it is used in conjunction with CS to load 
parallel data. In the serial mode of operation, this pin functions as a Frame Synchronization pulse with 
serial data expected after the falling edge of this signal. 

Data Bit 13(MSB)/Serial Data. When parallel data is selected, this pin is the Dl3 input. In serial mode, 
SDATA is.the serial data input which is used in conjunction with SYNC and SCLK to transfer serial data 
to the AD7840 input latch. 

'Data Bit 12/S~ Clock. When parallel data is selected, this pin is the 012 input. In' the serial mode, it 
is the serial clock inpilt. Serial data bits are latched on the falling edge of SCLK when SYNC is low. 

5 Dll/FORMAT Data Bit U/Data Format. When parallel data is sele!=(ed, this pin is the Dll \µput, In serial mode, a logic 
1 on this input indicates that the MSB is the first valid bit in the serial data·. stream. A logic 0 indicates 
that the LSB is the first valid bit (see Table I). 

6 DlO/JUSTIFY 

7-11 D9-D5 

12 DGND 

13-16 D4-01 

17 DO 

18 Voo• 

19 AGND. 

20 VoUT 

21 Vss 

22 REF OUT 

23 ·REF IN 

24 LDAC 

Data Bit IO/Data Justification. When parallel data is selected, this pin is th~ D.10 i~put. In serial, mode, 
this input controls the serial data justification (see Table I). 

Data Bit. 9 to Data Bit 5. Parallel data inputs. 

Digital Ground. Ground reference for digital circliitry. 

Data Bit ~ to Data Bit. L Parallel data inputs •. 

Data Bit 0 (LSB). Parallel data input. 

Positive Supply, +5V± 5%. 

Analog,Gr9und. Ground reference f~r DAC, reference and output buffer amplifier. 

Ahalog Output Voltage. This is the, buffer amplifier output voltage. Bipolar output range '(±3V \.vith REF 
IN ,,; +3V) ... 

Negative Supply Voltage, -5V ±5%. 

Voltage Reference Output. The internal 3V analog reference is provided at this pin. To operate the 
. ADZ,840 with internal reference, REF·OUT should.be connected to REF IN. The external load capability . 
. of the reference is 500µ.A. •· ' ' · ' · · · · · ' 

°Vlll~ge Refe~nce Input. The reference volt!lge for the DAC is applied to this pin. It is i~ternally bµff~ ... 
· ered before being applied to the DAC. The nominal reference voltage for correct operation of the AD78.40 
is~ ' . 

Load DAC. Logic input. A new word is loaded into the DAC latch from the input latch on the falling 
edge of this signal (see Interface Logic Information section). The AD7840 should be powered-up with 
LDAC high. For applications where LDAC is permanently low, an R, C is required for correct power-up 
(see Figure 19). 

LAST BIT IN 
DATA STREAM 

+ 
Ml IMsel 

M21 • I IMsel 

M31Lsel J 
M41 • I ILsel 

I LSB I 

I IMsel 

I 

FIRST BIT IN 
DATA STREAM 

• · I ~ I 
ILSeJ 

I . I 
IMsel 

-------- 1&.BITS ---~-~-.. 

.. =DON'T CARE 

Table I. Serial Data Modes 

FORMAT JUSTIFY MODE 
,. 

0 0 Ml 

0 1 M2 

1 0 M3 

1 1 M4 
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11111111111 ANALOG 
WDEVICES 

FEATURES 
12·Blt CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication 
Guaranteed Monotonic (T MIN to T MAxl 

Space-Saving 0.3" DIPs and 24- or 28-Terminal Surface 
Mount Packages 

Application Resistors On Chip for Gain Ranging, etc. 
Low Power Lc2MOS 

APPLICATIONS 
Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital-to-4-20 mA Converters 

GENERAL DESCRIPTION 
The AD7845 is the industry's first 4-quadrant multiplying D/A 
convener with an on-chip amplifier. It is fabricated on the 
LC2MOS process, which allows precision linear components and 
digital circuitry to be implemented on the same chip. 

The 12 data inputs drive latches which are controlled by stan
dard CS and WR signals, making microprocessor interfacing 
simple. For stand-alone operation, the CS and WR inputs can 
be tied to ground, making all latches transparent. All digital in
puts are TTL and 5 V CMOS compatible. 

The output amplifier can supply ± 10 V into a 2 k!l load. It is 
internally compensated, and its input offset voltage is low due to 
laser trimming at wafer level. For normal operation, RFB is tied 
to V 0UT, but the user may alternatively choose RA> R8 or Re to 
scale the output. voltage range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval S)'Stem at 1-800-446-6212. 

REV.A 

LC2MOS 
Complete 12-Bit Multiplying DAC 

AD7845 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Voltage Output Multiplying DAC 

The AD7845 is the first DAC which has a full 4-quadrant 
multiplying capability and an output amplifier on chip. All 
specifications include amplifier performance. 

2. Matched Application Resistors 
Three application resistors provide an easy facility for gain 
ranging, voltage offsetting, etc. ·· ·· 

3. Space Saving 
The AD7845 saves space in two ways. The integration of the 
output amplifier on chip means that chip count is reduced. 
The pan is housed in skinny 24-pin, 0.3" DIP, 28-terminal 
LCC and PLCC and 24-terminal SOIC packages. 
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AD7845~SPECIFICATIONS1 
(VDD = + 15 Y, :I: 5%, Yss = -15 Y, :I: 5%, v. = +1n, ' 
AGND = DGND = 0 Y, Your connected to RF•· Your load = 2 lio; 100 pf. All 
specifications 111111 to11111 unless .otherwise stated.) - J Vllllloa KV.nioa AVenioa BVenioa SVenioa TVenioa 

ACCURACY 

Resolution 12 12 12 12 12 12 

Relati1>e Acaulcy 
at +25'C ±I ±1/2 ±I ±112 ±I ±1/2 
TMJNtoTMAX ±1 ±314 ±312 ±I ±2 ±I 
Diffm!ntill Nonlimarity ±I ±I ±1 ±I ±1 ±1 
Zero Code Offset Error 
at +25'C ±2 ±I ±2 ±I ±2 ±I 
TMJNtoTMAX ±4 ±3 ±4 ±3 ±S ±4 

OffsetTempenturec:oetliciau; 
(AOllier/ATemperat11n:J' ±S ±5 ±S :tS ±5 ±5 

(lain Error ±6 ±3 ±6 ±3 ±6 ±3 
±9 ±6 ±9 ±6 ±9 ±6 
±9 ±6 ±9 ±6 ±9 ±6 
±10 ±8 ±10 ±8 ±10 :t8 

(lain Tempenture Coefficient; 
(AGain/ATempentureJ' ±2 ±2 ±2 ±2 ±2 ±2 

REFERENCE INPUT 
Input Resiatsnoe, Pm 17 8 8 8 8 8 8 

16 16 16 16 16 16 
APPLICATION RESISTOR 
RATIO AlATCHING 0.5 0.5 0.5 0.5 0.5 0.5 

DIGITAL INPVTS 
Vm (Input High Voltsp) 2.4 2.4 2.4 2.4 2.4 2.4 
VtL (Input Low Voltsp) 0.8 0.8 0.8 0.8 0.8 0.8 
!IN (Input Cumnt) ±1 ±I ±I ±I :ti ±I 
Cm (Input Capaci1lmee)' 7 7 7 7 7 7 

POWER SUPPLY' 
Von Ranae 14.25115.75 14.25/IS.75 14.25/15.75 14.25/15.75 14.25/15.75 14.25/15.75 
Vss Ranae -14.25/-15.75 -14.25/-15. 75 "-14.25/-15.75 -14.25/-15.75 -14.25/-15.75 -14.25/-15.75 
Power Supply llejection 
AGain/AVnn ±0.2 ±0.2 ±0.2 ±0.2 :t0.2 ±0.2 
AGain/AVss ±0.2 ±0.2 ±0.2 ±0.2 ±0.2 ±0.2 

Inn iO 10 10 10 10 10 
lss 4 4. 4 4 4 4 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are Included for Deslan Guidance and are not subject to test 

DYNAMIC PERFORAlANCE 
Output Voltsp SettliJlg Time 5 5 5 5 5 5 

SlewRste 7 7 7 7 7 7 
Digitsl-to-Analog 450 450 450 450 4SO 450 
Glitch Impulse 

Multiplying Feeclthrougb 5 5 5 5 5 5 
l!rror3 

Unity Gain Small Sipll 
Buidwiclth 600 600 600 600 600 600 

Full Power Buidwidth 250 250 250 250 250 250 

Totsl Hannoiaic: Distortion -90 -90 -90 -90 -90 -90 

OUTPUT CHARACTERISTICS' 
Open Loop (lain 85 85 85 85 85 85 

Output Voltsp Swing ±10 ±10 ±10 ±10 ±10 ±10 
Output~ 0.2 0.2 0.2 0.2 0.2 0.2 
Short Circuit Cunent @ + 25'C IS 15 15 15 15 15 
Output Noiae Vol-
(O. !Hz to IOHz) @ + 25'C 2 2 2 2 2 2 
f= iOHz 250 250 250 250 250 250 
f= IOOHz 100 100 100 100 100 100 
f=lkHz 50 so 50 50 50 50 
f= IOkHz 50 50 50 50 50 50 
f= IOOkHz 50 50 50 50 50 50 

NOTES 'T_.,,. ilaDpo an 11 rollowl: J, K Vonioas: 0 to +70'C; A, B Venicml: -25"C to +8S"C; S, T Venicms: -55"C to +125"C. 
'sample ......i to....,. complioaoe. 
'The mer.! lid cm the ceromic D-24A pocbp b - to Pin 12 (DGND). 
'The dorico b fancliaaal with. power mpply of ±12 v. 
5Minimum speoified load naiarance b 2 to. 
Specilkatiom 111bject to cbanp without notice. 
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Ullils T•~ 

Bits 
v.., 

I LSB • zir = 2.4mV 

LSBmu All Gndes Are Guaranteed 
LSBnwc Monotonic OV$' T°"'pen!UR 
LSBmu DAC Rqiater Loaded 'l!ith 

All Os. 
mVmu 
mVmax 

1J.VfC typ 
LSBmax Rn, v OUT Connected 
LSB nwc Re, VoUTCo.anectecl, VIU!P = +5 V 
LSBmu Ra, VoUT Co.anectecl, VRBP = +5 v 
LSBmu R.., VoUTConnec:ted• VIU!P= +2.5 V 

ppmofFSRfC Rn, V OUT Connected 
typ 

kn min TypicallnputReoiswlce = 12 kll 
kll mu 

%max Matching Between R.., Ra, Re 

Vmin 
Vmu 
f',\mu Digitsl Inputs at 0 V mcl Vnn 
pFmax 

VmiD/Vmax 
VmiD/Vmax 

%per%max Von= +IS V±5%, VIU!P= -10 V 
%per%max V15 = -15V± 5%. 
mAmax VoUT Unlooded 
mAmu VoUT Ualoaded 

IJ.SIDIX To 0.01% ofFull-&:ale Ranae· 
VOUT Loo4 = 2 kll, 100 pF. 
DAC Resiater·Altomately Loaded 
with All Os mcl All ls. Typically 

V/iJ.Styp 
2.5 iJ.S at 2S'C. 
VOUT Load= Hfl, 100 pF. 

nV-styp Meuurechrith v .... = 0 V. 
DAC Rqiater Alternately Looded 
with All Os uid All ls. 

mVp-p typ VRBF = ±10 V, 10 kHz Sine Wave 
DAC Rqiater Loaded with All Os. 

kHztyp VoUT,RnConnec:ted. DAC Loaded 
with All ls. V...,, - 100 mV P""1> 
Sine Wave. 

kHztyp VoUT• Rn Connected. DAC Loaded 
with All ls. VIU!P = 20 V p-p 
Sine Wave. Rt. = 2 kll. 

dBtyp ~ = 6 V rms, I kHz Sine wa ... 

dBmiD V OUT• Rn Not Connected 
VOUT = ±IOV,RL = 2k0 

Vmin RL = 2kll,~ = IOOpF 
Otyp Rn, V OUT Co.anectecl, 
mAtyp V OUT Shorted to AGND 

lncludca Noiae Due to Output 
1J.Vnmtyp Amplifier mcl Johnson Noiae 
nVyHityp of Rn 
nVyHityp 
nVyHityp 
nVyHityp 
nVyHityp 
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AD7845 
TIMING CHARACTERISTICS (V00 = +15 V, ± 5%. Yss = -15 V, ± 5%. VREF = +10 V. AGND = DGND = 0 V.) 

Limit at 
Limit at TA= 0 to +70"C 

Parameter TA= +is•c TA= -2s0c to +ss•c 

l:cs 100 135 
l:oi: 0 0 
tWR 100 135 
tos 100 100 
toH 20 20 
Specificanons sub1ect to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25"C unless otherwise stated) 

V00 to DGND ................... -0.3 V to +17 V 
V88 to DGND .................... +0.3 V to -17 V 
VREF to AGND .......................... ±25 V 
VRFB to AGND .......................... ±25 V 
VRA to AGND ........................... ±25 V 
VRB to AGND ........................... ±25 V 
VRc to AGND ........................... ±25 V 
VoUT to AGND1 ••.•••••••••• V00 +0.3 V, V88 -0.3 V 
AGND to DGND .................... -0.3 V, V00 

Digital Input Voltage to DGND .... -0.3 V to V00 + 0.3 V 
Power Dissipation (Any Package) 

To +75°C ........................... 650 mW 
Derates above +75°C .................... 10 mW!°C 

Limit at 
TA= -ss·c 
to +125°C Units Test Conditions/Comments 

140 nsmin Chip Select to Write Setup Time 
0 nsmin Chip Select to Write Hold Time 
140 nsmin Write Pulse Width 
120 nsmin Data Setup Time 
20 nsmin Data Hold Time 

Operating Temperature Range 
Commercial (J, K Versions) .............. Oto +70°C 
Industrial (A, B Versions) ............ -25°C to +85°C 
Extended (S, T Versions) ............ -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 

NOTE 
1V ouT may be shorted to AGND provided that the power dissipation of the 
package is not exceeded. 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods of time may affect 
device reliability. Only one Absolute Maximum Rating may be applied at any 
one time. 

CAUTION~~~~~~~~~....,..~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive deviee. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

ORDERING GUIDE' 

Temperature Relative Package 
Model2 Range Accuracy Option3 

AD7845JN o·c to +10°c ±1 LSB N-24 
AD7845KN o·c to +10°c ±112 LSB N-24 
AD7845JP o•c to +10°c ±1 LSB P-28A 
AD7845KP O°C to +10°c ±112 LSB P-28A 
AD7845JR o·c to +10°c ±1 LSB R-24 
AD7845KR o·c to +70°C ±112 LSB R-24 
AD7845AQ -25°c to +85°C ±1 LSB Q-24 
AD7845BQ -25°C to +85°c ±1/2 LSB Q-24 
AD7845SQ/883B 755°c to + 125•c ±1 LSB Q-24 
AD7845TQ/883B -55°c to + 125°c ±1/2 LSB Q-24 
AD7845SE/883B -55°C to + 125°C ±1 LSB E-28A 

NOTES 
1Analog Devices reserves the right to ship either ceramic (D-24A) or cerdip 
(Q-24) hermetic packages. . 

'To order MIL-STD-883, Class B processed parts, add /883B to part 
number. 

'E = Leadless Ceramic Chip Carrier; N = Plastic DIP; P = Plastic Leaded 
Chip Carrier; Q = Cerdip; R = SOIC. For outline information see 
Package Inf0rtoation section. 
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,___two--1 \ fir------:: 
I-tos--l toH 1--

DATA W//// A< Wffi:: 
NOTES 
1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% to 90% of +SV. t,,=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V., 2+ VIL 

Figure 1. AD7845 Timing Diagram 
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AD7845 
PIN CONFIGURATIONS 

DIP,SOIC LCC PLCC 

VouT ... 
Re ! u • 

"' "' "' .. 
~~~J"L""~~ .. 

089 5 '' .. 
v •• 

088 6 

v .. 087 7 

AGNO NC 8 AD7845* 
TOP VIEW 

VREF 086 9 (NottoScalel 

cs 08510 

083 iNR 08411 ( 
DBO {LSB) ~ 

12 13 
DGNO DB1 ii! ill 

0 0 

TERMINOLOGY 

LEAST SIGNIFICANT BIT 
This is the analog weighting of 1 bit of the digital word in a 

VREF 
DAC. For the AD784S, lLSB = y · 

RELATIVE ACCURACY 

14 
0 z 
"' 0 

Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation fro~ a straight line passing through the 
endpoints of the DAC transfer fupction. It is measured after 
adjusting for both endpoints (i.e.; offset and gain error are adc 
justed out) and is normally expressed in least significant bits or 
as a percentage of full-scale range. 

DIFFERENTIAL NONLINEARITY 

15 

" z 

Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of + 1 LSB max over 
the operating temperature range erisures monotonicity. 

GAIN ERROR 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all ls loaded after offset 
error has been adjusted out. Gain error is adjustable to zero with 
an external poteritiometer. See Figure 13. 

ZERO CODE OFFSET ERROR 
This is the error present at the device output with all Os loaded 
in the DAC; It is due to the op amp input offset voltage and 
bias current and the DAC leakage current. 

TOTAL HARMONIC DISTORTION 
This is the ratio of the root-mean-square (rms) sum of the har
monics to the fundamental, expressed in dBs. 

OUTPUT NOISE 
This is the noise due to the white noise of the DAC and the in
put noise of the amplifier. 
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"' 0 

17 

ii! 
0 
;; 
~ 

25 RA .. 
24 Voo v •• 

< 
< 
< 

23 Vss v,. 
AD7845* 

22 NC TOP VIEW NC 

21 AGND 
INottoScalel 

< 20 VREF 
DB5 v~, 

19 cs cs 
~ 

18 

I~ 
ii! ill 0 u a; ii! I~ 0 0 z z 0 0 

" 0 ;; 
NC = NO CONNECT ~ 

NC = NO CONNECT 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
This is the amount of charge injected from the digital inputs to 
the analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA-secs or n V-secs 
depending upon whether the glitch is measured as a current or. 
voltage. The measurement takes place with VREF = AGND. 

DIGITAL FEEDTHROUGH 
When the DAC is not selected (i.e., CS is high) high frequericy 
logic activity on .the device digital inputs is capacitively coupled 
through the device to show up as noise on the V ouT pin. This 
noise is digital feedthrough. 

MULTIPLYING FEEDTHROUGH ERROR 
This is ac error due .to capacitive feedthrough from the V REF 
terminal to VouT when the DAC is loaded with all Os. 

OPEN-LOOP GAIN 
Open-lpop gain is defined as the ratio of a change of output 
voltage to the voltage applied at the V REF pin with all ls loaded 
in the DAC. It is specified at de. 

UNITY GAIN SMALL SIGNAL BANDWIDTH 
This is the frequency at which the ~agnitude of the small signal 
voltage gain of the output amplifier is 3 dB below unity. The 
device is operated as a closed-loop unity gain inverter (i.e., DAC 
is loaded with all ls). · 

OUTPUT RESISTANCE 
This is the effec):ive output source resista~ce. 

FULL POWER BANDWIDTH 
Full power bandwidth is specified as the maximum· frequency, 
at unity closed-loop gain, for which a sinusoidal input signal will 
produce full output at rated load without exceeding a distortion 
level of 3%. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
16-Bit Monotonicity over Temperature 
±2LSBs Integral Linearity Error 
Microprocessor Compatible with Readback Capability 
Unipolar or Bipolar Output 
Multiplying Capability 
Low Power (100mW typical) 

GENERAL DESCRIPTION 
The AD7846 is a 16-bit DAC constructed with Analog Devices' 
LC2MOS process. It has VREF+ and VREF- reference inputs 
and an on-chip output amplifier. These can be configured to 
give a unipolar output range: (0 to + SV, 0 to + lOV) or bipolar 
output ranges (±SV, ±lOV). 

The DAC uses a segmented architecture. The 4MSBs in the 
DAC latch select one of the segments in a 16-resistor string. 
Both taps of the segment are buffered by amplifiers and fed to a 
12-bit DAC, which provides a further 12 bits of resolution. This 
architecture ensures 16-bit monotonicity. Excellent integral lin
earity results from tight matching between the input offset volt
ages of the two buffer amplifiers. 

In addition to the excellent accuracy specifications, the AD7846 
also offers a comprehensive microprocessor interface. There are 
16 data 110 pins, plus control lines (CS, RJW, .LDAC and 
CLR). RJW and CS allow writing to and reading from the 1/0 
latch. This is the readback function which is useful in ATE ap
plications. LDAC allows simultaneous updating of DACs in a 
multi-DAC system and the CLR line will reset the contents the 
DAC latch to 00 ... 000 or 10 ... 000 depending on the state 
of RJW. This means that the DAC output can be reset to OV in 
both the unipolar and bipolar configurations. 

The AD7846 is available in 28-pin plastic, ceramic, LCCC and 
PLCC packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 

REV. B 

LC2MOS 
16-Bit Voltage Output DAC 

AD7846 I 
FUNCTIONAL BLOCK DIAGRAM 

v,, DB15 DBO DGND 

PRODUCT HIGHLIGHTS 
I. 16-Bit Monotonicity 

The guaranteed 16-bit monotonicity over temperature makes 
the AD7846 ideal for closed-loop applications. 

2. Readback 
The ability to read back the DAC register contents minimizes 
software routines when the AD7846 is used in ATE systems. 

3. Power Dissipation 
Power dissipation of lOOmW makes the AD7846 the lowest 
power, high accuracy DAC on the market. 
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AD7846-SPECIFICATIONS 1 
(Y00 = +14.25Y to +15.75Y, Y55 = -14.25Y to -15.75Y, Yee= +4.75Y to 
+5.25Y. Your loaded with 2k0, 1000pf to DY. YREF+ = +5Y, R1N connected. to 
DY. All specifications TMiN to TMAX unless otherwise stated.) 

Parameter J,AVeniou 

Resolution 16 

UNIPOLAR OUTPUT 
Relative Accuracy @ 25"C ±12 
TmmtoT.,.. ±16 

Differential Nonlinearity Error ±1 
Gain Error @ 25"C ±12 
TmmtoT .... ±16 

Offset Error @ 25"C ±12 
TmmtoT.,.. ±16 

Gain TC3 ±2 
Offset TC3 ±2 

BIPOLAR OUTPUT 
Relative Accuracy @ 25"C ±6 
Tmm'toT.,.. ±8 

Differential Nonlinearity Error ±1 
Gain Error @ 25"C ±6 
TmmtoT.,.. ±16 

Offset Error @ 25"C ±6 
TmmtoT..,. ±16 

Bipolar Zero Error @ 25°C ±6 
TmmtoT,... ±12 

Gain TC3 ±2 
Offset TC' ±2 
Bipolar Zero TC3 ±2 

REFERENCE INPUT 
Input Resistance 20 

40 
VREF+ Range Vss+6 to 

Voo-6 
VasF- Range V85+6 to 

Von-6 

OUTPUT CHARACTERISTICS 
Output Voltage Swing V88 +4 to 

Voo-3 
Resistive Load 2 
Capacitive Load 1000 
Output Resistance 0.3 
Short Circuit Current ±25 

DIGIT AL INPUTS 
Vm (Input High Voltage) 2.4 
v,L (Input Low Voltage) 0.8 
IIN (ID.put Current) ±10 
em (Input Capacitance)' 10 

DIGITAL OUTPUTS 
Vm. (Output Low Voltage) 0.4 
V 0a (Output High Voltage) 4.0 
Floating State Leakage Current ±10 
Floa~ State Output Capacitance' 10 

POWER REQUIREMENTS4 

Vno + 11.4/+ 15.75 

Vss -11.4/-15.75 

Vee +4.75/+5 .. 25 

Il)D 5 
Iss 5 

Ice l 
Power Supply S~tivity" 1.5 
Power Dissipation 100 

NOTES 
'Temperature Ranges as follow1: J, K Versions: 0 to +700C; 
A, B Venions: -25°C to +85°C; S Version: -55-C to +125-C. 

2Minimum load for S version is 3k0. 
3Sample tested to ensure compliance. 
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K, B Veniou 

16 

±4 
±8 
±0.5 
±6 
±16 
±6 
±16 
±2 
±2 

±2 
±4 
±0.5 
±4 
±16 
±4 
±12 
±4 
±8 
±2 
±2 
±2 

20 
40 
V8s+6 to 
Voo-6 
V88 +6 to 
Vnn-6 

V88+4 to 
Von-3 
2 
1000 
0.3 
±25 

2.4 
0.8 
±10 
10 

0.4 
4.0 
±10 
l& 

+ 11.4/+ 15.75 
-11.4/-15.75 
+4.75/+5.25 
5 
5 
1 
1.5 
100 

S Venion2 Units Test ConditioufColllJlleJlta 

16 Bits 

VREF-=OV, VOOT=OV to +lOV 
±12 LSB typ 1LSB=l53µV 
±16 LSBmax 
±1 LSBmax All Grades Guaranteed Monotonic 
±12 LSB typ VoUT Load=lOMO 
±24 LSB max 
±12 LSB typ 
±24 LSB max 
±2 ppm FSR/"C typ 
±2 ppm FSR/"C typ 

VREF-=-5V, V0 ==-10Vto +IOV 
±6 LSB typ 1LSB=305µV 
±8 LSBmax 
±1 LSB max All Grades Guaranteed Monotonic 
±6 LSB typ VouT Load=lOMO 
±16 LSB max 
±6 LSB typ VoUT Load=lOMO 
±16 LSBmax 
±6 LSB typ 
±16 LSBmax 
±2 ppm FSR/"C typ 
±2 ppm FSR/"C typ 
±2 pp)n FSR/"C typ 

20 kOmin Resistance from V REF- to V REF+ 
40 kOmax Typically 30k0 
V88 +6 to 
Voo-6 

Volts 

V88+6 to 
Vnn-6 

Volts 

V88+4 to 
Voo-3 

Vmax 

3 kOmin ToOV 
1000 pFmax ToOV 
0.3 Otyp 
±25 mAtyp To OV or Any Power Supply 

2.4 Vmin 
0.8 Vmax 
±10 µAmax 
10 pFmax 

0.4 Volts max IsJNK=i.6mA 
4.0 Volts min IsoURcE=400µA 
±10 µAmax DBO-DB15=0 to Vee 
10. pFmax 

+ 11.4/+ 15.75 Vmin/Vmax 
-11.4/-15.75 Vmin/Vmax 
+4.75/+5.25 Vmin/Vmax 
5 ll"'u'\~ VouT UrJoaded 
'5 mAmax VouT Unloaded 
1 mAmax 
2 LSB/Vmax 
100 mWtyp VouT Unloaded 

4AD7846 is f1111ctional with power supplies of :ti2V. See Typical 
Performance Curves. 

'Sensitivity 'of G8iJi Error, Offset Error and Bipolar Zero Error to V 00, V ss 
variations. 

Specifications subject to change without notice. 
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AD7846 
These characteristics are included for desi1n pidance only and are not 

Ac PERFORMANCE CHARACTERISTICS subject to test. (YREF+=+5Y, YDD=+14.25Y to +15.75Y, Yss= 
-14.25Y to -15.75Y, Ycc=+4.75Y to +5.25Y, R11 connected to OY.l 

TA= TA= 
Parameter 25"C Tm1a to T....,. Units Test Conditions/Comments 

Output Settling Time 7 7 µsmax To 0.006% FSR. V0 UT loaded. VREF-=OV. 
9 9 µsmax To 0.003% FSR. V0 UT loaded. VREF-=-5V. 

Digital-to-Analog Glitch 400 400 nV-secs typ DAC alternately loaded with 10 ... 0000 and 01 ... 1111. 
Impulse VoUT unloaded. 
AC Feedthrough 0.5 0.5 mV pk-pk typ VREp-=OV, VREF+=lV nns, lOkHz sine wave. 

DAC loaded with all Os. 
Digital Feedthrough 10 10 nV-secs typ DAC alternately loaded with all ls and all Os. CS High. 
Output Noise Voltage 50 50 nV/y'Hz typ Measured at VoUT· DAC loaded with 0111011 ... 11. 
Density (lkHz-lOOkHz) VREF+=VREF-=OV. 

TIMING CHARACTERISTICS (YDD=+14.25Y to +15.75Y, Yss=-14:25Y to -15.75Y, Ycc=+4.75Y to +5.25Y.) 

Limit at 
Limit at TA=O to +70"C Limit at 

Parameter TA=25°C TA=-2S"C to +ss•c TA=-SS"C to +12S"C Units Test Conditions/Comments 

t, 40 40 50 ns min R/W to CS Setup Time 
t2 150 160 190 nsmin CS Pulse Width (Write Cycle) 
t, 40 40 50 nsmin RiW to CS Hold Time 
t4 llO llO 120 nsmin Data Setup Time 
t, 0 0 0 nsmin Data Hold Time 

~ 230 270 320 nsmax Data Access Time 
t, 10 10 10 nsmin Bus Relinquish Time 

80 90 90 nsmax 
ts 20 20 20 nsmin CLR Setup Time 
t, 150 150 150 ns min CLR Pulse Width 
t10 0 0 0 ns min CLR Hold Time 

tll 80 100 100 ns min LDAC Pulse Width 
t12 240 280 330 ns min CS Pulse Width (Read Cycle) 

NOTES 
'Timing specifications arc sample tested at 25'C to ensure compliance. All input control signals arc specified with tR : Ip : S ns 
(10% to 90% of +SV) and timed from a voltage level of J.6V. 
'i. is measured with the load circuits of Figure I and defmed as the time required for an output to cross 0.8V or 2.4V .. 
't7 is defined as the time required for an output to change O.SV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

DBN 0---4,__ ___ --0 

T 1oopF 

OGND \J 
a. High Z to V0 H 

!3kll 
OBN~ 

i:::: 
b. High Z to V0 e 

Figure 1. Load Circuits for Access Time (t6 } 

DBN 0---4,__ ___ --0 

T10pF 

DGND \J 
a. V0 H to High Z 

!3.ll 
OBN~ 

10pF 

iDGND 

b. Voe to High Z 

Figure 2. Load Circuits for Bus Relinquish Time (t7 } 
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Figure 3. AD7846 Timing Diagram 
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AD7846 
ABSOLUTE MAXIMUM RATINGS1 

Vnn to DGND ... · ... ! •• , •• , ..••••• ':-0.3Vor +17V 
V cc to DGND2 . 

....... -0.3V, Vnn +0.3Vor +7V (Whichever Is Lower) 
V88 to DGND ............. , ........ +0.3V t~ -17V 
VRBP+ to.DGND ........................ · •... ±25V 
VRsP- to DGND .•.....• ,, ....•............. ±25V 
V 0UT to DGND3 ••••••••• :·;., •.•••• : ••••••••• ±25V 
RIN to DGND ....... .'i .. ·• .. •· ;· ............. ±25V 
Digital Input Voltage to DGND ....... -0.3V to Vee +0.3V 
Digital Output Voltage to DGND ...... -0.3V to Vee +0.3V 
Power Dissipation (Any Package) 

To +1soe ............. , .......... , ;· , .. 1ooomw 
Derates above +7S°C .. : · •. , ............... lOmW/°C 

ORDERING GUIDE 

Temperature Relative Package 
Model Range Accuracy Option* 

AD7846JN O°C to +70°C ±16. LSB N-28 
AD7846KN O°C to +70°C ±8 LSB N-28 
AD7846JP O°C to +70°C ±16 LSB P-28A 
AD7846KP O°C to +70°C 

, .. 
±8 LSB P~28A 

AD7846AQ -25°C to +8S°C. ±16 LSB Q-28 
AD7846BQ -2S°C to +8S°C ±8LSB Q-28 
AD7846SQ/S83B ..::ss-C to + 125°C ±16 LSB Q-28 
AD7846SE/883B -ss•c to + 12S°C ±16 LSB E-28A 

*Q = Ceramic DIP; E = Le8dless Ceramic Chip Carrier; N = Plastic DIP; 
P =Plastic Leaded Chip Carrier. For outline information see Package 
Informatinn ~. 

~'Operating Temperature Range 

J, K V~ons ; .. ,,., ~· .•. ·'., •........ ·:,,'."' , .. o tG +7D°C · 
A, B·Versions.-. . i ; ·;', .. •: : .......•.. -"2S°C ·to +8S°C 
S Version ................. · ...... -SS°C to +12S°C 

Storage Temperature Range •..••••••••. -6S°C to + lSO"C 
Lead Temperature (SoldCrlng) ....•.•.•....••. ~ HOD°C 
NOTES : . . 
1Stresses.•.above those listed under "Absolute Maximum Ratings" may cause 
~t <jamage to the device. This is a stress rating "'11Y and ~onal 
operatinn of the device at these or any other conditions above those indi· 
cated in die operational sectiol.ts of this specificatinn is not implied. llxpO
sllre to absolute maximum rating cnnditions for extended periods of time 
may affect device reliability. Only one Absolute Maximum Rating may be 
applied at any one time. . . 

'Vee must not exceed VDD by more than 0.3V. Ifit is possible for this to 
happen during power supply sequencing, the folloWing diode protection 
scheme willensure protection. 

AD7846 

'V oUT may be shorted to DGND, V DD• V 88, V cc provided that the power 
dissipation of the package is not exceeded. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
BSD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
howev.er, permanent damage may occur on unconnected devices subject to high energy electro~ 
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are remo:ved. . ,, 

PIN CONFIGURATIONS 

DIP 

AD7848 
TOPVIEW 

INottoSc .. •1 

v~ • ..... 

LCCC 

Ji!i!~Ki~ 
4 3 2 1 21 21 21· 

25 LiiAC 
24 ctii 

23 Ci 

_v..,_ a ~= 22 R/W 

Yss 9 (Not to S•J 21 Vee 

0815 10 20 DGND 

DB14 11 19 DB& 

l...L!:====:.J) 
12 13 14 15 18 17 .,, 

llile~B 
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FEATURES 
14-Bit/16-Bit Multiplying DAC 
Guaranteed Monotonicity 
Output Control on Power-Up and Power-Down 

Internal or External Control 
Versatile Serial Interface 
DAC Clears to 0 V in Both Unipolar and Bipolar Output 

Ranges 

APPLICATIONS 
Industrial Process Control 
PC Analog 1/0 Boards 
Instrumentation 

GENERAL DESCRIPTION 
The AD7849 is a 14-bit/16-bit serial input multiplying DAC. 
The DAC architecture ensures excellent differential lineariry 
performance, and monotonicity is guaranteed to 14 bits for the 
A grade and to 16 bits for all other grades over the specified 
temperature ranges. 

During power-up and power-down sequences (when 
voltages are changing), the VouT pin is clampe 
impedance path. To prevent the output of . 
0 V during this time, transmission gate G 1 is atso 
These conditions are maintained until the power s 

VREF-

Serial Input, 
14-Bit/16-Bit DAC 

AD7849 I 
stabilize and a valid word is written to the DAC register. At 
this time, G2 opens and G 1 closes. Both transmission gates are 
also externally controllable via the Reset In (RST IN) control 
input. For instance, if the RST IN input is driven from a battery 
supervisor chip, then on power-off or during a brown out, the II 
RST IN input will be driven low to open G 1 and close G2. 
The DAC must be reloaded, with RST IN high, to re-enable the 
output. Conversely, the on-chip voltage detector output (RST 
OUT) is also available to the user to control other parts 
of the system. 

The AD7849 has a versatile serial interface structure and can be 
controlled over three lines to facilitate opto-isolator applications. 

SDOUT is the output of the on-chip shift register and can be 
used in a daisy-chain fashion to program devices in the multi-
channel system e'.DCEN (Daisy Chain Enable) input con-
trols this fu ' 

n sets the DAC coding; with BIN/COMP 
is straight binary; and with it set to 1, the 

nt. This allows the user to reset the DAC 
nipolar and bipolar output ranges. 

, the output loop is closed externally allowing the 
drive remote loads using force and sense 

ROFS 

RFB 

ASTIN 

AGND 

RSTOUT 

DGND SDIN SCLK SYNC CLR BIN/COMP DCEN SDOUT LDAC V ss 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

This information applies to a product under development. Its characteristics and specifications are subject to cnange without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7849-SPECIFICATIONS1 
(Y00 = + 11.4 Y to + 15.75 Y; Yss = -11.4 Y to -15075 Y; Yee = 4.75 Y to 5.25 Y; Your loaded with 2 kQ,2 200 pf to 0 Y; YREF+ = +5 Y; ROFS 
connected to O Y; T = T to T , unless otherwise noted) 

A B, T· C 
Parameter Versions Versions Versions Units Test Conditions/Comments 

Resolution· 

UNIPOLAR OUTPUT 
Relati.ve Accuracy 
Differential Nonlinearity 
Gain Error @ +25°C 

TM1N to TMAX 

Offset Error @ +25°C 
TM1N to TMAX 

Gain TC3 

Offset TC3 

BIPOLAR OUTPUT 
Relative Accuracy 
Differential Nonlinearity 
Gain Error @ +25°C 

TMtN to TMAx 

Offset Error@ +25°C 
TMIN to TMAX 

Bipolar Zero Error @ +25°C 
TMIN to TMAx 

Gain TC' 
Offset TC3 

Bipolar Zero TC3 

REFERENCE INPUT 
Input Resistance 

VREF+ Range 

VREF- Range 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 

Resistive Load 
Capacitive Load 
Output Resistance 
Short Circuit Current 

DIGITAL INPUTS 
V1NH, Input High Voltage 
V1NL, Input Low Voltage 
I1NH' Input Current 
C1N, Input Capacitance 

DIGITAL OUTPUTS 
VoL (Output Low Voltage) 
VoH (Output High Voltage) 
Floating State Leakage Current 
Floating State Output 

Capacitance 

POWER REQUIREMENTS 
Vnn 
v,, 
Vee 
Ion 
Iss 

14 

±4 
±0.25 
±3 
±4 
±3 
±4 
±2 
±2 

±2 
±0.25 
±1.5 
±3 
± 1.5 
±3 
±1.5 
±3 
±2 
±2 
±2 

20 
40 
Vss + 6 to 
Vnn-6 
Vss + 6 to 
Vnn-6 

Vss+4to 
Vno-3 
2 
1000 
0.3 
±25 

2.4 
0.8 
±10 
10 

0.4 
4.0 
±10 

10 

+11.4/15.75 
-11.4/15.75 
+4.75/+5.25 
5 

16 

±16 
±0.9 
±12 
±16 
±12 
±16 
±2 
±2 

±8 
±0.9 
±6 
±12 
±6 
±12 
±6 
±12 
±2 
±2 
±2 

20 
40 
Vss + 6 
Von-6 
Vss + 6 
Vnn-6 

Vss+4to 
Vnn-3 
2 
1000 
0.3 
±25 

2.4 
0.8 
±10 
10 

0.4 
4.0 
±10 

10 

+11.4/15.75 
-11.4/15.75 
+4. 75/+5.25 
5 

16 

±4 
±0.5 
±6 
±16 
±6 
±16 
±2 
±2 

±2 
±0.5 
±4 
±8 
±4 
±8 
±4 
±8 
±2 
±2 
±2 

±25 

2.4 
0.8 
±10 
10 

0.4 
4.0 
±10 

10 

+11.4/15.75 
-11.4/15.75 
+4.75/+5.25 
5 

Ice 1 1 
Power Supply Sensitivity' 0.4 1.5 1.5 
Power Dissipation 100 100 100 

NOTES 
1Temperature ranges: A, B, C Versions:-40°C to +85°C; TVersion: -55°C to +125°C. 
2Minimum load for T Version is 3 kn. 
3Sample tested to ensure compliance. 
4Sensitivity of gain error, offset error and bipolar zero error to V00, Vss variations. 
Specifications subject to change without notice. 

Bits A Versions: 1 LSB = 2 CVREF+-VREF-l/2 14 

LSBs max 

B, C, T Versions: I LSB = 2 CVREF+-VREF-l/2 16 

VREF- = 0 V, VouT = 0 V to +10 V 

LSBs max All Grades Guaranteed Monotonic Over Temperature 
LSBs max Vom Load = 10 MQ 

LSBs max 
LSBs max 
LSBs max 
ppm FSR/°C typ 
ppm FSR/°C typ 

LSBs max 
LSBs max 
LSBs max 
LSBs max 
LSBs max 
LSBs max 
LSBs max 

kQmin 
pFmax 
Q typ 
mA typ 

Vmin 
Vmax 
µAmax 
pFmax 

Volts max 
Volts min 
µAmax 

pFmax 

VminNmax 
VminNmax 
VminNmax 
mAmax 
mAmax 
mAmax 
LSBNmax 
mWtyp 

VREF- =-5 V, Vom =-IO V to +10 V 

All Grades Guaranteed Monotonic Over Temperature 
Vom Load= 10 MQ 

ToOV 
ToOV 

To 0 V or Any Power Supply 

!SINK= 1.6 mA 
IsouReE = 400 µA 
DBO-DB15 = 0 V to +5 V 

V oUT Unloaded 
VouT Unloaded 

VouT Unloaded 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7849 
RESET SPECIFICATIONS (These specifications apply when the device goes into the Reset mode during a power-

11 up or power-down sequence.) 

Parameter All Versions Units Test Conditions/Comments 

VA, Low Threshold Voltage for Voo, Vss I Volt max This is the lower V00N ss threshold voltage for the reset 
0 Volts typ function. Above this, the reset is activated. 

Vs, High Threshold Voltage for Voo, Vss 8.5 Volts max This is the higher V 00N ss threshold voltage for the reset 
7.5 Volts min function. Below this, the reset is activated. Typically 8 volts. 

V c, Low Threshold Voltage for V cc I Volt max This is the lower threshold voltage for the reset function. 
0 Volts typ Above this, the reset is activated. 

V0 , High Threshold Voltage for Vee 3.5 Volts max This is the higher V cc threshold voltage for the reset function. 
2.5 Volts min Below this, the reset is activated. Typically 3 volts. 

G2RoN I kn max On Resistance ofG2; V00 = 2 V; Vss = -2 V; IG2 =I mA. 

Specifications subject to change without notice. 

AC PERFORMANCE CHARACTERISTICS (These characteristics are included for Design Guidance and are not 
subject to test. (VREF+ = +5 V; V00 = + 11.4 V to + 15.75 V; Yss = -11.4 V to -15. 75 V; Vee = 4.75 V to 5.25 V; R1" connected to 0 V.) 

Parameter 

DYNAMIC PERFORMANCE 

T 
Version1 

Output Settling Time 7 
7 

Digital to Analog Glitch Impulse 400 

100 
AC Feedthrough 0.5 

Digital Feedthrough I 0 

Output Noise Voltage Density 
I kHz- I 00 kHz 50 

A,B,C 
Versions Units 

50 nV/#lz 

% FSR. VoUT Loaded. VREF- = 0 V. 
% FSR. VoU'r Loaded. VREF- = -5 V. 

ately Loaded with I 0 ... 00 and 
I ... 11. VoUT Unloaded. LDAC Perma
tly Low. 
AC Frequency= 100 kHz 

_ = 0 V, VREF+ = IV rms, 10 kl-lz Sine 
ave. DAC Loaded with All Os. 

DAC Alternately Loaded with All ls and All Os. 
SYNC High. 

Measured at VouT· DAC Loaded with 
0111011 ... 111. VREF+ = VREF-= 0 v. 

TIMING CHARACTERISTlcsl, 2 (V00 = +11.4Vto+15.75 V; Yss= -11.4 V to -15.75 V; Vee= 4.75 V to 5.25 V; Rt= 2 kQ, Ct 
= 200 pF. All Specifications TMiN to TMAX unless otherwise noted.) 

Limit at +25°C Limit at TMIN• TMAx 
Parameter (All Versions) (All Versions) Units 

t1 200 200 nsmin 
tz 50 50 nsmin 
t3 30 30 ns min 
t4 60 60 nsmin 
ts 10 10 nsmin 
t6 JOO 100 nsmin 
t14 80 80 ns max 
ts 80 80 nsmin 
t, JOO 100 µs max 
tr 100 100 µsmax 

NOTES 
1All input signals are specified with tr= tf= 5 ns (10% to 90% ofS V) and timed from a voltage level of 1.6 V. 
2Guaranteed by characterization. 
3SCLK mark/space ratio range is 40/60 to 60/40. 
4SDO load capacitance is 50 pF. 

Conditions/Comments 

SCLK Cycle Time 
SYNC to SCLK Setup Time 
SYNC to SCLK Hold Time 
BIN/COMP to SCLK Setup Time 
Data Setup Time 
Data Hold Time 
SCLK Rising Edge to SDO Valid 
LDAC, CLR Pulse Width 
Digital Input Rise Time 
Digital Input Fall Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7849 
ABSOLUTE MAXIMUM RATINGS' 
(TA= +25°C unless otherwise noted) 

Yoo to DGND .......................... -0.3 V to +17 V 
V cc to DGND ................... -0.3 V, V00 + 0.3 V or 

+7 V (Whichever Is Lower) 
Vss to DGND ......................... -'0.3 V to-17 V 
VREF+ to DGND .............................. ±25 V 
VREF- to DGND ............................... ±25 V 
VoUT to DGND2 •••••••••••••••..••••••..•••• ±25 V 
R1N to DGND ................................. :t25 V 
Digital Input Voltage to DGND ...... -0.3 V to Vee+ 0.3 V 
Input Current to any Pin Except Supplies3 · .............. ±IO mA 
Operating Temperature Range 

Commercial/Industrial (B Versions). . ..... -40°C to +85°C 
Extended (S Versions) ................ -55°C to +125°C 

Storage Temperature Range ............. -65°C to +150°C 
Junction Temperature ......................... +150°C 

DIP Package, Power Dissipatiqn ............ ·; .... ,875 mW 
91,;. Thermal Impedance ... ; .... -' ............. 75°C/W 
Lead Temperature (Soldering, 10 secs) ........•. +260°C 

SOIC Package, Power Dissipation ................ 875 mW 
91A Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 secs) .......... _, ........... +215°C 
,Infrared (15 secs) ......................... +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliabilitY. 
'V OUT may be shotted to DGND, V DD' V ss' provided that the power dissipation of 
the package is not exceeded. · 

'Transient currents of up to 100, mA will not caus~ l>C:R latch-up. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detectio 
Although the AD7849 feature proprietary ESD protection circuitry, permanent dam ~~Q] occur on devices subjected to high energy. electrostatic discharges. Therefore, 
precautions are recommended to avoid performance degradation or loss of 

Tempera Packag: 
Model Range Option 

AD7849AN N-20 
AD7849BN -40°C to +85°C N-20 
AD7849CN -40°C to +85°C N-20 
AD7849AR -40°C to +85°C ±2 R-20 
AD7849BR -40°C to +85°C ±8 R-20 
AD7849CR -40?C to +85°C ±2 R-20 
AD7849TQ -55°C to+ 125°C ±8 Q~20 

*N =Plastic DIP; R =SOP (Small Outline Package); Q = Cerdip. For outline information see Package 
Information section. 

ESD SENSITIVE DEVICE 

This information applies to a prodl)ct under development. Its characteristics and. specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture .unh1ss otherwise agreed to in writing. 
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SDIN --::::::-v-1 
(AD7849B/CIT) ~ 

SDIN 
(AD7849A) 

DCEN IS TIED PERMANENTLY LOW 

AD7849 

Figure1. Timing Diagram (Stand-Alone Mo,de) 

DIGITAL INTERFACE 
The AD7849 contains an input serial to parallel shift register 
and a DAC latch. A simplified diagram of the input loading cir
cuitry is shown in Figure 2. Serial data on the SDIN input · 
loaded to the input register under control ofDCEN, -S-
and, SCLK. When a complete word is held in th 
it may then be loaded into the DAC latch u 
LDAC. Only the data in the DAC latch de 
output on the AD7849. 

The DCEN (daisy-chain enable) input is used to 
stand-alone mode or a daisy-chain mode. The loading format is 
slightly different depending on which mode is selected . 

Serial Data Loading Fol;'Illat (Stand-Alone Mode) 
With DCEN at logic 0 the stand-alone mode is selected. In this 
mode a low SYNC input provides the frame synchronization 
signal which tells the AD7849 that valid serial data on the SDIN 
input will be available for the next 16 falling edges of SCLK. An 
internal counter/decoder circuit provides a low gating signal so 
that only 16 data bits are clocked into the input shift register. 
After 16 SCLK pulses the internal gating signal goes inactive 
(high) thus locking out any further clock pulses. Therefore 
either a continuous clock or a burst clock source may be used 
to clock in the data. 

DCENQ-----~ ...... ------~ 

SYNC Q-----. 
SCLK ,.......~__,E"'N'"' GATING 

SIGNAL 
L...J" 

Figure 2. Simplified Loading Structure 

'Bil> v 

The SV-.,~ti~taken high after the complete 16-bit word is 
1 .. ¥, ..,,. 

849C and AD7849T versions are 16-bit 
ave a straight 16-bit load format, with 

5) being loaded first. The AD7849A is a 14-bit 
t the loading structure is still'l 6-bit. The MSB (DB 11) 

nd the final two bits of the 16-bit stream must 

r two ways in which the DAC latch and hence the ana
output may be updated. The status of the LDAC input is 

examined after SYNC is taken low. Depending on its status, 
one of two update modes is selected. 

IfLDAC = 0, then the automatic update mode is selected. In 
this mode the DAC latch and analog output are updated auto
matically when the last bit in the serial data stream is clocked 
in. The update thus takes place on the sixteenth falling SCLK 
edge. 

IfLDAC = 1, then the automatic update is disabled. The DAC 
latch update and output update are now separate. The DAC 
latch is updated on the falling edge ofLDAC. However, the 
output update is delayed for a further 2 µs by means of an inter
nal track-and-hold amplifier in the output stage. This function 
results in lower digital-to-analog glitch impulse at the DAC out
put. Note that the LDAC input must be taken back high again 
before the next data transfer is initiated. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture· unless otherwise agreed to in writing. 
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AD7849 
Serial Data Loading Format (Daisy-Chain Mode) 
By connecting DCEN high, the daisy-chain mode is enabled. 
This mode of operation is designed for multi-DAC systems 
where several AD7849s may be connected in cascade. In this 
mode, the internal gating circuitry on SCLK is disabled and a 
serial data output facility is enabled. The internal gating signal is 
permanently active (low) so that the SCLK signal is continu
ously applied to the input shift register when SYNC is low. The 
data is clocked into the register on each falling SCLK edge after 
SYNC going low. If more than 16 clock pulses are applied, the 
data ripples out of the shift register and appears on the 
SDOUT line. By connecting this line to the SDIN input on the 
next AD7849 in the chain, a multi-DAC interface may be con
structed. Sixteen SCLK pulses are required for each DAC in the 
system. Therefore, the total number of clock cycles must equal 
16 x N where N is the total number of devices in the chain. 
When the serial transfer to all devices is complete, SYNC is 
taken high. This prevents any further data being clocked into 
the input register. 

SCLK 

BIN/COMP 

SDIN 
(AD7849B/C/T) 

SDOUT 
(AD7849B/C/T) 

$DIN 
(AD7849A) 

SDOUT 
(AD7849A) 

oe1a (N) )(Jieo (N) 

DCEN IS TIED PERMANENTLY HIGH 

A continuous SCLK source may be used if it can be arranged 
that SYNC is held low for the correct number of clock cycles. 
Alternatively, a burst clock containing the exact number of clock 
cycles may be used and SYNC taken high some time later. 

When the transfer to all input registers is complete, a common 
LDAC signal updates all DAC latches with the data in each in
put register. All analog outputs are therefore updated simulta
neously, 2 µs afte~ the falling edge of LDAC. 

Clear Function (CLR) 
The clear function bypasses the input shift register and loads the 
DAC Latch with all Os. It is activated by taking CLR low. In all 
ranges except the Offset Binary bipolar range (-5 V to +5 V) the 
output voltage is reset to 0 V. In the offset binary bipolar range 
the output is set to V REF-· This clear function is distinct and 
separate from the automatic power-on reset feature of the 
device. 

Figure 3. Timing Diagram (Daisy-Chain Mode) 

This information applies to a product under development. Its characteristics and specifications are subject to change Without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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111111111 ANALOG 
Llllll DEVICES 

FEATURES 
12-Bit Multiplying DACs 
Guaranteed Specifications with +3.3 V/+5 V Supply 
0.5 LSBs INL and DNL 
Low Power: 5 µ W typ 
Fast Interface 

40 ns Strobe Pulse Width (AD7943) 
40 ns Write Pulse Width (AD7945, AD7948) 

Low Glitch: 60 nV-s with Amplifier Connected 
Fast Settling: 600 ns to 0.01o/o with AD843 

APPLICATIONS 
Battery-Powered Instrumentation 
Laptop Computers 
Upgrades for All 754x Series DACs (5 V Designs) 

GENERAL DESCRIPTION 
The AD7943, AD7945 and AD7948 are fast 12-bit multiplying 
DACs that operate from a single +5 V supply (Normal Mode) 
and a single +3.3 V to +5 V supply (Biased Mode). The 
AD7943 has a serial interface, the AD7945 has a 12-bit parallel 
interface, and the AD7948 has an 8-bit byte interface. They will 
replace the industry-standard AD7543, AD7545 and AD7548 
in many applications, and they offer superior speed and power 
consumption performance. 

The AD7943 is available in 16-pin DIP, 16-pin SOP (Small 
Outline Package) and 20-pin SSOP (Shrink Small Outline 
Package). 

The AD7945 is available in 20-pin DIP, 20-pin SOP and 20-pin 
SSOP. 

The AD7948 is available in 20-pin DIP, 20-pin SOP and 20-pin 
SSOP. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

+3.3 V/+5 V Multiplying 
12-Bit DACs 

AD7943/AD7945/AD7948 I 
FUNCTIONAL BLOCK DIAGRAMS 

Yoo 

AD7943 
VREF [ l--------1 12·81TDAC 

CLR t°'r----.... r---~-~---, 
LD1 
LD2 u--..,_~;u-~·L----.,,..,----1 

ST81 ST82 ST83 STB4 DGND 

Yoo 

AD7945 

AGND 

SRO 

VREF I >----------< 1ouTI 
~-----"<~JAGND 

cs 
WR...,.-···--._-

YAEF [ )o---1 

12 

0811-080 DGND 

AGND 

r---~~---,...1----+---<~oFroOR 
DATA OVERRIDE LOGIC 

CTRL 

12 

DAC REGISTER 
LDAC 

12 WR 

INPUT REGISTERS 
CSLS8 

12 
CSMS8 

DATA STEERING LOGIC 

087-080 DGND 
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A07943/A07945/AD7948-SPECIFICATIONS1 
NORMAL MOOE (A07943: Yoo= +4.5 Yto +5.5 Y; Y1oun = Y100T2 = AGND = 0 Y; YREF= +10 Y; TA= TM1N to TMAic. unless otherwise noted. 
A07945, AD7948: Y00 = +4.5 Y to +5.5 Y; Y100n = AGND = 0 Y; Ym= + 10 Y; TA= TMiN to TMAX• unless otherwise noted.) 

Parameter BGrades2 TGrade2• 3 Units Test Conditions/Comments 

ACCURACY 
Resolution 12 12 Bits 1 LSB = VREF/2 12 = 2.44 mV when VREF = 10 V 
Relative Accuracy ±0.5 ±0.5 LSBmax 
Differential Nonlinearity ±0.5 ±0.5 LSBmax All Grades Guaranteed Monotonic over 

Temperature 
Gain Error 

TMJNtO TMAX ±2 ±2 LSBmax 
Gain Temperature Coefficient4 2 2 ppm FSR/°C typ 

5 5 ppm FSR/°C max 
Output Leakage Current 

IouTI 
@+25°C 10 10 nAmax See Terminology Section 
TMIN to TMAX 100 100 nAmax Typically 20 nA over Temperature 

REFERENCE INPUT 
Input Resistance 6 6 kQmin Typical Input Resistance = 9 kn 

12 12 kQmax 

DIGITAL INPUTS 
VINH, Input High Voltage 2.4 2.4 Vmin 
V !Nu Input Low Voltage 0.8 0.8 Vmax 
IINm Input Current ±1 ±1 µAmax 
C1N, lnput·Capacitance4 10 10 pFmax 

DIGITAL OUTPUT (AD7943 SRO) For 1 CMOS Load 
Output Low Voltage (V 0 0 0.2 0.2 Vmax 
Output High Voltage (V 0 8 ) Voo-0.2 Voo-0.2 Vmin 

POWER REQUIREMENTS 
VooRange 4.5/5.5 4.5/5.5 Vmin/Vmax 
Power Supply Sensitivity4 

t.Gain/1W00 -75 -75 dB typ 
loo (AD7943) 5 5 µAmax VINH = Voo - 0.1 V min, ViNL = 0.1 V max. 

SRO Open Circuit. No STB Signal. Typically 
1 µA. Typically 100 µA with a 1 MHz STB 
Frequency. At Input Levels of 0.8 V and 2.4 V, 
100 Is Typically 2.5 mA. 

100 (AD7945, AD7948) 5 5 µAmax V1NH = Voo-0.1 V min, VINL = 0.1 V max. 
Typically 1 µA. At Input Levels of 0.8 V and 
2.4 V, 100 Is Typically 2.5 mA. 

NOTES 
1The AD7943, AD7945 and AD7948 are specified in the normal current mode configuration and in the biased current mode for single-supply applications. 
Figures 15 and 16 are examples of normal mode operation. 

2Temperature ranges as follows: B Grades: -40°C to +85°C; T Grade: -55°C to +125°C. 
3The T Grade applies to the AD7945 only. 
4Guaranteed by design. 

Specifications subject tQ change without notice, 
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AD7943/A07945/AD7948 
SPECIFICATIONS1 
BIASED MODE (A07943: Y00 = +3 Y to +5.5 Y; Ymun = Ymu12 = AGND = 1.23 Y; YREF = +0 Y to 2.45 Y; TA= TM1N to TMAX• unless other
wise noted. AD7945, AD7948: Y00 = +3 Y to +5.5 Y; Y10un = AGND = 1.23 Y; YREF =+DY to 2.45 Y; TA= TMiN to TMAx. unless otherwise noted.) 
Parameter A Grades2 Units Test Conditions/Comments 

ACCURACY 
Resolution 12 Bits 1 LSB = (V10un - VREF/2 12 = 300 µV When 

Vroun = 1.23 V and VREF = 0 V 
Relative Accuracy ±1 LSB max 
Differential Nonlinearity ±0.9 LSB max All Grades Guaranteed Monotonic 

over Temperature 
Gain Error @ +25°C ±3 LSB max 

TM1NtoTMAX ±4 LSB max 
Gain Temperature Coefficient3 2 ppm FSR/°C typ 

5 ppm FSR/°C max 
Output Leakage Current See Terminology Section 

loun 
@+25°C 10 nAmax 
TM1NtoTMAX 100 nAmax Typically 20 nA over Temperature 

Input Resistance This Varies with DAC Input Code 
@ loUT2 Pin (AD7943) 6 ill min 
@ AGND Pin (AD7945, AD7948) 6 kQmin 

DIGITAL INPUTS 
ViNH' Input High Voltage@ Voo = +5 V 2.4 Vmin 
ViNH' Input High Voltage@ V00 = +3.3 V 2.1 Vmin 
ViNL> Input Low Voltage@ V00 = +5 V 0.8 Vmax 
ViNL> Input Low Voltage@ Voo = +3.3 V 0.6 Vmax 
IiNH' Input Current ±I µAmax 
C1N, Input Capacitance3 10 pFmax 

DIGITAL OUTPUT (SRO) For 1 CMOS Load 
Output Low Voltage (V0 L) 0.2 Vmax 
Output High Voltage CVoHl Voo- 0.2 Vmin 

POWER REQUIREMENTS 
Voo Range 3.0/5.5 VminNmax 
Power Supply Sensitivity3 

L\Gain/1W00 -75 dB typ 
100 (AD7943) 5 µAmax V1NH = Voo - 0.1 V min, ViNL = 0.1 V max. 

SRO Open Circuit; No STB Signal; Typically 
1 µA. Typically 100 µA with 1 MHz STB 
Frequency. 

100 (AD7945, AD7948) 5 µAmax V1NH = Voo- 0.1 V min, V1NL = 0.1 V max. 
Typically 1 µA. 

NOTES 
1These specifications apply with the devices biased up at 1.23 V for single supply applications. The model numbering reflects this by means of a "-B" suffix 
(for example: AD7943AN-B). Figure 17 is an example of Biased Mode Operation. 

2Temperarure ranges as follows: A Versions: -40°C to +85°C. 
3Guaranteed by design. 
Specifications subject to change without notice. 
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AD7943/AD1945/AD7948 

AC PERFORMANCE CHARACTERISTICS 
Normal Mode CAD7943: Yoo= +4.5 Y to +5.5 Y; Y1oun = Y1ouT2 = AGND = o Y. AD7945, AD7948: Yoo= +4.5 Y to +5.S Y;,Y1our; = AGND 
= 0 Y. YREF = 6 Y rtiis, 1 kHz sine wave; TA= TMiN to TMu; DAC output op amp is AD843; unless otherwise noted.)• Thesil characteristics are 
included for Design Guidance and are not subject to test. 

...::. 
Parameter BGrades TGrade Units Test Conditions/Comments 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 600 700 ns typ To 0.01 % of Full-Scale Range. VREF = 

+ 10 V; DAC Latch Alternately Loaded with 
All Os and All 1 s 

Digital to Analog Glitch Impulse 60 60 nV-s typ Measured with VREF = 0 V. DAC Latch 
Alternately Loaded with All Os and All ls 

Multiplying Feedthrough Error -75 -75 dB max DAC Latch Loaded with All Os 
Output Capacitance 60 60 pFmax All ls Loaded to DAC 

30 30 pFmax All Os Loaded to DAC 
Digital Feedthrough (AD7943) 5 5 nV-s typ Feedthrough to the DAC Output with LDl, 

LD2 High and Alternate Loading of All Os 
and All ls into the Input Shift Register_ 

Digital Feedthrough (AD7945, AD7948) 5 5 nV-s cyp Feedthrough to the DAC Output with CS 
High and Alternate Loading of All Os and 
All ls to the DAC Bus 

Total Harmonic Distortion -83 -83 dBcyp 
Output Noise Spectral Density 

@lkHz 35 35 nV/VHzcyp All ls Loaded to DAC. VREF = 0 V. Output 
Op Amp Is OP07 

AC PERFORMANCE CHARACTERISTICS 
Biased Mode (ADl943: Yoo= +3 Y to +5.5 Y; Y1oun = Y1oun = AGND = 1.23 Y. AD7945, AD7948: Yoo= +3 Y to +5.5 Y; Y1oun = AGND = 
1.23 Y. YREF = 1kHz,2.45 Y p-p, sine wave biased at 1.23 Y; DAC output op amp is ADB20; TA= TMiN to TMu; unless otherwise noted.) These 
characteristics are included for Design Guidance and are not subject to test. 

Parameter A Grades Units Test Conditions/Comments 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time 5 µs typ To 0.01 % of Full-Scale Range. VREF = 0 V 

DAC Latch Alternately Loaded with All Os and All ls 
Digital to Analog Glitch Impulse 60 nV-s typ VREF = 1.23 V. DAC Register Alternately Loaded 

with All Os and All 1 s 
Multiplying Feedthrough Error -75 dB max DAC Latch Loaded with All Os 
Output Capacitance 60 pFmax All ls Loaded to DAC 

30 pFmax All Os Loaded to DAC 
Digital Feedthrough 5 nV-s typ Feedthrough to the DAC Output with LDl, LD2 

High and Alterp.ate Loading of All Os and All 1 s 
into the Input Shift Register 

Digital Feedthrough (AD7945, AD7948) 5 nV~s typ Feedthrough to the DAC Output with CS High 
and Alternate Loading of All Os and All ls to the 
DACBus 

Total Harmonic Distortion -83 dBtyp 
Output Noise Spectral Density 

@l kHz 25 nV/VHzcyp All ls Loaded to DAC. VREr- = 1.23 V 
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AD7943/AD7945/AD7948 

AD7943 TIMING SPECIFICATIONS1 (Ta= TM1N to TMAX• unless otherwise noted) 

Limit@ Limit@ 
Parameter Vnn = +3 V to +3.6 V Vnn = +4.$ V to +5.5 V Units Description 

tsTB 2 60 40 nsmin STB Pulse Width 
tns 15 10 nsmin Data Setup Time 
tnH 35 25 nsmin Data Hold Time 
tsRI 55 35 nsmin SRI Data Pulse Width 
tw 55 35 nsmin Load Pulse Width 
tcLR 55 35 nsmin CLR Pulse Width 
tASB 0 0 nsmin Min Time Between Strobing Input Shift 

Register and Loading DAC Register 
tsv 3 60 35 nsmax STB Clocking Edge to SRO Data Valid Delay 

NOTES 
1All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. tr and tf should not exceed 1 1JS on any digital input. 
2STB mark/space ratio range is 60/40 to 40/60. 
3tsv is measured with the load circuit of Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V. 

---------...X~-~~-X.....____,X DBO(N-1) 

Figure 1. AD7943 Timing Diagram 

+2.1V 

Figure 2. Load Circuit for Digital Output Timing Specifications 
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AD7943/AD7945/AD7948 

AD7945 TIMING SPECIFICATIONS1 (TA= TMiN to TMAX• unless otherwise noted) 

Limit@ Limit@ 
Parameter Vnn = +3 V to +3.6 V Vnn = +4.5 V to +5.5 V Units Description 

tns 35 20 nsmin Data Setup Time 
tnH 10 10 nsmin Data Hold Time 
tcs 60 40 nsmin Chip Select Setup Time 
tcH 0 0 nsmin Chip Select Hold Time 
twa 60 40 nsmin Write Pulse Width 

NOTE 
1All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 VJ and timed from a voltage level of 1.6 V. 

---t-----lcs ___ _.....,._-i ~---
!CH 

i,.. -----ir-----

0811-0BO 

Figure 3. AD7945 Timing Diagram 

AD7948 TIMING SPEClflCATIONS1 (TA= TMiN to TMAX• unless otherwise noted) 

Limit@ Limit@ 
Parameter Vnn = +3 V to +3.6 V Vnn = +4.5 V to +5.5 V Units Description 

tns 45 30 nsmin Data Setup Time 
tnH IO IO nsmin Data Hold Time 
tcws 0 0 nsmin CSMSB or CSLSB to WR Setup Time 
tcwH 0 0 nsmin CSMSB or CSLSB to WR Hold Time 
tLws 0 0 nsmin LDAC to WR Setup Time 
tLWH 0 0 nsmin LDAC to WR Hold Time 
twa 60 40 nsmin Write Pulse Width 

NOTE 
1All input signals are specified with tr= tf= 5 ns (10% to 90% of5 V) and timed from a voltage level of 1.6 V. 

ICWH 

CSLSB 

LOAC IWR 

WR 

087-0BO 

Figure 4. AD7948 Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS1 

(TA = +25°C unless otherwise noted) 

Von to DGND .......................... -0.3 V to +6 V 
loUTt to DGND ................... -0.3 V to Von + 0.3 V 
loUTz to DGND ................... -0.3 V to V00 + 0.3 V 

AD7943/AD7945/AD7948 
SOP Package, Power Dissipation ................. 450 mW 

e1A Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

AGND to DGND ................. --0.3 V to V00 + 0.3 V SSOP Package, Power Dissipation ................ 875 mW 
Digital Input Voltage to DGND ...... -0.3 V to V00 + 0.3 V 
VRFB• VREF to DGND .......................... ±15 V 
Input Current to Any Pin Except Supplies2 ..•.•••. ± 10 mA 
Operating Temperature Range 

Industrial (A, B Versions) .............. -40°C to +85°C 
Extended (T Version) ................ -55°C to +125°C 

Storage Temperature Range ............ -65°C to +150°C 
Junction Temperature ......................... +150°C 
DIP Package, Power Dissipation ................ 670 mW 

01A Thermal Impedance ..................... 116°C/W 
Lead Temperature, Soldering, (10 sec) .......... +260°C 

01A Thermal Impedance . . . . . . . . . . . . . . . . . . . . . l 32°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C II 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

'Transient currents of up to 100 mA will not cause SCR latch-up. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

BSD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the devices feature proprietary BSD protection circuitry, permanent damage may occur 
on devices subjected to high energy electrostatic discharges. Therefore, proper BSD precautions 
are recommended to avoid performance degradation or loss of functionality. 

ORDERING GUIDE 

Temperature Linearity Nominal 

~~g 
ESD SENSITIVE DEVICE 

Package 
Model Range Error (LSBs) Supply Voltage Option* 

REV.O 

AD7943BN -40°C to +85°C ±0.5 +5V N-16 
AD7943BR -40°C to +85°C ±0.5 +5V R-16 
AD7943BRS -40°C to +85°C ±0.5 +5V RS-20 
AD7943AN-B -40°C to +85°C ±1 +3.3 V to +5 V N-16 
AD7943ARS-B -40°C to +85°C ±1 +3.3 Vto +5 V RS-20 
AD7945BN -40°C to +85°C ±0.5 +5V N-20 
AD7945BR -40°C to +85°C ±0.5 +5V R-20 
AD7945BRS -40°C to +85°C ±0.5 +5V RS-20 
AD7945AN-B -40°C to +85°C ±1 +3.3 Vto +5 V N-20 
AD7945ARS-B -40°C to +85°C ±1 +3.3 Vto +5 V RS-20 
AD7945TQ -55°C to + 125°C ±1 +5V Q-20 
AD7948BN -40°C to +85°C ±0.5 +5V N-20 
AD7948BR -40°C to +85°C ±0.5 +5V R-20 
AD7948BRS -40°C to +85°C ±0.5 +5V RS-20 
AD7948AN-B -40°C to +85°C ±1 +3.3 Vto +5 V N-20 
AD7948ARS-B -40°C to +85°C ±1 +3.3 Vto +5 V RS-20 

*N = Plastic DIP; R = SOP (Small Outline Package); RS = SSOP (Shrink Small Outline Package); Q = Cerdip. For outline 
information see Package Information section. 
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AD7943/AD7945/AD7948 
TERMINOLOGY 
Relative Accuracy 
Relative Accuracy or endpoint linearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full-scale error and is normally 
expressed in Least Significant Bits or as a percentage of full. 
scale reading. 

Differential Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified differential nonlinearity of 1 LSB maximum 
ensures monotonicity. 

Gain Error 
Gain Error is a measure of the output error betw.een an ideal 
DAC and the actual device output. It is measured with all ls 
in the DAC after offset error has been adjusted out and is ex
pressed in Least Significant Bits. Gain error is adjustable to 
zero with an external potentiometer. 

Output L4l~~ Cu~t • 
Output leakage current is CU11"ent which flows in the DAClad
der switches when these are turned off. For the loUT1 terminal, 
it can be measured by loading all Os to the DAC and measuring 
the loUT; :current. Minimum t\Jrrent will flow in the loUT2 line 
when the DAC is loaded with all ls. 

Output Capacitance 
This is the capacitance from the Ioun pin.to AGND. 

Output Voltage Settling Time 
This is the amount of time it takes for the output to settle to a 
specified level for a full-scale input change. For these devices, it 
is specified both with the AD843 as the output op anip in the · 
normal current mode and with the·AD820 in the biased current 
mode; 

Digital to Analog Glitch Impulse 
This is the amount of charge injected into the analog output 
when the inputs change state. It is specified as the area of the 
glitch in nV-s. It is measured with the reference input connected 
to AGND and the digital inputs toggled between all ls and all 
Os. As with Settling Time, it is specified with both the ADS 17 
and the AD820. 

AC Feedthrough Error . 
This is the error due to capacitive feedthrough from the DAC 
reference input to the DAC loUTi terminal, when all Os are 
loaded in the DAC. 

Digital ;Feedthrough 
When the device is not selel:ted, high frequency logic. activity on 
the device digltal inputs is capacitively coupled through the de~ 
vice to show up as noise on the loUT1 pin and subsequently on · 
the op amp output. This noise is digital feedthrough. 

PIN CONFIGURATIONS 

DIP/SOP SSOP · DIP/SOP/SSOP DIP/SOP/SSOP 

loun loun RFB loun RFB loun RFB 

YREF YREF VREF 

Yoo Yoo Vi>D 

CLR Wii WR 

LD1 NC Ci CSLSB 

NC NC DB9 DllO CTRL LDAC 

OOND DB1 DBO(LSB) 

STB4 DB2 DB1 

STB3 Dll3 DB2 

STB2 DB& DB4 DB4 DB3 

NC= NO CONNECT 

3-234 DIGITAL-TO-ANALOG CONVERTERS REV. 0 



AD7943/AD7945/AD7948 
AD7943 PIN DESCRIPTION 

Pin Mnemonic Description 

IoUTt DAC current output terminal 1. 

loUT2 
AGND 

STB 1 

SRI 

STB2 

STB4 

DGND 
CLR 

Yoo 

YREF 
Rps 

DAC current output terminal 2. This should be connected to the AGND pin. 
This pin connects to the back gates of the current steering switches. In normal operation, it should be connected 
to the signal ground of the system. In biased single-supply operation it may be biased to some voltage between 
0 Y and the 1.23 Y. See Figure 11 for more details. 
This is the Strobe 1 input. Data is clocked into the input shift register on the rising edge of this signal. STB 3 
must be high. STB 2, STB 4 must be low. 

Active low inputs. When both of these are low, the DAC register is updated and the output will change to 
reflect this. 
Serial Data Input. Data on this line will be clocked into the input shift register on one of the Strobe inputs, 
when they are enabled. 
This is the Strobe 2 input. Data is clocked into the input shift register on the rising edge of this signal. 
STB 3 must be high. STB 1, STB 4 must be low. 
This is the Strobe 3 input. Data is clocked into the input shift register on the falling edge of this signal. STB 1, 
STB 2, STB 4, must be low. 
This is the Strobe 4 input. Data is clocked into the input shift register on the rising edge of this signal. STB 3 
must be high. STB 1, STB 2 must be low. 
Digital Ground. 
Asynchronous CLR input. When this input is taken low, all Os are loaded to the DAC latch. 
Power supply input. This is nominally +5 Y for Normal Mode Operation and +3.3 Y to +5 Y for Biased 
Mode Operation. 
DAC reference input. 
DAC feedback resistor pin. 

AD7945 PIN DESCRIPTION 

Pin Mnemonic Description 

loUT1 
AGND 

DGND 
DBll-DBO 
cs 
WR 

Yoo 

REV.O 

DAC current output terminal I. 
This pin connects to the back gates of the current steering switches. The DAC loUT2 terminal is also connected 
internally to this point. 
Digital Ground. 
Digital Data Inputs. 
Active Low, Chip Select Input. 
Active Low, Write Input. 
Power supply input. This is nominally +5 Y for Normal Mode Operation and +3.3 Y to +5 Y for Biased Mode 
Operation. 
DAC reference input. 
DAC feedback resistor pin. 
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AD7943/AD7945/AD7948 

Pin Mnemonic 

loUT1 
AGND 

DGND 
CSMSB 

DF/DOR 

CTRL 
DB7-DBO 

LDAC 

Voo 

VREF 
RFB 

AD7948 PIN DESCRIPTION 

Description 

DAC current output terminal l. Normally terminated at the virtual ground of output amplifier. 

Analog Ground Pin. This pin connects to the back gates of the current steering switches. The DAC loUTz 
terminal is also connected internally to this point. 
Digital Ground Pin. 

Chip Select Most Significant Byte. Active Low Input. Used in combination with WR to load 
external data into the input register or in combination with LDAC and WR to load external data into both input 
and DAC registers. 
Data Format/Data Override. When this input is low, data in the DAC register is forced to one of two override 
codes selected by CTRL. When the override signal is removed, the DAC output returns to reflect the value in 
the DAC register. With DF/DOR high, CTRL selects either a left or right justified input data format. For normal 
operation, DF/DOR is held high. See Table I. 

DF/DOR 

0 
0 
l 

Table I. Truth Table for DF/DOR CTRL 

CTRL 

0 
l 
0 

Function 

DAC Register Contents Overridden by All Os 
DAC Register Contents Overridden by All ls 
Left-Justified Input Data Selected 
Right-Justified Input Data Selected 

Control Input. See DF/DOR description. 
Digital Data Inputs. 
Load DAC input, active low. This signal, in combination with others, is used to load the DAC register from 
either the input register or the external data bus. 
Chip Select Least Significant (LS) Byte. Active Low Input. Used in combination with WR to load external data 
into the input register or in combination with WR and LDAC to load external data into both input and DAC 
registers. 

Table II. Truth Table for AD7948 Write Operation 

WR CSMSB CSLSB LDAC Function 

0 l 0 l Load LS Byte to Input Register 
0 l 0 0 Load LS Byte to Input Register and DAC Register 
0 0 l l Load MS Byte to Input Register 
0 0 l 0 Load MS Byte to Input Register and DAC Register 
0 l l 0 Load Input Register to DAC Register 
l x x x No Data Transfer 

Write input, active low. This active low signal, in combination with others is used in loading external data into 
the AD7948 input register and in transferring data from the input register to the DAC register. 
Power supply input. This is nominally +5 V for Normal Mode Operation and +3.3 V to +5 V for Biased Mode 
Operation. 
DAC reference input. 

DAC feedback resiStor pin. 
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Typical Performance Curves 
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Figure 5. Differential Nonlinearity Error vs. 
VREF (Normal Mode) 
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Figure 6. Integral Nonlinearity Error vs. 
VREF (Normal Mode) 

-
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AD7943/AD7945/AD7948 

0.50 ....----..,..-----.------.------. 
V00 =+5V 

VREF =+10V 
OP AMP = AD843 

-0.50 ~---~---~---~---~ 
0 1024 2048 

INPUT CODE 
3072 4095 

Figure 7. All Codes Linearity In Normal Mode (V00 = +5 VJ 

6.--~-.-~--,-~~.-~~,~~.,...-,~, 

Yoo= +3.3V 

1-----i---+---+-- TA= +25°C _ 
OP AMP = AD820 

o..._ __ ..._ _ __.. __ __,_ __ ..._ __ ..._ _ __, 

0.2 0.4 0.6 0.8 1.0 1.2 1A 

Figure 8. Linearity Error vs. VREF (Biased Mode) 
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AD7943/AD7945/AD7948 
1.00 ..----..-----.-----.------. 

iE 0.50 

~ 
I 

~ ffi 0.00 

~ 
~ -0.50 

V00 = +3.3V 

VREF =OV 
VBIAS = 1.23V 
OP AMP = AD820 

-1.00 ...._ ___ _._ ___ _,_ ___ __, ___ ___. 

0 1024 2048 
INPUT CODE 

3072 4095 

Figure 9. All Codes Linearity in Biased Mode 
Woo = +3.3 VJ 
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TA=+25°C 

~; ~~: ~":D711 -

~ 
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Figure 10. Total Harmonic Distortion vs. Frequency 
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Figure 11. Digital-to-Analog Glitch Impulse 

Voo=+5V I ~ 
TA=+25°C .! .!. ~ 
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-100 ....__...._ _ _._ ___ ....._ ___ __, ___ ___. 

1k 10k 100k 
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Figure 12. Multiplying Frequency Response vs. 
Digital Code 
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GENERAL DESCRIPTION 
DIA Section 
The AD7943, AD7945 and AD7948 are 12-bit current-output 
DIA converters. A simplified circuit diagram is shown in Fig
ure 13. The DAC architecture is segmented. This means that 
the 2 MSBs of the 12-bit data word are decoded to drive the 
three switches A, B and C. The remaining 10 bits of the data 
word drive the switches SO to S9 in a standard inverting R-2R 
ladder configuration. 

Each of the switches A to C steers 1/4 of the total reference cur
rent into either IoUTI or IoUTz with the remaining 1/4 of the to
tal current passing through the R-2R section. Switches S9 to SO 
steer binarily weighted currents into either loUTI or IoUTZ· If 
IoUTI and IoUTz are kept at the same potential, a constant cur
rent flows in each ladder leg, regardless of digital input code. 
Thus, the input resistance seen at VREF is always constant. It is 
equal to R/2. The VREF input may be driven by any reference 
voltage or current, ac or de that is within the Absolute Maxi
mum Ratings. 

The device provides access to the V REF> RFB> and Io UT I termi
nals of the DAC. This makes the device extremely versatile and 
allows it to be configured in several different operating modes. 
Examples of these are shown in the following sections. The 
AD7943 also has a separate IoUTz pin. In the AD7945 and 
AD7948 this is internally tied to AGND. 

When an output amplifier is connected in the standard configu
ration of Figure 14, the output voltage is given by: 

VouT = -D x VREF 

where D is the fractional representation of the digital word 
loaded to the DAC. D can be set from 0 to 4095/4096, since it 
has 12-bit resolution. 

R R R 

SHOWN FOR ALL 1 s ON OAC 

Figure 13. Simplified DIA Circuit Diagram 
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RFB 

lour1 
louT2 

AD7943/AD7945/AD7948 
UNIPOL,i\R BINARY OPERATION 
(Two-Quadrant Multiplication) 
Figure 14 shows the standard unipolar binary connection dia
gram for the AD7943, AD7945 and AD7948. When VIN is an 
ac signal, the circuit performs two-quadrant multiplication. Re
sistors Rl and R2 allow the user to adjust the DAC gain error. 
With a specified gain error of 2 LSBs over temperature, these 
are not necessary in many applications. Circuit offset is due 
completely to the output amplifier offset. It can be removed by 
adjusting the amplifier offset voltage. Alternatively, choosing a II 
low offset amplifier makes this unnecessary. 

Al should be chosen to suit the application. For example, the 
OP07 is ideal for very low bandwidth applications (10 kHz or 

R2 100 

v,. 

NOTES SIGNAL GROUND 

1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (5-15pF} MAY BE REQUIRED WHEN 

USING HIGH SPEED AMPLIFIER. 

Figure 14. Unipolar Binary Operation 

lower) while the AD711 is suitable for medium bandwidth ap
plications (200 kHz or lower). For high bandwidth applications 
of greater than 200 kHz, the AD843. and AD847 offer very fast 
settling times. 

The code table for Figure 14 is shown in Table III. 

Table III. Unipolar Binary Code 

Digital Input 
MSB LSB 

111111111111 
1000 0000 0001 
1000 0000 0000 
011111111111 
0000 0000 0001 
0000 0000 0000 

NOTE 

Analog Output 
(VoUT as Shown in Figure 15) 

-VREF (4095/4096) 
-VREF (2049/4096) 
-VREF (2048/4096) 
-VREF (2047/4096) 
-V REF (1/4096) 
-VREF (0/4096) = 0 

Nominal LSB size for the circuit of Figure 14 is given by: VREF (114096). 
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AD7943/AD7945/AD7948 
BIPOLAR OPERATION 
(Four-Quadrant Multiplication) 
Figure 15 shows the standard connection diagram for bipolar 
operation of the AD7943, AD7945 and AD7948. The coding is 
offset binary as shown in Table IV. When VIN is an ac signal, 
the circuit performs four-quadrant multiplication. Resistors RI 
and R2 are for gain error adjustment and are not needed in 
many applications where the device gain error specifications are 
adequate. To maintain the gain error specifications, resistors 
R3, R4 and RS should be ratio matched to 0.01 %. 

R2 100 

NOTES 
1. ONLY ONE DAC IS SHOWN FOR CLARITY. 
2. DIGITAL INPUT CONNECTIONS ARE OMITTED. 
3. C1 PHASE COMPENSATION (S.-15pF) MAY BE REQUIRED WHEN 

USING HIGH SPEED AMPLIFIER, A1. 

R5 

Figure 15. Bipolar Operation (Four-Quadrant 
Multiplication) 

Suitable dual amplifiers for use with Figure 15 are the OP270 
(low noise, low bandwidth, 15 kHz), the AD712 (medium 
bandwidth, 200 kHz) or the AD827 (wide bandwidth, 1 MHz). 

Table IV. Bipolar (Offset Binary) Code 

Table Digital Input 
MSB LSB 

1111 11111111 

1000 0000 0001 

1000 0000 0000 

011111111111 

0000 0000 0001 

0000 0000 0000 

NOTE 

Analog Output 
(VoUT as Shown in Figure 16) 

+ V REF (204 7 /2048) 

+VREF (1/2048) 

+VREF (0/2048) = 0 

-VREF (1/2048) 

-,VREF (2047/2048) 

-VREF (2048/2048) = -VREF 

Nominal LSB size for the circuit of Figure 15 is given by: VREF (1/2048). 
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SINGLE SUPPLY APPLICATIONS 
The "-B" versions of the devices are specified and tested for 
single supply applications. Figure 16 shows the recommended 
circuit for operation with a single +5 V to +3.3 V supply. The 
IouTZ and AGND terminals are biased to 1.23 V. Thus, with 0 V 
applied to the VREF terminal, the output will go from 1.23 V (all 
Os loaded to the DAC) to 2.46 V (all ls loaded). With 2.45 V 
applied to the VREF terminal, the output will go from 1.23 V (all 
Os loaded) to 0.01 V (all ls loaded). It is important when con
sidering INL in a single-supply system to realize that most 
single-supply amplifiers cannot sink current and maintain zero 
volts at the output. In Figure 16, with VREF = 2.45 V the re
quired sink current is 200 µA. The minimum output voltage 
level is 10 mV. Op amps like the OP295 are capable of main
taining this level while sinking 200 µA. 

Figure 16 shows the IouTZ and AGND terminals being driven 
by an amplifier. This is to maintain the bias voltage at 1.23 V 
as the impedance seen. looking into the IoUTz terminal changes. 
This impedance is code dependent and varies from infinity (all 
Os loaded in the DAC) to about 6 kQ minimum. The AD589 
has a typical output resistance of 0.6 Q and it can be used to 
drive the terminals directly. However, this will cause a typical 
linearity degradation of 0.2 LSBs. If this is unacceptable then 
the buffer amplifier is necessary. Figure 9 shows the typical lin
earity performance of the AD7943/AD7945/AD7948 when used 
as in Figure 16 with V00 set at +3.3 V and VREF = 0 V. 

+3.3V 

Figure 16. Single Supply System 
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1'1111111 ANALOG 
LlllllDEVICES 

FEATURES 
Complete Dual 12-Bit DAC 
No External Components 
+5 V Single-Supply Operation ±10% 
4.095 V Full Scale 11 mV/LSBI 
Buffered Voltage Outputs 
Low Power: 5 mW/DAC 
Space Saving 1.5 mm Height S0-14 Package 

APPLICATIONS 
Digitally Controlled Calibration 
Servo Controls 
Process Control Equipment 
Computer Peripherals 
Portable Instrumentation 
Cellular Base Stations Voltage Adjustment 

GENERAL DESCRIPTION 
The AD8522 is a complete dual 12-bit, single-supply, voltage 
output DAC in a 14-pin DIP, or S0-14 surface mount package. 
Fabricated in a CBCMOS process, features include a serial digi-
tal interface, onboard reference, and buffered voltage output. , 
Ideal for +5 V-only systems, this monolithic device offers low 
cost and ease of use, and requires no external components to 
realize the full performance of the device. 

The serial digital interface allows interfacing directly to numer
ous microcontroller ports, with a simple high speed, three-wire 
data, clock, and load strobe format. The 16-bit serial word con
tains the 12-bit data word and DAC select address, which is de
coded internally or can be decoded externally using LDA, LDB 

DIGITAL INPUT CODE - Decimal 

Figure 1. Linearity Error vs. Digital Code & Temperature 

This is an abridged data sheet. To obtain the most recent venion or 
eomplete data sh-, coll our fax retrieval system at 1·800-446-6212. 
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cs 
CLK 

SDI 
(DATA) 

SDO 

LOA 

+5 Volt, Serial Input, 
Dual 12-Bit DAC 

AD8522 I 
FUNCTIONAL BLOCK DIAGRAM 

LDBvc_ __ J 

DGND MSB iii AGND 

inputs. A serial data output allows the user to easily daisy-chain 
multiple devices in conjunction with a chip select input. A reset 
RS input sets the outputs to zero scale or midscale, as deter
mined by the input MSB. 

The output 4.095 V full scale is laser trimmed to maintain accu
racy over the operating temperature range of the device, and 
gives the user an easy-to-use one-millivolt-per-bit resolution. A 
2.5 V reference output is also available externally for other data 
acquisition circuitry, and for ratiometric applications. The out
put buffers are capable of driving ±5 mA. 

The AD8522 is available in the 14-pin plastic DIP and low pro
file 1.5 mm SOIC-14 packages. 

PACKAGE TYPES AVAILABLE 
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AD8~22-SPEC I FICATI ONS 
ELECTRICAL CHARACTERISTICS (@Yoo_= +5.0 V ± 10%, RL =No Load, -40°C ~TA::; +85°C, both DACs tested, unless 

·· . . . · . otherwise noted) 

Parameter 

STATIC PERFORMANCE 
Resolution 1 

Relative Accuracy 
Differential Nonlinearity 
Zero-Scale Error 
Full-Scale Voltage2 

Full-Scale Tempco2' 3 

MATCHING PERFORMANCE 
Linearity Matching Error 

ANALOG OUTPUT 
Output Current 
Load Regulation at Half-Scale 
Capacitive Load3 

REFERENCE OUTPUT 
Output Voltage 
Output Source Current4 

Line Rejection 
Load. Regulation ' 

LOGIC INPUTS & OUTPUTS 
Logic Input Low Voltage 
Logic Input High Voltage 
Input Leakage Current 
Input Capacitance3 

Logic Output Voltage Low 
Logic Output Voltage High 

TIMING SPEqFICATIONS3• 5 

Clock Width High 
Clock Width Low 
Load Pulse Width 
Data Setup 
Data Hold 
Clear Pulse Width 
Load Setup 
Load Hold 
Select 
Deselect 
Clock to SDO Propagation Delay 

AC CHARACTERISTICS3• 5 

Voltage Output Settling Time6 

Crosstalk 

DAC Glitch 
Digital Feedthrough 

SUPPLY CHARACTERISTICS 
Positive Supply Current 

Power Dissipation 7 

Power Supply Sensitivity 

NOTES 
11 LSB = 1 mV for 0 V to +4.095 V output range. 
2lncludes internal voltage reference error. 

Symbol Condition 

N 
!NL 
DNL Monotonic 
VzsE Data= OOOH 
VFs Data= FFFH 
TCVFs 

!lVFsAIB 

Io UT Data = 800H, !l VoUT:::; 3 LSB 
LDREG RL = 402 Q to co, Data = 800H 
CL No Oscillation 

VREF 
JREF !lVREF < 18 mV 
LNREJ 
LDREG !REF = 0 to 5 mA, Data = 800H 

V1L 
Vrn 
lrL 
.CrL 
VoL ,' loL = 1.6 mA 
VoH IoH = 400 µA 

tcH 
tcL 
tww. 
tns 
tnH 
tcLRW 
tLDI 
tw2 
tcss 
tcsH 
tpn 

ts To ±1 LSB of Final Value 
CT Signal Measured at DAC Outp~ 

While Changing Opposite LDA/B 
Q Half-Scale Transition 
DFT Signal Measured at DAC Outj)~ _ 

While Changing Data Without LDA/B 

Inn Von= 5.5 V, Vrn = 2.4 V or VrL = 0.8 V 
Von= 5 V, VrL = 0 V 

Prnss Von= 5 V, Vrn = 2.4 V or VrL = 0.8 V 
Von= 5 V,V1L= 0 V 

PSS !lVnn = ±5% 

3These parameters are guaranteed by design and not subject to production testing. 
4Very little sink current is available at the VREF pin. Use external buffer if setting up a virtual ground. 
5All input control signals are specified with tr =tr= 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

Min Typ Max Units 

12 Bits 
-1.5 ±0:5 +1.5 LSB 
-1 ±0.5 +l LSB 

+0.5 +3 mV 
4.079 4.095 4.111 Volts 

±15 ppm/cc 

±1 LSB 

±5 mA 
1 3 LSB 
500 pF 

2.484 2.500 2.516 v 
5 mA 

0.025 0.08 %N 
0.025 0.1 %/mA 

0.8 v 
2.4 v 

10 µA 
10 pF 
0.4 v 

3.5 v 

35 ns 
35 ns 
25 ns 
10 ns 
20 ns 
20 ns 
10 ns 
10 ns 
30 ns 
30 ns 
20 45 80 ns 

16 µs 

38 dB 
13 nVs 

2 nVs 

3 5 mA 
1 2 mA 
15 25 mW 
5 10 mW 
0.002 0.004 I %t% 

61be settling time specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling time in this 6 I.SB region. 
7Power Dissipation is calculated Inn x 5 V. 
Specifications subject to change without notice. 
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AD8522 

SDI 

CLK \ 
j]j 

RS 

FS 
VoUT 

ZS 

Figure 2. Timing Diagram 

SERIAL INPUT REGISTER DATA FORMAT 
Last First 

DO DI I D2 ID3 D4 D5 D6 D7 DS D9 DlO Dll Dl2 Dl3 I Dl4 Dl5 ] 

DBO DBl I DB2 I DB3 DB4 DBS DB6 DB7 DBS DB9 DBIO DBll NC A IB Sf/Hd] 

Table I. Truth Table 

Data Word Ext Pins 
Sf7Hd B A LDA LDB DAC Register 

Hardware Load: 
L x x J, J, Loads DACA + DACB with Data from SR 
L x x J, H Loads DACA with Data from SR 
L x x H J, Loads DACB with Data from SR 
L x x H H No Load 

Software Decode Load: 
H L L x x No Load 
H H L J, J, Loads DACB with Data from SR, See Note l Below 
H H L H H No Load 
H L H J, J, Loads DACA with Data from SR, See Note l Below 
H L H H H No Load 
H H H J, J, Loads DACA + DACB with Data from SR, See l Note Below 
H H H H H No Load 

NOTES 
1In software mode LDA and LDB perform the same function. They· can be tied together or the unused pin should be tied high. 
'External Pins LDA and LDB should always be high when shifting Data into the shift register. 
3J.. symbol denotes negative transition. 

SOD 1.6VOLT 

Figure 3. AC Timing SDO Pin Load Circuit 
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AD8522 

Pin 

SDI 
CLK 
cs 
LDA/B 

SDO 

RS 

MSB 

Von 

AGND 

DGND 

VREF 

VoUT AIB 

RS MSB 

0 0 

0 1 

1 x 

cs CLK 

1 x 
0 t 

J?IN DESCRIPTION 

Function 

Serial Data Input; input data loads directly into the shift register. 
Clock input, positive edge clocks data into shift register. 

Chip Select, active low input. Prevents shift register loading wh.en high. Does.not affect LDA and LDB operation. 

Load PAC register strobes, active low. Transfers shift register data to DAC register. See truth table for operation. 
Software decode feature only requires one LD strobe. Tie LDA and LDB together or use one of them with the 
other pin tied high. 

Serial Data Output. Output of shift register, always active. 

Resets DAC registers to condition determined by MSB pin. Active low input. 

Digital input: High presets DAC registers to half scale (800ii); Low clears all registers to zero (OOOii), when RS is 
strobed to active low. · 

Positive +5 V power supply input. Tolerance ±10%. 

Analog Ground Input. 

Digital Ground Input. 

Reference Voltage Output, 2.5 V nominal. 

DAC A/B voltage outputs, 4.095 V full scale, ±5 mA output. 

PIN CONFIGURATION 

14-Pin Plastic DIP 14-Lead S0-14 

Table II. Truth Tables 

DAC Register Preset 
Register Activity 

Asynchronously Resets DAC Registers to Zero 
Scale 
Asynchronously Presets DAC Registers to · 
Half Scale (800H) 
None 

Shift Register 
Shift Register 

No Effect 
Shifts Register One Bit, SDO Outputs Data 
from 16 Clocks Earlier 

ABSOLUTE MAXIMUM RATINGS* 
Von to DGND & AGND ................... -0.3 V, +7 V 
Logic Inputs and Output to DGND ..... -0.3 V, Vnn + 0,3 V 
VouT to AGND ..................... -0.3 V, Vnn (j. 0.3 V 
VREpto AGND ..................... -0.3 V, Vnn + 0:3 V 
AGND to DGND ............ , ............ -0.3 V, Vnn 
lour Short Circuitto GND or Vnn ................ 50 mA 
Package Power Dissipation ............... (Ti max-T A)/0iA 
Thermal Resistance, 0iA 

14-Pin Plastic DIP Package (N-14) ............. 83°C/W 
14-Lead SOIC Package (S0-14) .............. 120°C/W 

Maximum Junction Temperature (Ti max) .......... 150°C 
Operating Temperature Range .............. -40°C to +85°C 
Storage Temperature Range ....... -: ..... -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other cOnditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability; 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD8522AN -40°C to +85°C 14-Pin P-DIP N-14 
AD8522AR -40°C to +85°C 14-Lead SOIC S0-14 
AD8522Chips +25°C Die 

*For outline information see Package Information section. 

The AD8522 contains 1482 transistors. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8522 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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1111111111 ANALOG 
L.lllDEVICES 

FEATURES 
Complete Dual 12-Bit DAC 
No External Components 
Single +5 Volt Operation 
1 mV/Bit with 4.095 V Full Scale 
True Voltage Output, ±5 mA Drive 
Very Low Power: 5 mW 

APPLICATIONS 
Digitally Controlled Calibration 
Portable Equipment 
Servo Controls 
Process Control Equipment 
PC Peripherals 

GENERAL DESCRIPTION 
The AD8582 is a complete, parallel input, dual 12-bit, voltage 
output DAC designed to operate from a single +5 volt supply. 
Built using a CBCMOS process, this monolithic DAC offers the 
user low cost, and ease-of-use in +5 volt only system,s. 

Included on the chip, in addition to the DACs, are a rail-to-rail 
amplifier, latch and reference. The reference <VREF) is trimmed 
to 2.5 volts output, and the on-chip amplifier gains up the DAC 
output to 4.095 volts full scale. The user needs only supply a +5 
volt supply. 

The AD8582 is coded natural binary. The op amp output 
swings from 0 volt to +4.095 volts for a one-millivolt-per-bit 
resolution, and is capable of driving± 5 mA. Operation down to 
4.3 V is possible with output load currents less than I mA. 

4.8 

l! g 4.6 ,........,..... ...... -+-+-H+---+--+-+-+H-+-++H 
I 

~ 
>8 4A 

PROPER OPERATION 
WHEN Yoo SUPPLY 
VOLTAGE ABOVE 

CURVE 

4.0 ._ ............................................... ...L..JUJ....1.-........... 

0.01 0.1 1.0 10 . 100 
OUTPUT LOAD CURRENT - mA 

Figure 1. Minimum Supply Voltage vs. Load 
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+5 Volt, Parallel Input 
Complete Dual 12-Bit DAC 

AD8582 I 
FUNCTIONAL BLOCK DIAGRAM 

AD8582 Yoo 

VoUTA 

cs"'-".--.... 
Aiau-o ...... L___J 

DATA 

LDB 0------l>R~:i~R 

DGND RsT MSB 

VoUTB 

AGND 

The high speed parallel data interface connects to the fastest 
processors without wait states. The double-buffered input struc
ture allows the user to load the input registers one at a tinie, 
then a single load strobe tied to both LDA + LDB inputs will 
update both DAC outputs simultaneously. LDA and LDB can 
also be activated independently to immediately update their re
spective DAC registers. An address input decodes DAC A or 
DAC B when the chip select CS input is strobed. An asynchro
nous reset input sets the output to zero scale. The MSB bit can 
be used to establish a preset to midscale when. the reset input is 
strobed. 

The AD8582 is available in the 24-pin plastic DIP and the sur
face mount SOIC-24. Each part is fully specified for operation 
over -40°C to +85°C, and the full +5 V ± 5% power supply 
range. 

2.0 ----~~-----

1.5 voo=+SV 
TA = -55°C, +25°C1 +85°C 

• = +25°C & +85°C 
• =-55'C 

-2.0 ._.....___..._..._ ......... _....._.....___..__. 
0 1024 2048 3072 A096 

DIGITAL INPUT CODE- Daclmil 

Figure 2. Linearity Error vs. Digital Code and Temperature 
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AD8582-SPEC I Fl CATIONS 
ELECTRICAL CHARACTERISTICS (@Yoo= +5.0 V ± 53, Rt= No Load, -40°C s TAs +85°C, unless otherwise noted) 

Parameter 

STATIC PERFORMANCE 
Resolution 
Relative Accuracy 
Differential Nonlinearity 
Zero-Scale Error 
Full-Scale Voltage 
Full-Scale Tempco 

MATCHING PERFORMANCE 
Linearity Matching Error 

REFERENCE OUTPUT 
Output Voltage 
Output Source Current 
Line· Rejection 
Load Regulation 

ANALOG OUTPUT 
Output Current 
Load Regulation at Half Scale 
Capacitive Load 

DYNAMIC CHARACTERISTICS' 
Crosstalk 
Voltage Output Settling Time' 
Digital Feedthrough 

LOGIC INPUTS 
Logic Input Low Voltage 
Logic Input High Voltage 
Input Leakage Current 
Input Capacitance 

TIMING SPECIFICATIONS" 6 

Chip Select Pulse Width 
DAC Select Setup 
DAC Select Hold 
Data Setup 
Data Hold 
Load Setup 
Load Hold 
Load Pulse Width 
Reset Pulse Width 

SUPPLY CHARACTERISTICS 
Positive Supply Current 

Power Dissipation7 

- .. ~ ~ l:'ower :supply :sensltlvtty. 

NOTES 
'I LSB = I mV for 0 V to +4.095 V output range. 
2lncludes internal voltage reference error. 

Symbol Condition 

N Note 1 
INL 
DNL Monotonic 
VzsE Data= OOOH 
Vps Data = FFFH,2 
TCVps Notes 2 and 3 

6.VpsAIB 

VREF 
!REF Note4 
LNREJ 
LOREG IREF=OmAto5mA 

Io UT Data= 800H 
LOREG RL = 402 n to 00, Data = 800H 
CL No Oscillation' 

CT 
ts To± 1 LSB of Final Value 
FT Signal Measured at DAC Output, While 

Changing Data (LDA = LDB = "l") 

Vrr, 
Vrn 
IIL 
CIL Note 3 

tcsw 
tAS 
tAH 
tos 
toH 
tLS 
tLH 
tww 
tasw 

loo Vrn = 2.4 V, VIL = 0.8 V 
VIL= 0 V, V00 = +5 V 

Poiss Vrn = 2.4 V, Vrr, = 0.8 V 
Vrr,=OV, V00 =+5V 

"";;"' ..... ... - ' '""C' .a.Yoo - :r::> ro 

3These parameters are guaranteed by design and not subject to production testing. 
'Very little sink current is available at the V REF pin. Use external buffer if setting up a virtual ground. 
'Settling time is not guaranteed for the first six codes 0 through 5. 
'All input control signals are specified with t, = t, = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
7Power dissipation is a calculated value 100 x 5 V. 

Specifications subject to change without notice. 
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Min Typ Max Units 

12 Bits 
-2 ±3/4 +2 LSB 
-1 ±3/4 .+1 LSB 

+0.2 +3 mV 
4.079 4.095 4.111 v 

±16 ppm/°C 

±1 LSB 

2.484 2.500 2.516 v 
-5 mA 
0.08 %N 
0.1 %/mA 

±5 mA 
1 3 LSB 
500 pF 

>64 dB 
16 µs 
35 nVs 

0.8 v 
2.4 v 

10 µA 
10 pF 

30 ns 
30 ns 
0 ns 
30 ns 
10 ns 
20 ns 
10 ns 
20 ns 
30 ns 

4 7 mA 
1 2 mA 
20 35 mW 
5 10 mW 
I\ 1\1'\I\ 
v.vv"" I\ nn.A 0/ IOI 

V.VV"':I IOI /0 
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ABSOLUTE MAXIMUM RATINGS* 
V00 to DGND & AGND ................... -0.3 V, +7 V 
Logic Inputs to DGND ............... -0.3 V, V00 + 0.3 V 
VoUT to AGND ..................... -0.3 V, V00 + 0.3 V 
VREF to AGND ..................... -0.3 V, Voo + 0.3 V 
AGND to DGND ......................... -0.3 V, V00 

loUT Short Circuit to GND . . . . . . . . . . . . . . . . . . . . . . 50 mA 
Package Power Dissipation ............... (T1 max-T ,J/01A 
Thermal Resistance, 01A 

24-Pin Plastic DIP Package (N-24) ............. 62°C/W 
24-Lead SOIC Package (SOL-24) .............. 73°C/W 

Maximum Junction Temperature (T1 max) .......... 150°C 
Operating Temperature Range ............. -40°C to +85°C 
Storage Temperature Range ............. -65°C to + l 50°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Cs~ 
~~LAH 
-~ A/B . loH 

los 

Dll-011~ 

'-- I, -~ I- ILH tLOW 

L:DA.LDii~ -{jr-
m~ 

I- ts-I ~Is -i:J •1LSB 
VouT---,-1 -~ ERROR BAND 

I I 

Timing Diagram 

ORDERING INFORMA TION1 

Temperature Package Package 
Model Range Description Option' 

AD8582AN -40°C to +85°C 24-Pin Plastic DIP N-24 
AD8582AR -40°C to +85°C 24-Lead SOIC SOL-24 
AD8582Chips +25°C Die 

NOTES 
1For die specifications contact your local Analog Devices sales office. The 
AD8582 contains 1270 transistors. 

2For outline information see Package Information section. 

AD8582 
PIN DESCRIPTION 

Pin No. Name Description 

1, 24 

2 

3 
4, 21 

5 

6 

7-18 

19 
20 
22 
23 

VoUTA Voltage outputs from the DACs. Fixed 
VouTB output voltage range of 0 V to 4.095 V 

with I mV/LSB. An internal 
temperature stabilized. reference 
maintains a fixed full-scale voltage 
independent of time, temperature and 
power supply variations. 

AGND Analog Ground. Ground reference for 
the internal bandgap reference voltage, 
the DAC, and the output buffer. 

DGND Digital ground for input logic. 
LDA, Load DAC register strobes. Transfers 
LDB input register data to the DAC registers. 

Active low inputs, Level sensitive latch. 
May be connected together to double-
buffer load DAC registers. 

MSB Digital Input: High presets DAC 
registers to half scale (800H), Low 
clears DAC registers to zero (OOOH) 
upon RST assertion. 

RST Active low digital input that clears the 
DAC register to zero, setting the DAC 
to minimum scale when MSB pin = 0, 
or half-scale when MSB pin = 1. 

DBo-11 Twelve Binary Data Bit Inputs. DBl l is 
the MSB and DBO is the LSB. 

cs Chip Select. Active low input. 
NB Select DAC A = 0 or DAC B = 1. 

Voo Positive Supply. Nominal value +5 V, ±5%. 

VREF Nominal 2.5 V reference output 
voltage. This node must be buffered if 
required to drive external loads. 

PIN CONFIGURATIONS 
N-24 SOL-24 

24-Pin Plastic DIP 24-Pin SOIC 

VouTA Voure 

DB3 

DB4 

DBS 

VREF 

Yoo 

i:De 

A/B 

cs 
DB11 

DB10 

DB9 

DBB 

DB7 

DB& 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8582 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~g 
ESD SENSITIVE DEVICE 
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AD8582 
Table I. Control Logic Truth.Table 

cs AID LDA LDB RST 'MSB 

L L H H . 'H x 
L H H H. H x 
L L i. H H x 
L H H L H x 
H x L L H x 
H x A A H x 
x x x x L L 
x x x x L H 
H x x x A x 
ADenotes positive edge trigge~d. 

OPERATION 
The AD8582 is a complete, ready-to-use dual 12-bit digital-to
anaJog converter. Only one +5 V power supply is necessary for 
operation. It contains' two voltage-switched, 12-bit, laser
trimmed digitBl-to-analog converters, a curvature-corrected 
bandgap reference, rail-to-rail output op amps, input registers, 
and DAC registers.· The parallel data interface consists of twelve 
data bits, DBO-DBU, an address select_pin AIB, two load 
strobe pins (LDA, LDB) and an activ{low CS strobe. In addi
tion an asynchrono1,1s RST pin will set all DAC register bits to 
zero causiµ.g the V OUT to become zero volts, pr to midscale for 
trimming applications when the MSB. pin is programmeq to 
Logic 1. This function is useful for .power on reset or system 
failure recovery to a known state. 

DIA CONVERTER SECTION . , . 
The internal DAC is a 12-bit voltage-mode device with an 
outp.ut that swings from AGND potential to the 2.5 volt in
ternal bandgap voltage. It uses a laser trimmed R-2R 
ladder which is switched by N channel MOSFETs. The out
put voltage of the DAC has a cpnstant resistance independent 
of digital input code. The DAC output (not available to the 
user) is internally connected to the rail-to-rail output op amp. 

AMPLIFIER SECllON 
The internal DAC's output is buffered by a fow power con
sumption precision amplifier. This low power amplifo;r contains 
a differential PNP pair input stage which provides low offset 
voltage and low noise, as well as the ability to amplify the zero
scale DAC output voltages. The rail-tci~rail amplifier is config
ured in a gain of 1.6384 (= 4.095· V/2.5 V) in order to set the 
4.095 volt full-scale output (1 mV/LSB). See Figure 3 for an 
equivalent: circuit schematic of the::analog section. 

The op amp has a 16 µs typical settling.time to 0.01 %. There 
are slight differences in settling time for negative slewing signals 
versus positive. See the oscilloscope photos in the Typicl!l Per
formances section of this data sheet. 
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l!llNt Register 

Write to A 
WritetoB 
Write to A 
Write.toB 
Latched 
Latched 
Reset to Zero Scale 
Reset to MidscaJe 

. Latch Res~t Value 

BANDGAP 
REFERENCE 

VREF 
·2.5V 

DAC Register 

Latched 
Latched 
A Transparent 
B Transparent 
A & B Transparent 
Latched 
Reset to Zero Scale 
Reset· to MidscaJe 
Latch Resef Value 

VOLTAGE SWITCHED 12-Brr 
R·2R DIA CONVERTER 

Your 

AV = 4.095/2.5 
= 1.838VN 

SPOT 6 
NCHFET . 

. . .. 
i_~2R 0

· 

swrrCHES ' ' ' 2R 

Figure 3. Equivalent Schematic of Analog f'ortion 

OUTPUT SECTION 
The rall-to-rail output stage of this amplifier has been designed 
to provide precision performance while operating near either 
power supply. Figure 4 shows an equivaJ~nt output schematic of 
the rail-to-rail amplifier with its N channel pull-down FETs that 
will pull an output load directly to GND. The output sourcing 
current is provided py a P channel pull-up device that can sup
ply GND terminated !6ads, especi~lly important at the -5% 
supply tolerance valllj!of 4.75 volts. · 

Figure 4. Equivalent Anaiog Output Circuit 

1.-
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Figures 5 and .6 in the typical performance characteristics sec
tion provide information on output swing performance near 
ground and full-scale as a function of load. In addition to resis
tive load driving capability, the amplifier has also been carefully 
designed and characterized for up to 500 pF capacitive load 
driving capability. 

REFERENCE SECTION 
The internal 2.5 V curvature-corrected bandgap voltage refer
ence is laser trimmed for both initial accuracy and low tempera
ture coefficient. The voltage generated by the reference is 
available at the VREF pin. Since VREF is not intended to drive ex
ternal loads, it must be buffered. The equivalent emitter fol
lower output circuit of the VREF pin is shown in Figure 3. 

Bypassing the VREF pin will improve noise performance; how
ever, bypassing is not required for proper operation. Figure 8 
shows broadband noise performance. 

POWER SUPPLY 
The very low power consumption of the AD8582 is a direct re
sult of a circuit design optimizing use of the CBCMOS process. 
By using the low power characteristics of the CMOS for the 
logic, and the low noise, tight matching of the complementary 
bipolar transistors good analog accuracy is achieved. 

For power-consumption sensitive applications it is important to 
note that the internal power consumption of the AD8582 is 
strongly dependent on the actual logic-input voltage levels 
present on the DBO-DBl 1, CS, NB, MSB, LDA, LDB and 
RST pins. Since these inputs are standard CMOS logic struc
tures they contribute static power dissipation dependent on the 
actual driving logic VoH and VoL voltage levels. The graph in 
Figure 9 shows the effect on total AD8582 supply current as a 
function of the actual value of input logic voltage. Conse
quently, for optimum dissipation use of CMOS logic versus 
TTL provides minimal dissipation in the static state. A ViNL = 
0 V on the DB0-11 pins provides the lowest standby dissipation 
of 1 mA typical with a +5 V power supply. 

As with any analog system, it is recommended that the AD8582 
power supply be bypassed on the same PC card that contains 
the chip. Figure 10 shows the power supply rejection versus fre
quency performance. This should be taken into account wheil. 
using higher frequency switched-mode power supplies with 
ripple frequencies of 100 kHz and higher. 
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AD8582 
One advantage of the rail-to-rail output amplifiers used in the 
AD8582 is the wide range of usable supply voltage. The part is 
fully specified and tested over temperature for operation from 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation of the 
AD8582 is possible down to +4.3 volts. The minimum operat
ing supply voltage versus load current plot, in Figure 1, pro
vides information for operation below V00 = +4.75.V. 

TIMING AND CONTROL 
The input registers are level triggered and acquire data from the 
data bus during the time period when CS is low. The input reg
ister selected is determined by the NB select pin, see Table I. 
for a complete description. When CS goes high, the data is 
latched into the register and held until CS returns low. The 
minimum time required for the data to be present on the bus 
before CS returns high is called the data setup time ( tns) as seen 
in Timing Diagram. The data hold time (tnH) is the amount 
of time that the data has to remain on the bus after CS goes 
high. The high speed timing offered by the AD8582 provides 
for direct interface with no wait states in all but the fastest 
microprocessors. 

The data from the input registers is transferred to the DAC reg
isters by the active low LDA and LDB pins. If these inputs are 
tied together, a single logic input can perform a double buffer 
update of the DAC registers, which in tum simultaneously 
changes the analog output voltages to a new value. If the LDA 
and LDB pins are wired low, they become transparent. In this 
mode the input register data will directly control the output 
voltages. Refer to the Control Logic Truth Table for a com
plete description. 

U~ipolar Output Operation 
This is the basic mode of operation for the AD8582. The 
AD8582 has been designed to drive loads as low as 8200 in par
allel with 500 pF. The code table for this operation is shown in 
Table II. 

Table II. Unipolar Code Table 

Hexadecimal 
Number in DAC 
·Register 

FFF 
801 
800 
7FF 
000 

Decimal Number 
in DAC Register 

4095 
2049 
2048 
2047 
0 

Analog Output 
Voltage (V) 

+ 4.095 
+ 2.049 
+ 2.048 
+ 2.047 
0 
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· AD8582-Typical Performance Characteristics 
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1111111111 ANALOG 
L.llllDEVICES 

FEATURES 
16 Independently Addressable Voltage Outputs 
Full-Scale Set by External Reference 
2 µs Settling Time 
Double Buffered 8-Bit Parallel Input 
High Speed Data Load Rate 
Data Readback 
Operates from Single +5 V 
Optional ±6 V Supply Extends Output Range 

APPLICATIONS 
Phased Array Ultrasound & Sonar 

Power Level Setting 
Receiver Gain Setting 

Automatic Test Equipment 
LCD Clock Level Setting 

GENERAL DESCRIPTION 
The AD8600 contains 16 independent voltage output digital-to
analog converters that share a common external reference input 
voltage. Each DAC has its own DAC register and input register 
to allow double buffering. An 8-bit parallel data input, four ad
dress pins, a CS select, a LD, EN, RJW, and RS provide the 
digital interface. 

The AD8600 is constructed in a monolithic CBCMOS process 
which optimizes use of CMOS for logic and bipolar for speed 
and precision. The digital-to-analog converter design uses volt
age mode operation ideally suited to single supply operation. 
The internal DAC voltage range is fixed at DACGND to VREF· 

The voltage buffers provide an output voltage range that ap
proaches ground and extends to 1.0 V below Vee· Changes in 
reference voltage values and digital inputs will settle within 
± 1 LSB in 2 µs. 

Data is preloaded into the input registers one at a time after the 
internal address decoder selects the input register. In the write 
mode (R/W low) data is latched into the input register during 
the positive edge of the EN pulse. Pulses as short as 40 ns can 
be used to load the data. After changes have been submitted to 
the input registers, the DAC registers are simultaneously up
dated by a common load EN x LD strobe. The new analog out
put voltages simultaneously appear on all 16 outputs. 

At system power up or during fault recovery the reset (RS) pin 
forces all DAC registers into the zero state which places zero 
volts at all DAC outputs. 

The AD8600 is offered in the PLCC-44 package. The device is 
designed and tested for operation over the extended industrial 
temperature range of -40°C to +85°C. 

*Patent pending. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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16-Channel, 8-Bit 
Multiplying DAC 

AD8600* I 
FUNCTIONAL BLOCK DIAGRAM 
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A08600-SPEC I Fl CATIONS 
SINGLE SUPPLY(@ Y001 . = Y002 =Yee= +5 Y ± 53, Yu = 0 Y, YREF = +2.500 Y, -40°C ~TA~ +85°C, unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

STATIC PERFORMANCE1 

Resolution N 8 Bits 
Relative Accuracy2 INL -1 ±1/2 +l LSB 
Differential Nonlinearity2 DNL Guaranteed Monotonic -1 ±114 +l LSB 
Full-Scale Voltage Vps Data= FFH 2;480 2.49Q 2.500 v 
Full-Scale Tempco TCVps Data= FFH ±20 ppm1°c 
Zero Scale Error VzsE Data = OOH, RS = "O," TA= +25°C +3.5 LSB 

VzsB Data = OOH, RS = "O" +5 LSB 
Reference Input Resistance RREF Data= ABH 1.2 2 .· kn 

ANALOG OUTPUT 
Output Voltage Range2 OVRss VREF= +2.5V 0.000 2.500 v 
Output Current Io UT Data= 80H ±2 mA 
Capacitive Load CL No Oscillation 50 pF 

LOGIC INPUTS 
Logic Input Low Voltage V1L 0.8 v 
Logic Input High Voltage Vm 2.4 v 
Logic Input Current !IL 10 µA 
Logic Input Capacitance3 C1L 10 pF 

LOGIC OUTPUTS 
Logic Out High Voltage VoH IoH =-0.4mA 3.5 v 
Logic Out Low Voltage VoL loL = 1.6 mA 0.4 v 

AC CHARACTERISTICS3 

Slew Rate SR For !NREF or FS Code Change 4 7 V/µs 
Voltage Output Settling Time2 ts1 ± 1 LSB of Final Value, Full-Scale Data Change 2 µs 
Voltage Output Settling Time2 ts2 ±1 LSB of Final Value, Ll.VREF= 1 V, Data= FFH 2 µs 

POWER SUPPLIES 
Positive Supply Current Ice Vm= 5V, V1L = OV, No Load 24 35 mA 
Logic Supply Currents Iom&2 Vm= 5V, V1L = OV, No Load 0.1 mA 
Power Dissipation Pmss Vm= 5V, VIL= OV, No Load 120 175 mW 
Power Supply Sensitivity PSS Ll.Vcc=±5% 0.007 %!% 
Logic Power Supply Range VooR 4.75 5.25 v 
Positive Power Supply Range3 Vcca Voo 7.0 v 

NOTES 
'When VREF = 2.500 V, I LSB = 9.76 mV. 
2Single supply operation does not include the final 2 LSBs near analog ground. If this performance is critical, use a neptive supply f::1 .El pin of at least --0.7 V to 
-5.25 V. Note that for the INL measurement zero-scale voltage is extrapolated using codes 7 10 to 8010• 

3Guaranteed by design not subject to production test. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(TA= +25'C unless otherwise noted) 

V001 (Digital Supply) to GND .............. -0.3 V, +7 V 
V002 (DAC Buffer/Driver Supply). ............ -0.3 V, +7 V 
V cc (Analog Supply) to GND ............... -0.3 V, +7 V 
VEE (Analog Supply) to GND ............... +0.3 V, -7 V 
VREF to G~'TI ....................... -0.3 V, V cc+ 0.3 V 
Vo02 to VREF ................................. -0.3 V 
VoUT to GND , ..........•..................... Vee 
Short Circuit Duration 

VoUT to GND or Power Supplies1 ................ Continuous 

3-254 DIGITAL-TO-ANALOG CONVERTERS 

Digital Input/Output Voltage to GND . . . -0.3 V, Yoo+ 0.3 V 
Thermal Resistance-Theta Junction-to-Ambient (0jA} 

PLCC-44 ............................. · .... 47°C/W 
Package Power Dissipation , . . . . . . . . . . . . . . . C'f1-T A)/0JA 
Maximum Junction Temperature T1 max ........... 150°C 
Operating Temperature Range ............ -40°C to +85°C 
Storage Temperature Range ....... " .... -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) .. , .......... +300°C 
NOTE 
1No more than four outputs may be shoned to power or GND simultaneously. 
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AD8600 

DUAL SUPPLY (@ V001 = V002 =Yee= +5 V ± 53, Vu = -5 V ± 53, YaeF = +3.500 V, -40°C s; Ta s; +85°C, unless otherwise noted) 

Parameter Symbol 

STATIC PERFORMANCE1 

Resolution N 
Total Unadjusted Error TUE 
Relative Accuracy INL 
Differential Nonlinearity DNL 
Full-Scale Voltage VFs 
Full-Scale Voltage Error VFSE 
Full-Scale Tempco TCVFs 
Zero Scale Error VzsE 
Zero Scale Error YzsE 
Zero Scale Error VzsE 
Zero Scale Tempco TCVzs 
Reference Input Resistance RREF 
Reference Input Capacitance2 CREF 

ANALOG OUTPUT 
Output Voltage Range OVR1 
Output Voltage Range2 OVR2 
Output Current Io UT 

Capacitive Load2 CL 

LOGIC INPUTS 
Logic Input Low Voltage V1L 
Logic Input High Voltage Vm 
Logic Input Current I1L 
Logic Input Capacitance2 C1L 

LOGIC OUTPUTS 
Logic Out High Voltage VoH 
Logic Out Low Voltage VoL 

AC CHARACTERISTICS2 

Reference In Bandwidth BW 
Slew Rate SR 
Voltage Noise Density eN 
Digital Feedthrough FT 
Voltage Output Settling Time3 ts1 
Voltage Output Settling Time3 ts2 

POWER SUPPLIJ'lS 
Positive Supply Current Ice 
Negative Supply Current IEE 
Logic Supply Currents lom&2 
Power Dissipation 4 Pmss 
Power Supply Sensitivity PSS 
Logic Power Supply Range VooR 
Pos Power Supply Range2 VccR 
Neg Power Supply Range2 VEER 

NOTES 
1Wheil VRl!F = .+3.500 V, i LsB = 13.67 mV. 
2GuaranteeQ by design not subject to production test. 

Condition 

All Other DACs Loaded with Data = 55H 

Guaranteed Monotonic 
Data= FFH, VREF= +3.5 V 
Data= FFH, VREF = +3.5 V 
Data= FFH, VREF = +3.5 V 
Data = OOm RS = "O," TA = +25°C 
Data = OOH, All Other DACs Data = OOH 
Data = OOH, All Other DACs Data = 55H 
Data= OOm Vee= +5 V, VEE= -5 V 
Data= ABH 
Data= ABH 

VREF= +3.5V 
Vee= Voo2 = +7 V, VEE= -0.7 V, VREF = 5 V 
Data= 80H 
No Oscillation 

loH =-0.4mA 
loL = 1.6 mA 

-3 dB Frequency, VREF= 2.5 Voe+ 0.1 VAc 
For LWREF or FS Code Change . 
f=lkHz,VREF=OV 
Digital Inputs to DAC Outputs 
±1 LSB of Final Value, FS Data Change 
±1 LSB of Final Value, AVREF= 1 V, Data= FFH 

V1H = 5 v, VIL= 0 v, v,!E = -5 v, No Load 
Vm= 5 V, V1L = OV, VEE= -5 V, No Load 
V1H= 5 V, VIL= OV, VEE= -5 V, No Load 
Vm= 5 V, VIL= OV, VEE= -5 V, No Load 
AV cc & AVEE = ±5% 

'Settling time test is performed using RL = 50 kn and CL = 35 pF. 
4Power Dissipation is calculated using 5 V x (loo + I lss I + lo01 + 1002). 

Specifications subject to change without notice. 

Min Typ Max Units 

8 Bits 
-1 ±3/4 +1 LSB 
-1 ±112 +1 LSB 
-1 ±114 +1 LSB 
3.473 3.486 3.500 v 
-1 +1 LSB 

±20 ppm/°C 
-2 ±1 +2 mV 
-1 +1 LSB 

±112 LSB 
±10 µV/°C 

1.2 2 k.Q 
240 pF 

0.000 3.500 v 
0.000 5.000 v 

±2 mA 
50 pF 

0.8 v 
2.4 v 

10. µA 
10 pF 

3.5 v 
0.4 v 

500 kHz 
4 7 V/µs 

46 nV/../Hz 
10 nVs 
1 2 µs 
I 2 µs 

22 35 mA 
22 35 mA 

0.1 mA 
225 350 mW 

0.007 %!% 
4.75 5.25 v 
Yoo 7.0 v 
-5.25 0.0 v 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8600 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~g 
ESD SENS!l IVE DEVICE 
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AD8600 
ELECTRICAL CHARACTERISTICS ~~:::1o;:~i: ~:t;d~5 V± 53' VEE= ~5 V, VREF = +3.500 V, - 40°C ~TA~ +85°C, 

Parameter Symbol Condition Min Typ Max Units 

INTERFACE TIMING1• 2 

Clock (EN) Frequency fcLK Data Loading 12.5 MHz 
Clock (EN) High Pulse Width tcH 
Clock (EN) LowPulse Width tcL 
Data Setup Time tos 
Data Hold Time toH 
Address Setup Time tAs 
Address Hold Time tAH 
Valid Address to Data Valid tAD 
Load Enable Setup Time tLS 
Load Enable Hold Time tLH 
Read/Write to Clock (EN) tRwc 
Read/Write to DataBus Hi-Z tRWZ 
Read/Write to DataBus Active tRWD 
Clock (EN) to Read/Write tTWH 
Clock (EN) to Chip Select tTCH 
Chip Select to Clock (EN) tcsc 
Chip Select to Data Valid tcso 
Chip Select to DataBus Hi-Z tcsz 
Reset Pulse Width tRS 

NOTES 
1Guaranteed by design not subject to production test. 
2All logic input signals have maximum rise 3.nd fall times of 2 ns. 

Specifications subject to change without notice. 

Figure 2. Write Timing 

OUT 

Figure 4. Write to DAC Register & Voltage Output Settling 
Timing (CS= High, Prevents Input Register Changes) 
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Figure 3. Readback Timing 

ORDERING GUIDE· 

Package Package 
Model Temperature Description Option1 

AD8600AP -40°C to +85°C 44-Lead PLCC P-44A 
AD8600Chips +25°C Die2 

NOTES 
1For outline information see Package Information section. 
2For die specifications contact your local' Analog Devices sales office. 
The AD8600 contains 5782 transistors. 
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~ANALOG 
I.Ill DEVICES 

FEATURES 
Low Cost 
Replaces 8 Potentiometers 
50 kHz 4-0uadrant Multiplying Bandwidth 
Low Zero Output Error 
Eight Individual Channels 
3-Wire Serial Input 
500 kHz Update Data Loading Rate 
±3 V Output Swing 
Midscale Preset, Zero Volts Out 

APPLICATIONS 
Automatic Adjustment 
Trimmer Replacement 
Vertical Deflection Amplitude Adjustment 
Waveform Generation and Modulation 

GENERAL DESCRIPTION 
The AD8842 provides eight general purpose digitally controlled 
voltage adjustment devices. The TrimDAC® capability allows 
replacement of the mechanical trimmer function in new designs. 
The AD8842 is ideal for ac or de gain control of up to 50 kHz 
bandwidth signals. The four-quadrant multiplying capability is 
useful for signal inversion and modulation often found in video 
vertical deflection circuitry. 

Internally the AD8842 contains eight voltage output digital-to
analog converters, .each with separate voltage inputs. A new 
current conveyor amplifier design performs the four-quadrant 
multiplying function with a single amplifier at the output of the 
current steering digital-to-analog converter. This approach of
fers an improved constant input resistance performance versus 
previous voltage switched DACs used in TrimDAC circuits, 
eliminating the need for additional input buffer amplifiers. 

Each DAC has its own DAC register that holds its output state. 
These DAC registers are updated from an internal serial-to
parallel shift register that is loaded from a standard 3-wire serial 
input digital interface. Twelve data bits make up the data word 
clocked into the serial input register. This data word is decoded 
where the first 4 bits determine the address of the DAC register 
to be loaded with the last 8 bits of data. A serial data output pin 
at the opposite end of the serial register allows simple daisy 
chaining in multiple DAC applications without additional exter
nal decoding logic. 

TrimDAC is a registered trademark of Analog Devices, Inc. 
The curie'nt Conveyor amplifier is a patented circuit belonging to Analog 
Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Voo 

LO 

SDI 

CLK 

8-Bit Octal, 4-Quadrant 
Multiplying, CMOS TrimDAC 

AD8842 I 
FUNCTIONAL BLOCK DIAGRAM 

GND SDO PR Vss 

The AD8842 consumes only 95 mW from ±5 V power supplies. 
For single 5 V supply applications consult the DAC-8841. The 
AD8842 is pin compatible with the I MHz multiplying band
width DAC8840. The AD8842 is available in 24-pin plastic 
DIP and surface mount SOL-24 packages. 

R R 

Your 

V001 = v,. • (D/128-1) 

Figure 1. Functional Circuit of One 4-Quadrant 
Multiplying Channel 

Figure 2. Actual Current Conveyor Implementation of 
Multiplying DAC Channel 
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AD8842-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (Yoo= +5 V, Yss=-5 V, All v,~x = +3 V, TA= -40°C to +85°C, unless otherwise noted.) 

Parameter Symbol Conditions 

STATIC ACCURACY-All Specifications Apply for DACs A, B, C, D, E, F, G, H 
Resolution N 
Integral Nonlinearity Error INL 
Differential Nonlinearity DNL All Devices Monotonic 
Full-Scale Gain Error GFSE 
Output Offset VBZE PR = 0, Sets D = 80H 
Output Offset Drift TCVBz PR = 0, Sets D = 80H 

VOLTAGE INPUTS-,Applies to All Inputs V1Nx 
Input Voltage Range 1 l IVR 
Input Resistance RIN 
Input Capacitance CIN 

DAC OUTPUTS-Applies to All Ou\Puts V0 uyx 
Voltage Range 1 OVR RL= IOkQ 
Output Current IouT iWouT < 1.5 LSB 
Capacitive Load CL No Oscillation 

DYNAMIC PERFORMANCE-Applies to All DACs 
Full Power Gain Bandwidth 1 GBW 
Slew Rate 

Positive SR+ 
Negative SR-

Total Harmonic Distortion THD 

Spot Noise Voltage eN 
Output Settling Time ts 

Channel-to-Channel Crosstalk Cy 

Digital Feedthrough Q 

POWER SUPPLIES 
Positive Supply Current Ion 
Negative Supply Current Iss 
Power Dissipation2 PoISs 
Power Supply Rejection PSRR 
Power Supply Range PSR 

DIGITAL INPUTS 
Logic High Vrn 
Logic Low V1L 
Input Current IL 
Input Capacitance C1L 
Input Coding 

DIGITAL OUTPUT 
Logic High VoH 
Logic Low VoL 

TIMING SPECIFICATIONS' 
Input Clock Pulse Width tcH• tcL 
Data Setup Time tos 
Data Hold Time toH 
CLK to SDO Propagation Delay tpo 
DAC Register Load Pulse Width tLD 
Preset Pulse Width tpR 
Clock Edge to Load Time tcKLD 
Load Edge to Next Clock Edge tLDCK 

NOTES 
1Guaranteed by design, not subject to production test. 
2Calculated limit = 5 V x Ono + lss). 
Specifications subject to change without notice. 
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V1NX = ±3 Vp, RL = 2 kQ, CL= 10 pF 
Measured 10% to 90% 
liVouTX = +5.5 v 
!iVoUTX = -5.5 V 
VINx = 4 V p-p, D = FFH, f= I kHz, 
fLPF = 80 kHz, RL = I kQ 

f= !kHz, VIN= 0 V 
±I LSB Error Band, D = OOH to FFH 

D = FFHto OOH 
Measured Between Adjacent 
Channels, f := I 00 kHz 
VINx = 0 V, D = 0 to 255 10 

PR=OV 
PR=OV 

PR= 0 V, !iV00 = ±5% 
Von, IVssl 

IoH =-0.4 mA 
loL: J.6 mA 

Min Typ Max Units 

8 Bits 
±0.2 ±1 LSB 
±0.4 ±1 LSB 
2 LSB 
5 25 mV 
5 µV/°C 

±3 ±4 v 
12 19 k.Q 

9 pF 

±3 ±4 v 
±3 mA 

500 pF 

10 50 kHz 

0.5 1.0 V/µs 
1.0 1.8 V/µs 

O.ot % 

78 nV/fflz 
2.9 µs 
5.4 µs 

72 dB 
5 nV-s 

10 14 mA 
9 13 mA 
95 135 mW 
0.0001 0.01 %!% 

4.75 5.00 5.25 v 

2.4 v 
0.8 v 
±10 µA 

7 pF 
Offset Binary 

3.5 v 
0.4 v 

60 ns 
40 ns 
20 ns 

80 ns 
70 ns 
50 ns 
30 ns 
60 ns 
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AD8842 
1 

SDI O 

1 
CLK 0 

LD 1 
o~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~J 

+3V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Vour OV 

DETAIL SERIAL DATA INPUT TIMING (PR= "1") 

SDI 1~~~~,--~~1,--~--.1.--~~~~~~~~~~~~--,--~~ 

(DATAIN)o~~~-''-~-'l'--,--'I'-~~~~~~~~~~~~-''-~~ 

SDO 1 ~~,,.-~~~~~--t-.Jr-~~~~~~~~~~~~~~--..,~~ 

(DATAouno~~·~~~~~~--+<'I'-~~~~~~~~~~~~~~~,~~ 

1 
CLK O 

PRESET TIMING 

PR~----}--~-} 
~ .. 

+3V~~~~~~~~----. 

Vour 
ov 

±1 LSB 

Figure 3. Timing Diagram 

ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE 
(TA= +25°C unless otherwise noted) 

V00 to GND ............................ -0.3 V, +7 V 
Vss to GND ............................. +0.3 V, -7 V 
V1Nx to GND ............................... V00, V55 

VouTx to GND ............................. Voo, Vss 
Short Circuit IoUTX to GND . . . . . . . . . . . . . . . . . Continuous 
Digital Input & Output Voltage to GND .......... V00, 0 V 
Operating Temperature Range ............. -40°C to +85°C 
Maximum Junction Temperature (Ti Max) ......... + 150°C 
Storage Temperature ................... -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 
Package Power Dissipation . . . . . . . . . . . . . . (Ti Max-T A)/0iA 
Thermal Resistance 0iA, 

SOIC (SOL-24) ............................ 70°C/W 
P-DIP (N-24) .............................. 57°C/W 

Temperature Package 
Model Range1 Description 

AD8842AN XIND 24-Pin 300mil P-DIP 
AD8842AR XIND 24-Pin 300mil SOIC 

NOTES 
1XIND = -400C to +85°C, The AD8842 contains 2452 transistors. 
2For outline information see Package Information section. 

Package 
Option2 

N-24 
SOL-24 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8842 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~g 
ESD SENSITIVE DEVICE 
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AD8842 
PIN DESCRIPTION PIN ~ONFIGURATION 

Pin Mnemonic Description 
VourD 

1 VoUTC DAC C Output v,,.c 
2 VoUTB DAC B Outp~t v,.o 
3 . VoUTA DACAOutput Yeo 

4 VINB DAC B Reference Input VINA 5 SDI 

5 VINA · DAC A Reference Input GND vs. 
6 GND Ground PFi SDO 

7 PR Preset Input, active low, all DAC CLK 

registers = SOH LD 

8 VINE DAC E Reference Input Yo"1"E V1NH 

9 VINF DAC F Reference Input Vaurf YING 

10 VoUTE DAC EOutput VourG V1NH 

11 VoUTF DAC FOutput 

12 VoUTG DAC GOutput 
13 VoUTH DACH Output 

14 v~ DAC G Reference Input 

15 VINH DAC H Reference Input 

16 LD Load DAC Register Strobe, active-
high input that transfers the data 
bits from the serial-input register 
into the decoded DAC register. 
SDI and CLK inputs are disabled 
when LD is high. See Tables I and II 

17 CLK Serial Clock Input, positive edge 
triggered 

18 SDO Serial Dat11 Output, active totem 
pole output 

19 Vss Negative 5 V'Power Supply 

20 SDI Serial Data Input 

21 Voo Positive 5 V Power Supply 

22 V1ND DAC D Reference Input 
23 V1NC DAC C Reference Input 

24 VoUTD DAC D Outjmt 
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FEATURES 
250MSPS Update Rate 
low Glitch Impulse 
Complete Composite Functions 
Internal Voltage Reference 
Single - 5.2V Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 

GENERAL DESCRIPTION 
The AD9701 is a high-speed, 8-bit digital-to-analog converter 
with fully integrated composite video functions. High-speed 
ECL input registers provide synchronous operation of data and 
control functions up to 250MSPS. 

The AD9701 incorporates on-board control functions including 
horizontal sync, blanking, reference white level, and a 10% 
bright signal for highlighting. The setup level is also adjustable 
from 0 IRE units to 20 IRE units, through the control pin. An 
internal voltage reference allows the AD9701 to operate as a 
stand-alone video reconstruction DAC. 

250MSPS Video 
Digital-to-Analog Converter 

AD9701 I 
FUNCTIONAL BLOCK DIAGRAM 

lou1m,. ~ 4 {~!~,V) 

The AD9701 is available as an industrial temperature range 
device, - 25°C to + 8S°C, and as an extended temperature range 
device, - SS°C to + 125°C. Both grades of the AD9701 are 
packaged in a 22-pin ceramic DIP, with the extended temperature 
device also available in a 28-pin LCC package. 

PIN CONFIGURATIONS 

GROUND 

-v, 

BIT 3 

BIT 8 ILSBI 

STROBE 

GROUND 

SETUP 

NO CONNECT 

10% BRIGHT 

COMPOSITE BLANKING 

COMPOSITE SYNC 

REFERENCE WHITE 

COMPENSATION 

CURRENT SET 

OUTPUT 

GROUND 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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BIT 1 (MSB) 5 

BIT2 6 

BIT 3 7 

BIT4 8 

BIT 5 9 

BIT6 10 

BIT7 11 

0 0 0 0 z z z z 
!!; " " " " .; ~ ~ ~ 0 .; t;; a: 

I "' "' "' "' I "' 4 3 2 1 28 27 26 

25 NO CONNECT 

24 10% BRIGHT 

23 COMPOSITE BLANKING 

22 NO CONNECT 

21 COMPOSITE SYNC 

20 REFERENCE WHITE 

19 COMPENSATION 

12 13 14 15 16 17 18 

iii ... 
~ 

0 .; t;; 
~ 

m z 
I "' 0 " ~ z 0 >-m z a: i'li 

~ "' 0 "' " a: 
0 a: 

" z " 
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AD9701 - SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ( - Vs) . . . . . . . . . . . . . . . . . . - 7V 
Digital Input Voltages (including STROBE, SYNC, 

BLANKING, 10% BRIGHT, and REFERENCE 
WHITE) . . . . . . . . . . . . • . • . • . • . OV to -V8 

Analog Output Current • . • . . . . . . . 37mA 
Power Dissipation ( +2S"C Free Air)2 . . . . . . . . . 780mW 

Operating Temperature Range 
AD9701BQ ........ . 
AD9701SQ/SE ...... . 

Storage Temperature Range . • 
Junction Temperature ..... 
Lead Soldering Temperature (lOsec) .. 

- 2S"C to + 8S"C 
- SS"C to + 12s0c 
- 6S"C to + 1 SO"C 

+ 17S"C 
... +300°C 

ELECTRICAL CHARACTERISTICS (Supply Voltages= -5.2V; Ri. = 37.ID;Setup = OV, unlessotha1Wises1alad) 

AD9701BQ AD9701SQ/SE 
Parameter Temp Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 Bits 

DC ACCURACY 
Differential Linearity +2S'C 0.2S O.S' 0.2S o.s LSB 

Full 1.0 1.0 LSB 
Integral Linearity +2S'C 0.2S o.s 0.2S o.s LSB 

Full 1.0 1.0 LSB 
Monotonicity Full GUARANTEED GUARANTEED 

INITIALOFFSETERROR3 

Zero-Scale Offset Error• +2S'C o.os 0.9 o.os 0.9 mV 
Full 0.9 0.9 mV: 

Zero-Scale Offset Drift Coefficient Full 2 2 µV/'C 
Full-Scale Drift Coefficient Full so so µV/'C 

ANALOG OUTPUT 
Voltage Outputs 

10%Bright6 Full -0.9 0 -0.9 0 mV 
Reference White Full -67.4S -71 -74.SS -67.4S -71 -74.SS mV 
Blanking (Setup = 0 IRE)' Full -698.SS -708.S -718.4S -698.SS -708.S -718.4S mV 
Sync (Setup = 0 IRE)8 Full -979.2S -993.S -1007.7S -979.2S "'-993.S -1007.7S mV 

Current Outputs 
10%Bright6 Full -0.024 0 -0.024 0 mA 
Reference White Full - l.80S -1.9 -1.996 - l.80S -1.9 - l.99S mA 
Blanking (Setup = 0 IRE)7 Full -18.63 -18.9 ~19.16 -18.63 -18.9 -19.16' mA 
Sync (Setup = 0 IRE)8 Full -26.11 -26.S -26.87 -26.11 -26.S -26.87 mA 

Output Compliance Range Full -1.6; +0.1 -1.6; +0.1 v 
Output Resistance +2S'C 640 800 640 800 0 

DYNAMIC PERFORMANCE 
Upclate Rate +2S'C 22S 2SO 22S 2SO MSPS 
Output Propagation Delay9 +2S'C s 6 s 6 ns 
Output Settling Titne10 

Current +2S'C 8 8 ns 
Voltage +2S'C 12 12 ns 

Output Slew Rate11 +2S'C 2SS 300 2SS 300 V/µs 
Output Rise Titne11 +2S'C 1.7 2.0 1.1 2.0 ns 
Output Fall Titne11 +2S'C 1.7 2.0 1.7 2.0 ns 
Glitch Impulse +2S'C 60 70 60 70 pV-s 

SETUP CONTROL 12 

Setup Level (Grounded) Full 0 0 IRE 
Setup Level (Open) Full 7.S 7.S IRE 
Setup Level (Tied to - S.2V with lkO) Full 10 10 IRE 
SetupLevel(-S.2V) Full 20 20 IRE 

DIGITAL INPUTS 
Logic" I" Voltage Full -1.1 -1.1 v 
Logic "O" Voltage Full -1.S -1.S v 
Logic "I" Current Full 100 100 µA 
Logic "O" Current Full IS IS µA 
Input Capacitance +2S'C 4 s.s 4 s.s pF 
Data Setup Titne +2S'C 0.1 0.1 ns 
Data Hold Time +2S'C 1.4 1.4 ns 

POWER SUPPLY 13 

Supply Current ( - S.2V) +2S'C 140 160 140 160 mA 
Full 160 160 mA 

Nominal Power Dissipation +2S'C 728 728 mW 
Power S'!PP!r._ Rejection Ratio14 Full 3 6 3 6 mVN 
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NOTES 
1 Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

'Typical thennal impedance . . . 
22-PinCeramic 91a=64°CIW;6ic= l6°CIW 
28-Pin Ceramic LCC 6;, = 70'C/W; 6;, = 21 'C/W 

3SYNC, BLANKING, and REFERENCE WHITE are inactive (Logic "l"). 
IsET = l.26V/RsET• 

4All bits at logic HIGH. 
5 All values are relative to full-scale output, after being normalized 
to nominal value. Typical variation in full-scale output from device to 
device can reach ± 10%, for a fixed RsET resistor. 

'The effect of 10% BRIGHT algebraically adds to the output wavefonn. 

AD9701 

7The output level with BLANKING active (Logic "O"), is detennined by 
the setup control level. 

8In normal operation, the BLANKING input is activated (Logic "O") prior 
to or in conjunction with the SYNC input. The effect of the SYNC 
output is relative to the setup level. 

'Measured from edge of STROBE to 50% transition point of the output 
signal. 

IOMeasured with full-scale change in output level, from the 10% transition 
level to within ± 0.2% of the final output value. 

11 Measured from 10% to 90% transition point for full-scale step output. 
12 An IRE unit is 1 % of the Grey Scale (GS range) with a 0 IRE setup level. 
13Supply Voltage should remain stable within ± 5% for normal operation. 
14Measured at ± 5% of - VS· 

Specifications subject to change without notice. 

DIGITAL INPUTS VS. ANALOG OUTPUT 

Bit Bit Bit Bit Bit Bit Bit Bit 10"/o Ref. Comp. Analog 
1 2 3 4 5 6 7 8 Bright White Blanking Sync Output(mV) 

1 1 1 1 1 1 1 1 0 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 -71 
1 0 0 0 0 0 0 0 0 1 1 1 -320 
0 0 0 0 0 0 0 0 0 1 1 1 -637.5 
0 0 0 0 0 0 0 0 1 1 1 1 -708.5 

x x x x x x x x 0 0 1 1 0 
x x x x x x x x 1 0 1 1 -71 
x x x x x x x x 0 1 0 1 -637.501 

x x x x x x x x 0 1 0 1 -690.752 

x x x x x x x x 0 1 0 1 -708.503 

x x x x x x x x 0 1 0 1 -779.504 

x x x x x x x x 0 1 0 0 -922.501 

x x x x x x x x 0 1 0 0 -975.752 

x x x x x x x x 0 1 0 0 -993.503 

x x x x x x x x 0 1 0 0 -1064.504 

x x x x x x x x 1 1 0 0 -993.501 

x x x x x x x x 1 I 0 0 -1046.752 

x x x x x x x x I I 0 0 -1064.503 

x x x x x x x x I I 0 0 -1135.504 

NOTES 
I. Setup (Pin 21) grounded (0 IRE units). 
2. Setup (Pin 21) open (7.5 IRE units). 
3. Setup (Pin 21) to -5.2V through lk (O IRE units). 
4. Setup (Pin 21) to -5.2V (20 IRE units). 

ORDERING GUIDE 

Package 
Device Temperature Range Description Option* 

AD9701BQ -25°Cto +85°C 22-Pin DIP, Industrial Temperature Q-22 
AD9701SE - 55•c to + 125°C 28-Pin LCC, Extended Temperature E-28A 
AD9701~ - 55•c to + 125°c 22-Pin DIP Extended Tem_pe_rature _2:22 

*E = LeadlessCeramicChipCarrier;Q = Cerdip. ForoutlineinfonnationseePackageinfonnationsection. 

REV.A DIGITAL-TO-ANALOG CONVERTERS 3-'-263 

Ill 



r"llANALOG 
WDEVICES 

FEATURES 
100 MSPS Update Rate 
ECL/TTL Compatibility 
SFDR @ 1 MHz: 70 dBc 
Low Glitch Impulse: 28 pV-s 
Fast.Settling: 27 ns 
Low Power: 725 mW 
1/2 LSB DNL (B Grade) 
40 MHz Multiplying Bandwidth 

APPLICATIONS 
ATE 
Signal Reconstruction 
Arbitrary Waveform Generators 
Digital Synthesizers 
Signal Generators 

GENERAL DESCRIPTION 
The AD9712B and AD9713B DIA converters are replacements 
for the AD9712 and AD9713 units which offer improved ac and 
de performance. Like their predecessors, they are 12-bit, high 
speed digital-to-analog converters fabricated in an advanced 
oxide isolated bipolar process. The AD9712B is an ECL
compatible device featuring update rates of 100 MSPS mini
mum; the TTL-compatible AD9713B will update at 80 MSPS 
minimum. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

3-264 DIGITAL-TO-ANALOG CONVERTERS 

DIGITAL 
INPUTS 

o, 
THRU 

D12 

12-Bit, 100 MSPS 
D/A Converters 

AD9712B/AD9713B I 
FUNCTIONAL BLOCK DIAGRAM 

A09712B/AD97138 

REFERENCE CONTROL 
OUT AMPIN 

REFERENCE 
IN 

CONTROL 
AMP OUT 

Designed for direct digital synthesis, waveform reconstruction, 
and high resolution imaging applications, both devices feature 
low glitch impulse of 28 pV-s and fast settling times of 27 ns. 
Both units are characterized for dynamic performance and have 
excellent harmonic suppression. 

The AD9712B and AD9713B are available in 28-pin plastic 
DIPs and PLCCs, with an operating temperature range of 
-25°C to +85°C. Both are also available for extended tempera
ture ranges of -55°C to + 125°C in cerdips and 28-pin LCC 
packages. 
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SPECIFICATIONS AD9712B/AD9713B 
[-Vs= -5.2 V; +Vs= +5 V IAD9713B only); Reference Voltage= -1.2 V; 

ELECTRICAL CHARACTERISTICS Rm= 7.5 kO; VoUT = 0 V (virtual ground); unless otherwise noted.] 

AD9712B/AD97138 AD97128/AD97138 AD9712B/AD97138 AD9712B/AD97138 
Test AN/AP BN/BP SE/SQ TE/TQ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 12 12 12 12 Bits 

DC ACCURACY 
Differential Nonlinearity +2s0c 1 -1.25 1.0 +1.25 -0.75 0.5 +0.75 -1.5 1.0 +1.5 -1.0 0.5 +1.0 LSB 

Full VI -2.0 2.0 -1.5 1.5 -2.0 2.0 -1.5 1.5 LSB 
Integral Nonlinearity +25°C I -1.5 1.0 1.5 -1.0 0.75 1.0 -1.75 1.5 1.75 -1.25 1.0 1.25 LSB 

("Best Fit" Straight Line) Full VI -2.0 2.0 -1.75 1.75 -2.0 2.0 -1.75 1.75 LSB 

AD9712B AD97138 
Test AN/AP/BN/BP/SE/SQ/TE/TQ AN/AP/BN/BP/SE/SQ/TE/TQ 

Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Units 

INITIAL OFFSET ERROR 
Zero-Scale Offset Error +25°C I 0.5 2.5 0.5 2.5 µA 

Full VI 5.0 5.0 µA 
Full-Scale Gain Error1 +25°C I 1.0 5 1.0 5 % 

Full VI 8 8 % 
Offset Drift Coefficient +25°C v 0.01 0.01 µAl°C 

REFERENCE/CONTROL AMP 
Internal Reference Voltage +25°C I -1.14 -1.18 -1.22 -1.14 -1.18 -1.22 v 

Full VI -1.12 -1.24 -1.12 -1.24 v 
Internal Reference Voltage Drift Full v 50 50 ppm/°C 
Internal Reference Output Current Full IV -50 +500 -50 +500 µA 
Amplifier Input Impedance +25°C v 50 50 kO 
Amplifier Bandwidth +25°c v 300 300 kHz 

REFERENCE INPUT2 

Reference Input Impedance +25°c v 3 3 kO 
Reference Multiplying Bandwidth' +25°C v 40 40 MHz 

DYNAMIC PERFORMANCE 
Full-Scale Output Current4 +25°C v 20.48 20.48 mA 
Output Compliance Range +25°c IV -1.2 +2 -1.2 +2 v 
Output Resistance +25°C IV 2.0 2.5 3.0 2.0 2.5 3.0 kO 
Output Capacitance +25°C v 15 15 pF 
Output Update Rate5 +25°C IV 100 110 80 100 MSPS 
Output Settling Time ( tsT )6 +25°C v 27 27 ns 
Output Propagation Delay ( tp0 )7 +25°C v 6 7 ns 
Glitch lmpulse8 +25°C v 28 28 pV-s 
OutpUt Rise Time9 +25°C v 2 2 ns 
Output Fall Time9 +25°C v 2 2 ns 

DIGITAL INPUTS 
Logic "l" Voltage Full VI -1.0 -0.8 2.0 v 
Logic "0" Voltage Full VI -1.7 -1.5 0.8 v 
Logic "l" Current Full VI 20 20 µA 
Logic "O" Current Full VI 10 600 µA 
Input Capacitance +25°c v 3 3 pF 

Input Setup Time (ts)10 +25°C IV 0.5 -0.3 0.5 . -0.3 ns 
Full IV 0.8 0.8 ns 

Input Hold Time (tH)11 +25°C IV 1.8 1.2 1.8 1.2 ns 
Full IV 2.0 2.0 ns 

Latch Pulse Width (tLPW) (LOW) +i5°C IV 2.5 1.7 2.5 1.7 ns 

(Transparent) Full 2.8 2.8 ·ns 

AC LINEARITY" 
Spurious-Free Dynamic Range (SFDR) • 

1.23 MHz; 10 MSPS; 2 MHz Span +25°C v 70 70 dB 

5.055 MHz; 20 MSPS; 2 MHz Span +25°C v 72 72 dB 

10.1 MHz; 50 MSPS; 2 MHz Span +25°C v 68 68 dB 

16 MHz; 40 MSPS; 10 MHz Span +25°C v 68 68 dB 
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AD9712B/AD9713B 
AD9712B AD9713B 

Test AN/AP/BN/BP/SE/SQffEITQ ·. AN/AP/BN/BP/SE/SQffEITQ 
Parameter (Conditions) Temp Level Min Typ Max Min 

POWE!{ SUPPL Y13 

. Positive Supply Current ( +5.0 V) +25°C I 
Full VI 

Negative Supply Current (-5.2 V)14 +25°C I 140 178 
Full VI 183 

Nominal Power Dissipation +25°C v 728 
Power Supply Rejection Radio (PSRR)15 +25°C I 30 100 

NOTES 
'Measured as error in ratio of full-scale current to current through RsET (160 µA nominal); ratio is nominally 128. 
2Full-scale variations among devices are higher when driving REFERENCE INPUT directly. 
'Frequency at which the gain is flat ±0.S dB; RL = son; SO% modulation at midscale. 
4Based on I;s = 128 (V RE,JRSET) when using internal amplifier. 
'Data registered into DAC accurately at this. rate; does not imply settling to 12-bit accuracy. 
'Measured as voltage settling at midscale transition to ±0.024%; RL = son. 

Typ Max 

6 12 
14 

145 184 
188 

784 
30 100 

Units 

mA 
mA 
mA 
mA 
mW 
µ.NV 

'Measured as the time between the SO% point of the falling edge of LATCH ENABLE and the point where the output signal has left a 1 LSB error band 
around its previous value. 

8Peak glitch impulse-is measured as the largest area under a single positive or negative transient. 
'Measured with RL = 50 n and DAC operating in latched mode. 

10Data must remain stable for specified time prior to falling edge of LATCH ENABLE signal. 
"Data must remain stable for specified time after rising edge of LATCH ENABLE signal. 
"SFI:>R is defined as the difference in signal energy between the fundamental and worst case spurious frequencies •in the output spectrum window, which .is 

centered at the fundamental frequency and covers the indicated span. 
"Supply voltages should remain.stable within ±5% for normal operation. 
14108 mA typ on Digital -Vs> 37 mA typ on Analog -Vs· 
"Measured at ±S% of +Vs (AD9713B only) and -Vs (AD9712B or AD9713B) using external reference. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Positive Supply Voltage (+Vs) (AD9713B Only) ...... +6 V 
Negative Supply Voltage (-Vs) ................. -7 V 
Analog-to-Digital Ground Voltage Differential ........ 0.5 V 
Digital Input Voltages (D1-Dw LATCH ENABLE) 

AD9712B .......................... 0 V to -Vs 
AD9713B ....................... -0.5 V to +Vs 

Internal Reference Output Current .............. 500 µ.A 
Control Amplifier Input Voltage Range ....... 0 V to -4 V 
Control Amplifier Output Current ............. ±2.5 mA 
Reference Input Voltage Range (VREF) ........ 0 V to -Vs 
Analog Output Current ...................... 30 mA 
Operating Temperature Range 

AD9712B/AD9713BAN/APIBNIBP ...... -25°C to +85°C 
AD9712B/AD9713BSE/SQ/TE/TQ ...... -55°C to + 125°C 

Maximum Junction Temperature2 

AD9712B/AD9713BAN/APIBNIBP ............ + 150°C 
AD9712B/AD9713BSE/SQ/TE/TQ . . . . . . . . . . . . + 175°C 

Lead. Temperature (Soldering, 10 sec) ........... + 300°C 
Storage Temperature Range ........... -65°C to + 150°C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances with parts soldered in place: 28-pin plastic DIP: 
S1A ::;: 37°C/W, 61c = l0°C/W; 28-pin PLCC: e1A = ~4°C/'X', 91c = !4°C/W; 
Cerdip: 61A = 32'C/W, 61c = IO'CIW; LCC: 61A = 4l'C/W, 61c = 13'C/W. No 
air flow. 
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Temperature Package 
Model Range Description 

AD9712BAN -25°C to +85°C 28-Pin PDIP 
AD9712BBN -25°C to +85°C 28-Pin PDIP 
AD9712BAP -25°C to +85°C 28-Pin PLCC 
AD9712BBP -25°C to +85°C 28-Pin PLCC 
AD9712BSQ -55°C to + 125°C 28· Pin Cerdip 
AD9712BSE -55°C to + 125°C 28-Pin LCC 
AD9712BTQ -55°C to + 125°C 28· Pin Cerdip 
AD9712BTE -55°C to + 125°C 28-Pin LCC 

AD9713BAN -25°C to +85°C 28-Pin PDIP 
AD9713BBN -25°C to +85°C 28-Pin PDIP 
AD9713BAP -25°C to +85°C 28-Pin PLCC 
AD9713BBP -25°C to +85°C 28-Pin PLCC 
AD9713BSQ -55°C to + 125°C 28-Pin Cerdip 
AD9713BSE -55°C to + 125°C 28-Pin LCC 
AD9713BTQ -55°C to + 125°C 28-Pin Cerdip 
AD9713BTE -55°C to + 125°C 28-Pin LCC 

*For outline inf~rmation see Package Information secti~n. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 

Package 
Option* 

N-28 
N-28 
P-28A 
P·28A 
Q-28 
E-28A 
Q-28 
E-28A 
N-28 
N-28 
P-28A 
P-28A 
Q-28 
E-28A 
Q-28 
E-28A 

II 100% production tested at + 25°C, and sample tested at 
specified temperatures. 

III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% tested at + 25°C. 100% production 

tested at temperature extremes for extended temperature 
devices; sample tested at temperature extremes for 
commerciallindustrial devices. 
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PIN DESCRIPTIONS 

Pin# Name 

1-10 D2-Du 

11 D12 (LSB) 

12 DIGITAL -Vs 

13 ANALOG RETURN 

14 Io UT 

15 ANALOG-Vs 

16 Io UT 

17 REFERENCE IN 

18 CONTROL AMP OUT 

19 

20 

21 
22 

23 

24 

25 

26 

27 

28 

CONTROL AMP IN 

REFERENCE OUT 

DIGITAL-Vs 

REFERENCE GROUND 

DIGITAL +Vs 

RsET 

ANALOG-Vs 

LATCH ENABLE 

DIGITAL GROUND 

D1 (MSB) 

D2 

o,, 

D12 (LSB) 

DIGITAL-Vs 

ANALOG RETURN 

DIP 

REV.A 

AD9712B/AD9713B 

Function 

Ten bits of twelve-bit digital input word. 

Least Significant Bit (LSB) of digital input word. 
Input Coding vs. Current Output 

Input Code D1-D12 l IoUT (mA) l ~ (mA) 

1111111111 i-20.475 I o 
0000000000 0 -20.475 

One of two negative digital supply pins; nominally -5.2 V. 

Analog ground return. This point and the reference side of the DAC load resistors should be connected 
to the same potential (nominally ground). 

Analog current output; full-scale output occurs with digital inputs at all"!." 

One of two negative analog supply pins; nominally -5.2 V. 

Complementary analog current output; zero scale output occurs with digital inputs at all"!." 

Normally connected to CONTROL AMP OUT (Pin 18). Direct line to DAC current source network. 
Voltage changes at this point have a direct effect on the full-scale output value of unit. Full-scale current 
output = 128 (Reference voltage/RsET) when using internal amplifier. 

Normally connected to REFERENCE INPUT (Pin 17). Output of internal control amplifier, which 
provides a temperature-compensated drive level to the current switch network. 

Normally connected to REFERENCE OUT (Pin 20) if not connected to external reference. 

Normally connected to CONTROL AMP IN (Pin 19). Internal voltage reference, nominally -1.18 V. 

One of two negative digital supply pins; nominally -5.2 V. 

Ground return for the internal voltage reference and amplifier. 

Positive digital supply pin, used only on the AD9713B; nominally +5 V. No connection to this pin on 
AD9712B. 

Connection for external resistance reference. Full-scale current out = 128 (Reference voltage/RsETl 
when using internal amplifier. Notninally 7.5 kO. 

One of two negative analog supply pins; nominally -5.2 V. 

Transparent latCh control line. Register is transparent when LATCH ENABLE is LOW. 

Digital ground return. 

Most Significant Bit (MSB) of digital input word. 

PIN CONFIGURATIONS 

01 (MSBO 

DIGITAL GROUND 

LATCH ENABLE 

ANALOG -Vs 

Rser 

DIGITAL+Vs 

REFERENCE GROUND 

DIGITAL-Vs 

REFERENCE OUT 

CONTROL AMP IN 

CONTROL AMP OUT 

REFERENCE IN 

1our 
ANALOG -Vs 

07 

o,. 
o,, 

o,,(LSB) 

PLCC/LCC 

AD9712B 
AD9713B 
TOP VIEW 

(Not to Scale) 

co' CJ z !; .. 
IJ ~ 

_. .... 
>, g ~ >, o=> _o w e;o 

" " ~h g z ~Ii w 
!2 ;l IC 

" <( w 
Q <( .. 

w 
IC 

ANALOG-Vs 

Rser 

DIGITAL+Vs 

REFERENCE 
GROUND 

DIGITAL-Vs 

REFERENCE 
OUT 
CONTROL 
AMPIN 

DIGITAL-TO-ANALOG CONVERTERS 3-267 

II 



AD97l2B/AD9713B 
om LAYOUT AND METALIZATION INFORMATION 
Die Dimensions •...•..•...•. 220 x 196 x 15 (±2) mils 
Pad Dimensions .•...•...••.•.•.••.•..•. 4 x 4 mils 
Metalization .•••.•••........•....•...• Aluminum 
Backing ....••.••.•.•...•.••.....•..•.•. None 
Substrate Potential . . . . . . . . . . . . • . • • . • . . . • • . • . ~Vs 
Passivation . . • . . . . . • . . • . . • • • . . • • . . • . • . . • Nitride 

Do 

D11 

D12 (LSB) 

. 
" 

m 

" 

!! 
B a: _ .. 

=:;I .. nN~§ 
" oooa 

THEORY AND APPLICATIONS 

~ 
:I .. 
~ 

ANALOG·Vs 

- AsET 

DIGITAL+Vs (AD9713ADNLY) 

REFERENCE GROUND 

- DIGITAL-Vs 

REFERENCE DUT 

The AD9712B and AD9713B high speed digital-to-analog con
verters utilize Most Significant Bit (MSB) decoding and segmen
tation techniques to reduce glitch impulse and maintain 12-bit 
linearity without trimming. 

As shown in the functional block diagram, the design is based 
on four main subsections: the Decoder/Driver circuits, the 
Transparent Latches, the Switch Network, and the Control 
Amplifier. An internal bandgap reference is also included to 
allow operation with a miDimum of external components. 

LATCH ENABLE 

DATA INPUTS 

OUTPUT 

Digital Inputslrlming 
The AD9712B employs single-ended ECL-compatible inputs for 
data inputs Di-D12 and LATCH ENABLE. The internal ECL 
midpoint reference is designed to match lOK ECL device 
thresholds •. On the AD9713B, a TTL translator is added at each 
input; with this exception, the AD9712B and AD9713B are 
identical. 

In the Decoder/Driver section, the four MSBs (D1-DJ are 
decoded to 15 "thermometer code" lines. An equalizing delay is 
included for the eight Least Significant Bits (LSBs) and 
LATCH ENABLE. This delay minimizes data skew, and data 
setup and hold times at the latch inputs; this is important when 
operating the latches in the transparent mode. Without the 
delay, skew caused by the decoding circuits would degrade 
glitch impulse. 

The latches operate in theii- transparent mode when LATCH 
ENABLE (Pin 26) is at logic level "O." The latches should be 
used to synchronize data to the current switches by applying a 
narrow LATCH ENABLE pulse with proper data setup and 
hold times as shown in the Timing Diagram. An external latch 
at each data input, clocked out of phase with the Latch Enable, 
operates the AD9712B/AD9713B in a master slave (edge
triggered) mode. This is the optimum way to operate the 'DAC 
because data is always stable at the DAC input. An external 
latch eases timing constraints when using the converter. 

Although the AD9712B/AD9713B chip is designed to provide 
isolation from digital inputs to the outputs, some coupling of 
digital transitions is inevitable, especially with TTL or CMOS 
inputs applied to the AD9713B. Digital feedthrough can be 
reduced by forming a low-pass filter using a (200 0) series resis
tor in series with the capacitance of each digital input; this rolls 
off the slew rate of the digital inputs. 

References 
As shown in the functional block diagram, the internal band-gap 
reference, control amplifier, and reference input are pinned out 
for maximum user flexibility when setting the reference. 

When using the internal reference, REFERENCE OUT (Pin 20) 
should be connected to CONTROL AMP IN (Pin 19). CON
TROL AMP OUT (Pin 18) should be connected to REFER
ENCE IN (Pin 17) through a 20 0 resistor. A 0.1 µ.F ceramic 
capacitor from Pin 17 to'.-V8 (Pin 15) improves settling by 
decoupling switching noise from the current sink base line. A 
reference current cell provides feedback to the control amp by 
sinking current through RsET (Pin 24). 

LATCH 
ENABLE 

OUTPUT ERROR . ____ __,,,, 

tPD 

t H - INPUT HOLD TIME 

ERROR 
BAND 

tLPW. - LATCH PULSE WIDTH 
Is - INPUT SETUP TIME 

tST - OUTPUT SETTLING TIME 
tPD - OUTPUT PROPAGATION DELAY 

Timing Diagram 
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Full-scale output current is determined by CONTROL AMP IN 
and RsET according to the equation: 

louT IFS) = !CONTROL AMP INIRsET) x 128 

The internal reference is nominally -1.18 V with a tolerance of 
±3.5% and typical drift over temperature of 50 ppm/°C. If 
greater accuracy or better temperature stability is required, an 
external reference can be utilized. The AD589 reference shown 
in Figure 1 features ± 10 ppm/°C drift over temperatures from 
0°C to + 70°C. 

AD9712B 
AD9713B 

AD589 

Figure 1. Use of AD589 as External Reference 

Two modes of multiplying operation are possible with the 
AD9712B/AD9713B. Signals with small signal bandwidths up to 
300 kHz and input swings of 100 mV, or de signals from -0.6 V 
to -1.2 V can be applied to the CONTROL AMP input as 
shown in Figure 2. Because the control amplifier is internally 
compensated, the 0.1 µF capacitor at Pin 17 can be reduced to 
0.01 µF to maximize the multiplying bandwidth. However, it 
should be noted that settling time for changes to the digital 
inputs will be degraded. 

-0.6VT0-1.2V 
300kHzMAX 

CONTROL 
AMPIN 

AD9712B 
AD9713B 

CONTROL 
AMP OUT 

REFERENCE 
IN 

Figure 2. Low Frequency Multiplying Circuit 

REV.A 

AD9712B/AD9713B 
The REFERENCE IN pin can also be driven directly for wider 
bandwidth multiplying operation. The analog signal for this 
mode of operation must have a signal swing in the range of 
-3.75 V to -4.25 V. This can be implemented by capacitively 
coupling into REFERENCE IN a signal with a de bias of 
-3.75 V to -4.25 V, as shown in Figure 3; or by driving REF
ERENCE IN with a low impedance op amp whose signal swing 
is limited to the stated range. 

Outputs 
As indicated earlier, D 1-D4 (four MSBs) are decoded and drive • 
IS discrete current sinks. DS and D6 are binarily weighted; and 
D7-D12 are applied to the R-2R network. This segmented archi-
tecture reduces frequency domain errors due to glitch impulse. 

AD9712B 
AD9713B 

Figure 3. Wideband Multiplying Circuit 

The Switch Network provides complementary current outputs 
IouT and Iou"P These current outputs are based on statistical 
current source matching which provides 12-bit linearity without 
trim. Current is steered to either IouT or IouT in proportion to 
the digital input code. The sum of the two currents is always 
equal to the full-scale output current minus one LSB. 

The current output can be converted to a voltage by resistive 
loading as shown in Figure 4. Both IouT and IouT should be 
loaded equally for best overall performance. The voltage which 
is developed is the product of the output current and the value 
of the load resistor. 
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AD97128/AD97138 

-S.2V 

SYSTEM 
GROUND 

~ 0.1µF~0.01µF 

Figure 4. Typical Resistive Load Connection 

An operational amplifier can. also be used to perform the I to V 
conversion of the DAC output. Figure 5 shows an example of a 
circuit which uses the AD9617, a high speed, current feedback 
amplifier. 

10k 

Figure 5. IN Conversion Using Current Feedback 
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DAC current across feedback resistor Rp8 determines the 
AD9617 output swing. A current divider formed by RL and RFF 
limits the current used in the 1-to-V conversion, and provides an 
output voltage swing within the specifications of the AD9617. 
Current through R2 provides de offset at the output of the 
AD96 l 7. Adjusting the value of R1 adjusts the value of offset 
current. This offset current is based on the reference of the 
AD9712B/AD9713B, to avoid coupling noise into the output 
signal. 

The resistor values in Figure 5 provide a 4.096 V swing, cen
tered at ground, at the output of the AD9617 amplifier. 

Power and Grounding 
Maintaining low noise on power supplies and ground is critical 
for obtaining optimum results with the AD9712B or AD9713B. 
DACs are most often used in circuits which are predominantly 
digital. To preserve 12-bit performance, especially at conversion 
speeds up to 100 MSPS, special precautions are necessary for 
power supplies and grounding. 

Ideally, the DAC should have a separate analog ground plane. 
All ground pins of the DAC, as well as reference and analog 
output components, should be tied directly to this analog 
ground plane. The DAC's ground plane should be connected to 
the system ground plane at a single point. 

Ferrite beads such as the Stackpole 57-1392 or Amidon FB-43B-
10l, along with high frequency, low~inductance decoupling 
capacitors, should be used for the supply connections to isolate 
digital switching currents from the DAC supply pins. Separate 
isolation networks for the digital and analog supply connections 
will further reduce supply noise coupling to the 
output. 

Molded socket assemblies should be avoided even when proto
typing circuits with the AD9712B or AD9713B. When the DAC 
cannot be directly soldered into the board, individual pin sock
ets such as AMP #6-330808-0 (knock-out end), or #60330808-3 
(open end) should be used. These have much less effect on 
inter-lead capacitance than do molded assemblies. 

DDS Applications 
Numerically controlled oscillators (NCOs) are digital devices 
which generate samples of a sine wave. When the NCO is com
bined with a high performance D/A converter (DAC), the com
bination system is referred to as a Direct Digital Synthesizer 
(DDS). 

The digital samples generated by the NCO are reconstructed by 
the DAC and the resulting sine wave is usable in any system 
which requires a stable, spectrally pure, frequency-agile refer
ence, The DAC is often the limiting factor in DDS applications, 
since it is the only analog function in the circuit. The AD9712B/ 
AD97 l 3B D/ A converters offer the highest level of performance 
available for DDS applications. 

DC linearity errors of a DAC are the dominant effect in low
frequency applications and can affect both noise and h~rmonic 
content in the output waveform. Differential Nonlinearity 
(DNL) errors determine the quantization error between adjacent 
codes, while Integral Nonlinearity (INL) is a measure of how 
closely the overall transfer function of the DAC compares with 
an ideal device. Together, these errors establish the limits of 
phase and amplitude accuracy in the output waveform. 
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AD9712B/AD9713B 

NUMERICALLY-CONTROLLED OSCILLATOR 
LATCH 

D1 ENABLE 

I 
TUNING PHASE 

ACCUMULATOR 
PHASE-TO-AMPLITUDE OUTPUT 12 TTL 

CONVERSION l--+-s=1N=E~D-A,..TA-#-- REGISTER 

AD9712B 
I 

AD9713B WORD I 
D12 D/A CONVERTER 

Figure 6. Direct Digital Synthesizer Block Diagram 

When the analog frequency (fA) is exactly fc/N and N is an even 
integer, the DDS continually uses a small subset of the available 
DAC codes. The DNL of the converter is effectively the DNL 
error of the codes used, and is typically worse than the error 
measured against all available DAC codes. This increase in 
DNL is translated into higher harmonic and noise levels at the 
output. 

Glitch impulse, often considered a figure of merit in DDS appli
cations, is simply the initial transient response of the DAC as it 
moves between two output levels. This nonlinearity is com
monly associated with external data skew, but this effect is mini
mized by using the on-board registers of the AD9712B/AD9713B 
converters (see Digital Inputs/Timing section). The majority of 
the glitch impulse, shown below, is produced as the current in 
the R-2R ladder network settles, and is fairly constant over the 
full-scale range of the DAC. The fast transients which form the 
glitch impulse appear as high-frequency spurs in the output 
spectrum. 

While it is difficult to predict the effects of glitch on the output 
waveform, slew rate limitations translate directly into harmonics. 
This makes slew rate the dominant effect in ac linearity of the 
DAC. Applications in which the ratio of analog frequency (fA) 
to clock frequency (fc) is relatively high will benefit from the 
high slew rate and low output capacitance of the AD9712B/ 
AD9713B devices. 

Another concern in DDS applications is the presence of aliased 
harmonics in the output spectrum. Aliased harmonics appear as 
spurs in the output spectrum at frequencies which are deter
mined by: 

MfA±Nfc 

where M and N are integers. 

The effects of these spurs are most easily observed in applica
tions where fA is nearly equal to an integer fraction of the clock 
rate. This condition causes the aliased harmonics to fold near 
the fundamental output frequency. 
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Figure 7. AD97128/AD97138 Glitch Impulse 

o.1n8/dlv 

Figure 8. Rise and Fall Characteristics 
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111111111 ANALOG 
WDEVICES 

FEATURES 
400 MSPS (ECL)/100 MSPS (TTL) Update Rate 
Low Glitch Impulse: 1.5 pV-s 
Fast Settling: 4.5 ns to 1/2 LSB 
Low Power: 1.1 W 
On-Board Quadrature Logic 

for DDS Applications 
Differential Clock (ECLI 

APPLICATIONS 
Direct Digital Synthesis 
Arbitrary Waveform Synthesis 
Waveform Reconstruction 
High Speed Imaging 

GENERAL DESCRIPTION 
The AD9720 and AD9721 DIA converters are IO-bit, high speed 
digital-to-analog converters constructed in an oxide isolated 

10-Bit, 400 MSPS 
D/A Converters 

AD9720/AD9721 I 
bipolar process. The AD9720 is ECL compatible, and will 
update up to 400 Msps; the AD9721 is TTL compatible and 
will update up to 100 Msps. 

Designed for direct digital synthesis (DDS), waveform recon
struction, and high resolution video applications, both devices 
feature low glitch impulse of 1.5 pV-s and fast settling times of 
4.5 ns to 1/2 LSB. 

Both converters are characterized for dynamic performance, and 
have excellent harmonic suppression and spectral purity in 
waveform generation applications. 

The units are available in 28-pin DIPs, LCCs and SOICs. 
Industrial temperature range devices are packaged in plastic for 
operation from - 25°C to + 25°C; extended temperature range 
devices for operation from -55°C to + 125°C are in hermetic 
ceramic packages. Contact the factory. for information about the 
availability of MIL-STD-883 devices. 

FUNCTIONAL BLOCK DIAGRAM AND CONNECTIONS 

TTL 
OR 
ECL 

DRIVE 
LOGIC 

o, 
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REFERENCE 

: IN 

• I J_ 0.1µF 
I CONTROL 
'AMP OUT 

-Vs +Vs -Vs 

hevP. hevP. - .. I-B-YP-. ---
-5.'ZV '\/ +SV '\/ -5.'ZV '\/ 
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SPECIFICATIONS AD9720/AD9721 
ELECTRICAL CHARACTERISTICS (-Vs= -5.2 V; +Vs= +5 V [AD9721 only]; Reference Voltage= -1.25 V; 

Rm = 1,960 n. unless otherwise noted) 

Test AD9720BN/BR AD9720TEffQ AD9721BN/BR AD9721TEffQ 
Parameter (Conditions) Temp Level Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

RESOLUTION 10 10 10 10 Bits 

DC ACCURACY 
Differential Nonlinearity +2S°C I 0.2S 0.7S 0.6 1.0 0.2S 0.7S 0.6 1.0 LSB 

Full VI 1.0 l.S 1.0 l.S LSB 
Integral Nonlinearity +2S°C I o.s 1.0 0.7 l.S o.s 1.0 0.7 l.S LSB 

("Best Fit" Straight Line) Full VI l.S 2.0 I.S 2.0 LSB 

INITIAL OFFSET ERROR 
Zero-Scale Offset Error +2S°C I 16 60 16 60 16 60 16 60 µ.A 

Full VI 20 7S 20 7S 20 7S 20 7S µ.A 
Full-Scale Gain Error1 +2S°C I 2 IS 2 IS 2 IS 2 IS % 

Full VI IS IS IS IS % 
Offset Drift Coefficient +2S°C V 0.04 0.04 0.04 0.04 µ.Al°C 

REFERENCE/CONTROL AMP 
Internal Reference Voltage +2S°C I -I.IS -l.2S -l.3S -I.IS -l.2S -l.3S - I.IS -l.2S -l.3S -I.IS -l.2S -l.3S v 

Full VI -I.IS -l.3S -I.IS -l.3S -I.IS -l.3S -I.IS -l.3S v 
Internal Reference Voltage Drift Full v 100 100 100 100 µ.Vi°C 
Internal Reference Output Current Full IV -so +soo -so +soo -so +soo -so +SOO µ.A 
Amplifier Input Impedance +2S°C V so so so so k!1 
Amplifier Bandwidth +2S°C V I I 1 1 MHz 

REFERENCE INPUT' 
Reference Input Impedance +2S°C V 4.6 4.6 4.6 4.6 k!1 
Reference Multiplying Bandwidth' +2S°C V 7S 7S 7S 7S MHz 

OUTPUT PERFORMANCE 
Full-Scale Output Current'- 4 +2S°C V 20.48 20.48 20.48 20.48 mA 
Output Compliance Range +2S°C IV -1.S +3 -1.S +3 -1.S +3 -1.S +3 v 
Output Resistance +2S°C V 210 210 210 210 !1 
Output Capacitance +2S°C V 6 6 6 6 pF 
Output Update Rate +2S°C V 400 400 100 100 Msps 
Voltage Settling Time (112 LSB)' +2S°C V 4.5 4.S 4.S 4.S ns 
Propagation Delay (tp0 ) 6 +2S°C V 4.0 4.0 4.S 4.S ns 
Glitch lmpulse7 +2S°C V l.S l.S 1.5 1.5 pV-s 
Output Slew Rate8 +2S°C V 1,000 1,000 1,000 1,000 Vlµ.s 
Output Rise Time8 +2S°C V 67S 67S 67S 675 ps 
Output Fall Time8 +2S°C V 470 470 470 470 ps 

DIGITAL INPUTS 
Logic "1" Voltage Full VI -1.0 -0.9 2.0 2.0 v 
Logic "O" Voltage Full VI -1.S -1.6 0.8 0.8 v 
Logic "1,, Current Full VI so so 400 400 µ.A 
Logic "O" Current Full VI 2 2 700 700 µ.A 
Input Capacitance +2S°C V 3 3 3 3 pF 

Input Setup Time ( ts)9 +2S°C IV 1.0 0.4 1.0 0.4 1.0 o.s 1.0 o.s ns 
Full IV 1.2 1:2 1.2 1.2 ns 

Input Hold Time (tH)10 +2S°C IV 1.6 1.2 1.6 1.2 2.0 l.2S 2.0 l.2S ns 
Full IV 2.8 2.8 2.3 2.3 ns 

Clock Pulse Width (Low) +2S°C IV I.I 0.8S I.I 0.8S 1.0 0.8S 1.0 0.8S ns 
Clock Pulse Width (High) +2S°C IV 1.4 0.8S 1.4 0.8S I.I 0.85 I.I 0.8S ns 

DYNAMIC PERFORMANCE 
Spurious-Free Dynamic Range (SFDR)" 

2.02 MHz; 100 Msps; 2 MHz Span +2S°C. V 7S 7S 7S 7S dBc 

2S.OI MHz; 100 Msps; 2 MHz Span +2S°C V 66 66 66 66 dBc 

10.02 MHz; 2SO Msps; S MHz Span +2S°C V 70 70 NIA NIA dBc 

62.S4 MHz; 250 Msps; 5 MHz Span +25°C V 55 55 NIA NIA dBc 
70 MHz; 220 Msps; 10 MHz Span +25°C V 70 70 NIA NIA dBc 
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AD9720/AD9721 
']:'est • .i\))9720BN/BR . AD9720TEITQ ADmlBN/BR AD9721TPJTQ 

Parameter (CondidOOs) Temp ~ Min Typ ~ Min Tjp Max Mili''i 't1P . Max Miil~ 1)p . Max Uilitii 

POWER SUPPLY12 

Negative Supply Current (-5.2 V)u +25"C I 210 280' 2io 280 218 290 218 290 mA 
Full VF . 290 290 300 300 mA 

Positive Supply Current (+5.0 V) +25"C I NIA N/A 14 30 14 30 ml\ 
Full VI N/A N/A 30 30 mA 

NOQJinal Power Dissipation +25"C v l.l l.l 1.2 1.2 w 
Power Supply Rejection Ratio (PSRR)14 +25"C v 50 50 50 50 µ.AN 

NOTES 
1Measured as error in ratio of full-scale current to current through RsET (640 .,A nominal); ratio is nominally 32. OAC load is vinua1 ground. 
'Full-scale current variations among devices an: higher when driving REFERENCE IN din:ctly. 
'Frequency at which a 3 dB change in output of OAC is observed; RL = SO fl; 100 mV modulation at midscale. 
4Based on IFS= 32 (CONTROL AMP INJRsET) when using internal control amplifier. DAC load is vinual ground. 
'Measured as volrage settling at midscale transition to :t:0.1%; RL = SO n. · 
6Measured from 50% point of tising edge of CLOCK signal to 112 LSB change in output signal •. 
'Peak glitch impulse is measured as the largest an:a under a single positive or negative transient. 
8Measured with RL = so n and DAC operating in latched mode. 
9Data must n:main stable for specified time ptior to rising edge of CLOCK. 

10Data must n:main stable for specified time after rising edge of CLOCK. 
11SFDR is defined as the difference in signal energy between the fundamental and worst case spurious frequencies in the output spectrum window, which is centered at the 

fundamental frequency and covers the indicated span. 
12Supply voltageS sbOuld n:main stable within :t:S% for norntal operation. 
13190 mA typ OD Digital -Vs, 30 mA typ on Analog -V5 
,.Measured at :t:S% of +Vs (AD9721 only) and -Vs (AD9720 or AD9721) using external n:ference. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 EXPLANATION OF TEST LEVELS 
Positive Supply Voltage (+Vs) (AD9721 Only) ....... +6 V Test Level 
Negative Supply Voltage (-Vs)(AD9720 and AD9721) . -7 V · 1 
Digital Input Voltages (Di-D10, CLOCK, CLOCK) II 

- 100% production tested. 
100% production tested at + 25°C, and sample tested at 
specified temperatures. AD9720 ............................ 0 V to -Vs 

AD9721 ........................ -0.5 V to +Vs III Sample tested only. 
Internal Reference Output Current .............. 500 µA · IV Parameter is guaranteed by design and characterization 

testing. Control Amplifier Input Voltage Range ....... 0 V to -4 V 
Control Amplifier Output Curient ............. :t2.5 Ill.\ 
Reference Input Voltage Range (VREF) ......•. 0 V to -V5 
Analog Output Current .................... : .. 30 mA 
Operating Temperature Range 

AD9720/AD9721BN/BR ............. -25°C to +85°C 
AD9720/AD9721TE/TQ ............ -55°C to +125°C 

Maximum J~on Temperature2 
AD9720/AD9721BN/BR ........... , ....... + 150°C 
AD9720/AD9721TE/TQ ........... ; ....... + 175°C 

Lead Temperature (Soldering, 10 sec) •..•..•.... + 300°C 
Storage Temperature Range .......•. , . -65°C to + 150°C 
NOTES 

1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

2Typicalthermalimpedances:28-pinplastic DIP:91""" 37°C/W, 91c = lO°C/W; 
28-pin LCC: 91" = 4l"CIW, 91c = 13"C/W; 28-pin SOIC: 91" = 46"CIW, 
9ic = lO°C/W; Cerdip: 91" = 35"C/W,81c = IO°C/W. Soldered to board; no 
afr flow. 

ORDERING GUIDE 

Moclel 

AD9720BN -25°C to +85°C 28-Pin PDIP 
AD9720BR -25°C to +85°C 28-Pin SOIC 
AD9720TE ...:55oe to + 125oe 28-Pin LCC 
AI>r720TQ -55°C to + 125°C 28-Pin Cerdip 
AD972.1BN -25°C to +8S°C 28-Pin PDIP. . 
AD9721BR -2S°C to +8S°C 28-Pin SOIC 
AD9721TE -SS°C to + 125°C 28-Pin LCC 
AD9721TQ -55°C to + 125°C 28-Pin Cerdip 
*For outline information see Pacbge Information section.* 
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Package 
Option* 

N-28 
R-28 
E-2SA 
Q-28 
:N-28 
R-28 
E-28A 
Q-28 

v 
VI 

Parameter is a typical value only. 
All devices are 100% tested at +25°C. 100% production 
tested at temperature extremes for extended temperature 
devices; sauiple tested at temperature extremes for 
commercial/industrial devices. 

DIE LAYOUT AND MECHANICAL INFOllJ,\TION 
Die Dimensions ............. 199 x 165 x 15 (:!:2) mils 
Pad Dimensions ... ;, .................... 4 x 4 mils 
Metalization .......................... Aluminum 
Backing ....••••.•.•..••...•...•.•.••.•. None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . . . - Vs 
Passivation . . . . .. . . . . . . . . . . . . . . . . . . . . . • . . Nitride 

.. 

,; 

~ 

REl'OUT 

AtW.CIG 
lllTUM 

llllOUNO 

B NC:HOCOHN!CT 
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PIN DESCRIPTIONS 

DIP 
Pin# Name 

1 D 1 (MSB) 

2-9 D2-D9 

10 D 10 (LSB) 

11 CLOCK 

12 CLOCK/NC 

13 INVERT 

14 DIGITAL -Vs/+Vs 
15 GROUND 
16 DIGITAL-Vs 
17 RsET 

18 GROUND 
19 ANALOG RETURN 

20 Io UT 

21 Io OT 

22 ANALOG-Vs 
23 REFERENCE IN 

24 CONTROL AMP OUT 

25 REFERENCE OUT 
26 CONTROL AMP IN 
27 DIGITAL-Vs 
28 GROUND 

D1 CllSB) 

DIGITAL-Va (+Val 

AD9720/AD9721 

Function 

Most Significant Bit (MSB) of digital input word. 

Eight of 10 digital input bits. Digital inputs are !OK ECL compatible for AD9720; TTL compatible for 
AD972 l. See coding table elsewhere. 
Least Significant Bit (LSB) of digital input word. 

Input Coding vs. Current Output 

~~~~~~~ -llllllllll -20.48 0 
0000000000 0 -20.48 

Edge-triggered latch enable signal for on-board registers. !OK ECL compatible for AD9720. TTL compatible 
for AD9721. Register loads data on rising edge of CLOCK signal; must be driven in conjunction with CLOCK. 
Complementary edge-triggered latch enable signal for on-board registers. !OK ECL compatible for 
AD9720; not connected (NC) for AD9721. 
Normally connected to logic LOW; inverters are transparent in this mode. Logic High inverts the 9 LSBs 
(D2-D10) when the MSB is LOW. No internal pull-down resistor. 
One of three digital supply pins; nominally -5.2 V for A00720; +S V for AD9721. 
Converter ground return. 
One of three negative digital supply pins; nominally -5.2 V. 
Connection for external resistance reference; nominally 1,960 n. Full-scale current out = 32 x 
(CONTROL AMP INIRsETl when using internal amplifier. DAC load is virtual ground. 
Converter ground return. 
Analog current return. This point and the reference side of the DAC load resistors should be connected to 
the same potential (nominally ground). 
Analog current output; full-scale output occurs with digital inputs at all"!." With external load resistor, 
output voltage = IouT x (RwAo II RiNTERNALl· RrNTERNAL is nominally 210 n. 
Complementary analog current output; zero-scale output oceurs with digital inputs at all"!." 
Negative analog supply; nominally -5.2 V. 
Normally connected to CONTROL AMP OUT (Pin 24). Direct line to DAC current source network. 
Voltage changes (noise) at this point have a direct effect on the full-scale output current of DAC. 
Full-scale current output = 32 x (CONTROL AMP IN/RsET) when using internal amplifier. DAC 
load is virtual ground. 
Normally connected to REFERENCE INPUT (Pin 23). Output of internal control amplifier, which 
provides a reference for the current switch network. 
Normally connected to CONTROL AMP IN (Pin 26). Internal voltage reference, nominally -1.25 V. 
Normally connected to.REFERENCE OUT (Pin 25) if not connected to external reference. 
One of three negative digital supply pins; nominally -5.2 V. 
Converter ground return. 

GROUND 

DIGITAL-Vs 

CONTROL AllP IN 

REFERENCE OUT 

CONTROL AMP OUT 

REFERENCE lN 

ANALOG-Vs 

ANALOG RETURN 

DIGITAL-Vs 

GROUND 

d 

!!: 

:f i 
" ~ if z ~ ~ ;, " 

& & 6 !i! !2 8 " " 

NC • NO CONMECT LCC AD9720 (AD9721} Pinouts 

Pinouts (SOIC Pin Numbering is Same as DIP} 
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AD9720/A09721 

DATA INPUTS CODE 1 
D, -010 VALID DATA 

CODE2 
VALID DATA 

CLOCK i,.----.r-""· 

OUTPUT -~~~-~~D~~rl--:~~C~O~D-E-2~~~~--~ CODE1 !--" Is - INPUT SETUP TIME 

IH - INPUT HOLD TIME 

lsT - OUTPUT SETTLING TIME 

lpo - OUTPUT PROPAGATION DELAY 

AD9720/AD9721 Timing Qiagram 

THEORY AND APPLICATIONS 
The AD9720/AD9721 high speed digital-to-analog converters 
utilize Most Significant Bit (MSB) decoding and segmentation 
techniques to reduce glitch impulse and maintain 10-bit linearity 
without trimming. 

As shown in the functional block diagram, the design is based 
on four main subsections: the Decoder/Driver circuits, the Edge 
Triggered Data Register, the Switch Network, and the Control 
Amplifier. An internal bandgap reference is also included to 
allow operation with a minimum of external components. The 
block labeled "Inverters" is transparent in norm.al operation, 
but can be used to minimize the external components require
ments in DDS applications using the AD9950, a 300 Msps 
phase accumulator (see AD9950 data sheet). 

Digital Inputs/Timing 
The AD9720 employs single-ended ECL-compatible inputs for 
data inputs D1-D10 and the differential dock signals CLOCK 
and CLOCK. The internal ECL midpoint reference.is designed 
to match lOK ECL device thresholds. On the AD9721, a TTL 
translator is added at each input and the dock becomes single 
ended; with these exceptions, the AD9720 and AD9721 are 
identical. (NOTE: Pin 14 is +Vs on AD9721; -Vs on 
AD9720.) 

In the Decoder/Driver section, the four MSBs (Di- D4) are 
decoded to 15 "thermometer code" lines. An equalizing delay is 
included for the six Least Significant Bits (LSBs) and the dock 
signals. This delay minimizes data skew and data setup and hold 
times at the register inputs. 

The on-board register is rising-edge-triggered and should be 
used to synchronize data to the current switches by applying a 
pulse with proper data set-up and hold times as shown in the 
timing diagram. 
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Although the AD9720/AD9721 chip is designed to provide isola
tion from digital inputs to the outputs, some coupling of digital 
transitions is inevitable, especially with TTL or CMOS inputs 
aJ?plied to the AD9721. Digital feedthrough can be reduced by 
forming a low-pass filter using a resistor in series with the 
'capacitance of each digital input; this rolls off the slew rate of 
the digital inputs. 

References 
As shown in the functional block diagram, the internal band-gap 
reference, control amplifier, and reference input are pinned out 
for maximum user flexibility when setting the reference. 

When using the internal reference, REFERENCE OUT (Pin 25) 
should be connected to CONTROL AMP IN (Pin 26). CON
TROL AMP OUT (Pin 24) should be connected to REFER
ENCE IN (Pin 23). A 0.1 µF ceramic capacitor from Pin 23 to 
ANALOG -Vs (Pin 22) imprpves settling by decoupling 
switching noise from the current sink base line. A reference cur
rent cell provides feedback to the control amp by sinking cur
rent through RsET (Pin 17). 

Full-scale output current is determined by CONTROL AMP IN 
and RsET according to the equation: · 

lour (FS) = (CONTROL AMP INIRsEr) x 32 

The internal reference is nominally -1.25 V with a tolerance of 
±8% and typical drift over temperature of 100 ppm/"C. If 
greater accuracy or better temperature stability is required, an 
external reference can be utilized. The AD589 reference features 
± 10 ppm/"C drift over temperatures from 0°C to + 70°C. 
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Two modes of muitiplying operation are possible with the 
AD9720/972l. Signals with bandwidths up to 1 MHz and input 
swings from -0.6 V to -1.2 V can be applied to the CON
TROL AMP input as shown in Figure I. Because the control 
amplifier is internally compensated, the 0.1 µF capacitor dis
cussed above can be reduced to maximize the multiplying band
width. However, it should be noted that settling time for 
changes to the digital inputs will be degraded. 

AD9720/AD9721 

CONTROL 
AMPIN 

CONTROL 
AMP OUT 

REFERENCE 
IN 

Figure 1. Low Frequency Multiplying Circuit 

The REFERENCE IN pin can also be driven directly for wider 
bandwidth multiplying operation. The analog signal for this 
mode of operation must have. a signal swing in the range of 
-3.3 V to. -4.25 V. This can be implemented by capacitively 
coupling into REFERENCE IN a signal with a de bias of 
-3.3 V CloUT - 22.5 mA) to -4.25 V ClouT - 3 mA), as 
shown in Figure 2, or by driving REFERENCE IN with a low, 
impedance op amp whose signal swing is limited to the stated 
range. 

AD9720/AD9721 

Figure 2. Wideband Multiplying Circuit 

Outputs 
The Switch Network provides complementary current outputs 
IouT and IoUT- The design of the AD9720/ AD972 l is based on 
statistical current source matching which provides 10-bit linear
ity without trim. Current is steered to either IouT or IoUT in 
proportion to the digital input code. The sum of the two cur
rents is always equal to the full-scale output current minus 
one LSB. 

REV.A 

AD9720/AD9721 

The current output can be converted to a voltage by resistive 
loading as shown in the block diagram. Both IouT and louT 
should be loaded equally for best overall performance. The volt
age which is developed is the product of the output current and 
the value of the load resistor. 

An operational amplifier can also be used to perform the I to V 
conversion of the DAC output. Figure 3 shows an example of a 
circuit which uses the AD9617, a high speed, current feedback 
amplifier. The resistor values in Figure 3 provide a 4.096 V II 
swing, centered at ground, at the output of the AD9617 
amplifier. 

10k 

Figure 3. /IV Conversion Using Current Feedback Amp 

DDS Applications 
The performance characteristics of the AD9720/ AD972 l make it 
ideally suited for direct digital synthesis (DDS) and other wave
form generation applications. Since the aliased distortion of the 
DAC collects around the fundamental when generating frequen
cies which are nearly integer fractions of the clock rate, these 
are often considered worst case conditions. 

Please contact the factory for information concerning the avail
ability of an evaluation board or for additional characterization 
data. 

SETTLING TIME • 4.Sns 
NET GLITCH = 1.34pV-s 
PEAK GLITCH = 1.36pV-s 

5 no/DIVISION 

Figure 4. AD9720 Glitch Impulse 
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AD9720/AD9721 
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Figure 5. Typical Output Spectrum 
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Figure 8. Typical Output Spectrum 
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Figure 9. Typical Output Spectrum Figure 10. Typical Output Spectrum 

CLOCK 
CIRCUIT 

AD9955 
100MHz 

CMOS DDS 

POWER 
SUPPLY 

INTERFACE 

AD8713B 
OR 

AD8721 
DAC 

AD9955 DDS EVALUATION BOARD 

IBM-COMPATIBLE PC 

+5V 

-5.'N 

EXTERNAL 
POWER 
SUPPLY 

50<l 
CABLE 

1-----i D D D I""\ 
LJ C!JCV 

DDD 

SPECTRUM ANAL Y2ER 

Figure 11. Direct Digital Synthesis System Diagram 
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r.ANALOG 
WDEVICES 

FEATURES 
5ns Settling Time 
100MSPS Update Rate 
20mA Output Current 
ECL-Compatible 
40MHz l\ltultiplying Mode 

APPLICATIONS 
Raster Scan & Vector Graphic Displays 
High Speed Waveform Generation 
Digital VCOs 
Ultra-Fast Digital Attenuators 

GENERAL DESCRIPTION 
The Analog Devices AD9768SD DIA converter is a monolithic 
current-output converter which can accept 8 bits of ECL-level 
digital input voltages and convert them into analog signals at, 
update rates as high as lOOMSPS. In addition to its use as a 
standard DI A converter, it can also be utilized as a two-quadrant 
multiplying DIA at multiplying bandwidths as high as 40MHz. 

An inherently low glitch design is used, and the complementary 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1-
volt drop across a 500 load, or ± l volt across 1000 returned to 
+ 1 volt. The actual output current is determined by the on-chip 
reference .voltage (V REF = - l .26V) and an external current 
setting resistor, RsET· 

Full-scale output current IoUT with digital "l" at all inputs is 
calculated with the equation: 

VRET - VREF 
IouT=4X R 

SET 

The setting resistor RsET and the output load resistor should 
both have low temperature coefficients. A complementary 
IoUT is also provided. 

AD9768JD/SD PIN CONNECTIONS 

DtGrrAL 
INPUTS AD97111JDISD 

TOPV
(NottoSale) 

This is an abridged data sheet. TD obtain the moat recent version or 
complete data sheet, call our fu retrieval system at 1-800-446-6212. 

REV.A 

Ultrahigh Speed IC 
D/ A Converter 

AD9768 
FUNCTIONAL BLOCK DIAGRAM 

The reference voltage source is a modified bandgap type and is 
nominally - 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin 15 (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
loop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor is 3900pF, although a O.OlµF ceramic chip capacitor 
is recommended. 

The incredible speed characteristics of the AD9768SD DIA 
converter make it attractive for a wide range of high speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying DI A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. 

AD9768SE PIN CONNECTIONS 

••• 
.. 5 

D5 • 

.. 7 

D7 • 

I 
3 2 
~ 

1 20 19 

,, 
'' .. 

AD97811SE 
TOPVIEW 

(Not to Scale) 

·9 10 11 12. 13 

18 REFERENCE IN 

17 REFERENCE OUT 

11 OUTPUTIQ 

15 OUTPUT Clol 

14 ANALOG RETURN 
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........... 
RESOLUTION(FS = FULL~LE) 

LSB WEIGHT (CURRENT) 

ACCUllACY 1 

Differential Nonlinearity 
Integral Nonlinearity 
Monotonicity 
Zero Offset (Initial) 

TEMPERATURE CO EFFICIENTS 
Zero Offset 
Reference Voltage( - l.26V) 

DIGITAL DATA lNPU'tS 
Logic Compatibility 
Logic Voltage Levels "l" = 

"O" = 
Codmg 

OUTPUT 
Current (Unipolar) FS 

ioUT(@Pin 13) 
AllDigital"l"lnput 
Ali Digital "0" Input 

IouT(@Pinl4) 
All Digital "l"Input 
All Digital "0" Input 

Compliance 

Impedance 

SPEED PERFORMANCE 
SettlingTime(to0.2%FS)' 
Slew Rate 
Update Rate 
Rise Time 
Glitch Energy 

REFERENCE 
Internal, Monolithic3 

External, Variablc4 

Voltage-Multiplying Mode 
Current-Multiplying Mode 

VOLT AGE-MULTIPLYING MODE'(Sec F;gure 2) 
VMRange(atPin16) 
VMCenter 
Resistance{atPin 16) 
Transfer Function-

Large Signal Bandwid~ ( - 3dB Point) 

Unit 

Bits 

±%FS 
±%F,S 

ppmrc 
ppmrc 

AD9768SJD/SDISE 

78 

0.2 
0.2 
Guaranteed. 
60 

1.5 
70 

ECL 
v -0.9 
v -1.7 

Binary(BIN) =Unipolar Out 
OffsetBinary{OBN) = BipolarOuc 

mA(max) 21020(30) 

mA 20 
mA 0 

mA 0 
mA 20 
V(Pinl3) -0.7to +3.0 
V(Pinl4) -l.lto+3.0 
ll(±l5%) 750 

ns 5 
Vlµs 400 
MSPS 100 
ns 1.8 
pV-sec 200 

v -1.26 

V(max) Oto-l.1(-2) 
mA(max) Oto-5(-7.5) 

~ ±aS 
v -0.6 
kn 800 

Measured at Pin 13; Digital "O" Applied 
toBitsl-8: 

-0.l VMlnput = OmAiotrr 
-1.1 VMinput = OmAiom 

Measured at Pin 13; Digital "1" Applied 
toBitsl-8: 

-0.I VMinput = lmAIOUT 
- I.IV M Input = 20mA louT 

kHz 250 

REFERENCE REFERENCE 
OUT IN 

CURRENT·MULTIPLYINGMODE(SecF;gure4) 
IMRange(atPinsl7& 18) 
Resistance(atPin 18) 
Transfer Function-

Large Signal Bandwidth( - 3d8 Point) 

POWER REQUIREMENTS 
-5.2V ±0.25 
+5.0V ±0.25 
Power Di$sipation 
Power Supply Sensitivity5 

TEMPERATURERANGES6 

Openting 
AD9768JD 
AD9768SD/SE 

Storage 

THERMAL RESISTANCE 1 

Junction to Air, OJA (Free Air) 
Junction to Case, OJA 

PACKAGEOPTION1 

Ccramk(D-18) 

LCC(E·20A) 

NOTES 

Unit AD9768SJDISDISE 

mA Oto5 
ll 160 

Measured at Pin 13; Digital "O" Applied 
toBitsl-8: ' 

lmAJMloput = OmAlauT 
5mAJMinput = OmA~ 

Measured at Pin 13; Digital "1" Applied 
toBitsl-8: 

ImAJMJnput = 41nA.tOUT 
5mA IM Input =; 20mA lour 

MHz 40 

mA(max) 
mA(max) 
mW(max) 
%1% 

"C 
"C 
·c 

66(70) 
14(15) 
410(430) 
0.07 

010 +70 
-:55to +125 
--S5to+l50 

"C/W 90 
"C/W 20 

AD9768JD 
AD9768SD 
AD9768SE 

1Relative to FS, including linearity (within voJtage compliance limits), 
:Worst case sc:1tling time; includes FS and Mos! Signifiam1 Bil (MSB) 1ransitlons. 
1Applies when operating A09768 as Slalldard DIA. 
<t8ased on RL = 50 obm5; llsET - 220 obm5; VRET = OV. 
'1% chanse in either power: suppJy voltage causes 0.07% cbangl: in analog outpUt. 
6Casc:temperature. 
7Maximum junction temperature 12S"C. 
10 = Ceramic DIP; E = Lead.less Ceramic Chip Carrier. For outline 
information sc:e Package Information section. 

Specifications subject to change without notice. 

250 

AD9768 

AD9768SD DIA Schematic 

3-280 DIGITAL-TO-ANALOG CONVERTERS REV .. A 



1111111111 ANALOG 
WDEVICES 

FEATURES 
4 Complete 12-Bit D/A Functions 
Double-Buffered Latches 
Simultaneous Update of All DACs Possible 
±5 V Output Range 
High Stability Bandgap Reference 
Monolithic BiMOS Construction 
Guaranteed Monotonic over Temperature 
3/4 LSB Linearity Guaranteed over Temperature 
4 µs max Settling Time to 0.01% 
Operates .with ± 12 V Supplies 
Low Power: 720 mW max Including Reference 
TTL/5 V CMOS Compatible Logic Inputs 
8-Bit Microprocessor Interface 
24-Pin PDIP or 28-Lead PLCC Package 

PRODUCT DESCRIPTION 
The AD75004 contains four complete, voltage output, 12-bit 
digital-to-analog converters, a high stability bandgap reference, 
and double-buffered input latches on a single chip. The convert
ers use 12 precision high speed bipolar current steering switches 
and laser-trimmed thin-film resistor networks to provide fast 
settling time and high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latches. The design of the input latches allows 
direct interface to 8-bit buses. The 12 bits of data from the first 
rank of latches can then be transferred to the second rank, 
avoiding generation of spurious analog output values. The latch 
responds to strobe pulses as short as 50 ns, allowing use with 
fast microprocessors. 

The functional completeness and high performance of the 
AD75004 results from a combination of advanced switch design, 
the BiMOS II fabrication process, and proven laser trimming 
technology. BiMOSII is an epitaxial BiCMOS process optimized 
for analog and converter functions. The AD75004 is trimmed at 
the wafer level and is specified to ± 112 LSB maximum linearity 
error at 25°C and ± 3/4 LSB over the full operating temperature 
range. The on-chip output amplifiers provide an output range of 
±5 V, with 1 LSB equal to 2.44 mV. 
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Quad 12-Bit 
D/A Converter 

AD75004 I 
FUNCTIONAL BLOCK DIAGRAM 

07 

06 

05 
04 
03 
02 

VREFOUT 

+5V 

VOLTAGE 
REFERENCE 

01 
DOC>l~--l 

VREFIN 

Cs WR A3 A2 A1 AO 

AD75004 

VouT3 

VouT2 

VouT1 

Vouro 

+12V Voo 

·-12v Yss 
AGND 

DGND 

The bandgap reference on the chip has low noise, long term sta
bility and temperature drift characteristics comparable to dis
crete reference diodes. The absolute value of the reference is 
laser trimmed to +5.00 V with 0.6% maximum error. Its tem
perature coefficient is also laser trimmed. 

Typical full-scale gain TC is 15 ppml°C. With guaranteed mono
tonicity over the full temperature range, the AD75004 is well 
suited for wide temperature range performance. 
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A075004-SPEClflCATIQNS (TA= +25°C, ±12.0 V power supplies unless otherwise noted) 
_::.::.. 

Parameter 
_:c_ 

Symbol Min Typ Max Units 

DIGITAL INPUTS (00:-D7, M-A3, CS, WR) 
Logic Levels (TTL Compatible) 

Input Voltage, Logic "l" V1H 2.0 5.5 v 
Input Voltage, Logic "O" VIL 0 0.8 v 
Input Current, Vm = 5.5 V I1H 10 µA 
Input Current, V1L = 0.8 V I1L 10 µA 

Input Capacitance C1N 10 pF 

ACCURACY 
Resolution 12 Bits 
Integral Linearity Error ±1/4 ±112 LSB 

Integral Linearity Error, T min to T max ±112 ±3/4 LSB 
Differential Linearity Error ±112 ±314 LSB 

Differential Linearity Error, T min to T .,; •• Guaranteed Monotonic 
Gain (Full-Scale) Error1 ±2 ±10 LSB 

Gain Error Drift, T min to T max 
I ±15 ±30 ppml"C 

Bipolar Zero Error1 ±1 ±2 LSB 
Bipolar Zero Error Drift, T min to T max 

I ±3 ±7 ppml"C 

CHANNEL-TO-CHANNEL MISMATCH 
Integral Linearity Error ±112 ±1 LSB 
Gain Error1 ±1 ±4 LSB 
Bipolar Zero Error1 ±1 ±2 LSB 

DYNAMIC PERFORMANCE 
Settling Time to ±0.01% of FSR 

for FSR Change, 2 kn 11 SOO pF Load 2 4 µs 
Slew Rate, 2 kO II 500 pF Load 5 V/µs 
Digital Input Crosstalk (Static)2 -50 dB 

ANALOG OUTPUTS 
Full-Scale Range (FSR) VouT ±5 v 
Output Current Io UT ±5 mA 
Shon Circuit Limit Current ±40 mA 

VOLTAGE REFERENCE 
Reference Output Voltage VREFOUT 4.97 5.00 5.03 v 
Temperature Coefficient ±15 ±25 ppml"C 
Reference Output Current3 3.0 5.0 mA 
Reference Input Voltage VREFIN 4.5 5.0 5.5 v 
Reference Input Current@ 5.0 V IREFIN 3.0 mA 

POWER SUPPLY GAIN SENSITIVITY 
~Gainf.:lV00, V00 = +10.8 to +13.2 V dc1 ±15 ±25 ppmofFSR/% 
~Gainl~Vss• Vss = -10,8 to -13.2 V dc1 ±JS ±25 ppmofFSR/% 

POWER SUPPLY REQUIREMENTS 
Voltage Range Yoo' Vss ±10.8 ±12 ±13.2 v 
Supply Currents loo• lss ±25 ±30 mA 

TEMPERATURE RANGE 
Specification Tmin' Tmax 0 +70 ·c 
Storage -65 +150 •c 

NOTES 
'Gain and bipolar zero errors are measured using internal voltage reference and include its errors. 
'Digital crosstalk is defined as the change in any one output's steady state value as a result of any other output being driven from YouTMIN to YouTMAX into a 
2 kn 11 500 pF load by means of var;ing t.'le digital input code. 

'The internal voltage reference is intended to drive on-chip only; buffer it if using it externally. 
4All minimum and maximum specifications are guaranteed, and specifications shown in boldface are tested on all production units at final electrical test. Results 
from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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AD75004 

TIMING CHARACTERISTICS1 (TA= +25°C, ±12.0 v power supplies unless otherwise noted) 

Parameter Symbol Min Units ADDRESS INPUTS -.,....,...,....,, 

Address Setup Time t, 30 ns 
(AO-A3) 

Address Hold Time t, 10 ns 
Data Setup Time 10 

DATA INPUTS -T7""7":rTT7"T"rTT7V---T---,ln'"T'"~"T""1'"T" 
t3 

Data Hold Time t4 
Chip Select to Write Setup Time ts 
Write to Chip Select Hold Time t6 
Write Pulse Width t, 

NOTES 
'Timing measurement reference level.is l.S V. 

Specifications subject to change without notice. 

ns (D0-1>7) 

45 ns 
0 ns 
0 ns 
50 ns 

ABSOLUTE MAXIMUM RATINGS* (TA= +2S'C unless otherwise noted) 

Min Max Units Conditions 

Y00 to DGND -0.3 +18 y 
Yss to DGND -18 +0.3 y 
Y00 to Yss -0.3 +26.4 y 
YREFIN to AGND -0.3 Yoo y 
Digital Inputs to DGND -0.3 Yoo y 
AGNDtoDGND -0.3 +0.3 y 
Short to AGND on Analog Outputs Indefinite sec 
Power Dissipation 1.0 w TA s 15•c 
Specification Temperature Range 0 +70 ·c 
Storage Temperature -65 +150 ·c 
Lead Temperature +300 ·c Soldering, 10 seconds 

*Stresses above those ~isted under "Absolute Maximum Ratings". may cause permanent damage to the device. 
These are stress ratings only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

TRUTH TABLE 

Control and Address Lines 

cs WR A3 A2 Al AO Operation 

1 x x x x x No operation 
x 1 x x x x No operation 
0 0 0 0 Al* AO* 8 LSBs --> one input latch · 
0 0 0 1 Al* AO* 4 MSBs --> one input latch 
0 0 1 0 Al* AO* Update one DAC latch 
0 0 1 1 x x Update all 4 DAC latches 

NOTE 
*The Al and AO inpu[s specify the relevant channel. 

Al 

0 
0 
1 
1 

AO 

0 
l 
0 
1 

Channel 

0 
1 
2 
3 

CAUTION_~~~~~~~~~~~~~~~~~~~~~~~-
ESD (electrostatic discharge) sensitive device. The digital control inputs are Zener protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 
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AD75004 
PIN DESCRIPTIONS 

Plastic 
PLCC DIP 
Pin Pin Name Description 

I I D7 Data Input Bit 7 
2 2 D6 Data Input Bit 6 
3 3 D5 Data Input Bit 5 
5 4 b4 Data Input Bit4 
6 5 D3 Data Input Bit 3 or 11 (MSB) 
7 6 D2 Data Input Bit 2 or 10 
9 7 Dl Data Input Bit I or 9 

10 8 .QQ Data Input Bit 0 (LSB) or 8 
11 9 ~ Chip Select Input; Active Low 
13 IO WR Write Input; Active Low 
14 II A3 Address Input Bit 3 (MSB) 
15 12 AZ Address Input Bit 2 
16 13 Al Address Input Bit I 
17 14 AO Address Input Bit 0 (LSB) 
18 15 DGND Digital Ground 
19 16 AGND Analog Ground 
20 17 Vss -12 V Power Supply 
21 18 VREFOUT + 5 V Reference Output 
22 19 VREFIN Reference Input 
23 20 VouTo Analog Output 0 
24 21 VouT1 Analog Output I 
26 22 VouT2 Analog Output 2 
27 23 VouT3 Analog Output 3 
28 24 Voo + 12 V Power Supply 
4 NC No Internal Connection 
8 NC No Internal Connection 

12 NC No Internal Connection 
25 NC No Internal Connection 

BIN/\RY CODE TABLE 

Twos Complement 
Value in DAC Latch 

MSB 

Olli 
0000 
0000 
1111 
1000 

1111 
0000 
0000 
1111 
0000 

LSB 

1111 
0001 
0000 
1111 
0000 

Analog Output 
Voltage 

(2047/2048) * VREFIN 
(l/2048) * VREFIN 
ov 
- (l/2048) * V REFIN 
-VREFIN 
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PIN CONFIGURATIONS 

24•Pin Pla~tic fop 

28-Pin PLCC 

~ ~ ~ 

~ I~ \1 ~ < 
NC = NO CONNECT 

V lliT1 

V >UTO 

V IEFtN 

ORDERING GUIDE 

Model 

AP75004KN 
AD75004KP 

Temperature Range 

0°c to +70°C 
0°C to +70°C 

Package Option* 

N-24A 
P-28A 

*N ~ Plastic DIP; P ~ ·Plastic Leaded Chip Carrier. For outline information 
see Package Informati9n section. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed over Temperature 
Guaranteed for Operation with :!: 12V Supplies 
Improved Replacement for Standard DACSO, DACSOO 

Hl-5680 
High Stability, High Current Output 

Buried Zener Reference 
Laser Trimmed to High Accuracy: 

:!: 112LSB max Nonlinearity 
Low Cost Plastic Packaging 

PRODUCT DESCRIPTION 
The AD DAC80 Series is a family of low cost 12-bit digital-to-ana
iog converters with both a high stability voltage reference and . 
output amplifier combined on a single monolithic chip. The AD 
DAC80 Series is recommended for all low cost 12-bit DIA converter 
applications where reliability and cost are of paramount 
importance. 

Advanced circuit design and precision processing techniques 
result in significant performance advantages over conventional 
DAC80 devices. Innovative circuit design reduces the total 
power consumption to 300mW which not only improves reliability 
but also improves long term stability. 

The AD DAC80 incorporates a fully differential, non-saturating 
precision current switching cell structure which provides greatly 
increased immunity to supply voltage variation. This same struc
ture also reduces nonlinearities due to thermal transients as the 
various bits are switched; nearly all critical components operate 
at constant power dissipation. High stability, SiCr thin film 
resistors are trimmed with a fine resolution laser, resulting in 
lower differential nonlinearity errors. A low noise, high stability, 
subsurface Zener diode is used to produce a reference voltage 
with excellent long term stability, high external current capability 
and temperature drift characteristics which challenge the best 
discrete Zener references. 

The AD DAC80 Series is available in three performance grades 
and two package types. The AD DAC80 is specified for use 
over the 0 to + 70"C temperature range and is available in 
both plastic and ceramic DIP packages. The AD DAC85 and 
AD DAC87 are available in hermetically sealed ceriimic packages 
and are specified for the - 25°C to + 85°C and - 55°C to + 125°C 
temperature ranges. 

This is an abridged data sbeet. To obtain the most receot version or 
complete data sbeet, call our fax retrieval system at 1-800446-6212. 
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Complete Low Cost 12-Bit 
D/A Converters 

AD DACBO/AD DAC85/AD DAC87 
FUNCTIONAL BLOCK DIAGRAMS 

•NC-CllVEllllONI 
+ISV-CCOVEllllONI 

PRODUCT HIGHLIGHTS 

"ftC-CBIWllBIOM8 
+15¥-CCDVERlllONB 

1. The AD DAC80 series of DIA converters directly replaces all 
other devices of this type with significant increases in 
performance. 

2. Single chip construction and low power consumption provides 
the optimum choice for applications where low cost and high 
reliability are major considerations. 

3. The high speed output amplifier has been designed to settle 
within l/2LSB for a IOV full scale transition in 2.0µs, when 

- properly compensated. 

4. The precision buried Zener reference can supply up to 2.SmA 
for use elsewhere in the application. 

S. The low TC binary ladder guarantees that all units are 
monotonic over the specified temperature range. 

6. System performance upgrading is possible without redesign. 

PRODUCT OFFERING 
Analog Devices has developed a number of technologies to 
support products within the data acquisition market. lri serving 
the market new products are implemented with the technology 
best suited to the application. The DAC80 series of products 
was first implemented in hybrid form and now it is available in 
a single monolithic chip. We will provide both the hybrid and 
monolithic versions of the family so that in existing designs 
changes to documentation or product qualification will .not have 
to be done. Specifications and ordering information for both 
versions are delineated in this data sheet. 
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AD DACBO/AD DAC85/AD DAC87-SPECIFICATIONS 
Model ADDA.C80 ADDA.CBS AD DAC87 

Min T>P Mu Mm Typ Mu Mia T,. Mu 

TECHNOLOGY Monolithic Monolithic MonoJithic 

DIGITAL INPUT 
Binary-CBI 12 12 12 
BCD-CCD - - -
Losic Levels CrfL Compatible) 

V1H(Logic"l") +2.0 +s.s +2.0 +S.S +2.0 +s.s 
V11.(Logic"O") • +0.8 • +0.8 • +0.8 
l1H(V1H = S.SV) 250 250 250 
l1dV1L = 0.8V) 100 100 100 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error (ii + 25"C 
CBI ::!:1/2 ::!:1!2 ::!: 112 
CCD 
TA@TmintoT....,. :d/4 ::tl/2 :d/4 :112 ::!: 112 ,,314 

Differential Linearity Error@ + 2S"C 
CBI :t3/4 :!:314 %3/4 
CCD 
T,.@T....intoT...., %3/4 "' "' GtinEmn' ::!:0.1 :t0.3 ::!:0.1 :t:0.2 :!:0.1 :t0.2 

OffsetEmn' ::!:O.OS ::tO.JS ::!:O.OS :t:O.l ::!:0.05 :tO.I 
Tempcnture Range for Guaranteed 

Monotonicity • +70 -21 +81 -15 +125 
DRJFT(TrniatoTmu) 

Total Bipolar Drifl, max (includes gain, 
of&et, and linearity drifts) ::!:20 :tW :t30 

T0talEnw(T,,.;~toT.,_J4 

Unipolar :t0.08 ±0.15 :!:0.12 ::!:0.2 ::!:0.18 ±0.3 
Bipolar ::!:0.06 ±0.10 ::!:0.08 ::!:0.12 :t0.14 ±0.24 

Gain 
Including Intema1 Reference ::!:15 ,,,. "20 :20 
&eluding Internal Reference :4 :1 ::tlO ::tlO 

Unipolar Offset :1 "' "' "' Bipolar Offset ::!:5 "10 "10 :10 

CONVERSION SPEED 
VoltageModel(V)s 

SettlingTimeto ::tO.OI%ofFSRfor 
FSR ohongc (2klllllOOpF lood) 

with IOkOFeedback ' 4 ' 4 ' 4 
with 5k0Feedback 2 ' 2 ' 2 ' ForLSBChansc I I I 
Slew Rate IO 10 10 

ANALOG OUTPUT 
VoltageModds 

--CBI ::!:2.5, ::t5, ::!: IO, ::t2.5, ::!:5, ::!: IO, ::!:2.5, ::!:5, ::!: 10, 
+:S, +10 +5, + lO +5, +10 

-CCD 
Output Current :I ., :I 
Ouiput lmpedance(dc) 0.05 0.05 0.05 

Shon Circuit Current 40 40 40 

Internal Reference Voltage (V 11.) +6.23 +6.3 +6.37 +6.23 +6.3 +6.37 +6.23 +6.3 +6.)7 

Ou.tput Impedance LI I.I LI 
Max External Current' +2.S +2.5 +2.5 
Tem.pcoofDrift ::tlO ::!:20 :!:IO ::!:20 ::tIO 

POWER SUPPLY SENSITMTY 
::!: 15V ::!: 11)%, 5Vsupplywhenapplicable ::t::O.Q02 ::t::0.002 :t0.002 
::tl2V::t5% ::t::0.002 ::t::0.002 :t0.002 

POWERSUPPLYllEQUIREMENTS 
~VoltqCS :!:IS ::!: IS ::!:15 -Anaioa sUpplics ::!:ll.47 ::t 16.S ::!:ll.47 ::!: I6.5 ::!:ll.47 ::!:16.5 

Lop:Supplieo 
Supply Drain 

+12,+ISV I 10 
-12, -ISV 14 20 

TEMPERATURE RANGE 
Speci(ation • +10 -2S 

Opaa ... -2S +81 -II 
s.,.... -2S +125 -6S 

NOTES 
11.eut Sianific;:ant Bit. 
iAdjustable lo zero with extema! irim potentiometer. 
JFSR mans "Full Scale lllllp" and ii 20V for tht ::!: IOV range and IOV for the ::t5V Range. 
•Gain and off.et errors adjuated 10 zero at + ZS"C. 
'c,. .. 0, see Fi1111c la. 
'Maximum with no depadation of 1pccifotion, must be a constant load. 
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v 

s IO s 10 
14 20 14 20 

+81 -II +125 
+125 -II +I25 
+150 -6S +I50 

7 A minimum of ::!: 12.JV ii requ.Ued for a ::!: IOV full sale output and 
±I l.4V is required for all othCr voltfle ranges. 

Specifu:ations subject 10 chanae without notke. 
Spcc;:ifu:ation1 lhown in boklf11:e are tested on aU pioductton unitt at finai electri
cal tnt. Raul11from thosetn11arcused tocak:ulateouflOinaqualitylevels. AU 
min and max spec:ific:aticms are guarantttd, althqh only those shown in 
boldface arc tnted Oft all produc;:tion Uni11. 

(TA = + 25°C, rated power 
supplies unless otherwise 
noted.) · 

Uail• 

Bits 
Digits 

v 
v 
•A 
~ 

LSB 1 

LSD 
LSD 

LSD 
LSD 
LSD 
%FSR1 

%FSRJ 

•c 

ppmofFSRl"C 

%ofFSR 
%ofFSR 

ppmofFSRl"C 
ppmofFSRl"C 
ppmofFSRl"C 
ppmofFSRl"C 

.. .. .. 
V!µ.s 

v 

v 
mA 
n 
mA 
v 
ll 
mA 
ppmofVarc 

%ofFSR/%Vs 
%ofFSRf%Vs 

v 

v 

mA 
mA 
~ 

'C 
'C 
'C 
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AD DAC80/AD DAC85/AD DAC87 
Model ADDACll ADDAC85C ADDAC8S - TJP Mu - TJp Mu - TJp Mu Units 

TECHNOLOGY Hybrid Hybrid Hybrid 

DlGITALINPllT 
Bin11ry-CBI 12 12 12 Bits 

BCD-CCD 3 Digits 

Logic Lcvcls(TTLCompatible) 
V1ttCI.ogic"I") +2.0 +S.5 +2.0 +5.S +2.0 +5.5 v 
Vn.CL01ic"O") 0 +0.8 0 +0.8 0 +0.8 v 
l1H(V1H = 5.SV) +2SO +250 +2SO •A 
l11.CV11. = O.BV) -100 -100 -100 •A 

TRANSFER CHARACTERISTICS 
ACCURACY 

II Line1ri1y Error (i1 + 25"C 
CBI :!:1/4 :tl/2 :!:l/2 :tl/2 LSB 1 

CCD :!:1/8 :!:1/4 :tl/4 :!::l/4 LSB 

T"(t1T.,;11 toT.,... :!: 1/4 :!:112 ::!:1/4 :tlf2 :!::112 :!:l/2 LSB 

Differential Llncarity Error(ii + 2S"C 
CBI :tl/2 :!:3/4 :112 :!:112 LSB 

CCD :!:: 114 :!:1/2 ::!:112 ±112 LSB 

T"(i' T 111ill10T,,.... 
,, ,, •l LSB 

GainError1 :tO.I •0.3 ::!:0.1 ::!:0.1 %FSR3 

Oft'sctError' :!:0.-05 :t0.15 :t:0.05 :t0.05 %FSR3 

Temperature Rinse for Guaran1eed 
Monotonicity +70 +70 -25 +85 "C 

DRIFTCfin1to10T-) 
Total Bipollr Drift,mu(indudespin, 

offsa,andlinc1ri1ydrifq;) •20 ppmofFSRrC 

TOlll Error(T 111111JO T 1111•)4 

Unipolu ::!:0.08 :tO.l!li %ofFSR 

Bipc>W :!:0.06 •0.10 %ofFSR 

Goin 
lncludiq Internal Rcfcn:nce '" 30 ::!:20 •20 ppmofFSRl"C 

Excluding Inlet'l\AI Reference ,, 7 ±10 :tlO J>PlnOfFSRl"C 

UnipolarOftic1 •l 3 •l ,1 ppmofFSRl°C 

Bipolar Offset d 10 :IO :IO ppmofFSR/"C 

CONVERSION SPEED 
VoJ11pModcl(V)' 

Se11ling Time 10 :: 0.01 % of FSR for 
FSRchlnae(2kOll500pFload) 

with IOkOFeedback .. 
wilh SkOFccdback .. 

F"'LSBOwoae 1.5 t.S l.S .. 
SlewRale 10 lS 20 20 VIJ.1.S 

Currcn.1Model(I) 
Se11linsTime10 :O.OI%ofFSR 

forFSRChaare lOto IOOfl Load 300 300 300 

lorlkOLood .. 
ANALOG OllTPUT 

Vollap:Models 
Ranges-CBI :2.S, :S, :10, :2.S,: 5,: 10, :2.5, :!:S, :IO, v 

+S, + 10 +S, +10 +5, +IO 

-CCD :!:10 +10 +10 v 
Outpu1Curmu ,5 •5 

,, mA 

Ou1put lmpedancc(dc) 0.05 0.05 o.os n 
Short Circuit Duration Indefinite to Common Indefinite to Common Indefini1e to Common 

Currem Models 
Rantes-Unipc>W -2.0 -2.0 -2.0 mA 

-Bipolar :!:l.O :!:I.0 :LO mA 

Ou1pu1 Impedance-Bipolar 3.2 3.2 3.2 kO 

-Unipolar 6.6 ... ... kO 

Compliance -1.5, +IO -2.5, +IO -2.S, + 10 v 
lntcrnalRdemsccVolt1ge:(Va) +6.I7 +6.3 +6.43 +6.I7 +6.3 +6.43 +6.I7 +6.3 +6.43 v 

Output Impedance l.S 1.5 l.S n 
Max ExtcrnaJ Current6 +2.5 +2.S +2.5 mA 
TempcoofDrift :!:IO •20 :!:IO •20 •10 •20 PPntofVal"C 

POWER SUPPLY SENSITIVITY 
:!: I5V:: 10%,SVsupplywhenappliclble •0.002 :!:0.002 •0.002 %ofFSR/%Vs 

POWER SUPPL YREQUIREMEl'ffS 

RatedVol- :!:15,5 :tl5,S :tIS,S v ..... 
•16 •14.S :!:IS.S :tI4.5 :I5.5 v Amlag Supplies :!:I4 

Lop: Supplies +4.5 +16 +4.5 +I5.5 +4.5 +15.5 v 
SupplyDnia' 

+15V 10 20 lS 20 15 20 mA 

-!SV 20 35 25 30 25 30 mA 

+5v' 8 20 15 20 lS 20 mA 

TEMPERATURE RANGE 
0 +70 +70 -25 +85 "C Specificolioll 

()pent ... -ZS +15 -ZS +15 -55 +125 "C 

s....., -55 +130 -65 +150 -65 +150 "C 

NOTES 
•i.t:Sipificantlit. 
2Ad;umble '°mo wida ixternal bUn potentiomeca. 
1FSR- "Full Scale ..... and ii 1.0Vfor the ±IOV nap aad IOVforthc ±5V raqe. 
"G.ia ud oftlet: erron adjuaced. '°zero at +25"C. 

5ci> • O, see Fipre la. 
6Maximum wida no depldar:ion of speciflcatkm., mlllt be a auurant load. 
7Includblc 5mA lmd. 
1 + 5V supply ~uired only for CCD versions. 
Specificaciou subject co dwtae without notice. 
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n. = +25°C, rated power 

AD DAC80/AD DAC85/AD DAC87-SPECIFICATIONS supplies unless otherwise 
noted.) 

Model ADDAC85LD ADDACSSMIL ADDAC87 
Min Typ ~ax Mm Typ Mu Mm Typ Mu Units. 

TECHNOLOGY Hybrid Hybrid Hybrid 

DIGITAL INPUT 
Binary-CBI 12 12 12 Bits 
BCD-CCD Digits 

Logic Levels (TTL Compatible) 
Vm(logic"l") +2.0 +5.S +2.0 +S.5 +2.0 +5.S v 
Vn.(Logic"O") 0 +0.8 0 +0.8 0 +'0.8 v 
lrn(Vm"' 5.SV) +250. +250 +250 "A 
111. {Vn. = 0.8V) 100 -100 -100 "A 

TRANSFER CHARACTERISTICS 
ACCURACY 

Linearity Error (a + 25°C 

CBI ::!: 112 ::!: l/2 :tll4 ::!: l/2 LSB 1 

CCD LSB 
T,.(a Tm;ntOTmu :d/2 :di4 :!:3/4 LSB 

Differential Linearity Error (fi + 25°C 
CBI :t lf2 ::!: 112 :!:112 LSB 
CCD LSB 
TA(ri Tm;,.tOTmu "' :I "' LSB 

GainError2 :tO.l ::!:0.1 ::!:0.1 ::!:0.2 %FSR3 

OffsetError2 ::!:0.05 :t0.05 ::!:0.05 ±0.l %FSR3 

Temperature Range for Guaranteed 
Monotonicity -25 +85 -55 +125 -55 +125 'C 

DRIFT (T min to T mo~) 
Total Bipolar Drift, max (includes gain, 

offset, and linearity drifts) :!:IS :!:30 pp'm ofFSRrC 

Total Error(Tmin toT mu)4 

Unipolar :!:0.13 :!:0,30 %ofFSR 
Bipolar :!:0.12 :!:0.24 %ofFSR 

Gain 
Induding Internal Reference :tlO :t20 :t!O 25 ppmofFSRfC 
Exduding Internal Reference :5 IO ppmofFSR!°C 

Unipolar Offset "' :2 "' 3 ppmofFSRl°C 
Bipolar Offset ,, :tlO :5 IO ppmofFSR/°C 

CONVERSION SPEED 
VoltageModel(V)l 

SettlingTimeto :t0.01%ofFSRfor 
FSR change (2knll500pF load) 

with IOkOFeedback "' with SkOFeedback "' For LSB Change 1.5 1.5 1.5 "' Slew Rate 20 20 20 Vtµ.s 
Current Model (I) 

ScttlingTimeto :!:0.01%ofFSR 
for FSR Change 10 to !OOH Load 300 300 300 
forlkHLoad "' ANALOG OUTPUT 

Voltage Models 
Ranges-CBI :t2.5, :!:5, :t 10, :t2.S, :tS, :t 10, :t2.5, :tS, :tlO, v 

+S, + 10 +5, + 10 +5, +10 
-CCD v 

Output Current :5 :5 :5 mA 
Output Impedance (de) 0.05 0.05 o.os n 
Short Circuit Duration Indefinite to Common Indefinite to Common Indefinite 10 Common 

Current Models 
Ranges- Unipolar -2.0 -2.0 -2.0 mA 

-Bipolar :tl.O :t LO :tl.O mA 
Output Impedance- Bipolar 3.2 3.2 2.5 3.2 4.1 kll 

-Unipolar 6.6 6.6 5.0 6.6 8.2 kll 
Compliance -2.5, +JO -2.5, +10 -1.5, + 10 v 
Internal Reference Voltage (VR) +6.17 +6.3 +6.43 +6.17 +6.3 +6.43 +6.17 +6.3 +6.43 v 

Output Impedance 1.5 1.5 LS n 
Max External Current6 +2.S +2.5 +2.S mA 
TempcoofDrift :t 10 20 10 20 :5 IO ppmofVRl°C 

POWER SUPPLY SENSITIVITY I 
:t lSV :t: 10%, SV supply whee applicable :!:0.002 :t:0.002 :!:0.002 :t0,003 %ofFSRJO,Ws 

POWER SUPPLY REQUIREMENTS 
Rated Voltages :15,5 :!:15,5 ±15,S v 
Rongc 

Analog Supplies :!:}4.5 :!: 15.5 :t: 14.5 :t IS.S :!:13.5 ±16.5 v 
L"S'.ic Supp!i~~ +4.5 +15.5 +4.5 +15.5 +4.S +16.5 v 

Supply Drain7 

+ l5V 15 20 15 20 10 20 mA 

- l5V 25 30 25 30 20 35 m<\ 
+SV8 15 20 15 20 10 20 mA 

TEMPERATURE RANGE 
Specification -25 +85 -55 +12S -55 + 125 'C 
Operating -55 +125 -.55 + 125 -55 +125 'C' 
Storage -55 +125 -55 +120 c65 +ISO 'C 

NOTES 
1Leas1 Significant Bit. 5CF"' 0, see Figu~ ia. 
2Adjustable 10 zero with.external trim potentiometer. 6 Maximum with no 'degradatiOn of specifie9tion, must be a constant load. 
1FSR means "Full Scale Range" and is 20V for the :t IOV range and IOV for the :t SV, range. 7lnduding'SmA load. 
~Gain and offset enors adjusled 10 7.ero at + 25"C. • + SV supply requirCd only for CCD versions. 

Speciftcatiolls subjec1 w change without notice. 
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ABSOLUTE MAXIMUM RA.TINGS 

+Vs to Power Ground . . . . . . . . 
- Vs to Power Ground . . . . . . . . 
Digital Inputs (Pins 1 to 12) to Power Ground 

•Ne - CBI VERSIONS 
+ 5V -· CCD VERstONS 

. OV to +18V 

. OV to -18V 
-1.0V to 

+7V 

AD DAC80/AD DAC85/AD DAC87 

Ref In to Reference Ground . . . . . ± 12V 
Bipolar Offset to Reference Ground . ± 12V 
lOV Span R to Reference Ground . . ± 12V 
20V Span R to Reference Ground . . ± 24V 
Ref Out . . . . . . . Indefinite short to power ground or +Vs 

•NC - CBI VERSIONS 
+SY- CCD VERSIONS 

Vu/tage Model Functional Di1;1gr1;1m and Pin Configuration Current Model Functionalpiagram and Pin Configuration 

ORDERING GUIDE 

Input Output Temperature Linearity Package 
Model Code .·Mode Technology Range Error Option• 

ADDACSONcCBI-V Binary . Voltage Monolithic Oto +70"C ±l/2LSB N-24A 
AD DACSOD-CBl-V Binary Voltage Monolithic Oto +70"C ±l/2LSB D-24· 

AD DACSSD-CBl-V Binary Voltage Monolithic -2s0cto +ss·c ±1!2LSB D~ii4. 

ADDAC87D-CBl-V Binary Voltage Monolithic - ss·c to + 125°c ±l/2LSB D-24 

ADDAC80-CBl-V Binary Voltage Hybrid Oto +10°c ±l/2LSB DH-24A 
AD DACSO-CBl-1 Binary Current Hybrid Oto +70°c ± l/2LSB DH-24A 
AD DACSO-CCD-V Binary Coded Decimal Voltage Hybrid Oto +10°c ±l/4LSB DH-24A 
AD DACSO-CCD-1 Binary Coded Decimal Current Hybrid Oto +70"C ±l/4LSB DH-24A 
AD DACSOZ-CBl-V** Binary Voltage Hybrid Oto +70°c ±l/2LSB DH-24A 
AD DACSOZ-CBl-1** Binary Current Hybrid Oto +70°c ±l/2LSB DH-24A 
AD DACSOZ-CCD-V** Binary Coded Decimal Voltage Hybrid Oto +70°c ±l/4LSB DH-24A 
AD DACSOZ-CCD-1** Binary Code<! Decimal Current Hybrid Oto +70°c ±l/4LSB DH-24A 

AD DACSSC-CBl-V Binary Voltage Hybrid Oto +10°c ±l/2LSB DH-24A 
AD DACSSC-CBl-1 Binary Current Hybrid Oto +70°c ±l/2LSB DH-24A 
AD DAC85-QU-V Binary Voltage Hybrid - 2s0c to + ss·c ±l/2LSB DH-24A 
AD DACSS-CBI-1 Binary Current Hybrid - 2s0c to + ss•c ±l/2LSB DH-24A 
AD DACSSL@-CBI-V Binary Voltage Hybrid - 2s0c to + ss·c ±l/2LSB DH-24A 
AD DACSSLD-CBI-1 Binary Current Hybrid - 2s0c to + ss·c ±l/2LS8 DH-24A 
AD DACSSMIL-CBI-V Binary Voltage Hybrid - ss·c to + 12soe ±l/2LSB DH-24A 
AD DAC85MIL-CBl-1 Binary Current Hybrid. - ss·c to+ 12s0c ±l/2LSB DH-24A 
AD DAC85CCCD-V Binary Coded Decimal Voltage Hybrid Oto +70"C ±l/4LSB DH-24A 
AD DACSSCCCD-1 Binary Coded Decimal Current Hybrid Oto +70"C ±l/4LSB DH-24A 
AD DAC85-CCD-V Binary Coded Decimal Voltage Hybrid - 25"C to + ss·c ±l/4LSB DH-24A 
AD DAC85-CCD-1 Binary Coded Decimal Current Hybrid -2s°Cto +ss·c ±l/4LSB DH-24A 

AD DAC87-CBI-V Binary Voltage Hybrid - ss·c to + i2soe ±l/2LSB DH-24A 
AD DAC87-CBl-1 Binary Current Hybrid - ss•c to + 12soe ±l/2LSB DH-24A 

*For outline information see Package Information section. 
**Z-SuffD< devices guarantee performance of 0 to + SV and ± SV spans with minimum supply voltages of ± ll.4V. 
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r.ANALOG 
WDEVICES 

a~Bit, High Speed, Multiplying D/A Converter 
{Universal Digital Logic Interlace) 

FEATURES 

• Fast Settling Output Current ..................... 8Sns 
• Full-Scale Current Prematched to ± 1 LSB 
• Direct Interface to TTL, CMOS, ECL, HTL, PMOS 
• Nonlinearity to . 0.1 % Maximum Over Temperature Range 
• High Output Impedance and 

Compliance ........................... -10V to +18V 
• Complementary Current Outputs 
• Wide Range Multiplying Capability ... 1MHz Bandwidth 
• Low FS Current Drift ..................... ± 10ppm/0 c 
• Wide Power Supply Range ..•.........• ±4.SV to ±18V 
• Low Power Consumption ............... 33mW @±SY 
• LowCost 
• Available In Die Form 

GENERAL DESCRIPTION 
The DAC-08 series of 8-bit monolithic digital-to-analog 
converters provide very high-speed performance coupled 
with low cost and outstanding applications flexibility. 

Advanced circuit design achieves 85ns settling times with 
very low "glitch" energy and at low power consumption. 
Monotonic multiplying performance is attained over a wide 
20 to 1 referenc.e current range. Matching to within 1 LSB 
between reference and . full-scale currents eliminates the 
need for ·full-scale trimming In most applications. Direct 

EQUIVALENT CIRCUIT 

VREF (-) 15 

This is an abridged data sheet. To obtain the most ncmt version or 
~ data sheet, call our liui retrieval system at 1-800-446-6212. 
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DACOB I 
interface to all popular logic families with full noise Immunity 
is provided by the high swing, adjustable threshold logic 
Input. 

High voltage compliance complementary current outputs are 
provided, Increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output 
swing. In many applications, the outputs can be directly 
converted to voltage without the need for an external op amp. 

All DAC-OS series models guarantee full 8-blt monotonicity, 
and nonlinearities as tight as ±0.1 % over the entire operating 
temperature range are available. Device performance Is 
essentially unchanged over the ±4.5 to ±18V power supply 
range, with 33mW power cpnsumption attainable at ±SY 
supplies. 

The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace appli
cations; devices processed to MIL-STD-883, Level B ·are 
available. 

DAC-08 applications include 8-bit, 1 "8 AID converters, servo 
motor and pen drivers, waveform generators, audio encoders 
and attenuators, analog meter drivers, programmable power 
supplies, CRT display drivers, high-speed modems and other 
applications where low cost,.hlgh speed and complete input/ 
output versatility are required~ · 

, .. •OUT 
z ... _ 

IOUT 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature 

DAC-08AQ, Q ........................................... -55°Cto +125°C 
DAC-08HQ, EQ, ca. HP, EP, CP, cs ........... o•cto +70°C 

Junction Temperature ff) ............................. -65°C to +150°C 
Storage Temperature Q Package .................. -65°C to + 150°C 
Storage Temperature P Package .................. -65°C to +125°C 
Lead Temperature (Soldering, 60 sec) ........................... 300°C 
V+ Supply to V- Supply ...................................................... 36V 
Logic Inputs .................................................. V- to V- plus 36V 
VLc ............................................................................. V-toV+ 
Analog Current Outputs (at Vs-= 15V) ........................ 4.25mA 
Reference Input (V14 to V15) .......... _. ............................. V-to V+ 

DAC08 

Reference Input Differential Voltage 
(V14 to V1sJ ................................................................... ±18V 

Reference Input Current (1 14) ......................................... 5.0mA 

PACKAGE TYPE e1A (NOTE2) e1c UNITS 

16-Pin Hermetic DIP (Q) 100 16 •ctw 

16-Pin Plastic DIP (P) 82 39 ·ctw 

20.contact LCC (RC) 76 36 ·ctw 

16-Pln SO (S) 111 35 ·ctw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. e1A is specified for worst case mounting conditions, I.e., e1A is specified for 

device in socket for CerDIP, P-DIP, and LCC packages; e1A is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs=± 15V, IReF= 2.0mA, -55°CSTAS +125°C for DAC-08/0BA, 0°C STAS+70°C for 
DAC-08C, E & H, unless otherwise noted. Output characteristics refer to both louT and louT 

DAC-OBA/H DAC-OBE DAC-OBC 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution Bits 

Monotonicity Bits 

Nonlinearity NL :t0.1 ±0.19 ±0.39 %FS 

Settling Time lg 
To± 1/2 LSB. all bits switched 

85 
ON or OFF. TA= 25°C, 1Note1 

135 85 150 85 150 ns 

Propagation Delay 

Each bit tPLH TA= 25°C 35 60 35 60 35 60 
All bits switched tPHL 1Note' 35 60 35 60 35 60 

ns 

Full-Scale Tempco ±10 ±50 ±10 ±80 ±10 ±80 

1Note1 
TCIFs 

DAC-08E ±50 
ppm/°C 

Output Voltage Compliance V Full-Scale current change 
-10 +18 -10 +18 -10 +18 v 

1 True Compliance 1 oc < 1/2 LSB, Rour > 20MH typical 

VREF = 10.000V 
Full Range Current 1rn4 R 14· R 15 = 5.000kH 1.984 1.992 2.000 1.94 1.99 2.04 1.94 1.99 2.04 mA 

TA= +25°C 

Full Range Symmetry lrns JFA4- IFA2 ±0.5 ±4 ±1 ±8 ±2 ±16 µA 

Zero-Scale Current lzs 0.1 0.2 0.2 µA 

IOR 1 
R 14, A 15 = 5.000k!l 2.1 2.1 2.1 

Output Current Range VREF = +15.0V. V- = -10V mA 
IOR2 

VAEF = +25.0V. V- = -12V 4.2 4.2 4.2 

Output Current Noise IAEF = 2mA 25 25 25 nA 

Logic Input Levels 

Logic "O" VIL VLc = OV 0.8 0.8 0.8 v 
Logic Input "1" VIL 

Logic Input Current VLC = OV 
Logic "O'' ltL V1N = -1ov to +o.av -2 -10 -2 -10 -2 -10 

Logic Input "1" ltH V1N = 2.0V tp 18V 0.002 10 0.002 10 0.002 10 
µA 

Logic Input Swing v,. V-=-15V -10 +18 -10 +18 -10 +18 v 

Logic Threshold Range VTHR Vs= ±15V, tNote1 -10 +13.5 -10 +13.5 -10 +13.5 v 

Reference Bias Current 115 -1 -3 -1 -3 -1 -3 µA 

Rrn ~ 200H See fast pulsed 

Reference Input Slew Rate di/di AL= 1000 ref. info. mA/µS 

Cc= OpF following. 1Note1 

V+ = 4.5V to 18V -±0.0003 ±0.01 - ±0.0003 ±0.01 -±0.0003 ±0.01 %..ilo/%..iV+ 

Power Supply Sensitivity 
PSSIFS+ 

V- = -4.5V to -18V - ±0.002 ±0.01 - ±0.002 ±0.01 - ±0.002 ±0.01 %.llo/%..iV-
PSSIFs-

IREF= 1.0mA 

NOTE: Guaranteed by design. 

REV.A DIGITAL-TO-ANALOG CONVERTERS 3-291 

II 



DA COB 
ELECTRICAL CHARACTERISTICS atVs=±15V. IReF= 2.0mA, -55°C :STA:S+125°Cfor DAC-08/0SA, 0°C:STA:S+70°Cfor 
DAC-08C, E & H. unless otherwise noted. Output characteristics refer to both lour and lour· (Continued) 

DAC-08A/H DAC-08E 
PARAMETER SYMBOL CONDITIONS MIN 

I+ Vs=±5V, IReF= 1.0mA 
I-

I+ Vs= +5V. -15V, IREF = 2.0mA 
I-

Power.Supply Current 

I+ Vs=± 15V, 'REF= 2.0mA 
I-

±SV, IREF = 1.0mA 
Power Dissipation pd +5V, -15V, IREF = 2.0mA 

± 15V, IREF = 2.0mA 

NOTE: Guaranteed by design. 

ORDERING INFORMATIONt 

16-PIN DUAL-IN-LINE PACKAGE 

NL HERMETIC PLASTIC LCC 

OPERATING 
TEMPERATURE 

RANGE. 

0.1% 
DAC08AQ" 

DAC08HQ 

DACOSQ' 
0.19% 

DACOSEQ 

0.39% 
DACOSCQ 

DACOBHP 

DAC08EP 

DAC08CP 

DAC08CStt 

DAC08RC/883 

MIL 

COM 

MIL 
COM 

COM 

• For devices processed in total compliance to MI L-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

II For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 
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TYP MAX MIN TYP MAX 

2.3 3.8 2.3 3.8 

-4.3 -5.8 -4.3 -5.8 
2.4 3.8 2.4 3.8 

-6.4 -7.8 -6.4 -7.8 

2.5 3.8 2.5 3.8 
-6.5 -7.8 ~6.5 -7.8 

33 48 33 48 

108 136 103 136 

135 174 135 174 

PIN CONNECTIONS 

16-PIN DUAL-IN-LINE 
PACKAGE 
(Q-Suffix) 

16-LEAD SO 
(5-Suffix) 

DAC-08C 
MIN TYP MAX 

2.3 3.8 
-4.3 -5.8 

2.4 3.8 
-6.4 -7.8 

2.5 3.8 
-6.5 -7.8 

33 48 

108 136 
135 174 

'T 
~ ;;:: 

f_§ >~ ~ 8 ;: 

DAC-08RC/883 
20-LEAD LCC 

(RC-Suffix) 

UNITS 

mA 

mW 
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WDEVICES 

FEATURES 
±1 LSB Differential Linearity (maxi 
Guaranteed Monotonic Over Temperature Range 
±2 LSB Integral Linearity (max) 
500 ns Settling Time 
5 mA Full-Scale Output 
TTL/CMOS Compatible 
Low Power: 190 mW (typ) 
Available in Die Form 

APPLICATIONS 
Communications 
ATE 
Data Acquisition Systems 
High Resolution Displays 

GENERAL DESCRIPTION 
The DAC16 is a 16-bit high speed current-output digital-to· 
analog converter with a settling time of 500 ns. A unique combi
nation of low distortion, high signal-to-noise ratio, and high 
speed make the DAC16 ideally suited to performing waveform 
synthesis and modulation in communications, instrumentation, 
and ATE systems. Input reference current is buffered, with full
scale output current of 5 mA. The 16-bit parallel digital input 
bus is TTL/CMOS compatible. Operating from +5 V and 

.,. 
I 

! 

16-Bit High Speed 
Current-Output DAC 

DAC16 I 
FUNCTIONAL BLOCK DIAGRAM 

Vee 
AGND 

v •• 
DGND 

0.1 .---.---.---.---.---.---..--..---. 

JJ 
1---+--+-VLOGI~ = +SV I-+-,-+-1---1---+----< 

TURNING OFF 
VLOGIC =OV 

1--+--+--+--++-+TURNING ON -+--

~ o.cn l--+--+--+--+-+-+--+--+---1 

~ 
!i 

~ .. 
l 

r--r:s~1 
~001 .___.___.___.___.___.___....__....._____, 

0 100 200 300 400 500 600 700 600 
SETTLING TIME - ns 

-15 V supplies, the DAC16 consumes 190 mW (typ) and is 
available in a 24-pin epoxy DIP, epoxy surface-mount small out
line (SOL), ceramic side brazed DIP, 28-pin leadless ceramic 
chip carrier (LCC) packages, and in die form. Figure 1. DAC16 Settling Time Accuracy vs. Percent of 

Full Scale 

ORDERING GUIDE 

Model Grade DNL (max) Temperature Range 

DAC16EP ±1 -40°C to +85°C 
DAC16ES ±1 -40°C to +85°C 
DAC16FP ±2 -40°C to +85°C 
DAC16FS ±2 -40°C to +85°C 
DAC16BVB2 ±2 -55°C to + 125°C 
DAC16BTC2 ±2 -55°C to +125°C 
DAC16GBC ±1 +25°C 

NOTES 
1For package outline information see Package Information section. 
'Consult factory for availability. 

REV.A 

Package Description Package Option 

24-Pin PDIP N-24 
24-Pin SOL R-24 
24-Pin PDIP N-24 
24-Pin SOL R-24 
24-Pin Ceramic DIP D-24A 
28-Pin LCC E-28A 
Die 
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DACl &~SPECIFICATIONS 
·Ee·· T ·cAL· ·c· HA. RA. ·c·· TERISTICS (@Yee= +5.0 v. Yu= -15.0 V, IREF = 0.5 mA, Ci:oMP = 47 µ.F. . .· EL ·RI · · · -411°C :;; TA :;; +85°C unless .otheiwise noted. See Note 1 for supply variations.) 

Parameter Conditions Min 

Integral Linearity "E" INL TA= +25°c -2 
Integral Linearity "E" INL -4 
Differential Linearity "E" DNL TA= +25°c -1 
Differential Linearity "E" DNL -1 
Integral Linearity "F' INL TA~ +25°c -4 
Integral Linearity "F' INL -6 
Differential Linearity "F" DNL TA= +25°c -1 
Differential Linearity "F" DNL -1.5 
Zero Scale Error ZSE 
Zero Scale Drift TCzsE 
Gain Error GE 
Gain Drift TCaE 

REFERENCE2 

Reference Input Current IREF Note2 350 

OUTPUT CHARACTERISTICS 
Output Current Io UT Note2 2.8 
Output Capacitance CoUT· 
Settling Time ts 0.003% of Full Scale 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH TA= +25°C 2.4 
Logic Input Low Voltage VINL TA= +25°c 
Logic :Jnput Current IINH VIN = 5.0 V, DBO--DBlO 
Logic Input Current I,NH VIN = 5.0 V, DB11-DB15 
Logic Input Current IINL VIN= 0 V, DBO--DB15 
Input Capacitance CiN 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSS Voc = 4.5 V to 5.5 V, VEE= -13 V to -17 V 
Positive Supply Current Icc All Bits HIGH 
Positive Supply Current Icc All Bits LOW 
Negative Supply Current IEE 
Power Dissipation Pmss 

NOTES 
1 All supplies can be varied ±5% and operation is guaranteed. Device is iested with nOmina1 supplies. 
'Operation is guaranteed over this reference range, but linearity is Deither tested nor guaranteed (see Figures 7 and 8). 
Specifications subject to change without notice. 

Typ Max Units 

±1.2 +2 LSB 
±1.6 +4 LSB 
±0.5 +l LSB 
±0.7 +1.5 LSB 
±1.4 +4 LSB 
±2 +6 .. LSB 
±0.5 +1.5 LSB 
±0.6. +2 LSB 

1 LSB 
0.025 ppmf'C 

±0.225 %FS 
5 ppmf'C 

625 µA 

5.0 mA 
10 pF 
500; ns 

v 
0.8 v 
7.5 µA 
100 µA 
1 µA 

8 pF 

io 
I 

·ppmN 
15 22 mA 
6 7.5 mA 
7.5 10 mA 
188 260 mW 

WAFER TEST LIMITS (@Yee :::i +5.0 V, VEE = -15.0 V, IREF = 0.5 mA, CeoMP = 47 µ.F, Ta = +25°C unless otherwise noted.) 

DAC16G 
Parameter Symbol Conditions Limit Units 

Integral Nonlinearity INL ±3 LSB max 
Differential Nonlinearity DNL ±I LSB max 
Zero Scale Error ZSE ±1 LSBmax 
Gain Error GE ±0.12 % FSmax 
Logic Input High Voltage VINH 2.4 Vmin 
Logic Input Low Voltage VINL 0.8 Vmax 
Logic Input Current I,N 75 µAmax 
Positive Supply Current Ioc 20 mAmax 
Negative Supply Current IEE 10 mAmax 
Power Dissipation Pmss 250 mW max 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice, Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testins. 

3-294 DIGITAL-TO-ANALOG CONVERTERS REV.A 



DICE CHARACTERISTICS 

AEFQND 

DB15(USB) v .. 

DB14 DBO 
!LSB) 

DB13 

DB12 

DB1 
DB11 

DB2 

DB10 
DB3 

DB8 DB8 DB7 DBI DBI DB4 

Die Size O. 129 x 0.153 inch, 19,737 sq. mils 
(3.277 x 3.886 mm, 12.73 sq. mm} 
The DAC16 Contains 330 Transistors. 

ABSOLUTE MAXIMUM RATINGS 
(TA= +2S'C unless otherwise noied) 

Vee to VEE ...................... -0.3 V, +25.0 V 
Vee to DGND ..................... -0.3 V, +7.0 V 
VEE to AGND .................... +0.3 V, -18.0 V 
DGND to AGND ................... -0.3 V, +0.3 V 
REF GND to AGND ................ -0.3 V, + 1.0 V 
IaEP · · · · · · · · · · · · · · · ................... 1 mA 
Analog Output Current ...................... 8 mA 
Digital Input Voltage to DGND ........... • .... "°Vee 
Operating Temperature Range 

EP, FP, ES, FS .................. -40°C to +8S"C 
BTC, BVB ...............•..... -SS"C to + 12S"C 

Dice Junction Temperature .................. + lSO"C 
Storage Temperature ................ -6S"C to + lSO"C 
Power Dissipation ....................... 1000 mW 
Lead Temperature (Soldering, 60 sec) ......•.••• + 300"C 

Package Type 8JAl 8Jc Units 

24-Pin Plastic DIP (P) 62 32 "C/W 
24-Lead Plastic SOL (S) 70 22 "C/W 
24-Lead Size Brazed DIP (VB) so 26 "C/W 
28-Lead Hermetic LCC (TC) 78 30 "C/W 

NOTE 
181A is specified for worst case mounting conditions, i.e., 81A is specified for 
device in socket. 

CAUTION 
1. Stresses above those listed under "Absolute Maximum Ratings" 

may cause permanent damage to the device. This is a stress 
rating only and functional operation at or above this specifica
tion is not implied. Exposure to the above maximum rating 
conditions for extended periods may affect device reliability. 

2. Digital inputs and outputs are protected; however, permanent 
damage may occur on qnprotected units from high energy 
electrostatic fields. Keep units in conductive foam or packaging 
at all times until ready to use; Use proper antistatic handling 
procedures. 

3. Remove power before inserting or removing units from their 
sockets. 
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Pin 

DB15 (llSB) 5 

DB14 I 

DB13 7 

DB12 8 

DB11 9 

NC 11 

PACKAGE PINOUTS 

24-Pin DIP (P, S, VB) 

..... CCOllP 

1oUT 

AGND 

REFGND 

VEiE 

DBO(LSB) 

DB1 

DB2 

DB3 

DB4 

DBI 

DBI 

28-Pin LCC (TC) 

!i >s I Joft_gl 

12 13 14 15 18 17 18 

i!!!i!l!!ii 
NC• NO CONNECT 

PIN DESCRIPTION 

21 DB1 

20 DB2 

DAC16 

(P, S, VB) (TC) Name Description 

1 1 IREP Reference Current Input 
2 2 DGND Digital Ground 
3 3 Vee + S V Digital Supply 
4-19 5-23 DBlS-DBO 16-Bit Digital Input Bus. 

DBlS Is the MSB. 
20 24 VEE -15 V Analog Supply 
21 25 REFGND Reference Current Return 
22 26 AGND Analog Ground/Output 

Reference 
23 27 Io VT Current Output 
24 28 CcoMP Current Ladder Compensation 

4, 11, NC No Connects 
19, 22 
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DAC16 
+SY 

-15V 

Figure 2. Burn-In Diagram 

OPERATION 

Novel DAC Architecture 

The DAC16 was designed with a compound DAC architecture 
to achieve high accuracy, excellent linearity, and low transition 
errors. As shown in Figure 3, the DAC's five most-significant 
bits utilize 31 identical segmented current soµrces to obtain opti
mal high speed settling at major code transitions. The lower 
nine bits utilize an inverted R-2R ladder network which is laser
trimmed to ensure excellent differential nonlinearity. The mid
dle two bits (DB9 and DBlO) are binary-weighted and scaled 
from the MSB segments. Note that the flow of output current is 
into the DAC16-there is no signal inversion. As shown, the 
switches for each .current source are essentially diodes. It is for 
this reason that the output voltage compliance of the DAC16 is 
limited to a few millivolts. The DAC16 was designed to operate 
with an operational amplifier configured as an I-V converter; 
therefore, the DAC16's output must be connected to the sum 
node of an operational amplifier for proper operation. Exceeding 
the output voltage compliance of the DAC16 will introduce lin
earity errors. The reference current buffer assures full accuracy 

0811-0815 

62.SµA + 
~---~----~ 31.25µA 

and fast settling by controlling the 1\1.SB reference node. The 
16-bit parallel digital input is TTL/CMOS compatible and 
unbuffered, minimizing the deleterious- effects of digital feed
through while allowing the used to tailor the digital interface to 
the speed requirements and bus configuration of the application. 

Equivalent Circuit Analysis 
An equivalent circuit for static operation of the DAC16 is illus
trated in Figure 4. IREF is the current applied to the DAC16 
and is set externally to the device by V REF and RREF· The out
put capacitance of the DAC16 ,is approximately 10 pF and is 
code independent. Its output resistance R0 is code dependent 
and is given by: 

1 1 DB9 DBlO X 
Ro = 8 kn + 288 kn + 144 kn + n kn 

where 

DB9 = State of Data Bit 9 = 0 or l; 

DBlO = State of Data Bit 10 = 0 or l; and 

X = Decimal representation of the 5 MSBs (DBll- DBlS) = 0 
to 31. 

~------------- IOUT 

I _ S • I [ 65,536 - DlgHal Code ] 
OUT - REF 85,536 
R0 = SEE TEXT 

C0 = 10pF 

Figure 4. Equivalent Circuit for the DAC16 

Table I provides the relationship between the input digital code 
and the output resistance of the DAC16. 

Table I. DAC16 Output Resistance vs. Digital Code 

Hex Digital Code 

FFFF 
BFFF 
7FFF 
3FFF 
0 

080-088 

9 CURRENT SOURCES 
15.63µA EACH 

Scale 

Zero 
1/4 
112 
3/4 
Full- 1 LSB 

AGNO 

Output Resistance 

8kn 
4.2 kn 
2.9 kn 
2.2 kn 
1.8 kn 

Figure 3. DAC16 Architecture 
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Typical Pertormance Characteristics-DACl 6 
Digital Input Considerations 
The threshold of the DACl6's digital input circuitry is set at 
1.4 V, independent of supply voltage. Hence, the digital inputs 
can interface with any type of 5 V logic. Illustrated in Figure 5 
is the equivalent circuit of the digital inputs. Note that the indi
vidual input capacitance is approximately 7 pF. 

This input capacitance can be used in conjunction with an exter
nal R-C circuit for digital signal deskewing, if required. In 
applications where some of the DACl6's digital inputs are not 
used, the recommended procedure to turn off one or more 
inputs is to connect each input line to + 5 V as shown in Fig
ure 6. 

+5V 
+5V 

+0.7V 
DBX 19 

DBO 

18 
DB1 

DAC16 

--0.7V 
-15V 

Figure 5. Equivalent Circuit of a DAC16 Digital Input Figure 6. Handling Unused DAC16 Digital Inputs 
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Figure 7. Integral Nonlinearity vs. 
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Figure 10. Gain Error vs. 
Temperature 
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Figure 8. Differential Nonlinearity 
VS. /REF 
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-4 .___.__._,__._...__.J_.__J_..._ _ _1_....__. 

-40 -20 20 40 60 80 

TEMPERATURE - 'C 

Figure 11. Integral Nonlinearity 
vs. Temperature 
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0 0.4 
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Figure 9. Zero Scale Output vs. 
Temperature 

~ Vee= +SV 
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~ .._ lnEF = 0.5mA 
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Figure 12. Differential Non
linearity vs. Temperature 
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BAC16-Typical Performance Characteristics 
'.20 .--,,,,_---,....,.----.--.------. 

.v •• =-15V' 
Vee= tlV 

11sl---.J:=::j:::::j::::::j:::=l=:::t=::+.-l 15 TA= +25"C ----J--+-...e.:..i 
I 

ffi 
a: 8 lO I--+- lleel• LOGICBITS=LOW-+-

i I lee I, LOGIC BIT~• H~H 
iil 5 1---+-----<,__-+--+--+--+---'f----l 

_{c• ~Gl~IT~ LO~ DB5-DB15 

o'---"---'"---'--'"-"'--"---''--' 
-40-@ 0 20 40 60 80 

TEMPERATURE- "C 

1 2 3 4 

LOGIC INPUT VOLTAGE - V 
ALL DATA BITS 

-40-@ 0 20 40 80 80 

TEMPERATURE - •c 

Figure 13. Supply Current vs. 
Temperature 

Figure 14. Vee Supply Current vs. 
Logic Input Voltage, All Data Bits 

Figure 15. Digital Input Current vs. 
Temperature 
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~ -2 
-3 
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Figure 16. Differential Nonlinearity 
vs.: Time Acce.lerated by Burn-In 

Figure 17. Integral Nonlinearity vs. 
Time Accelerated by Burn-In 

Figure 18. Gain Error vs. Time 
Accelerated by Burn-In 

~PLICATIONS 
Power Supplies, Bypassing, and Grounding 
All precision converter produc~s require careful application of 
good grounding wactices to maintain full-rated perfOmlB;llCe. As 
is always the case with analog circuits operating in digital envi
ronments, digital noise is prevalent; therefore, special care must 
be taken to ensure that the DAC16's inherent precision is main
tained. This means that particularly good engineering judgment 
should be exercised when addressing the power supply, ground
ing, and bypassing issues using the DAC16. 

The DAC16 was designed to operate from + 5 V and -15 V 
supplies, The + 5 V supply primarily powers the digital portion 
ofthe DAC16 and.can consume 20 mA, maximum. Although 
very little + 5 V supply current is used by the reference ampli
fier, large amounts of digital noise present on the + 5 V supply 
can introduce analog errors. It is therefore very important that 
the +5 V supply be well filtered and regulated. The -15 V sup
ply provides most. of the current for the reference amplifier and 
all of the current for the internal DAC. Although the maximum 
current in 'this supply is 10 mA, it must provide a low iinped
ance path for the DAC switch currents. Therefore, it too must 
be well filtered and. ~gulated. . . 

The DAC16 includes. two ground connections in order to mini
mize system accurilcy !:iegradation arising from grouriding ertors. 
The two ground pins are desigri.ated DGND (Pin 2) and AGND 
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(Pin 22). The DGND pin is the return for the digital circuit 
sections of the DAC and serves as their input threshold refer
ence point. Thus, DGND should be connected to the same 
ground as the circuitry that drives the digital inputs. 

Pin 22, AGND, serves as the reference point for the 9-bit lower-
. order OAC as well as the common for the reference amplifier, 

REFGND (Pin 21). This pin should also serve as the reference 
point for all analog circuitry associated with the DAC16. There
fore, to minimize any errors, it is recommended that AGND 
connection on the DAC16 be connected to a high qualicy analog 
ground. If the system contains any analog signal path carrying a 
significant amount of current, then that path should have its 
own return connection to Pin 22. 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common.to 
one place only. If the common tie point is remote and an acci
dental disconnection of that one common tie point were to occur 
due to card removal with power on, a large differential voltage 
between the two commons could develop. To protect devices that 
interface to both digital and analog parts of the system, such as 
the DAC16, it is recommended that common ground tie points 
be provided at each such device; If only one. system ground can 
be conn,ected directly to the DAC16, it is recommended that the 
analog common be used. If the system's AGND has suitable low 
impedance, then the digital signal currents flowing in it should 
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not seriously affect the ground noise. The amount of digital 
noise introduced by connecting the two grounds together at the 
device will not adversely affect system performance due to loss 
of digital noise immunity. 

Generous bypassing of the DAC's supplies goes a long way in 
reducing supply-line induced errors. Even with well-filtered, 
well-regulated supplies, local bypassing consisting of 10 µF tan
talum electrolytic shunted by a 0.1 µF ceramic is recommended. 
The decoupling capacitors should be connected between the 
DAC's supply pins (Pin 3 for +5 V, Pin 20 for -15 V) and the 
analog ground (Pin 22). Figure 19 shows how the DGND, 
AGND, and bypass connections should be made to the DAC16. 

+SV 

TO OTHER 
ANALOG 
CJCUITS 

DB0-0615 

TO 
POWER 

GROUND 

-15V 

Figure 19. Recommended Grounding and Bypassing 
Scheme for the DAC16 

Using the Right Capacitors 
Probably the most important external components associated 
with high speed design are the capacitors used to bypass the 
power supplies and to provide compensation. Both selection and 
placement of these capacitors can be critical and, to a large 
extent, dependent upon the specifics of the system configura
tion. The dominant consideration in selection of bypass and 
compensation capacitors for the DAC16 is minimization of series 
resistance and inductance. Many capacitors begin to look induc
tive at 20 MHz and above-the very frequencies where rejection 
of interference is needed. Ceramic and film-type capacitors gen
erally feature lower series inductance than tantalum or electro
lytic types. A few general rules are of universal use when 
approaching the issue of compensation or bypassing. 

Bypass capacitors should be installed on the printed circuit 
board with the shortest possible leads consistent with reliable 
construction. This helps to minimize series inductance in the 
leads. Chip capacitors are optimal in this respect. Where illus
trated in the applications section, large tantalum electrolytic 
capacitors are shunted by low self-inductance ceramic capacitors. 
This technique reduces the self-resonance of the electrolytics 
while shifting the resonant frequency of the ceramics out-of-band. 

Some series inductance between the DAC supply pins and the 
power supply plane often helps to filter out high frequency 
power supply noise. This inductance can be generated using a 
small ferrite bead as shown in Figure 20. 

Reference Amplifier Considerations 
The reference input current buffer is a high performance ampli
fier optimized for high accuracy and linearity. The design of the 
reference amplifier ensures fast settling times by tightly control-
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DAC16 
ling the node common to all the current sources internal to the 
DAC with an external compensation capacitor (CcoMrl· Since 
the primary design goal of the DAC16 is to achieve 16-bit per
formance, proper operation of the reference amplifier requires a 

Figure 20. Using a Ferrite Bead as a High Frequency Filter 

47 µF tantalum electrolytic capacitor shunted by a 0.1 µF 
ceramic capacitor, as shown in Figure 21. Increasing the capaci
tance at this node above the recommended values does not fur
ther reduce the analog transition current noise spikes at the 
output of the reference amplifier. Reducing the value of com
pensation, however, is not recommended as DAC linearity will 
degrade as a result. In most systems, the VEE supply offers suf
ficiently low impedance to maintain a quiet return point for the 
reference amplifier. If this is not the case, the AGND point can 
also be used for the compensation capacitor return, as shown in 
Figure 21. 

47µF 

-15V 

Figure 21a. Recommended Compensation Scheme to VEE 

DAC16 

47µF 

Figure21b. Recommended Compensation SchemetoAGND 

In applications where 16-bit multiplying performance is 
required, the DAC16 might appear to be a viable solution. 
However, the compensation capacitor network would have to be 
removed in these applications. The DAC16's reference amplifier 
was specifically designed for low frequency operation, with a 
compensation canacitor network. In fact, this network serves not 
only as a charge reservoir for the DAC's internal current sources 
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DAC16 
but also as a wideband noise filter· for the reference amplifier. 
Completely removing the compensation network would intro
duce large linearity errors, reference amplifier instability, 
wideband reference amplifier noise, and poor settling time. 

Because the DAC exhibits an internal current scaling factor of 
eight times (8 x ), the reference amplifier requires only 500 µA 
input current from the user-supplied precision reference for a 
4 mA full-scale output current. In applications that do not 
require such high output currents, good accuracy can be 
achieved with input reference currents in the range of 350 µA 
:s: IREF :s: 625 µA. The best signal-to-noise ratios, of course, will 
be achieved with a 625 µA reference current which yields a 
maximum 5 mA output current. Figure 22 illustrates how to 
form the reference input current with a REF02 and a 10 kfl 
precision resistor. 

DAC16 
21 REFGND 

1our 

Figure 22. Generating the DAC16's Reference Input 
Current 

Reducing Voltage Reference Noise 
In data converters of 16-bit and greater resolution, noise is of 
critical importance. Surprisingly, the integrated voltage refer
ence circuit used may contribute the dominant share of a sys
tem's noise floor, thereby degrading system dynamic range and 
signal-to-noise ratio. To maximize system dynamic range and 
SNR, all external noise contributions should be effectively much 
less than 1/2 LSB. For example, in a 5 V DAC16 application, 
one LSB is equivalent to 76 µ V. This means that the total wide
band noise contribution due to a voltage reference and alt other 
sources should be less than 38 µ V rms. These noise levels are not 
easy targets to hit with standard off-the-shelf reference devices. 
For example, commercially available references might exhibit 
5 µV rms noise from 0.1 Hz to 10 Hz; but, over a.100 kHz 
bandwidth, its 300 µ V rms of noise can easily swamp out a 
16-bit system. Such noisy behavior can degrade a DAC's effec
tive resolution by increasing its differential nonlinearity which, 
in turn, can lead to nonmonotonic behavior or analog errors. 

The easiest way to reduce noise in the reference circuit is to 
band-limit its noise before feeding it to the converter. In the 
case of the DAC16, the reference is not a voltage, but a current. 
Illustrated in Figure 23 is a simple way of band-limiting 

DAC16 

Figure 23. Filtering a Reference's Wideband Noise 
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voltage reference noise by splitting RREF into two equal resistors 
and bypassing the common node with a capacitor; To minimize 
thermally induced errors, RI and R2 niust be electrically and 
thermally well-matched. Thin-film resistor networks work well 
here. In this circuit, the parallel combination of Rt and R2 
forms a 3 Hz low pass fitter with Cl. The only noise source that 
remains is the thermal noise of R2 which can be a significantly 
lower noise generator than the voltage reference. 

Input Coding 
The unipolar digital input coding of the DACI6 employs nega
tive logic to control the output current; that is, an all zero input 
code (OOOOH) yields an output current 1 LSB below full scale. 
Conversely, an alt ls input code (FFFFH) yields a zero analog 
current output. An expression for the DAC16's transfer equa
tion can be expressed by: 

_ x · [65,535- Digital Code] 
lour - 8 /REF x 65,536 

Table II provides the relationship between the digital input 
codes and the output current of the DAC16. 

Table II. Unipolar Code Table 

Digital Input DAC16 Output 
Word (Hex) Current louT Comment 

0000 8 x (216 - 1)/216 x IREF Full Scale 
7FFE 8 x (2 15 + 1)/216 x IREF Midscale+ I LSB 
7FFF 8 x (215/2 16) x IREF Midscale 
8000 8 x (215 - 1)/216 x IREF Midscale - I LSB 
FFFF 0 Zero Scale 

Since the DACl6 exhibits a small output voltage compliance on 
the order of a few millivolts,· a high accuracy operational ampli
fier must be used to convert the DAC's output current to a volt
age. Refer to the section on selecting operation amplifiers for the 
DAC16. The circuit .shown in Figure 24 illustrates a unipolar 
output configuration. In symbolic form, the transfer equation 
for this circuit can be expressed by: 

_ [65 ,535 - Digital Code] 
Vo - R3 x 8 xJREF 65,536 

In this example, the reference input current was set to 500 µA 
which produces a full-scale output current of 4 mA - 1 LSB. The 
DAC's output current was scaled. by R3, a 1.25 kfl resistor, to 
produce a 5 V full-scale output voltage. Bear in mind that to 
ensure the highest possible accuracy, matched thin-film resistor 
networks are almost a necessity, not an option. The resistors used 
in the circuit must have close tolerance and tight thermal track
ing. Table III illustrates the relationship between the input digi
tal code and the circuit's output voltage for the component 
values shown. 

Table III. Unipolar Output Voltage vs. Digital Input Code 

Digital Input Word 
(Hex) 

0000 
7FFE 
7FFF 
8000 
FFFF 

Decimal Number in 
in DAC Decoder 

65,535 
32,769 
32,768 
32,767 
0 

Analog Output 
Voltage (V) 

4.999924 
2.500076 
2.500000 
2.499924 
0 
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DIGITAL INPUT WORD 
080-087 088-0815 

CLK 
EN 

+SVO 

47~1F + 6~0~=MIC 

J: 1 0 DIGITAL +SV 1-2 f.o.
1
,.F 

+ PIN 3, DAC16 + 
10~tF T T0.1~1F \7 \7 10,,F 

-15V 

R3 
1.25k~~ 

(5k<1+4) 

+15V 

RESISTORS: CADDOCK T912-5K-010-02 (OR EQUIVALENT) 
Skn, 0.01%, TC TRACK= 2ppm/°C 

DAC16 

Figure 24. Unipolar Circuit Configuration 

DIGIT AL INPUT WORD 
DBO-DB7 DB8-DB15 

CLK 

+SVREF EN 

47µF + 6~0~rMIC LJ 0.1µF 

+SY 0 . +~ 1 0 DIGITAL +SV . -~~15V p.· !L PIN 3, DAC16 + 
10µF T T0.1µF 

\7 \7 10µF 

-15V 

R3 
2.Skf.l 

(5kf.l+2) 

R4 
2.5kf.l 

(5kf.l+2) 

RESISTORS: CADDOCK T912-5K-010-02 (OR EQUIVALENT) 
Skf.l, 0.01%, TC TRACK= 2ppml°C 

Figure 25. Bipolar Circuit Configuration 

Bipolar Configuration . 
For applications that require a bipola(output voltage, the circuit 
in Figure 24 can be modified slightly by adding a resistor from 
the reference to the inverting sum node of the output amplifier 
to level shift the output signal. The transfer equation for the 
circuit now becomes: 

I [65,535-Digital Code] (R4) 
V 0 =R4x8x REF 65 536 -VREF x R 3 

' 
The circuit has the form shown in Figure 25, and Table IV pro
vides the relationship between the digital input code and the 
circuit's output voltage for the component values shown. 
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Table IV. Bipolar Output Operation vs. Digital Input Code 

Digital Input 
Word (Hex) 

0000 
7FFE 
7FFF 
8000 
FFFF 

Decimal Number in 
DAC Decoder 

65,535 
32,769 
32,768 
32,767 
0 

Analog Output 
Voltage (V) 

4.999848 
152E-6 
0 
-152E-6 
-5.00000 
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DAC16 
DIGIT AL INPUT WORD 

DBG-OB7 DBB-DB15 

CLK 
Et:i 

C2 
C1 + 100nF 

R3 
1.25kQ 

(2.49k0+2) 

+5VO !I: 
10µF~ 

47µF ~CERAMIC 
0.1µF 

1 0 DIGITAL +5V -15V f. 
PIN 3, DAC16 + 

T0.1µF \j 10µF 

-15V 
RESISTORS: CADDDCK T912-5K-011Hl2 (OR EQUIVALENT) 

5k0, 0.01%, TC TRACK= 2ppm/'C 

Figure 26. DAC16 Noise Measurement Test Circuit 

DAC16 Noise Performance 
The novel architecture employed in the DAC16 yields very low 
wideband noise. Figure 26 illustrates the circuit configuration 
for evaluating the DAC16's noise performance. An OP27 is used 
as the DAC16's output 1-V converter which is configured to 
produce a S V full-scale output voltage. The output of the OP27 
was then capacitively coupled to an OP37 stage configured in a 
gain of 101. Note that the techniques for reducing wideband 
noise of the voltage reference and the DAC's internal reference 
amplifier were used. As a result of these techniques, the DAC16 
exhibited a full-scale output noise spectral density of 31 
pA/y'Hz at l kHz. 

Digital Feedthrough apd Data Skew 
The DAC16 features a compound DAC architecture where the S 
most significant bits utilize 31 identical, segmented current 
sources to obtain optimal high speed settling at major code tran
sitions. Although every effort has been made to equalize the 
speeds at which the DAC switches operate, there exists finite 
skew in the MSB DAC switches. 

As with any converter product, a high speed digital-to-analog 
converter is forced to exist on the frontier between the noisy 
environment of high speed digital logic and the sensitive analog 
domain. The problems of this interface are particularly acute 
when demands of high speed (greater than 10 MHz switching 
times) and high precision are combined. No amount of design 
effort can perfectly isolate the analog portions of a DAC from 
the spectral components of a digital input signal with a 2 ns rise 
time. Inevitably, once this digital signal is brought onto the 
chip, some of its higher frequency components will find their 
way to the sensitive analog nodes, producing a digital feed
through glitch. To minimize the exposure to this effect, the 
DAC16 was designed to omit intentionally the on-board latches 
that are usually included in many slower DACs. This not only 
reduces the overall level of digital activity on chip, it also avoids 
bringing a latch clock pulse onto the IC, whose opposite edge 
inevitably produces a substantial glitch, even when the DAC is 
not supposed to be changing codes. 
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The DAC16 uses each digital input line to switch each current 
segment in the DAC between the output diode-connected tran
sistor and the logic control transistor. If the input bits are not 
changed simultaneously, or if the different DAC bits switch at 
different speeds, then the DAC output current will momentarily 
take on some incorrect value. This effect is particularly trouble
some at the "carry points," where the DAC output is to change 
by only one LSB, but several of the larger current sources must 
be switched to realize this change. Data skew can allow the 
DAC output to move a substantial amount towards full scale or 
zero (depending upon the direction of the· skew) when only a 
small transition is desired. The glitch-sensitive user should be 
equally diligent about minimizing the data skew at the DAC16's 
inputs, particularly the five most significant bits. This can be 
achieved by using the proper logic family and gate to drive the 
DAC inputs, and keeping the interconnect lines between the 
latches and the DAC inputs as short and as well matched as pos
sible. Logic families that were empirically determined to operate 
well with the DAC16 are devices from the 74AC11XXX and 
74ACT11XXX advanced CMOS logic families. These devices 
have been purposely designed with improved layout and tailored 
rise times for minimizing ground bounce and digital feedthrough. 

Deglitching 
The output glitch of the DAC16 at the major carry (7FFEH to 
7FFFH) is a not-insignificant 360 pA-sec, manifested as a 
momentary output transition to the negative rail for approxi
mately 200 ns. Due to the inherent low-pass or time-sampled 
nature of many systems, this behavior in the DAC16 is not 
noticeable and does not detract from overall performance. Some 
applications however may prove so sensitive to glitch impulse 
that reduction by an order of magnitude or more is required. In 
order to realize low glitch impulses, some sort of sample-and
hold amplifier-based deglitching scheme must be used. 
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There are high speed SHAs available with specifications suffi
cient to deglitch the DAC16; however, most are hybrid in 
topology at costs which can be prohibitive. A high performance, 
low cost alternative shown in Figure 27 is a discrete SHA utiliz
ing a high speed monolithic op amp and high speed DMOS 
FET switches. 

This SHA circuit uses the inverting integrator structure. A 
300 MHz gain-bandwidth product op amp, the AD841, is the 
heart of this fast SHA. The time constant formed by the 200 n 
resistor and the 100 pF capacitor determines the acquisition 
time and also band limits the output signal to eliminate slew
induced distortion. 

A discrete drive circuit is used to achieve the best performance 
from the SDSOOO quad DMOS switch. This switch-driving cell 
is composed of MPS571 RF NPN transistors and an MC10124 
TTL-to-ECL translator. Using this technique provides both 
high speed and highly symmetrical drive signals for the SD5000 
switches. The switches are arranged in a single-pole, double
throw (SPDT) configuration. The 500 pF "flyback" capacitor is 
switched to the op amp summing junction during the hold mode 
to keep switching transients from feeding to the output. This 
capacitor is grounded during sample mode to minimize its effect 
on acquisition time. 

Careful circuit layout of the high speed SHA section is almost as 
important as the design itself. Double-sided printed circuit board, 
a compact layout, and short critical signal paths all ensure best 
performance. 

Op Amp Selection 
When selecting the amplifier to be used for the DAC16's 1-V 
converter, there are two main application areas; those requiring 
high accuracy, and those seeking high speed. In high accuracy 
applications, three parameters are of prime importance: (1) 
input offset voltage, V 0s; (2) input bias current, - 18 ; and (3) 
offset voltage drift, TCVos· In these applications where 16-bit 

-15V 

20kQ 

l .6kQ ~ 0.39µF 

DAC16 
performance must be maintained with an external reference at 
+5 V, an op amp's input offset voltage must be less than 15 µV 
(=0.1 LSB) with a bias current less than 6 nA. The op amp 
must also exhibit high open-loop gain to keep the offset voltage 
below this limit over the specified full-scale output range. Thus, 
for an maximum output of 5 V, the op amp's open loop gain 
must be greater than 1300 V/mV. 

For low frequency, high accuracy applications, Table IV lists 
selected compatible operational amplifiers available from Analog 
Devices. These operational amplifiers satisfy all the above require- II 
ments and in most all cases will not require offset voltage nulling. 

Table V. Precision Operational Amplifiers for the DAC16 

Model Vos TCV0 s IB AvoL 

OP177 10 µV 0.3 µV/°C 2 nA 12000 V/mV 
OP77 25 µV 0.6 µV/°C 2.8 nA 2000 V/mV 
OP27 25 µV 0.2 µV/°C 80 nA 1500 V/mV 
OP97 25 µV 2 µV/°C 0.15 nA 2000 V/mV 

In high speed applications where resolution is more important 
than absolute accuracy, operational amplifiers such as the 
AD843 offer the requisite settling time. Although these amplifi
ers are not specified for 16-bit performance, their settling times 
are two to three times faster than the DACI6 and will introduce 
negligible error to the overall circuit's settling time. It is possi
ble to estimate the 16-bit settling time of an operational ampli
fier if its 12-bit settling time is known. Assuming that the op 
amp can be modeled by a single-pole response, then the ratio of 
the op amp's 16-bit settling time to its 12-bit settling can be 
expressed as: 

ts (16-bit) 

ts (12-bit) 
1.33 

Figure 27. A High Performance Deg/itching Circuit 
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DAC16 
Since many operational amplifier data sheets provide charts 
illustrating 0.01% settling time versus.output voltage step size, 
all that is required to estimate an op amp's 16-bit settling time is 
to multiply the 12-bit settling time for the required full-scale 
voltage by 1.33. The circuit's overall settling time can then be 
approximated by the root-sum~square method: 

where 

tnAc = DAC16's specified full-scale settling time 

t0 A = Op amp full-scale settling time 

As a design aid, Table VI illustrates a high speed operational 
amplifier selector guide for devices compatible with the DAC16 
for high speed applications. All these devices exhibit the requi
site settling time, input offset voltage, and input bias current 
consistent with maximum performance. 

Table VI. High Speed Operational Amplifiers for the DAC16 

Model ls to% Vos TCV0 s In AvoL 

OP467 200 ns -0.01 0.5 mV 3.5 µV!°C 0.5 µA 20 V/mV 
AD817 70 ns -0.01 2mV 10 µV/°C 6.6 µA 6V/mV 
AD829 90 ns -0.1 0.5mV 0.3 µV!°C 7 µA 100 V/mV 
AD841 110 ns -0.01 lmV 35 µV!°C 5 µA 45 V/mV 
AD843 135 ns -0.01 1 mV 12 µVl°C 0.001 µA 25 V/mV 
AD845 350 ns -0.01 0.25 mV 5 µVl°C 0.001 µA 500 V/mV 
AD847 120 ns -0.01 1 mV 15 µV/°C 5 µA 5.5 V/mV 

3-304 DIGITAL-TO-ANALOG CONVERTERS 

In using high speed op amps, the output capacitance of the 
DAC16 appears across the inputs of the op amp where it and 
the op amp's input capacitance will set an additional pole in the 
op amp's loop gain response. The pole is formed with the feed
back resistance and the output resistance of the DAC. This 
additional pole may adversely affect the transient response of the 
circuit due to the added phase shift. Placing a small capacitor 
across the feedback resistance, as shown in Figure 28, compen
sates for the additional pole. The value of the capacitor can be 
determined by setting RFBCFB = Ro (Co + c,N) and should be 
adjusted for optimum transient response. 

The choice of amplifier depends entirely on the required system 
accuracy, the required temperature range, and the operating 
frequency. 

DAC16 -----------1 

Figure 28. Compensating for the Feedback Pole 
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r.ANALOG 
WDEVICES 

FEATURES 

• Differential Nonlinearity ..................... ±1/2LSB 
• Nonlinearity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05% 
• Fast Settling Time . . .. .. . .. .. . .. . . . . . .. . .. .. . . . 250ns 
• High Compliance . . .. . .. .. .. . .. . . . . . . .. . -5V to + 10V 
• Differential Outputs ......................... O to 4mA 
• Guaranteed Monotonicity ...................... 12 Bits 
• Low Full-Scale Tempco . . . . . . . . . . . . . . . . . . . . 10ppm/° C 
• Circuit Interface to TTL, CMOS, ECL, PMOS/NMOS 
• Low Power Consumption . . . . . . . . . . . . . . . . . . . . . 225mW 
• Industry Standard AM6012 Pinout 
• Avallabla In Dia Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

CERDIP PLASTIC TEMPERATURE 
DNL 20-PIN 20-PIN RANGE 

±112LSB DAC312ER• COM 
±1LSB DAC312FR XIND 
±1LSB DAC312HR XIND 
±1LSB DAC312HP XIND 
±1LSB DAC312HS XIND 
For devices processed In total compliance to MIL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 

t Bum-in ls available on commercial and industrial temperature range parts In 
CerOIP, plastic DIP, and TO.can packages. 

GENERAL DESCRIPTION 
The DAC-312 series of 12-bit multiplying digital-to-analog 
converters provide high speed with guaranteed performance 
to 0.012% differential nonlinearity over the full commercial 
operating temperature range. 

FUNCTIONAL DIAGRAM 

12-Bit High Speed Multiplying 
D/A Converter 

DAC312 I 
Based on the segmented design approach pioneered by PMI 
with the COMDAC® line of data converters, the DAC-312 
combines a 9-bit master D/A converter with a 3-bit (MSB's) 
segment generator to form an accurate 12-bit DIA converter 
at low cost. This technique guarantees a very uniform step 
size (up to ±1/2 LSB from the ideal), monotonicity to 12 bits 
and integral nonlinearity to 0.05% at its differential current 
outputs. In order to provide the same performance with a 
12-bit R-2R ladder design, an integral nonlinearity over 
temperature of 1/2 LSB (0.012%) would be required. 

The 250ns settling time with low glitch energy and low power 
consumption are achieved by careful attention to the circuit 
design and stringent process controls. Direct interface with 
all popular logic families is achieved through the logic 
threshold terminal. 

PIN CONNECTIONS 

LSB 

20-PIN HERMETIC DIP 
(A-Suffix) 

20-PIN PLASTIC DIP 
(P-Sufflx) 

20·PINSOL 
(S-SUfflx) 

V(+) B2 83 84 B5 86 87 B8 89 810 811 812 

COMP V(-1 

~~~~f.+.-+-e--1-.... -1-e~l-+--l ....... -1--e---1-<o--..+..o~-""''":__~10 
~~~++-+l-l-+-l-l-e-l-l-4.+4-++.l-...+-il-l-...+-i-<o-1-1-4"4''~·__,.,~ 

8-SEGMENT 
GENERATOR 

Tbis is an abridgecl data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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High compliance and I.ow drift characteristics (as low as 
.10ppm/°Cl aie.also features of the DAC-312 along with an 
exceUent power supply rejection. ratio of ±.001% FS/%AV. 
Operating over a power supply range of +5/-11V to ±18V the 
device.consumes: 225mW at the lower supply voltages with an 
absolute maximum dissipation of 375mW at the higher supply 
·levels. 

With their guaranteed specifications, single chip reliability 
and low cost, the DAC-312 device makes excellent building 
blocks.for A/D converters, data acquisition systems, video 
display drivers, programmable test equipment and other 
applications where low power consumption and complete 
input/output.versatility are reqUired. 

ABSOLUTE MAXIMUM aATINGS (Note 1) 
Operating Temperature 

DAC-312E ........................ , ............ ;; ............... ; .. 0°C·to +70°C 
DAC-312F, DAC-312H ................. : ............... -40"Cto +85°C 

Junction Temperature .......... ; ........................ --65°c to+ 150°C 
Storage Temperature (T1) ......................... ; .... -65°C to +125°C 

Lead Temperature (SoJdering, 60 sec) , ..... : .......... ;.;:: .. ,. 300°C 
Power Supply Voltage ;: ...... : .... : .......................... : .............. :t 18V 
Logic Inputs •• ;.;·.; ......................... ;; .......... : ............. -5Vto +18V 
Analog Current Outputs ......................................... -'BV to + 12V 
Reference Inputs V14, V15 ....................... c .............................. V-to V+ 
Reference Input Differential Voltage (V; 4, V; J ............... :t18V 
Reference Input Current (11 J ............................ , .......... 1.25mA 

PACKAGE TYPE e1A (Note 21 e1c UNITS 

20-Pin Hannalic DIP (R) 78 . 11 "C/V'I 

20-Pin Plaa1ic DIP (P) 69 '1:1 "CNI 
20-PinSOL ($) 88 25 "C/V'I 

NOTES: 
1. · AblolUte maximum ratings apply to both DICE and packaged parts, uni-Olher-

wlse noted. · ·: 
2. e1A IS SpeCmid lor worst csse mounting c;cll!lllUons. i.e., e1 ... 1a apeclfted for device 

In .socket for CerDIP and P·DIP packages; 9JA IS speclfieil lor device aoldered to 
printed circuit board for SOL package. . 

ELECTRICAL CHARACTERISTICS at vs = :t15V, 'REF= 1.0mA, 0°Cs T ~ ~ 7<r'C for DAC-312E and '-40~C "TA" +85~Cfor DAC-
312F, DAC-312H, unless otherwise noted. Output characteristics refer to both louTand 10 uT· · .. 

DAC-312E DAC-312F DAC-312H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Resolution i2 12 12 Bits 

Mon(1tonici1y 12 12 12 . Bits 

Diflerenlial Deviation from ideal ±0.0125 ±0.0250 ±0.0250 %FS 
Nonlinearity ' DNL step size (Note 2) ±0.5 ±1 ±1 LSB 

Nonlinearity INL Deviation from ideal . ±0.05 ±0.05 ±0.0s %FS straight lirie (Note 2)· 

Full-Scale VREF = 10.000V 
IFs A14= A1s= 10.000kll . 3.967 3.999 4.031 3.935 3.999 4.063 3.935 3.999 4.063 mA Current (Note 2) 

Full·Scale t5 ±20 ±10 ±40 ±80 ppm!"C 
Tempco TCIFs :t0.005 %0.002 ±0.001 ±0.004 ±0.008 %FSl"C · 

Output Voltage DNL Specification 
Voe guaranteed over -5 +10 -5 +10 -5 +10 v Compliance compliance range 

Full-Scale 
IFss 11.8 1-1·1_Fsl ±0.4 ±1 Symmetry ±0.4 ±2 ±0.4 ±2 p.A 

Zero-Scale 
lzs 0.10 0.10 0.10 µA Current 

To ±1/2 LSB, all bits 
Settling Time Is switched ON or OFF 250 500 250 500 250 500 ns 

(Note1) 

Propagation All bits switched 

Delay- IPLH 50% point logic swing 25 50 25 50 25 50 ns 
all bits iPHL io 50% point output 

(Note 1) 

Output 
Resistance 

Ro >10 >10. >10 Mn 

Output 
CouT 20 Capacitance 20 20 pF 
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DAC312 
ELECTRICAL CHARACTERISTICS at vs = :t 1 sv, IREF = 1.omA, o•c" TA" 1o·c for DAC-312E and -40°C" TA" +as•c for DAC-

312F, DAC-312H, unless otherwise noted. Output characteristics refer to both louT and lour Continued 

DAC-312E DAC-312F DAC-312H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Logic Input 
VIL VLC = GNO 0.8 0.8 0.8 v Levels "O" 

Logic Input 
V1H VLc = GND v Levels .. , .. 

II Logic Input 
l1N v1N=-5to+18V 40 40 40 µA 

Current 

Logic Input 
Vis -5 +18 -5 +18 -5 +18 v 

Swing 

Reference Bias 
Current 115 0 -0.5 -2 -0.5 -2 0 -0.5 -2 µA 

Reference Input dl/dt R ''l•ql = 800!1 8 
Slew Rate Cc= OpF (Note 1) 

4 4 8 mA/µs 

V+ = + 13.5V to+ 16.5V, 
±0.0005 ±0.001 ±0.0005 ±0.001 ±0.0005 ±0.001 

Power Supply PSSIFs+ V- = -15V 
%FS/%11V 

Sensitivity PSS1,5_ V- = -13.5V to -16.5V, 
- ±0.00025 ±0.001 - ±0.00025 ±0.001 - ±0.00025 ±0.001 

V+ = +15V 

Power Supply V+ 4.5 18 4.5 18 4.5 18 
Vour = OV v 

Range v- -18 -10.8 -18 -10.8 -18 -10.8 

I+ 3.3 7 3.3 7 3.3 7 
Power Supply I- V+ = +5V, V- = -15V -13.9 -18 -13.9 -18 -13.9 -18 
Current t+ V+ = + 15V, V- = -15V 3.9 7 3.9 7 3.9 7 mA 

I- -13.9 -18 -13.9 -18 -13.9 -18 

Power V+ = +5V, V- = -15V 225 305 225 305 225 305 
mW 

Dissipation 
Po 

V+ = +15V, V- = -15V 267 375 267 375 267 375 

NOTES: 
1. Guaranteed by design. 
2. TA= 25°C for DAC-312H grade only. 
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rill ANALOG 
.WDEVICES 

FEATURES 
• 12-Bit Accuracy in an 8-Pin Mini-Dip 
• Fast Serial Data Input 
• Double Data Buffers 
• Low ±1/2 LSB Max INL and DNL 
• Max Gain Error: ±1 LSB 
• Low Sppm/°C Max Tempco 
• ESD Resistant 
• LowCost 
• Available in Die Form 

APPLICATIONS 
• Auto-Calibration Systems 
• Process Control and Industrial Automation 
• Programmable Amplifiers and Attenuators 
• Digitally-Controlled Filters 

ORDERING INFORMATIONt 

PACKAGE 

EXTENDED 
MILITARY• INDUSTRIAL COMMERCIAL 

RELATIVE TEMPERATURE TEMPERATURE TEMPERATURE 
ACCURACY -!S"CTO +125"C -40"C TO +85"C O"C T0+70"C 

:1:1/2LSB DAC8043AZ DAC8043EZ DAC8043GP 
±112LSB DAC8043AZl883 
±1 LSB DAC8043FZ 
±1 LSB DAC8043FP 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factOry for 883 data sheet. 
All commercial and industrial temperature range parts are available with burn
in. 

PIN CONNECTIONS 

BURN-IN CIRCUIT 

NOTES: 
R1 .. 1gg 
C1 =1ClllF 

DAC-8043 

D1 • 1 N4001 OR EQUIVALENT 

8-PIN EPOXY DIP 
(P-Sufflx) 

8-PIN CERDIP 
(Z-Suffix) 

MAXIMUM POWER SUPPLY CURRENT PER DEVICE IS +1.5mA, -OmA 
POWER-UP SEQUENCE: +SV, +10Y 
POWER·DOWN SEQUENCE: +10V, +SY 

This is an abridged data sheet. To obtain !be most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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12-Bit Serial Input 
Multiplying CMOS D/A Converter 

DAC8043 I 
GENERAL DESCRIPTION 
The DAC-8043 is a high accuracy 12-bit CMOS multiplying 
DAC in a space-saving 8-pin mini-DIP package. Featuring 
serial data input, double buffering, and excellent analog per
formance, the DAC-8043 is ideal for applications where PC 
board space is at a premium. Also, improved linearity and gain 
error performance permit reduced parts count through the 
elimination of trimming components. Separate input clock and 
load-DAC control lines allow full user control of data loading 
and analog output. 

The circuit consists of a 12-bit serial-in, parallel-out shift regis
ter, a 12-bit DAC register, a 12-bit CMOS .DAC, and c9ntrol 
logic. Serial data is clocked into the input register on the rising 
edge of the CLOCK pulse. When the new data word has been 
clocked in, it is loaded into the DAC register with the LO input 
pin. Data in the DAC register is converted to an output current 
by the D/A converter. 

The DAC-8043's fast interface timing may reduce timing design 
considerations while minimizing microprocessor wait states. 
For applications requiring an asynchronous CLEAR function or 
more versatile microprocessor interface logic, refer to the PM-
7543. 

Operating from a single +5V power supply, the DAC-8043 is the 
ideal low power, small size, high performance solution to many 
application problems. It is available in plastic and cerdip pack
ages that are compatible with auto~insertion equipment. 

FUNCTIONAL BLOCK DIAGRAM 

A,. 

VAEF 
12-BIT A,. 

DIA CONVERTER 1oUT 

12 

Lit 

12 Yoo 

CLK 12·BIT 
SHI" REGISTER GNO 

SRI .,,. 
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ABSOLUTE MAXIMUM RATINGS 
(TA• +25°C unless otherwise noted.) 

VDDtoGND ••.....•••••....•..••.•.••.•••..••...••..••....••.....•.•......••••..• +17V 

VREF to GND •••••••..•••.•.••.•••.......••.•.•.......••......•..••.•••••••••••..• ±25V 

VRFB to GND •.•••••..•••••.••..••..•••..••...•...•...••••.......••.•••••••.•••..• ±25V 

Digital Input Voltage Range ..•........••...•.....••..••..... -0.3V to VDD 

Output Voltage (Pin 3) •.......•..•...........•.••.....•..•••...• -0.3V to VDD 

Operating Temperature Range 

AZ Versions ....••••••..•••.•••.••••...•...••...•.....•..••.. -55°C to+ 125°C 

EZIFZIFP Versions ••••••..••••..•••..••.•••••.••...•••..•• -40°C to +85°C 

GP Version ......•••••.•••..•••..•••••.•..••••.••...•..•..••••.•••• 0°C to +70°C 

Junction Temperature ..•..••••..•.•..••..•••••.•........•••.•...•••••.• +150°C 

Storage Temperature ............•................••.•.•• -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) .........•.....•.••..... +300°C 

DAC8043 
PACKAGE TYPE UNITS 

8-Pin Hermetic DIP (Z) 134 12 'C!W 

8-Pin Plastic DIP (P) 96 37 'C!W 

NOTE: 
1. 8.A is specified for worst case mounting conditions, i.e., 8.A is specified for 

d~vice In socket for CerDIP and P-DIP packages. 1 

CAUTION: 
1. Do not apply voltages higher than V DD or less than GND potential on any ter

minal except VREF (Pin 1) and RFB (Pin 2). 
2. The digital control inputs are zener-protected; however, permanent damage_ 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Use proper anti-static handling procedures. 
4. Absolute Maximum Ratings apply to both packaged devices and DICE. 

Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. 

ELECTRICAL CHARACTERISTICS at V DD• +5V; VREF • + 1 OV; louT • GND a OV; TA - Full Temperature Range specified under 

Absolute Maximum Ratings unless otherwise noted. 

DAC-8043 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Nonlinearity 
INL 

DAC-8043AIE/G ±112 
LSB 

(Note 1) DAC-8043F 1 

Differential Nonlinearity 
DNL 

DAC-8043AIE ±112 
LSB 

(Note2) DAC-8043F tG ±1 

TA - +25°C 
DAC-8043AIE 1 

Gain Error 
GFSE DAC-8043F/G 2 LSB 

(Note3) 
TA• Full Temperature Range 

All Grades 2 

GainTempco 
(4 Gainl4 Temp) TCGFS ±5 ppml'C 
(Note 5) 

Power Supply 
Rejection Ratio PSRR 4 VDD·±5% ±0.0006 ±0.002 %/% 

(4 Gain/4 V DD) 

TA •+25°C ±5 
Output Leakage Current 

ILKG 
TA • Full Temperature Range 

nA 
(Note4) DAC-8043A ±100 

DAC-8043E/F/G ±25 

TA •+25°C 0.03 
Zero Scale Error 

1zse 
TA • Full Temperature Range 

LSB 
(Notes 7, 12) DAC-8043A 0.61 

DAC-8043E/F/G 0.15 

Input Resistance 
RIN 7 11 15 

(Note8) 

AC PERFORMANCE 

Output Current 
Settling Time Is TA •+25°C 0.25 JlS 
(Notes 5,6) 
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DAC8043 
ELECTRICAL CHARACTERISTICS at V 00 = +5V;V REF=+ 1 OV; louT = GND = OV; TA= Full Temperature Range specified under 
Absolute Maximum Ratings unless otherwise noted. Continued · · · 

DAC-8043 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNITS 

VAEF= OV 
Digital to Analog lour load= 100Cl 

Glitch Energy a Cexr = 13pF 2 20 nVe 
(Note 5,10) DAC register loaded alternately wilh 

all0sandall 1s 
Feedthrough Error VAEF=20VP·P®I= 10kHz 

(VAEF 10 1ourl FT Oigilal Input = 0000 0000 0000 0.7 mVP·P 
(Note 5.11) TA= +25•c 

Total Harmonic Distortion 
THO 

VAEF = 6V RMS@ 1kHz 
-85 dB 

(Note 5) DAC register loaded with all 1 s 

Output Noise 
Voltage Density en 10Hz to 100kHz between RFB and lour 17 nV/</Hz 
(Notes 5, 13) 

DIGITAL INPUTS 

Digital Input 
VIH 2.4 v 

HIGH 

Digital Input 
v,L 0.8 v 

LOW 

Input Leakage Current 
1,l v,N = ov to +5V •1 "" (Note9) 

Input Capacitance 
CIN V1N:OV 8 pF 

(Note 5, 11) 

ANALOG OUTPUTS 

Output Capacitance 
Digital Inputs = v,H 110 

(Note 5) Cour pF 

Digital Inputs= V1L 80 

TIMING CHARACTERISTICS (NOTES 5, 14) 

Data Setup Time 1os TA = Full Temperature Range 40 ns 

Data Hold Time 1oH TA = Full Temperature Range 80 ns 

Clock Pulse Width High 1CH TA = Full Temperature Range 90 ns 

Clock Pulse Width Low 1cL TA = Full Temperature Range 120 ns 

Load Pulse Width 1LD TA = Full Temperature Range 120 ns 

LSB Clock Into Input Register 
1ASB TA = Full Temperature Range 0 ns 

to Load DAC Register Time 

POWER SUPPLY 

Supply Voltage Voo 4.75 5 5.25 v 

Supply Current 
Digital Inputs= v,H or v,L 500 

!&AMAX 100 Digital Inputs= OV or VDD 100 

NOTES: 

1. •1/2 LSB = •0.012% of Full Scale. 
9. Dlgttal Inputs are CMOS gates; 1,N Is typically 1 nA at +2s•c. 

2. All grades are monotonic to 12-bits over temperature. 
10. VAEF = ov. all digital Inputs =OVtoVooorVoo IOOV. 

3. U:!ng internal feedbac~ resister. 
11. All dig Ital inputs = OV. 

4. Applies to 'our; All digital inputs= ov. 
12. Calculated from worst case RAEF' 

5. Guaranteed by design and not tested. 'zse On LSBs) =(RAEF x ILKG x 4096)NREF' 

6. 'our Load= 1000. Cexr = 13pF. digital input= OVtov00 orV00 toov. 13. Calculations from en= >'4K TAB where: 

Extrapolated to 1 /2 LSB: 18 = propagation delay (Ip o> + 91: where~ = meas· K = Boltzmann constant, Ji°K. R = resistance, Q 

ured time constant of the final RC decay. T = resistor temperature, •K, B = bandwidth, Hz 

7. VREF = +10V, all digital inputs = ov. 14. Tesled atV,N= OVorVoo· 

8. Absolute temperature coefficient is less than +300ppm/•C. 
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r"IANALOG 
WDEVICES 

FEATURES 
• Two Matched 12-Blt DACs on One Chip 
• Packaged In a Narrow 0.3" 24-Pln DIP 
• Direct Parallel Load of All 12 Bits for High DataThroughput 

On-Chip Latches for Both DACs 
• 12-Blt Endpont Linearity (:1:1/2 LSB) Over Temperature 
• +SV to+ 1 SV Single Supply Operation 
• DACs Matched to 0.2% Typically 
• Four-Quadrant Multiplication 
• Improved ESD Resistance 
• Available in Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Industrial Automation 
• RobotlcS/Process Control 
• Programmable Instrumentation Equipment 
• Digital Gain/Attenuation Control 
• Ideal for Battery-Operated Equipment 

ORDERING INFORMATION 1 

PACKAGE 

RELATIVE GAIN MILITARY" INDUSTRIAL COMMERCIAi. 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

(+SVor+15V) -!5°Cto+125'C -40'Cto+85°C O'Cto+70'C 

s1/2LSB 
s1/2 LSB 
s1 LSB 
s1 LSB 

s1 LSB DAC8221AW 
*2LSB 
*4LSB 
*4LSB 

DAC8221EW 
DAC8221GP 

DAC8221FW DAC8221HP 
DAC8221FP DAC8221HSll 

• For devices processed In total compliance to MIL-SOT ·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-In Is available on commercial and Industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

ti For avallablllty and burn-in Information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The DAC-8221 combines two identical 12-bit, multiplying, digltal
to-analog converters into a single CMOS chip. This device is 
electrically similar to DAC-8212 with improved microprocessor 
interface timing and is packaged in a narrow 0.300" DIP. Mono
lithic construction offers excellent DAC-to-DAC matching and 
tracking over the full operating temperature range. The DAC-
8221 consists of two thin-film R-2R resistor-ladder networks, 
two 12-bit data latches, .one 12-bit input buffer, and control 
logic. The DAC-8221 operates on a single supply from +5V to 
+15V. Maximum power dissipation with OVand +5V logic levels 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800·446-6212. 
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Dual 12-Bit Buffered 
Multiplying CMOS D/A Converter 

DAC8221 I 
and a +5V supply is less than 0.5mW. The DAC-8221 is manu
factured using PMl's highly-stable, thin-film resistors on an 
advanced oxide-isolated, silicon-gate, CMOS process. PMl's 
improved latch-up resistant design eliminates the need for • 
external protective Schottky diodes. 

A common 12-bit (TTL/CMOS compatible) input port is used to 
load a 12-bit-wide word into either of the two DACs. This port, 
whose data loading is similar to that of a RAM's write cycle, 
interfaces directly with most 12-bit or wider bus systems. With 
WR and CS lines at logic LOW, the input data registers are trans
parent. This allows direct unbuffered data to flow directly to the 
DAC output selected by DAC A/DAC B control input. For 
applications requiring double-buffering, see the DAC-8222. 

PIN CONNECTIONS 

FUNCTIONAL DIAGRAM 

Yoo 

DATA 
INPUTS 

~ 
DACB 

Cl 
Wll 

DGND 

24·PIN 
0.3"CERDIP 

(W-Sufflx) 

24-PIN 
EPOXY DIP 
(P-Sufflx) 

24-PIN SOL 
CS-Suffix) 
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DAC8221 
ABSOLUTE MAXIMOM RATINGS 
(TA= +25°C, unless otherwise noted.) 

vDD to AGND •••.•.•••••. ;.,, •.•.•.•.•••••••..•••••••••.•.•.•.••••••••••••• ov, +t7V 

VDD to DGND .............................................................. ov, +17V 

A~~D to DGND ............. ::······························-0.3V, VDD +0.3V 
D1g1tal Input Voltage to DGND •• ; ................... -0.3V, v DD +0.3V 

IOUT A' IOUT B to AGND .................................. -0.3V, VDD +0.3V 

VREF A' VREF 8 to AGND •••.••• , .................. :., .•• : .••••••••••••••• : • .-:1:25V 

· ·vRFe A' VfiFe 8 to AGND ........................ .-........................... :1:25V 
Operating Temperature Range 

AW Version ............. , .................................... -ss•c to +125"C. 

EW, FW, FPVersions ••••••••••••••.•••••••••••••••.•••• -40°Cto +es•c 

GP, HP, HS Versions ...................................... -o•c.to +70°C. 

Junction Temperature ........................................ ; ••••••••.••• + 150C 

Storage Temperature ..................................... -es•c to +150°C 

Lead Temperature (Soldering, 60 sec) ••••••••••••••••• : ••.••.• +300°C 

~'· 

PACKAGE TYPE e1A'(NOTE 1) e1c UNITS 

24-Pln Hermetic DIP (W) 89 10 •ctw 

24-Ptn Ptaatic DIP (P) 62 32 •ctw 

24-Ptn SOL (S) 72 24 °C/W 

NOTE: 
1. eJA Is specified !Qr worst cssa mounting condttlons, i.e .• e 1A Is sp8cifled !Qr · ' 

crevice In socket for CarDIP, and P-DIP packages; e1A Is specified for device 
soldered to printed circuit boa.rd for SOL package.. . 

CAUTION: 
1. Do no apply volteges higher than v 011 or less than GND.potenlial on any terml-

nal ""cept VAEF and RFB' . . . .. 
2. The dlgltel control inputs are zener-protected; however,. p&rrnanent dam&ge 

may occur on unprotected• unite from high-energy electro~c fialds. Keep 
units In conductive foam at all times Until ready to usa. 

3. Do not Insert this device Into powered soekets; remove power before Insertion 
or removal. ., 

4. Usa proper anti-static handling procedures. 
5. Stresses above those listed under 'Absolute MBxlmum Ratings' may csusa 

permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification Is not Implied. 

ELECTRICAL CHARACTERISTICS at V DD= +5Vor + 15V, V REF A= V REF 8 = +1 OV, V ouT A= V ouT 8 = OV; AGND = DGND = OV; 

TA = Full Temp. Range specified in Absolute Maximum Ratings; unless otherwise noted: Specifications apply for DAC A and DAC B. 

PARAMETER 

STATIC ACCURACY 

Resolution 

Relative Accuracy 

Dlflerantlal Nonlin!larify · 

Full Scale Gain Error 
(Note 1) 

Gain Temperature 
Coefficient 
AGain/ATemperature 

Output Leakage Current 

louT A (Pin 2), 
louT a. (Pin 24) 

Input Resistance 

(RAEf A' RAEF al 
Input Resistence Match 

(RAEF A RAEF al 
DIGITA~ INPUTS 

Dlgltiil Input High · 

Dlgltal Input !:......"'W 

Input Current 

Input Capacitance 
(Note2) 

SYMBOL 

N 

INL 

DNL 

CONDITIONS 

Endpoint Unearlty Error 

All Grades are Monotonic 

DAC-8221 AIE 
DAC-8221G . 

DAC-8221 BIFIH 

(Notes2, 7) 

All Digital Inputs = 
0000 0000 0000 

(Note9) 

V00 =+5V 
v00 = +15,V 

v00 =+5V · 
V00 =+15V 

V1N:OVorV00 

and VINL or VINH 

DBO-DB11 
WR, cs, DAC A/DAC B 

3-312 DIG/TAL~TO-ANALOG CONVERTERS 

DAC-8221 A/E/G 
DAC-8221 B/F/H 

TA= +25°C 
TA = Full Temp. Range 

TA =+25°C 
T,,. = Full Temp. Range 

MIN 

12 

8 

2.4 
13,5 

DAC·8221 
TYP MAX UNITS 

Bitil 

..0.2 .,112 
LSB 

..0.4 ' .. 1 .. 

..0.2 ,,.1· LSB 

sci.1 s1 
s0.4 s2 LSB 
s0.8 s4 

s2 · s5 ppm/"C 

,t.1 s1'0 
nA 

s2 s!io 

22 15 kQ 

s0.2· .. 1 "' 

v 

0.8 v 
1.5 

..0.008 s1 
PA s0.1 s10 

10 
pF 

15 



DAC8221 

ELECTRICAL CHARACTERISTICS atV00 = +5Vor+1sv;vREF A= VREFB = +10V, vouTA =VouT 8 = OV;AGND = DGND = ov; 
TA = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted: Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER SYMBOL CONDITIONS 

POWER SUPPLY 

All Digital Inputs VINL or VINH 
Supply Current 100 

All Digital Inputs OVor VDD 

DC Power Supply 

Rejection Ratio PSRR AV00 = z5% 
(AGain/AV00) 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay 
(Notes 4, 5) 

Current Settling Time 

(Notes 5, 6) 

Output Capacitance 

AC Feedthrough at 

1ouT A or 1our B 

t, 

SWIJCHING CHARACTERISTICS 
(No1es2, 3) 

Chip Select to 
1cs Write Set-Up Time 

Chip Select to 
1cH Write Hold Time 

DAC Select to 
1AS Write Set-Up Time 

DAC Select to 

Write Hold Time 1AH 

Data Valid to 
1os Write Set-Up Time 

Data Valid to 
1oH Write Hold Time 

Write Pulse Width iwR 

NOTES: 

TA= +25'C 

DAC Latches Loaded 
with 0000 0000 0000 

DAC Latches Loaded 
with 111111111111 

VREF A to 1~ur A; VREF A= 2ov •.• : 
f = 1 OOkHz; TA = .+25'C 

1. Measured using internal AFB A and AFB 8. Both DAO digital inputs = 
111111111111. 

2. Guaranteed and not tested. 
3. See timing diagram .. 
4. From 50% of digital input to 90% of final analog output current. V REF A= 

VREF B = +10V; OUT A, OUT B load= 1000, CEXT = 13pF. 

5. WR, cs :OV; DBO-DB11 =OVtoVooorVoo toOV. 
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DAC-8221 
MIN TYP MAX UNITS 

2 mA 

2 100 µA 

0.002 %/% 

350 ns 

0.45 µs 

30 90 
60 120 

60 120 
pF 

30 90 

-70 

dB 

-70' 

Voo= +SV V00 = +15V 

+25'C -40'C TO +85'C -55'C TO + 125'C ALL TEMPS 
(Note&) (Note10) 

130 160 160 70 nsMIN 

0 0 0 0 nsMIN 

120 140 160 70 nsMIN 

0 0 0 0 nsMIN 

190 210 220 90 nsMIN 

0 0 0 10 nsMIN 

140 180 170 90 nsMIN 

6. Settling time is measured from 50% of the digital Input change to where the 
output voltage settles within 1 /2 LSB of full stale. 

7. Gain. TC Is measured from +25'C t.o T MIN or from +25'C to T MAX" 
8. These limits apply for the commercial and industrial grade products. 
9. Absolute temperature coefficient Is Jlllproxlmately +50ppm/'C. 

1 O. These limits also apply as typical values for V 0 0 = + 12V with +5V CMOS 
logic levels and TA = +25'0. 
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DIFFERENTIAL 
NONLINEARITY 

VI VREF 
1.00 

Yoo=+15V 
0.15 T•o:" +zs•c 

a.so 

D.25 
ii .. 
;!. 
;f· 
a 

-0.25 

-a.so 

-0.15 

-1.00 
-10 ... -· -4 -· 0 • 4 • 8 10 

VAEF {VOLTS) 

NONLINEARITY 
vsVDD 

1.000 

T ... =T2s•c 
0.815 

0.750 
iii ... 
:::! 0.625 

t 
:io.500 .. z i o:m 

i 0.250 

G.125 

0 
0 • 10 

SUPPLY VOLTAGE CYOLTS) 

ABSOLUTE GAIN ERROR 
CHANGE vs VREF 

15 

OA.-..,.....,.._,.--,,--..-....--.-....,.-,...-, 
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r'IANALOG 
~DEVICES 

FEATURES 
• Two Matched 12·Blt DACs on One Chip 
• Direct Parallel Load of All 12 Bits for High Data Throughput 
• Double-Buffered Digital Inputs 
• 12·Blt Endpont Unearlty (:t1/2 LSB) Over Temperature 
• +SV to+ 15V Single Supply Operation 
• DACs Matched to 1 % Max 
• Four.Quadrant Multiplication 
• Improved ESD Resistance 
• Packaged in a Narrow 0.3" 24-Pin DIP and 0.3" 24-Pin SOL 

package 
• Available in Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Robotics/Process Control/Automation 
• Digital Gain/Attenuation Control 
• Ideal for Battery-Operated Equipment 

ORDERING INFORMATION 1 

PACKAGE 

RELATIVE GAIN MILITARY* INDUSTRIAL COMMERCIAL 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

(+5Vor+15V) -55'Cto+125'C -40"Cto+85'C O'Cto+70"C 

.,1/2LSB 
"'1/2LSB 
.,1LSB 
.,1LSB 

.,1 LSB DAC8222AW 
"'2LSB 
"'4LSB 
"'4LSB 

DAC8222EW 
DAC8222GP 

DAC8222FW DAC8222HP 
DAC8222FP DAC8222HSll 

• For devices processed In total compliance to MIL·SDT-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and Industrial temperature range parts In 
cerdlp, plastic dip, and TO-can packages. 

tt For availability and bum-in information on SO and PLCC packages, contact 
your local sales office. 

FUNCTIONAL.DIAGRAM 

(MSB) 

12-BIT DAT~~.~~ i 17 

DAC-8222 

~DAC eoJ!18!.l----.r ...... '"":"', 
Wll 20 

~o-:1•:+---------' 

This is an abridged data sheet. To obtain the moat recent version or 
complete data sheet, call our fu retrieval system at 1·800-446-6212. 
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Dual 12-Bit Double-Buffered 
Multiplying CMOS D/A Converter 

DAC8222 I 
GENERAL DESCRIPTION 

The DAC-8222 is a dual 12-bit, double-buffered, CMOS digital
to-analog converter. It has a 12-bit wide data port that allows a 
12-bit word to be loaded directly. This achieves faster through
put time in stand-alone systems or when interfacing to a 16-bit 
processor. A common 12-bit input TTUCMOS compatible data 
port is used to load the 12-bit word into eithe.r of the two DACs. 
This port, whose data loading is similar to that of a RAM's write 
cycle, interfaces directly with most 12-bit and 16-bit bus 
systems. (See PMl's DAC-8248 for a complete 8-bit data bus 
interface product.) A common bus allows the DAC-8222 to be 
packaged in a narrow 24-pin 0.3" DIP and save PCB space. 

PIN CONNECTIONS 

DQND • 

28-CONTACT LCC 1- 1••,, ' 

( TC·Suffix) 

Yoo 

21 

RFBA 

lour A 

AGND 

lour a 

23 
RFaB 

22 

DGND VAEFB 

24·PIN 
0.3" CERDIP 
(W-Suffix) 

24-PIN 
EPOXY DIP 
(P;.sufflx) 

24-PINSOL 
(S-Sufflx) 
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,.;. 

The,DAC is co11tr0Ued with two"'sigr:ilil~ W~ arr p i![)AC: Wj~ 
log'ic low at these inputs, thB"DAC registeis tfEleome iran'spareilf 
This allows direct,!inbuffereddata"fo flov/directlyto either DAC 
outr)ut •Selected by DAC A/DAC B. Also, the DAC's double
buffered digital inputs will. allow both DACs to be updated 
simultaneously. · .. · " · · 

DAC-8222's monolithic construction .offers excel.lent OAC-tO
DAC matching and tracking over Jhe full~perating temperature 
fenge. The ctiip consists of two thin~film R-2R resist()r ladder 
networks, four 12-bit registers; and DAC control logic circuitry. 
The device has separate rE!ference'-input and fe8clback resistors 
for each, DAC ·and.operates Qh a single supply from .+5V to 
+15V. Maximum power dissipati.()n' at +5V using zero or V00 
logic levels is less than 0.5mW. ·. · · 

. ' ·:· ·, . •.i 

The DAC-8222 is manufactured.with PMl'.s highly.stable th.in
film resistors on an advanced oxide-isolated;· silicon-gate, 
CMOS technology, PMl's improv.ed latch-up resistant design 
eliminates the need for external protective Schottky diodes. 

ABSOLUTE MAXIMUM RATINGS 
(TA .. +25°C, un~ss otherwise noted.) ' 
VDD toAGND ••••• ;, ••• ; ..................................... : •••••••••••••• ov, +17V 
VllQ~ DGND .............................. ; •..•..••••••••...•••.•••••••••• OV, +17V 
AGNDto DGND ...................... ,, ..... ~················-o.av. Voo.+0.3V 
Digital '"Pill Vottagecto DGND .; ••• ,;; ••••••••••••• -0.3V, v DD +0.3V 
•our A' lour 9~0 AGND ................ '.; ................ -0.3V, V00 +0.3V 

,.,, 

VREF A' VREF 8 to AGND ;,.;:L.,'..L.:.'. .. ;~.'. ...... ~;;,, ........ ) ... :.; ±2SV . ~;~:ii~:~~:=~~ ~~~g~., .. ,: .... · .. , ............ :., ... ,.,, ...... *2$V 

AW Version ................................................ -55°C to+ 12s•c 
.EW, FW, FP Versions ................................... -40°Cto.+85°C 
GP, HP, HS Versions ..................................... -o•c,to +,1o•c 

Junction Temperature ••.•. ., .••.. ,., .............................. , .. : ... + t5·9°c 
Storage I!lmparature •• , ................... :.,, ....... , .• ..:ss•c.to t,150•c 
Lead Temperature (Solderi119, s.o s89;) ......... : .. : .......... +39o•c 

PACKAGE 'l'.YPE e1A(NOTE11 e,e: .... , UNITS 

24-Pin Hermetic DIP (W) &Ii 10 "'C/W 
24-Pin Plaatlc DIP (P) 62 32' "C/W 
24-Pin SOL (S) 72 24 "C/W 

N~:. .·.· • .· ... ·· .. · ·., 
1. 8if..1s specified far Worst caae mounting conditions, i.e., 8jA is speafie~ far 

device in socket for ?-~IP, and P-DIP packages; e1A is specilled for dllVice 
solderedtoprintedarcu1tboardforSOlpackage. ··· ·· ·' 

CAUTION: 
1. Do no apply voltages higher than V 0 0 or less than GND potential on any termi· 

nalexceptVREFand RFB' ' .· . .,, " 
2, The digital control inpu18 ~ zener-prote!'led; howe-. permanent dam&Qe 

may occur on unprotected units lrom high-energy electrostatic fields. 'Keep 
units in conductive loam Bl all times Until ready io use: ., ' 

3. Do not lnaert thil device in~ powered IOCkelB; remove power before lnsartian 
or removal. · 

4. Use proper antl-atadc handing proc8dure11. . 
s. Devices ean aulfer peirrianentdiiinilge and/or reliability degradillion ilstresstid 

above the lmits listed under Absolute Maximum Ratings for extended periods. 
'- ~ 

ELECTRICAL CHARACTERISTfCS at Voe= +5V or +15V, VREF A= VREF e = +10V. Vour f,. = Vour e"" OV; AGND"" DGND = OV; 
TA= Full Temp Range Specified in Absolute Maximum Ratings; unless otherwise noted:· specifications apply for DAC A and DAC B. 

PARAMETER ·SYMBOL CONDITIONS 

STATIC ACC"RACY 

Resolu1ion N 
' 

Relati~.e Accuracy INL Endpoint Linearity Error DAC·8222A/E/G 
DAC-8222F/H . 

Differential Nonlinearity· . DNL All Grades are Guaranteed Monotonic 

Full Scale Gain Erior DAC-8222A/E 

(Note 1) GFsE DAC-8222G. 
DAC-8222F/H 

Gain Temperature Coefficient 
TCGFs (Notes 2, 7) .:!.Gain/ .:!.Temperature 

Output Leakage Current 
All Digital inputs= ·; TA=+25'C 

lour A (Pin 2). ILKG 0000 0000 0000 ,··TA= FulfTemp. Aange 
lour a (Pin 24) 

Input Resistance 
RREF (Note9) 

(VREF Ao VREF a) 

Input Resistance Match .:!.RfiEF 
. ·~ 

RREF 
DIGITAL INPUTS 

v00 =+5V Digital Input High V1NH v00 = +15V 

Digital Input Low V1NL 
v00 = +5V· 
v00 = +15V 

Input Current l1N 
V1N= OV or Yoo TA = +25°C 
and V1Nlo.i. V1NH ,,, TA = Full Temp. Ran11e 

Input Capacitance 
C1N 

DB0-0811 
(Note2) WR, LDAC, DAC A/DAC B 

3.::.316 DIGITAL•TQ:ANALOG CONVERTERS 

'MIN 

12 

8 

2.4 
13.5. 

""'. 

DAC-8222 
TYP 

±2 

±5 

11 

±0.2 

±0.001 

MAX ·.UNITS 

:..:....· Bits 

±1/2 
LSB 

·:bl 

±l LSB 

·±1 
±2 LSB 
±4 

±5 ppm/'C 

±10 
±50 nA 

15 kO 

±1 'Iii 

v 

0.8 
v 1.5 

±1 
,.A ±10 

10 
pF . 

' .15. 
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DAC8222 
ELECTRICAL CHARACTERISTICS atV00 ';' ~5Vor+15V, VREFA = VREFB = +10V, Vour A=Voure = OV; AGND = DGND = OV; 
TA = Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER SYMBOL CONDITIONS 

POWER SUPPLY 

All Dlgllal Inputs VINL or VINH 
Supply Current 

All Digital Inputs OVor V00 

DC Power Supply 
Rejection Ration PSRR AV00 = ±5% 
(AGain/AV00) 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay 
(Notes 4, 5) 

Current Settling Time 

(Notes 5. 6) 

Output Capacitance 

AC Feedthrough at 

1our A or 1our e 

t, 

SWITCHING CHARACTERISTICS 

(Notes2, 3) 

DAC Select to 
t,..s Write Set-Up Time 

DAC Select to 
tAH Write Hold Time 

LOA.Clo 
tLS Write Set-Up Time 

LOA.Clo 
tLH Write Hold Time 

Data Valid to 
los Wrtte Set-Up Time 

Data Valid to 
foH Write Hold Time 

Write Pulse Width lwR 

LDAC Pulse Width tLWD 

NOTES: 

TA= +25'C 

Digital Inputs= All Os 

Cour A" Cour B 

Digital Inputs = All 1 s 

Cour A• Cour B 

VREF A to 1our ,..: VREF A= 2ovP·P; 
f = 1 OOkHz; TA = +25'C 

VREF e to 1our e; YReF e = 2ovP·P; 
f = 1 OOkHz; TA = +25'C 

1. Measured using internal RFB,.. and RFB 8. Both DAC digital Inputs= 
111111111111. 

2. Guaranteed and not tes1ed. 
3. See timing diagram. 
4. From'50% of digital Input to 90% of final analog output current. V REF A = 

VREF e = +10V; OUT A, OUTB load= 1000, Cexr = 13pF. 

5. WR,LDAC=OV;DB0-"0811 =OVtoVooOrVootoOV. 

REV.B 

DAC-8222 
MIN ·TYP MAX UNITS 

2 mA 

10 100 µA 

0.002 "'"' 
350 ns 

1 µS 

90 

pF 

120 

-70 

dB 

-70 

voo•+15V 

+25'C -40'C TO +as·c -ss·c TO +125'C ALL TEMPS 
(Note8) (No1e 10) 

150 180 210 60 nsMIN 

0 0 0 0 nsMIN 

80 . 100 120 60 nsMIN 

20 20 20 20 nsMIN 

220 240 260 100 nsMIN 

0 0 0 10 nsMIN 

130 160 170 90 nsMIN 

100 120 130 60 nsMIN 

6. Settling time Is measured from 50% of the cilgltel Input change to where the 
output voltage settles within 1/2 LSB of full scele. .. 

7. Gain TC Is measured from +25'C to T Ml N or from +25'C to T MAX" 
8. These limits apply for the commercial and lndustrlal 'grade products. 
9. Absolute temperature coefficient Is approximately +50ppm/'C. 

10. These limits also apply as typlCal values tor V 0 0 = + 12V with +SV CMOS 
logic levels and TA = +25'C. 

DIGITAL-TO-ANALOG CONVERTERS 3-317 

-



S.ANALOG 
WDEVICES 

FEATURES 
• Two 8-Bit Voltage Out DACs In a Single Chip 
• Fits 7528/7628 Sockets 
• Adjustment Free Internal CMOS Op Amps 
• Single + 12V to + 1 SV Operation 
• TTL Compatible Over Full V00 Range 
° Fast Interface Timing ........................ ; ......... ; •••• T WR = SOns 
• Improved Resistance to ESD 
• Available in Small Outline Package 
• CerDIP and Epoxy Packages Come in the Extended 

Industrial Temperature Range of-40°C to +as•c 
• Available in Die Form 

APPLICATIONS 
• Disk Drive Systems 
• Automatic Test Equipment 
• Process/Industrial Controls 
• Energy Controls 
• · Programmable Instrumentation 
• Multi-Channel Microprocessor-Controlled Systems 
• Servo Control Systems 

ORDERING INFORMATION 1 

PACKAGE: 20-PIN DIP/SOL 

EXTENDED 
INDUSTRIAL 

RELATIVE GAIN TEMPERATURE 
ACCURACY ERROR -40'C to +85'C 

~1/2LSB ti!LSB DAca22BFR 
~1/2LSB ti!LSB DAC8228FP 
~1/2LSB ~2LSB DAC8228FS 

All commercial and Industrial temperature range parts are available with bum· 
In. 

FUNCTIONAL DIAGRAM ,,,,. 

Dual 8-Bit CMOS 
D/A Converter with Voltage Output 

- DAC8228 I 
GENERAL DESCRIPTION 

The DAC-8228 is a dual 8-bit, voltage output, CMOS, D/A con
verter in a single chip. It was designed to drop into A07528n628 
sockets eliminating two external op amps in applications such 
as hard disk drives. These applications generally operate the 
AD7528n628 with zero volts applied to V REF and offset AGND 
to +2.5 or +5 volts. The DAC-8228 is tested under both these 
conditions. 

The DAC-8228 can also be used in those applications requiring 
a unipolar output voltage. It can deliver an output voltage be
tween OV and + 1 OV with V 0 0 = + 14V (maximum output voltage 
is V00 -'4V}. The DAC-8228's reference input can accept a 
negative voltage from OV to~ 1 OV (the DAC's internal unity-gain 
inverting amplifier inverts the input signal). Choose the DAC-
8229 for bipolar operation. 

PIN CONNECTIONS 

Continued 

20-PIN 
0.3"CERDIP 

(R-Sufflx) , 

20-PINSOL 
(S-Suffix) 

20-PIN 
EPOXY DIP 
(P-Sufflx) 

"l'' INPUT LATCH A DACA Your A 
IUl'l'Ell 080 

iii 
CONTROL 

OACA/DACB 
LOGIC 

-
Thia is an abriclgecl data sheet. To obtain the most recent venion or 
complete data sheet, call our fu retrieval system at l·B00-446-6212. 
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GENERAL DESCRIPTION Continued 
The DAC-8228 offers CerDIP and plastic packaged devices in 
the extended industrial temperature range of -40°C to +85°C. 
Applications requiring the military temperature range should 
use the DAC-8229. To make the DAC-8229 pin and functionally 
compatible with the DAC-8228, AGND Aand AGND B should be 
lied together to function as V z• and V ss connected to GND. 

The DAC-8228 consists of two CMOS voltage output amplifiers, 
two high-accuracy R-2R resistor ladder networks, interface 
control logic, and two 8-bit registers. An internal regulator main
tains TTL logic compatibility and fast microprocessor interface 
timing over the full V DD range. 

The DAC-8228 dissipates only 90mW in the space saving 20· 
pin 0.3' DIP or the 20-lead SO surface mount package. Its 
compact size, low power, and economical cost per channel, 
makes it attractive for applications requiring multiple D/A con
verters without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 

Using PM l's advanced oxide-isolated, silicon-gate CMOS proc
ess, coupled with its highly-stable thin-film resistor ladder, al
lows the DAC-8228 to offer superior matching and temperature 
tracking between DACs. 

ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C, unless otherwise noted.) 

DAC8228 

VDD to v.,,_ or GND ················································· -0.3V, +17V 
Vz to GND ......................................•........................ -0.3V, VDD 
Digital Input Voltage to GND .................................. -0.3V, v DD 
VREF A' VREF e to GND ............................................... -17V, Vz 

VOUT A' VO.I.IT B to vz (Note 1) ································· -0.3V, VDD 
Operating Temperature Range 

FR/FP/FS Versions .......................•.............. -40°C to +85°C Ill 
Junction Temperature .................................................. + 15o•c 
Storage Temperature .................................... ~5°C to+ 15o•c 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE e1" (NOTE 3) UNITS 

20·Pin Hermetic DIP (R) 76 11 ·ctw 
20-Pln Plastic DIP (P) 69 27 •ctw 
20·Pln SOL (S) 88 25 ·ctw 

NOTES: 
1. Outputs may be shorted to any terminal provided the package power dissipa

tion Is not exceeded. Typical output short-circuit current to GND Is SOmA. 
2. Use proper anti-static handling procedures when handling these devices. 
3. e1A is specified for worst case mounting conditions, I.e., e1" is specified for 

device In socket for CerDIP and P·DIP packages; e1" is specified for device 
soldered to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at VDD = +12V :1:5%, VREF = OV, Vz = +2.5Vand VDD = +15V :1:5%, VREF = OV, Vz = +5V. 
TA = Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. 

DAC-8228 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 
(Note1) 

Resolution N 8 Bila 

Relative Accuracy INL ,.1 LSB (Note 2) 

Differential Nonlinearity ONL ,.1 LSB (Note3) 

Gain Error GFSE DAC Latches Loaded with 1111 1111 ,.2 LSB 

Gain Error 
Temperature Coefficient TCGFS ,.0.0003 ,.0.002 "'re 
(Note4) 

Zero Code Error Vzse ,.15 mV 

Zero Code Error 
Temperature Coefficient TCVzs ,.10 1.vrc 
(Note4) 

REFERENCE INPUT 
(Note8) 

Input Resistance 
R,N Pin 4and Pin 18 (Note5) 7 15 kQ 

Input Resistance Maleh ~ 
(VAE,A/VAEFB) R1N 

,.0.1 ,.1 "' 
Input Capacitance 

CIN (Nota4) 
9 20 pF 

V z Input Resistance 
Avz (Note 10) Digital Inputs = OV 2 kD 
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DAC8228 
ELECTRICAL CHARACTERISTICS at V 00 = +12V ±5%, VAEF = OV, Vz = +2.5Vand V 00 = +15V±5%, VAeF= OV, Vz = +5V. 

TA= Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted: Continued · · · · 

OAC-8228 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

DIGITAL INPUTS 

Digital Input High VINH 2.4 v 

Digital Input Low VINL 0.8 v 

Input Current llN V1N=0VorV00 ±1 µA 

Input Capacitance 
CIN 4 8 pF 

(Note4) 

POWER SUPPLIES 

Supply Current 
100 7 mA 

(Note6) 

V00 = +12V 
84 

Power 
Po 

12 x 7mA 
mW 

Dissipation V00 = +15V 
105 

15 x 7mA 

DC Power Supply 

Rejection Ratio PSAR t.Voo = ±5%. 0.01 %/% 
(t.Gainlt.V00) 

DYNAMIC PERFORMANCE 

Slew Rate (V OUT) 
SA 

TA"" +25°C 
2.5 Vlµs 

(Note4) Digital Inputs = OV to +5V 

Settling Time (Vour> 
Positive or Negative t, Digital Inputs= OV to +5V 2 µs 

(Note 4, 7.) 

Channel-to-Channel 
TA= +25°C 

CCI VAEFBto VourAor VAEFA to VourB -80 dB 
Isolation (Note 4) 

VAEFB = VAEFA = 20VP·P@I = 10kHz 

Digital Crosstalk 
TA= +25'C 

Q For Code Transition 4 10 nVs 
(Notes 4, 9) 

0000 0000 to 11111111 

Digital Charge 
TA =+25°C 

Q For Code Transition 100 nVs 
Injection 

00000000to11111111 

AC Feedthrough 

(Notes 4. 11) 
FT -70 dB 

Harmonic Distortion THO 
TA= +25°C 

-85 dB 
v,N=6VAMS@f=1kHz 

3-320 DIGITAL-TO-ANALOG CONVERTERS REV.A 



DAC8228 
ELECTRICAL CHARACTERISTICS at V00 = +12V ±5%, VREF = OV, Vz = +2.5V and V00 = +15V±5%, VREF = OV, Vz =+5V. 
TA:= Full Temperature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued 

PARAMETER SYMBOL CONDITIONS 

SWITCHING CHARACTERISTICS (Note 4) 

Chip Select to 
tcs Write Set-Up Time 

Chip Select to 
tCH Write Hold Time 

DAG Select to 

Write Set-Up Time tAS 

DAG Select to 

Write Hold Time tAH 

Data Va lid to 
Write Set-Up Time tos 

Data Valid to 
Write Hold Time tDH 

Write Pulse Width tWA 

NOTES: 
1. Specilications apply to both DAG A and DAG B. 
2. This is an endpoint linearity specification. 
3. All devices are guaranteed to be monotonic over the full operating temperature 

range. 
4. These characteristics are for design guidance only and not subject to produc-

tion test. 
5. Input resistance temperature coefficient = +300ppm/°C. 
6. V1N = V1NL or V1NH; outputs unloaded. 
7. VREF = ±2.5V; to where outpu1 settles to ±1/2 LSB. 

BURN-IN CIRCUIT 

NOTES: 
1. Ct =10pf 
2. C2=0.1p.F 

REV.A· 

DAC-8228 
MIN TYP MAX UNITS 

60 ns 

10 ns Ill 
60 ns 

10 ns 

60 ns 

10 ns 

50 ns 

8. VREF voltage range is OV to-10V; the absolute maximum negative value is: 

lvAEFI =Voo-4V. 
9. Digital crosstalk is a measure of the amount of digital input pulse appearing at 

the analog output of the unselected DAG while applying it to the digital inputs 
of the other DAG. 

10. Resistance looking into the V2 terminal. 
11. VREFA' VAEFB =20VP·PSinewave@f = 10kHz; VREFA to VO UTA or VREFB to 

V ourB, both DAG latches loaded with 0000 0000. 
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FEATURES 
e Two 8·Bit DACs In A Single Chip 
• Adjustment-Free Internal CMOS Amplifiers 
• Single or Dual Supply Operation 
• TTL Compatible Over Full V DD Range 
• 5 Microsecond Settling Time 
• Fast Interface Timing ........................................ twR =sons 
• Improved Resistance to ESD 
e Fits AD/PM-7528 And AD/PM·7628 Sockets 
• Available In Small Outline Package 
• -40°C to +85°C for the Extended Industrial Temperature 

Range 
• Available In Die Form 

APPLICATIONS 
• Automatic Test Equipment 
• Process/Industrial Controls 
• Energy Controls 
• Programmable Instrumentation 
• Disk Drive Systems 
• Multi-Channel Microprocessor-Controlled Systems 

GENERAL DESCRIPTION 
The DAC-8229 is a dual 8-bit, voltage output, multiplying CMOS 
D/A converter. Its reference input accepts a :2.5V signal, in
verts and delivers it to the output with an internal amplifier. It can 
also accept-1 OV at V REF with a corresponding+ 1 OVoutput (the 
maximum positive input signal that it can accept is +2.5V). 

The DAC-8229 was designed to operate with dual supplies; 
however, it can be operated with a single supply by connecting 

Continued 

FUNCTIONAL DIAGRAM Yoo 

DAC·ll229 

Dual 8-Bit CMOS 
D/A Converter with Voltage Output 

DAC8229 I 
ORDERING INFORMATIONt 

RELATIVE 
ACCURACY 

%1/2LSB 
%1/2LSB 
%1/2LSB 

GAIN 
ERROR 

%2LSB 
%2LSB 
%2LSB 

PACKAGE: 21>-PIN DIP/SOL 

MILITARY* 
TEMPERATURE 
-ss•c to + 12s•c 

DAC8229AR 

EXTENDEDtt 
INDUSTRIAL 

TEMPERATURE 
-40'C to +85'C 

DAC8229ER 
DAC8229FP 
DACB229FS 

• For devices processed in total compliance to MIL-STD-883, add /883 after part 
number.Consult factory tor 883 data sheet. 
All commercial and industrial temperature range parts are available with burn
in. 

tt Cerdip and epoxy packaged devices available in the extended industrial tem
perature range. 

PIN CONNECTIONS 

20-PIN 
0.3"CERDIP 

(A.Suffix) 

20-PINSOL 
(S-Suffix) 

20-PIN EPOXY DIP 
(P·Suffix) 

INPUT 
BUFFER LATCH A DACA 

:~ CONTROL 

....-~. I l..__L_OG_~ __ ...... 

l 
DGND 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval syst- at 1-1100·446-6212. 
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DAC8229 
ELECTRICAL CHARACTERISTICS at V00 = +11.4V or +15.75V; Vss = -5V :1:10%; VREF = :1:2.5V; AGND = OV; T =Full Tem-
perature Range specified under Absolute Maximum Ratings, unless otherwise noted. Continued A 

PARAMETER SYMBOL CONDITIONS MIN DA~ MAX UNITS 

DIGITAL INPUTS 

Digilal Input High 

Digital Input Low 

tnpul Current 

Input Capacilance 

(Note4) 

POWER SUPPLIES 

Positive Supply Current 

(Note6) 

Negative Supply Current 

(Note6) 

DC Power Supply 

Rejection Ratio 

(A Gain/AV00) (Note 10) 

DYNAMIC PERFORMANCE 

Slew Rate (VouTl 
(Note4) 

Settling Time (VouTl 
Positive or Negative 

(Notes 4,7) 

Channel-to-Channel 

Isolation (Note 4) 

Digital Crosslalk 

(Notes4,9) 

AC Feedthrough 

(Notes 4, 11) 

1ss 

PSRR 

SR 

CCI 

a 

SWITCHING CHARACTERISTICS (Note 4) 

Chip Select to 
1cs Write Set-Up Time 

Chip Select to 
1cH Write Hold Time 

DAC Select to 

Write Set-Up Time tAS 

DAC Select to 
tAH Write Hold Time 

DalaValidlo 

Write Set-Up Time los 

Dala Valid to 

Write Hold Time 'oH 

Write Pulse Width WR 

NOTES: 
1. Specifications apply to both DAC A and DAC B. 
2. This is an endpoint linearity specification. 

TA=25°C 

VRe•=-2.5V 
Digital Inputs = OV to +5V 

VREF=-2.5V 
Digilal Inputs = OV to +5V 

For Code Transition 
OOOOOOOOto 11111111 

TA =25°C 

TA =Full Temp. Range 

3. All devices are guaranteed to be monotonicoverthefulloperatingtemperature range. 
4. These characteristics are for design guidance only and are not subject to production 

test. 
5. Input resistance temperature coefficient= +300 ppm/°C. 

6. V1N=VINL orVINH;outputsunloaded. 
7. VReF=z2.5V; towhereoutputsettlesto:1/2 LSB. 

REV.A 

2.4 v 

0.8 v 

±1 !IA 

4 8 pF. 

6 mA 

5 mA 

0.01 %/% 

2.5 V/µs 

2 5 

-80 dB 

4 10 nVs 

-70 
-65 

dB 

60 ns 

10 ns 

60 ns 

10 ·ns 

60 ns 

10 ns 

50 ns 

8. V REF voltage range is +3V to-1 OV; the absolute maximum negative value Is: 

IVRe•I = voo-4V. 
9. Dlgilal crosstalk is a measure of the amount of digital input pulse appearing at the 

analog output of the unselected DAC while applying It to the digital inputs of the 

otherDAC. 
10. VREF = +2.5V, RPULLOOWN = 20kf.l (a pulldown resistorto v SS is used for these 

tests). 

11. VRe~· VREFB=20VP_PSlnewave@f= 10kHz; 

VRE~toVREFBorVREFBtoVRe~· 
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GENERAL DESCRIPTION Continued 

V ss• AGND A, and AGND B to ground. Its operating character· 
istics will then be similar to that of the DAC-8228 (whose pin-out 
allows it to drop into the AD/PM-7528 and AD/PM· 7628 sock· . 
ets). 

An internal regulator provides TTL logic compatibility and fast 
microprocessor interface timing over the full V 0 0 range. Also, 
each DAC input latch is addressable for easy microprocessor 
interfacing. 

The DAC-8229 dissipates less than 109mW in the space-saving 
20-pin 0.3' DIP or the 20-lead SO surface-mount package. Its 
compact size, low power, and economical cost per channel, 
make it attractive for applications requiring multiple D/A convert· 
ers without sacrificing circuit-board space. Reduced parts 
count also improves system reliability. 

PMl's advanced oxide-isolated, silicon-gate CMOS process, 
coupled with PMl's highly-stable thin-film R-2R resistor ladder, 
offers superior matching and temperature tracking between 
DACs. 

The DAC-8229 offers cerdip or epoxy packaged devices in the 
extended industrial temperature range of-40°C to +es•c. 

ABSOLUTE MAXIMUM RATINGS (TA= +25°C, unless oth· 
erwise noted.) · 

VOD to AGND or DGND ..•......•....••.....•.•..•...••.••.•...•.•. -0.3V, +17 
wss to AGND or DGND .•....•.•.........•.•••.•..••.•.••...•.•..•.. -7V, VOD 
v!tD to VSJI •••......••....•..•..•.....••......•.••..•...••.•.••.•.... -0.3V, +24V 
AGNDto DGND ..•••.....•..............•.....•••.••.•.•.••..•.•.•.••.• -0.3V, V00 
Digital Input Voltage to GND .........•.•....•.•..••.•.•...••.••. -0.3V, VDD 
VREF toAGND •.•..•..••.....•...•....................•.....•.•.•..•..•.• -17V, +4V 

v OUT to AGND (Note 1) ····•······•·•·•···•······•·•·•·•···•·••·•·•·•·• Vss• VOD 
Operating Temperature Range 

DAC-8229AR Version .•.•.•..•.•....•..•.••...•.••.•. -55°C to +125°C 
DAC-8229ER/FP/FS Versions •.•......•..••..••... -40°C to +85°C 

Junction Temperature .•...•..........•..•........•.•..•••..•.••••.•.•.•• +1so•c 
Storage Temperature ·····-·········'···················· -es•c to + 1 so•c 
Lead Temperature (Soldering, 60 sec) ..•.•..•..•.•...•..•.•.•. +300°C 

PACKAGE TYPE e1A(NOTE3) SIC UNITS 

20-Pln Hermetic OIP (R) 76 11 "C/W 
20-Pln Plastic DIP (P) 69 27 'C/W 
20·Pin SOL (S) 88 25 'C/W 

NOTES: 
1. Outputs may be shorted to any terminal provided the paekege power dlaaipa· 

lion is not exceeded. Typleal output short-circutt current to AGND IS 50mA. 
2. Use proper antlllitatlc handling procedures when handling these devices. 
3. e1A Is specified for worst case mounting conditions, i.e., e1,.. Is apedfied for 

dmce In soeket for CerDIP and P-DIP packages; e1A Is sp8citled for device 
soldered to printed circutt board for SOL package~ 

ELECTRICAL CHARACTERISTICS at V00 = + 11.4V or+ 15. 75V; Vss = -5V :1:10%; VREF = :1:2.5V; AGND = OV; TA = Full Tern-
perature Range specified under Absolute Maximum Ratings, unless otherwise noted. 

DAc-a229 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX UNrrs 

STATIC ACCURACY 
(Nole 1>. 

Resduti:! N 8 Bibi 

Relallve~ INL .. 112 LS8 
(Nots2, 10) 

Dillerential Nonllneartty DNL .. 1 LS8 (Nots3.10) 

Gain Error 
GFSE *2 LSB (Nots 10) 

GalnEnor 
Temperature Coelllclent TCGFS ..0.0008 ..0.002 %fC 
(Nots4, 10) 

Zero Gain Error 
Vzse •10 mV 

(Nots 10) 

zero Code Error 
Temperature Coelllclent TCVzs *5 v.VfC 
(Nots4, iOj 

REFERENCE INPUT 
(NotsB) 

Input Reaislance 
f\N 7 15 IQ (Nots5) 

Input Resistance Match ~ ..0.1 .. 1 "' (VRE,A/VRE~) RIN 
Input Capacitance 

CIN 9 20 pF 
(Nots4) 
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Dual 12-Bit (8-Bit Byte) 
Double-Buffered CMOS D/A Converter 

FEATURES 
• Two Matched 12-Bit DACs on One Chip 
• 12-Bit Resolution with an 8-Bit Data Bus 
• Direct Interface with 8-Bit Microprocessors 
• Double-Buffered Digital Inputs 
• RESET to Zero Pin 
• 12-Bit Endpont Linearity (±1/2 LSB) Over Temperature 
• +SV to + 1 SV Single Supply Operation 
• Latch-Up Resistant 
• Improved ESD Resistance 
• Packaged in a Narrow 0.3" 24-Pin DIP and 0.3" 24-Pin 

SOL package 
• Available in Die Form 

APPLICATIONS 
• Multi-Channel Microprocessor-Controlled Systems 
• Robotics/Process Control/Automation 
• Automatic Test Equipment 
• Programmable Attenuator, Power Supplies, Window 

Comparators 
• Instrumentation Equipment 
• Battery Operated Equipment 

GENERAL DESCRIPTION 
The DAC-8248 is a dual 12-bit, double-buffered, CMOS digital
to-analog converter. It has an 8-bit wide input data port that 

FUNCTIONAL DIAGRAM 

6·11 
(MSB) 

8-BIT DATA BUS 
(LSB) 

14-15 

RESET 

LSB/MSB HI-BYTE/LO-BYTE 

DAC A/DAC B 
DAC SELECT 

Wii 
LDAC 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800-446-6212. 
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DAC8248 I 
interfaces directly with 8-bit microprocessors. It loads a 12-bit 
word in two bytes using a single control; it can accept either a 
least significant byte or most significant byte first. For designs 
with a 12-bit or 16-bit wide data path, choose the DAC-8222 or II 
DAC-8221. 

The DAC-8248's double-buffered digital inputs allow both 
DAC's analog output to be updated simultaneously. This is 
particularly useful in multiple DAG systems where a common 
LDACsignal updates all DACsatthesametime. A single RESET 
pin resets both outputs to zero. 

ORDERING INFORMATIONt 

PACKAGE 

RELATIVE GAIN MILITARY' INDUSTRIAL COMMERCIAL 
ACCURACY ERROR TEMPERATURE TEMPERATURE TEMPERATURE 

(+5V or +15V) -ss•c to +125°C -40°C to +ss•c o•c to +70°c 

±1/2 LSB ±1 LSB DACB24BAW DACB248EW 
±1/2 LSB ±2 LSB DAC8248GP 
±1 LSB ±4 LSB DAC8248FW DAC8248HP 
±1 LSB ±4 LSB DAC8248FP DAC8248HStt 

* For devices processed in total compliance to MIL-STD-883, add/883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

ti For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

Yoo 

21 

RFBA 

12-BIT 
DAC DACA louTA 

REGISTER 

AGND 

12-Bff 
DAC DAC B louTa 

REGISTER 

23 
RFeB 

22 

DGND VREFB 
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The DAC-8248's monolithic construction offers excellent DAC
to-DAC matching arid tracking over the full operating temper
ature range. The DAC consists of two thin-film R-2R resistor 
ladder networks, two 12-bit, two 8-bit, and two 4-bit data 
registers, and control logic circuitry. Separate reference input 
and feedback resistors are provided I.or each DAC. The DAC-
8248 operates on a single supply from .+5V to +15V, and it 
dissipates less than 0.5mW at +5V (using zero or VDD logic 
levels). The device is packaged in a space-saving 0.3'', 24-pin 
DIP. 

The DAC-8248 is manufactured with PMl's highly-stable thin
film resistors on an advanced oxide-isolated, silicon-gate, 
CMOS technology. PMl's improved latch-up resistant design 
eliminates the need for external protective Schottky diodes. 

PIN CONNECTIONS 

24-PIN 
0.3" CERDIP 

(W·Sufflx) 

24-PIN 
EPOXY DIP 
(P-Sulfix) 

24-PIN SOL 
(S-Sulfix} 

ABSOLUTE MAXIMUM RATINGS 
(TA= +25°C, unless otherwise noted.) 
VDD to AGND ............................................................. OV, +17V 
VDD to DGND ............................................................. ov. +17V 
AGND to DGND ............................................ --0.3V, VDD +0.3V 
Digital Input Voltage to DGND ..................... --0.3V, VDD +0.3V 
!our A' 10.UT B to AGND ................................. --0.3V, v DD +0.3V 
VREF A' VREF B to AGND ................................................... ±25V 

b';[e~tii~;T':i~~e~;~~ R~~g~ ......................................... ±2SV 

AW Version ................................................ -ss•cto+12s•c 
EW, FW, FP Versions ................................... -40°C to +ss•c 
!3P. HP, HS Versions ..................................... -o•c to +70°C 

Junction Temperature .................................................... +150C 
Storage Temperature .................................... -65°C to + 1 so•c 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE e1A (Not• 1) 8JC UNITS 

24-Pin Hermetic DIP (W) 69 10 "CIW 

24-Pin Plastic DIP (P) 62 32 "CIW 

24-Pin SOL (SJ 72 24 "CIW 
NOTE: 
1. e.A is specified !or worst case mounting conditions. i.e., e.A is specified for 

d~vice in socket for CerDIP and P-DIP packages; e.A is s~ecified for device 
soldered to printed circuit board for SOL package. 1 

CAUTION: 
1. Do no apply voltages higher than V 0 0 or less than GND potential on any termi

nal exceptVREFand AFB" 
2. The digital control inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets: remove power before insertion 
or removal. 

4. Use proper anti-static handling procedures. 
5. Devices can suffer permanent damage and/or reliability degradation if stressed 

above the limits listed under Absolute Maximum Ratings for extended periods. 
This is a stress rating only and functional operation at or above this specifica
tion is not implied. 

ELECTRICAL CHARACTERISTICS at VDD= +5V or +15V; VREF A= VRer e= +10V; Vour A= VouT 8 = OV; AGND = DGND = OV; 
TA= Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 

DAC-8248 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY 

Resolution N 12 Bits 

Relative Accuracy INL DAC-8248A/E/G ±1/2 LSB DAC-8248F/H ±1 

Differential Nonlinearity DNL All Grades are Guaranteed Monotonic ±1 LSB 

Full Scale Gain Error DAC·8248A/E ±1 

(Note 1) GFsE DAC-8248G ±2 LSB 
DAC·8248F/H ±4 

Gain Temperature Coefficient 
TCGFs (Notes 2, 6) 

Ca Gain/ a Temperature) 
±2 ±5 ppm/°C 
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DAC8248 
ELECTRICAL CHARACTERISTICS at VDD= +5V or +15V; VREF A= VREF e = +10V; VouT A= VouT e = OV; AGND = DGND = OV; 
TA= Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
(Continued) 

PARAMETER 

Output Leakage Current 

lour A (Pin 2), lour 8 (Pin 24) 

Input Resistance (VREF A. REF al 

Input Resistance Match 

DIGITAL INPUTS 

Digital Input High 

Digital Input Low 

Input Current (V1N = OV 
or V 00 and ViNL or V1NH> 

Input Capacitance 
(Note2) 

POWER SUPPLY 

Supply Current 

DC Power Supply 

SYMBOL 

ILKG 

RAEF 

<l.RREF 
RAEF 

VtNH 

VINL 

l1N 

C1N 

loo 

CONDITIONS 

All Digital Inputs= Os 
TA= +25°C 
TA= Full Temp. Range 

(Note9) 

Voo=+5V 
V00 = +15V 

Voo= +5V 
v00 =+15V 

TA=+25'C 
TA= Full Temp. Range 

DBO-DB11 
WR, LDAC, DAC NDAC B, LSB/MSB, RESET 

Digital Inputs= ViNL or V1NH 
Digital Inputs= OV or Voo 

Rejection Ratio PSRR <l.V00 = ±5% 
(<l.Gain/<l.Vool 

AC PERFORMANCE CHARACTERISTICS (Note 2) 

Propagation Delay (Notes 3, 4) tp0 

Output Current Settling Time 
(Notes 4, 5) 

Output Capacitance 

AC Feedthrough at 

lour A or lour e 

REV.B 

t, 

Co 

FT a 

Digital Inputs= all Os 

Cour"' Cour e 
Digital Inputs= all 1s 

Cour A· Cour e 

VREF A to I OUT A; VREF A= 20V p-p 
I = 100kHz; TA= +25'C 

VREF B to lour 9; VREF B = 20Vp-p 
I = 100kHz; TA= +25°C 

DAC-8248 
MIN TYP MAX UNITS 

±5 ±10 
±50 

nA 

8 11 15 k!l 

±0.2 ±1 % 

2.4 
13.5 

v 

0.8 
1.5 

v 

µA 
±0.001 ±1 

±10 

pF 
10 
15 

mA 
10 100 µA 

0.002 %/% 

350 ns 

µS 

90 
pF 

120 

-70 

dB 

-70 
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DAC8428 
ELECTRICAL CHARACTERISTICS at V 00 • +5V or+ 15V, V REF A• VREF 8 •+1 OV; VouTA • VouT 8 • OV; AGND. DGND. OV; 

TA• Full Temp Range specified in Absolute Maximum Ratings; unless otherwise noted. Specifications apply for DAC A and DAC B. 
Continued 

PARAMETER S'fMBOL 

SWITCHING CHARACTERISTICS 
(Notes2. 7) 

LSBIMSB Select ID 
Ices Write Set-Up Time 

LSBIMSB Select ID 
lceH Write Hold Time 

OAC Select to 
!AS Write Set-Up Time 

DAC Select to 
tAH Write Hold Time 

lDACto 
1LS Write Set-Up Time 

LDACto 
tLH Write Hold Time 

Data Valid to 
los Write Set-Up Time 

Data Valid to 
loH Write Hold Time 

Write Pulse Width lwR 

LDAC Pulse Width li.wo 
Reset Pulse Width tRWD 

NOTES: 

CONDITIONS 

1. Measured using internal RFe Aand RFB 8. Both DAC digital inputs= 
1111 1111 1111. 

2. Guaranteed and not tested. 
3. From 50% of digital input to 90% offinal analog output current. VREFA= 

VREF B = +10V; OUT A, OUT B load= 1oon. Cexr = 13pF. 

4. WR, LOAC = OV; 080-087 = OV to V DD or V DD to OV. 
5. Settling time is measured from 50% of the digital input change to where 

the output settles within 1/2 LSB of full scale. 

BURN-IN CIRCUIT 

3-328 DIGITAL-TO-ANALOG CONVERTERS 

DAC-8248 
UNITS 

Yoo•+SV V00 •+15V 

+25"C -40°C TO +85"C -SS"C TO +125"C ALL TEMPS 
(Note8) (Note10) 

130 170 180 80 nsMIN 

0 0 0 0 nsMIN 

180 210 220 80 nsMIN 

0 0 0 0 nsMIN 

120 150 160 80 nsMIN 

0 0 0 0 nsMIN 

160 210 220 70 nsMIN 

0 0 0 10 nsMIN 

130 150 170 90 nsMIN 

100 110 130 60 nsMIN 

80 90 90 60 nsMIN 

6. Gain TC is measured from +25°C to T MIN or from +25°C to T MAX· 
7. See Timing Diagram. 
8. These limits apply for the commercial and industrial grade products. 
9. Absolute Temperature Coefficient is approximately +SO ppm/°C. 
10. These limits also apply as typical values for VDD= +12V with +5V CMOS 

logic levels and TA= +25°C. 

Voo 
+15V±0.5V 

R2 
Skn 

R3 
1ookn 

NOTES: 
1. C1 = C2 4.7µF TANTALUM, 50V DC; EVERY 10TH DEVICE. 
2. C3 = C4 0.01µF CERAMIC, 50V DC; EVERY 10TH DEVICE. 
3. All MATERIAL TO WITHSTAND 150°C. 
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NANALOG 
WDEVICES 

FEATURES 
• Four DACs in a 28 Pin, 0.6 Inch Wide DIP or 28 Pin JEDEC 

Plastic Chip Carrier 
• ±1/4 LSB End-Point Linearity 
• Guaranteed Monotonic 
• DACs Matched to Within 1% 
• Microprocessor Compatible 
• Read/Write Capability (with Memory) 
• TTL/CMOS Compatible 
• Four-Quadrant Multiplication 
• Single-Supply Operation (+5V) 
• Low Power Consumption 
• Latch-Up Resistant 
• Available In Die Form 

APPLICATIONS 
• Voltage Set Points in Automatic Test Equipment 
• Systems Requiring Data Access for Self-Diagnostics 
• Industrial Automation 
• Multi-Channel Microprocessor-Controlled Systems 
• Digitally Controlled Op Amp Offset Adjustment 
• Process Control 
• Digital Attenuators 

GENERAL DESCRIPTION 
The DAC-8408 is a monolithic quad 8-bit multiplying digital-to
analog CMOS converter. Each DAC has its own reference input, 
feedback resistor, and on-board data latches that feature 
read/write capability. The read back function serves as memory 
for those systems requiring self-diagnostics. 

FUNCTIONAL DIAGRAM 

Ali 17 

AiW 18 

Dii 19 

Di2 20 

CONTROL 
'LOGIC 

DGND 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 

REV.A 

Quad 8-Bit Multiplying CMOS 
D/A Converter with Memory 

DAC8408 I 
A common 8-bit TTL/CMOS compatible input port is used to 
load data into any of the four DAC data-latches. Control lines 
DS1, DS2, and A/B determine which DAC will accept data. Data 111 loading is similar to that of a RAM's write cycle. Data can be 
read back onto the same data bus with control line R/W. The 
DAC-8408 is bus compatible with most 8-bit microprocessors, 
including the 6800, 8080, 8085, and Z80. The DAC-8408 
operates on a single +5 volt supply and dissipates less than 
20mW. The DAC-8408 is manufactured using PMl's highly 
stable, thin-film resistors on an advanced oxide-isolated, 
silicon-gate, CMOS process. PM l's improved latch-up resistant 
design eliminates the need for external protective Schottky 
diodes. 

ORDERING INFORMATION t 

INL DNL 

±1/4LSB ±1/2LSB 
±112LSB ±1 LSB 
±1/2LSB ±1LSB 
±112LSB ±1 LSB 
±1/2LSB ±1 LSB 

PACKAGE 

EXTENDED 
COMMERCIAL INDUSTRIAL 

TEMPERATURE TEMPERATURE 
o•c to +70'C -40•c to +as•c 
OAC8408GP DAC8408ET 

DAC8408FT 
DACB408FPCtt 
DAC8408FS 
OAC8408FP 

MILITARY' 
TEMPERATURE 
-55°C to + 125'C 

DAC8408AT 
DAC8408BT 

For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

loUT1A 

IOUT18 

....... ,,.,,.,.-+--<> .... 

.-'l,.,,.._-t=<> R,,.C 

louT1c 

louT2c/ 
loUT2D 

louT10 
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·DAC8408 
PIN CONNECTIONS 

28-PIN 
HERMETIC DIP 

(T-Sufllx) 

28-PIN 
EPOXY DIP 
(P-$uffix) 

28-PIN S.OL 
(S-Sufllx) 

ABSOLUTE MAXIMUM RATINGS (TA• +25°C, unless 
otherwise noted.) 
VDD to lour 2A' lour 2e• lour 2C' lour 2D ........................ O, +7V 
VDD to DGND ................................................................. 0, +7V 

lour 1 A' 1our 1 e• 
•our 1c• lour 1D to DGND ...................... "--0.3V to VDD + 0.3V 

F\:aA- F\:eB• RFeC, RFeD to lour ................................... ±25V 
lour u.·· •ou'r 11e• 

lour 2c• lour 20 to DGND .............. , ........ -0.SV to VDD + 0.3V 
DBO through 087 to DGND ....................... -0.3V to VDD + 0.3V 
Control Logic 

Input Voltage to DGND .......................... -0.3V + v DD + 0.3V 
VRetA VREFB, VRe~· VRE~ to 

•our 2A' •our 2e• •our 2C' •our 2D ................................... ±25V 
. Operating Temperature Range 

Commercial Grade (GP) ..... , ............................ o•c to +70°C 
Industrial Grade (ET, FT, FP, FPC, FS) ...... -40°Cto +85°C 
Military Grade (AT, BT) ........ ~ ..................... -os•cto +125°C 

Junction Temperature .................................................. +150°C 

IOUT~outm • 

IC1UT1• • 
R,.B 1 

V..Ef8 8 

CLS8) DBO • 

28-i;:tlN 
PLASTIC LEADED 

CHIP CARRIER 
(PC-Suffix) 

Storage Temperature .................................... -65°C to + 1500C 
Lead Temperature (Soldering, 10 s8c) ........................ +3000C 
PACKAGE TYPE UNITS 

28-Pln Hermadc DIP (1) 55 10 
28-Pln Plaallc DIP (P) 53 

28-Pln SOL (S) 88 ZI "C/N 

2&Can1aci Pl.CC (PC) e8 29 "C/N 
NOTE: 
1. e.A la specified lor worst - mounting c:Dndhiana, Le., eJA la apecilled fllr 

diMce In llOCket lor CerDIP m1d P-OIP peclcagea; ~A la BP"8dfied lor device 
aolclered ID printed circuit board fDr SOL and PLCC packaaea. .. 

CAUTION: 
1. Do not apply llOitagea higher then v DD + 0.3V Dr J8as then --0.SV potendal on 

any terminal •-pt V REF and f\.w . . . . . . 
2 .• The clgilal conlrDI lnpU111 are dmci.prD18Chld; i-ver, permanent damage 

may occur on unconnectlld Jnputa Iran high-energy allClr081adc flekla. Keep 
In conducllve loam iu all timee until reedy ID use. 

3. Use proper anll-11adc haiidHng pnicedurea. 
4. Abaolulll Maximum· Ralinga apply ID bo111 packageci deviCH and DICE. 

Slre8le1 above 1llDae listed under Abaolu111 Maximum Rating& may .c:auae 
permanant damaQe tD the device. 

ELECTRICAL CHARACTERISTICS at VDD • +5V; VREF • ±10V; V0 uyA. B, C, D • OV; TA• -55°C to +125°C apply for DAC-
8408AT/BT, TA •-40°Cto+850CapplyforDAC-8408ET/FT/FP/FPC/FS;TA ·00Cto+700CapplyforDAC-8408GP, unlessotherwise 
noted. Specifications apply for DAC A, B, C, & D. 

FllUIAMETER 

STATIC ACCURACY 

Resolution 

Nonlinearity 
(Notell 1, 2) 

Differential 
Nonlinearity 

Gain Error 

Gain Tempco (Notes 3, 6) 

Power Supply Rej~on 
(4Vco=±1~) 

loUT 1A. a. c. D 
Leakage Current 
(Nolll 13) 

SYMBOL 

N 

INL 

DNL 

TCGFS 

PSR 

ILKG. 

CONDITIONS 

DAC-8408AIE/G 

DAC-84088/F/H 

DAC-8408AIE/G 
DAC-8408BtF/H 

(!JS!ng Internal RFel · 

TA=+25°C 
TA = Full Temp. Range 

3-330 DIGITAL-TO-ANALOG CONVERTERS 

DAC-8408 
MIN TYP MAX UNITS 

8 Bill 

±1/4 
LSB 

±1/2 

±1/2 
LSB 

±1 

±1 LSB 

.±2 ±40 ppm/"C 

0.001 'lltFS~ 

±30 
nA 

±100 
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DAC8408 

ELECTRICAL CHARACTERISTICS at V00 • +5V; VREF • ±10V; VourA, B, C, D. OV; TA. :..Ss•c to +125°C apply for DAC-

8408AT/BT, TA• -40°C to +85°C apply for DAC-8408ET/FT/FP/FPC/FS; TA. o•Cto +70°C apply for DAC-8408GP, unless otherwise 

noted. Specifications apply for DAC A, B, C, & D. Continued 

DAC-8408 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

REFERENCE INPUT 

Input Voltage Range ±20 v 

Input Resistance Match 
RA, B,C, 0 ±1 % II 1Note41 

Input Resistance R,N 6 10 14 kO 

DIGITAL INPUTS 

Digital Input Low VIL 0.8 v 

Digital Input High VIH 2.4 v 

Input Current TA= +25°C ±0.01 ±1.0 
µA 

1Note51 l1N TA = Full Temp. Range ±10.0 

Input Capacitance 
C1N 8 pF 

1Note 61 

DATA BUS OUTPUTS 

Digital Output Low Vol 1.6mA Sink 0.4 v 

Digital Output High VoH 400µA Source 4 v 

Output Leakage TA= +25°C ±0.005 ±1.0 
µA 

Current ILKG TA = Full Temp. Range ±0.075 ±10.0 

DAC OUTPUTS !Note 61 

Propagation Delay 
loo 150 180 ns 

1Note 71 

Settling Time 
t, 190 250 ns 

1Notes 11, 121 

DAC Latches All "O's" 30 
pF Output Capacitance CouT DAC Latches All ''1's" 50 

AC Feedthrough FT 12ov •.• @ F = 100kHZI 54 dB 

SWITCHING CHARACTERISTICS tNotes 6, 101 

Write to tos1 or TA= +25°C 90 
ns 

Data Strobe Time tos2 TA = Full Temp. Range 145 

Data valid to TA= +25°C 150 
losu ns 

Strobe Set-Up Time TA = Full Temp. Range 175 

Data Valid to 
toH 10 ns 

Strobe Hold Time 

DAC Select to 
!As 0 ns 

Strobe Set-Up Time 

DAC Select to 
!AH 0 ns 

Strobe Hold Time 

Write Select to 
twsu 0 ns 

Strobe Set-Up Time 

Write Select to 
lwH 0 ns 

Strobe Hold Time 
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OAC8408 
ELECTRICAL CHARACTERISTICS at V00 • +5V; VREF • ±10V; V0u~· 8, C, D • OV; TA• ~s·c 10 +125°C ;ipply for DAC

. 8408AT/BT, TA --40°Cto +ss•c apply for DAC-8408ET/FT/FP/FPC/FS; TA - o•c to +70°C apply for DAC-8408GP. unless othe..Wise 
noted. Specifications ;ipply for DAC A, 8, C, & D. Continued . . · . . 

PARAMETER SYMBOL CONDITIONS 

Read to TA= +25°C 
Data Strobe Width !Ros TA= Full Temp. Range 

Data Strobe to TA= +25°C 
Output Valid Time !co TA= Full Temp. Range 

Output Data to 
•oro 

TA= +25°c 
Deselect Ti me TA= Full Temp. Range 

Read Select to 
Strobe Set-Up Time IRSU 

Read Select to 
Strobe Hold Time !RH 

POWER SUPPLY 

Voltage Range Voo 

Supply Current 
loo '(Note8) 

Supply Current 
loo 

TA= +25°C 
(Note9) TA= Full Temp. Range 

NOTES: 
1. This is an end-point linearity specification. 
2. Guaranteed to be monotonic over the full operating temperature range. 
3. ppm/°C of FSR (FSR =Full Scale Range= VREF- 1 LSB.) 
4. Input Resistance Temperature Coefficient = +300ppm/°C. 
5. Logic Inputs are MOS gates. Typical input current at +25°C is less than 

10nA. 
6. Guaranteed by design. 

BURN-IN CIRCUIT 

C3 C1 

~4.7µF ~0.01µF 

+SV 
Yoo 

•• Ski! 

RS 
100kf1 

R1 

1kH 
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VREFA 

"'"" 
IOUT1A 

lour WloUT 29 

6 lour1a 
7 

MIN 

220 
350 

320 
430 

200 
270 

0 

0 

4.5 

DAC-840a 
TYP MAX 

5.5 

50 

1.0 
1.5 

7. From Digital Input to 90% of final analog output current. 
8. All Digital Inputs "O" or V00. 

9. All Digital Inputs V1H or V1L· 
10. See Timing Diagram. 
11. Digital Inputs= OV to V00 or V00 to OV. 

UNITS 

ns 

ns 

ns 

ns 

ns 

v 

µA 

mA 

12. Extrapolated: 18 (112 LSB) = t00 + 6.2T where T = the measured first time 
constant of the final RC decay. 

13. All Digital Inputs= OV; VREF = +10V. 

DGND 
.. 

VAEFC 
21 

... c 26 

lour1c 
25 

lour 2dlouT 20 
24 

lour10 
23 

RFeD 
22 

VAEFD 
21 

DS2 

DS1 

RiW 
Ali 

DB7(MS9) 16 

086 
15 

+10V 
VREF 

C2 C4 

~0.01µF ~UµF 

REV.A 



~ANALOG 
WDEVICES 

FEATURES 
+5 to ±15 Volt Operation 
Unipolar or Bipolar Operation 
True Voltage Output 
Double-Buffered Inputs 
Reset to Min or Center Scale 
Fast Bus Access Time 
Read back 

APPLICATIONS 
Automatic Test Equipment 
Digitally Controlled Calibration 
Servo Controls 
Process Control Equipment 

GENERAL DESCRIPTION 
The DAC-8412 and DAC-8413 are quad, 12-bit, voltage output 
DACs with readback capability. Built using a complementary 
BiCMOS process, these monolithic DACs offer the user very 
high package density. 

Output voltage swing is set by the two reference inputs VREFH 

and VREFL" By setting the VREFL input to 0 volts and VREFH to 
a positive voltage, the DAC will provide a unipolar positive out
put range. A similar configuration with V REFH at 0 volts and 
VREFL at a negative voltage will provide a unipolar negative out
put range. Bipolar outputs are configured by connecting both 
V REFH and V REFL to nonzero voltages. This method of setting 
output voltage range has advantages over other bipolar offsetting 
methods because it is not dependent on internal and external 
resistors with different temperature coefficients. 

Digital controls allow the user to load or read back data from 
any DAC, load any DAC and transfer data to all DACs at one 
time. 

An active low RESET loads all DAC output registers to mid
scale for the DAC-8412 and zero scale for the DAC-8413. 

The DAC-8412/DAC-8413 are available in 28-pin plastic DIP, 
cerdip, PLCC and LCC packages. They can be operated from a 

~ o.250 lr.llM.IY'IY•--+--til.A--h--1---1----l 

~ o.12s ~rrT__:_~flt~~~7.J~~~~'1--:--i~ild 
ffi 0 r---t----f '--"'--"t-'-¥'"4\11'--'--t---fj~~lfff 'l!li 
~ -0.125 t----+----t---+---+--+---+--__,>----1 
;:I v 00 = +15V 
!E -0.250 V ss = -15V 
..,1 V REFH = +10V 

-0.375 V REFL= -10V 
TA= --65'C,+25"C,+125'C 

-0.500 ,___...._ _ __. __ ...__ _ _.. __ ..__ _ _,_ _ __..___~ 

0 512 1024 1536 2048 2560 

DIGITAL INPUT CODE 

3072 

INL VS. CODE OVER TEMPERATURE 

3564 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.C 

4096 

Quad, 12-Bit DAC 
Voltage Output with Readback 

DAC8412/DAC8413 I 

AO 

A1 

RJW 
cs 

FUNCTIONAL BLOCK DIAGRAM 

RESET o------+---~ 
LDAco----------~ 

wide variety of supply and reference voltages with supplies rang
ing from single + 5 volt to ± 15 volts, and references from + 2.5 
to ±IO volts. Power dissipation is less than 330 mW with ±15 
volt supplies and only 60 mW with a +5 volt supply. 

For MIL-STD-883 applications, contact your local ADI sales 
office for the DAC-8412/DAC-8413/883 data sheet which speci
fies operation over the -55°C to + 125°C temperature range. All 
883 parts are also available as Standard Military Drawings 5962-
9l-76401MXA through -76404M3A. 

ORDERING INFORMATION' 

Extended 
Military' lndustrial2 

INL Temperature Temperature Package 
(LSB) -55°C to + 125°C -40°C to +85°C Package Option3 

±l DAC8412FPC PLCC P-28A 
±1.5 DAC84 l2BTC/883 LCC E-28A 
±0.5 DAC8412ET Cerdip Q-28 
±0.75 DAC8412AT/883 Cerdip Q-28 
±1 DAC8412FT Cerdip Q-28 
±1.5 DAC8412BT/883 Cerdip Q-28 
±0.5 DAC8412EP Plastic N-28 
±1 DAC8412FP Plastic N-28 
±l DAC8412GBC Dice 
±1 DAC8413FPC PLCC P-28A 
±1.5 DAC8413BTC/883 LCC E-28A 
±0.5 DAC84l3ET Cerdip Q-28 
±0.75 DAC8413AT/883 Cerdip Q-28 
±l DAC84l3FT Cerdip Q-28 
±1.5 DAC8413BT/883 Cerdip Q-28 
±0.5 DAC84l3EP Plastic N-28 
±1 DAC84l3FP Plastic N-28 
±1 DAC84l3GBC Dice 

NOTES 
1Burn-in is available on extended industrial temperature raD.ge parts in cerdip. 
2A complete /883 data sheet is available. For availability and burn-in informa
tion, contact your local sales office. 

'For outline information see Package Information section. 
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DAC8412/DAC8413-SPECIFICATIONS 
C C. . c c' STl·CS (@Yoo= +15.0V, Yss = -15.0 v. VLOGIC = +5.0V, VREFH = +10.0V, VaE~ ::= -fo.o v. ELE TRI AL· · HARA TERI ""'.'411°C s T, is; +85°C unless otherwise specified. See Note 1 for supply variations.) 

Parameter Symbol Conditions 
~ 

Integral Linearity "E" . INL 
Integral Linearity "F~ INL 
Differential Linearity DNL Monotonic Over Temperature 
Min Scale Error Vzse RL = 2kfi 
Full-Scale Error VFSE RL = 2kfi 
Min Scale Tempco TCVzse RL=2kfi 
Full-Scale Tempco T~VFSE RL = 2kfi 

MATCHING PERFORMANCE 
Linearity Matching 

REFERENCE 
Positive Reference Input Range Note 2 
Negative Reference Input Range Note2 
Reference High Input Current IREFH 
Reference Low Input Current' IREFL 

AMPLIFIER CHARACTERISTICS 
Output Current Io UT 

Settling Time ts to 0.01% 
Slew Rate SR 10% to 90% 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH TA= +25"C 
Logic Input Low Voltage ViNL TA= +25°c 
Logic OutpUt High Voltage VoH loH = +0.4mA 
Logic Output Low Voltage VoL loL = -1.6 mA 
Logic Input Current I1N 
Input Capacitance CIN 
Crosstalk •. 

Large Signal Bandwidth -3 dB, VREFH = 0 to +10 V p-p 

LOGIC TIMING CHARACTERISTICS Note3 
WRITE 

Chip Select Write Pulse Width twcs 
Write Setup tws twcs = 80 ns 
Write Hold tWH twcs = 80 ns 
Address Setup tAs 
Address Hold tAH 
Load Setup tLS 
Load Hold tLH 
Write Data Setup twos twcs = 80 ns 
Write Data Hold twoH twcs = 80 ns 
Load Pulse Width tLWD 
Reset Pulse Width tRESET 

READ 
Chip Select Read Pulse Width tRcs 
Read Data Hold tRDH tRcs = 130 ns 
Read Data Setup .tRDS tRCs = 130 ns 
Data to HiZ toz CL= lOpF 
Chlp Select to Data tcsn CL= 100 pF 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSS i4.25 V:sV00si5.75 V 
Positive Supply Current loo VREFH = +2.5 v 
Negative Supply Current lss 
Power Dissipation Pmss 

NOTES 
'All supplies can be varied ±5%, ll!ld operation is. gl!8l'anteed. Device is tested with nominsl supplies. 
20peration is gl!8l'&nteed over 'this reference range; but linesrity is neither tested nor guaranteed. 

Min 

-I 

VREFL + 2.5 
-10 
-2.75 
0 

-5 

2.4 

2.4 

80 
0 
0 
0 
0 
70 
30 
20 
0 
170 
140 

130 
0 
0 

-10 

'All input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

Specifications subject to change without notice. 
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Typ Max .Units 

0.25 ±0.5 LSB 
±1 LSB 

LSB 
±2 LSB 
±2 LSB 

15 ppm/°C 
20 ppm/°C 

±1 LSB 

VDD - 2.5. v 
VREFH - 2;5 v .. 

+1.5 +2.75 mA 
+2 +2.75 mA 

+5 mA 
6 µ.sec 
2.2 V/µ.sec 

v 
0.8 v 

v 
0.4 v 
1 µ.A 

8 pF 
>72 dB 
160 kHz 

'•'' 

40 ns 
ns 
ns 
ns 
ns 

30 ns 
'10 riS 

ns 
ns 

130 ns 
100 ns 

100 ns 
ns 
Iis' 

150 ns. 
120 16o ns 

iSO ppmrv 
8 .. 5 12 mA 
-6.5 mA 

330 mW 
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DAC8412/DAC8413 
(@ V00 = VLDGIC = +5.0 V ±5%, V55 = 0.0 V, VREFH = 2.5 V, VREFL = 0.0 V, and 

ELECTRICAL CHARACTERISTICS V55 ~- -5.0 V ±5%, VRm = -2.5_v •. -40°C :s TA :s +85°C unless otherwise 
spec1f1ed. See Note 1 for supply variations.) 

Parameter Symbol Conditions Min Typ Max 

Integral Linearity "E" INL 112 ±1 
Integral Linearity "F" INL ±2 
Integral Linearity "E" INL V88 = 0.0 V; Note 2 ±2 
Integral Linearity "F" INL V88 = 0.0 V; Note 2 ±4 
Differential Linearity DNL Monotonic Over Temp -1 
Min Scale Error VzsE Vss = -5.0 V ±4 
Full-Scale Error VFSE Vss = -5.0 V ±4 
Min Scale Error VzsE V88 = O.OV ±8 
Full-Scale Error VFSE Vss = O.OV ±8 
Min Scale Tempco TCVzsE 100 
Full-Scale Tempco TCVFSE 100 

MATCHING PERFORMANCE 
Linearity Matching ±1 

REFERENCE 
Positive Reference Input Range Note 3 VREFL + 2.5 V00 - 2.5 
Negative Reference Input Range Vss = 0.0 V 0 VREFH - 2.5 
Negative Reference Input Range Vss = -5.0 V -2.5 VREFH - 2.5 
Reference High Input Current IREFH Code OOOH -1.0 +1.0 

AMPLIFIER CHARACTERISTICS 
Output Current Io UT -1.25 +l.25 
Settling Time ts to 0.01% 6 
Slew Rate SR 10% to 90% 2.2 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VINH TA= +25°c 2.4 
Logic Input Low Voltage VINL TA= +25°c 0.8 
Logic Output High Voltage VoH IoH = +0.4mA 2.4 
Logic Output Low Voltage VoL loL = -1.6 mA 0.45 
Logic Input Current I,N 1 
Input Capacitance CIN 8 

LOGIC TIMING CHARACTERISTICS Note4 
WRITE 

Chip SelectWrite Pulse Width twcs 150 90 
· Write Setup tws twcs = 150 ns 0 
Write Hold twH twcs = 150 ns 0 
Address Setup tAS 0 
Address Hold tAH 0 
Load Setup tLS 70 30 
Load Hold tLH 50 20 
Write Data Setup twos twcs = 150 ns 20 
Write Data Hold twoH twcs = 150 ns 0 
Load Pulse Width tLWO 180 130 
Reset Pulse Width tRESET 150 llO 

READ 
Chip Select Read Pulse Width tRCS 170 120 
Read Data Hold tROH tRcs = 170ns 20 
Read Data Setup tROS tRCS = 170ns 0 
Data to Hi Z toz CL= 10 pF 200 
Chip Select to Data tcso CL= 100 pF 220 320 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSS 100 
Positive Supply Current loo 7 12 
Negative Supply Current lss Vss = -5.0 V -10 

NOTES 
'All supplies can be varied ±5%, and operation is guaranteed. Device is tested with V00 = +4.75 V. 

Units 

LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
ppmf'C 
ppmf'C 

LSB 

v 
v 
v 
mA 

mA 
µs 
V/µs 

v 
v 
v 
v 
µA 
pF 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ppm!V 
mA 
mA 

2For single supply operation.only (VREFL = 0.0 V, V,, = 0.0 V): Due to internal offset errors, !NL and DNL are measured beginning at code 2 (002H). 
'Operation is guaranteed over this reference range, but linearity is neither tested nor guaranteed. 
4All input control signals are specified with tr = tf = 5 ns (10% to 90% .of +5 V) and timed from a voltage level of 1.6 V. 

Specifications subject to change without notice. 
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DAC8412/DAC8413 
ABSOLUTE MAXIMUM RATINGS' 
(TA = + 25°C unless otherwise noted) 
VsstoV00 •••••.•.•.•..•••.•••.• -0.3V, +33.0V 
Vss to VLoGic .................... -0.3 V, +33.0 V 
Vwmc to DGND .................. -0.3 V, +18.0 V 
Vss to VREFL .................. -0.3 V, +Vss-2.0 V 
VREFH to V00 ..••.••.••..•..••.•. +2.0 V, +33.0 V 
VREFH to VREFL ................. +2.0 V, Vss-Vnn 
Current into Any Pin4 ••••••••••••••••••••• ± 15 mA 
Digital Input Voltage to DGND .... -0.3 V, VLoGic +0.3 V 
Digital Output Voltage to DGND ........ -0.3 V, +7.0 V 
Operating Temperature Range 

ET, FT, EP, FP, FPC .............. -40°C to +85°C 
AT, BT, BTC ................... -55°C to + 125°C 

Dice Junction Temperature .................. + 150°C 
Storage Temperature . . . . . . . . . . . . . . . -65°C to + 150°C 
Power Dissipation Package ................. 1000 mW 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

Thermal Resistance 

Package Type OJA 
I 

61c Units 

28-Pin Hermetic DIP (T) 50 7 oc/W 
28-Pin Plastic DIP (P) 48 22 oc/W 
28-Lead Hermetic Leadless Chip Carrier (TC) 70 28 OCIW 
28-Lead Plastic Leaded Chip Carrier (PC) 63 25 oc/W 

NOTE 
161A is specified for worst case mounting conditions, i.e., 01A is specified for 
device in socket. 

TIMING DIAGRAMS 

cs 

R/W 

AO/A1 

~J: ~----+-~ 

cs 

R/W 

AO/A1 

LDAC 

RESET 

":-----+-J' 

Data Output (Read) Timing 

lwcs-1 
'-----'I 

--1 lwH 

i.ILH 
I 

-------.:...: ____.( loH 

Data WRITE (Input and Output Registers) Timing 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

!. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional operation at or above this specification is not 
implied. Exposure to the above maximum rating conditions for extended periods may affect 
device reliability. 

2. Digital inputs and outputs are protected, however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 

3. Remove power before inserting or removing units from their sockets. 

4. Analog outputs are protected from short circuit to ground or either supply. 

PIN CONFIGURATIONS 

DIP 
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PLCC 

UAC-S4i2PC 
DAC-8413PC 

TOP VIEW 
(Not to Scale) 

cs 
AO 

R!W 

0811 (MSB) 

WARNING! g 
~~EDEVICE 

LCC 
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~ANALOG 
WDEVICES 

FEATURES 
Guaranteed Monotonic Over Temperature 
Excellent Matching Between DACs 
Unipolar or Bipolar Operation 
Buffered Voltage Outputs 
High Speed Serial Digital Interface 
Reset to Zero· or Center-Scale 
Wide Supply Range, +5 V-Only to ±15 V 
Low Power Consumption (35 mW max) 
Available in 16-Pin DIP and SOL Packages 

APPLICATIONS 
Software Controlled Calibration 
Servo Controls 
Process Control and Automation 
ATE 

GENERAL DESCRIPTION 
The DAC-8420 is a quad, 12-bit voltage-output DAC with 
serial digital interface, in a 16-pin package. Utilizing BiCMOS 
technology, this monolithic device features unusually high 
circuit density and low power consumption. The simple, 
easy-to-use serial digital input and fully buffered analog voltage 
outputs require no external components to achieve specified 
performance. 

The three-wire serial digital input is easily interfaced to micro
processors running at 10 MHz rates, with minimal additional 
circuitry. Each DAC is addressed individually by a 16-bit serial 
word consisting of a 12-bit data word and an address header. 
The user-programmable reset control CLR forces all four DAC 
outputs to either zero- or midscale, asynchronously overriding 
the current DAC register values. The output voltage range, 
determined by the inputs VREFHI and VREFLO, is set by the 
user for positive or negative unipolar or bipolar signal swings 
within the supplies allowing considerable design flexibility. 

REV.O 

GND 

Quad 12-Bit Serial 
Voltage-Output DAC 

DAC8420 I 
FUNCTIONAL BLOCK DIAGRAM 

VREFHI VDD 

VREFLO VSS 

The DAC-8420 is available in 16-pin epoxy DIP, cerdip, and 
wide-body SOL (small-outline surface mount) packages. Opera
tion is specified with supplies ranging from + S V-only to 
±IS V, with references of +2.5 V to ±10 V respectively. Power 
dissipation when operating from ± 15 V supplies is less than 
255 mW (max), and only 3'5 mW (max) with a +5 V supply. 

For applications requiring product meeting MIL-STD-883, con
tact your local sales office for the DAC-8420/883 data sheet, 
which specifies operation over the -SS°C to + 125°C tempera
ture range. 
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DAC8420-SPECIFICATIONS 
'. \' . ''. 

ELECTR·ICAL CHARACTERISTICS (at V00 = +5.0 V ± 5%, Yss = 0.0 V, VVREFHI = +2.5 V, VVREFUI = 0;0 V, and 
Yss =. -5.0 y ± 5%,_ YvREFLD = .:..2.5 v, -411°C :$ TA :$ +.B.5°C unless o_therwise noted. Sae Note 1 frir supply variations.) 

Parameter 
... 

Symbol Condition Min Typ Malt 

STATJC ACCURACY 
Integral Linearity "E" INL ±1/4 ±1 
Integral Linearity "E" INL Note2, Vss = OV ±1/2 .±3 
Integral Linearity "F" INL ±3/4 ±2 
Integral Linearity "F" INL Note2, Vss = OV ±1 . ±4 
Differential Linearity DNL Monotonic Over Temperature ±1/4 ±1 
Min-Scale Error ZSE RL = 2 kn, Vss = -5 V ±4 
Full-Scale Error FSE RL = 2 kn, Vss = -5 V ±4 
Min-Scale Error ZSE Note2,RL = 2kn, Yss = OV +8 
Full-Scale Error FSE Note2, RL = 2 kn, V55 = OV '±8 
Min-Scale Tempco TCzsE Note 3, RL = 2kn, V55 = -5 V ±10 
Full-Scale Tempco TCFSE Note 3, RL = 2 kn, Vss = -5 V ±10 

MATCHING PERFORMANCE 
. 

Linearity Matching ±1 

REFERENCE 
Positive Reference Input Range VVREFHI Note 4 VvREFLo+2.5 V00 -2.5 
Negative Reference Input Range VvREFLO Note 4 Yss VVREFHI -2.5 
Negative Reference Input Range VvREFLO Note4, Vss = OV 0 VvREFHI -2.5 
Reference High Input Current lvREFHI Codes oo~. 555H -0.75 ±0.25 +0.75 
Reference Low Input Current lvREFLO Codes oo~. 555H, Vss = -5 v -1.0 -0.6 

AMPLIFIER CHARACTERISTICS 
Output Current louT Yss = -5 V -1.25 +1.25 
Settling Time ts to 0.01 %, Note 5 8 
Slew Rate SR 10% to 90%, Note 5 1.5 

LOGIC CHARACTERISTICS 
Logic Input H;igh Voltage V11rn 2.4 
LOgic Input LQw Voltage VINL 0.8 
Logic Input Current I1N 10 
Input Capacitance ~ Note3 13 

LOGIC TIMING CHARACTE~ISTICS3• 6 

Data Setup Time tos 25 
.Data Hold toH 55 
Qock Pulse Width HIGH tcH 90 
Qock Pulse Width LOW lcL 120 
Select Time less 90 
Deselect Delay lcsH 5 
Load Disable Time tLDI 130 
Load Delay tL02 35 
Load Pulse Width tLow 80 
Qear Pulse Width lcLRW 150 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSRR 0.002 0.01 
Positive Supply Current loo 4 7 
Negative Supply Current lss -6 -3 
Power Dissipation Pmss V88 = 0 V 20 35 

NOTES 
1.All supplies can be va.-ied ±5% and operation is gw1&ranteed. !>e'.'ice is teSted \\iith V0 u·= +4.75 V. 
2For single-supply operation (V VIU!FLO = 0 V, V ss = 0 V), due to internal offset errors INL and DNL are measured beginning at code 003H. 
"Guaranteed but not tested. · 
40perati0n is guaranteed over this reference raoge, but linearity is neither tested nor guaranteed. 
'VoUT swing between +2.5 V and -2.5 V with V00 = 5.0 V •. 
6AJI input control signals are specified with tr = tf = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
7Typical values indicate performance measured at + 2S°C. 
Specifications subject to change without notice. 
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Units 

LSB 
LSB 
LSB 
LSB 
LSB 

t~: 
LSB 
LSB 
ppm/°C 
ppin/"C 

LSB 

v 
v 
v 
mA 
mA 

mA 
µs 
V/IU 

v. 
v 
µA 
pF 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

%/% 
mA 
mA 
mW 
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DAC8420 
ELECTRICAL CHARACTERISTICS (at V00 = +15.0 V ± 5%, Yss = -15.0 V ± 5%, VVREFHI = +10.0 V, 
VVREFLD = -10.0 V, -40°C :;:; Ta :;:; +85°C unless otherwise noted. See Note 1 for supply variations.) 

Parameter Symbol 

STATIC ACCURACY 
Integral Linearity "E" INL 
Integral Linearity "F" INL 
Differential Linearity DNL 
Min-Scale Error ZSE 
Full-Scale Error FSE 
Min-Scale Tempco TCzsE 
Full-Scale Tempco TCFSE 

MATCHING PERFORMANCE 
Linearity Matching 

REFERENCE 
Positive Reference Input Range VvREFHI 
Negative Reference Input Range VvREFLO 
Reference High Input Current lvREFHI 
Reference Low Input Current lvREFLO 

AMPLIFIER CHARACTERISTICS 
Output Current louT 
Settling Time ts 
Slew Rate SR 

DYNAMIC PERFORMANCE 
Analog Crosstalk 
Digital Feedthrough 
Large Signal Bandwidth 

Glitch Impulse 

LOGIC CHARACTERlSTICS 
Logic Input High Voltage VINH 
Logic Input Low Voltage VINL 
Logic Input Current I1N 
Input Capacitance C1N 

LOGIC TIMINGCHARACTERISTICS2• s 
Data Setup Time tns 
Data Hold tnH 
Qock Pulse Width HIGH lcH 
Qock Pulse Width LOW lcL 
Select Time less 
Deselect Delay lcsH 
Load Disable Time tLDI 
Load Delay tLD2 
Load Pulse Width tLDW 
Qear Pulse Width lcLRW 

SUPPLY CHARACTERISTICS 
Power Supply Sensitivity PSRR 
Positive Supply Current Ion 
Negative Supply Current Iss 
Power Dissipation Pn1ss 

NOTES 
'All supplies can be varied ±5% and operation is guaranteed. 
'Guaranteed but not tested. 

Condition 

Monotonic Over Temperature 
RL=2kn 
RL=2kn 
Note 2, RL = 2 kn 
Note 2, RL = z kn 

Note 3 
Note 3 
Code OOOH, 555H 
Code OOOH, 555H 

to 0.01%, Note 4 
10% to 90%, Note 4 

Note 2 
Note 2 
-3 dB, VVREFHI = 5 v + 10 Vp-p, 
VVREFLo = -10 V, Note 2 
Code Transition= 7FFH to 800H, Note 2 

Note 2 

'Operation is guaranteed over this refen:nce range, but linearity is neither tested nor guaranteed. 

Min 

VVREFLO +2.5 
-10 
-z.o 
-3.5 

-5 

2.4 

25 
20 
30 
50 
55 
15 
40 
15 
45 
70 

-8 

'VollT swing between + 10 V and -10 V. · 
'All input control signals an: specified with tr= tf = S ns (10% to 90% of +S \/)and timed from a voltage~ of 1.6 V. 
"Typical values indicate performance measured at + 2S'C. 

Specifacations subject to change without notice. 

Typ Max Units 

±1/4 ±1/2 LSB 
±112 ±1 LSB 
±114 ±1 LSB 

±2 LSB 
±2 LSB 

±4 ppm/°C 
±4 ppm/°C 

±1 LSB 

V00 -Z.5 v 
VVREFHI -2.5 V 

±l.O +2.0 mA 
-2.0 mA 

+5 mA 
13 µs 
2 V/µs 

>64 dB 
>72 dB 
90 kHz 

64 nV-s 

v 
0.8 v 
IO µA 

13 pF 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

0.002 0.01 %/% 
6 9 mA 
-5 mA 

255 mW 
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DAC8420 

WAFER TEST LIMITS (at V00 = +1.5.0 V, Yss = '-15.0 V, VRE~HI =:: +10.0 V, VREFLD = -10.0 V, TA= +25°C, 
unless otherwise noted.) 

DAC·8420G 
Parameter Symbol Conditions Limit Units 

Integral Linearity INL ±1 LSBmax 
Differential Linearity DNL ±I LSB max 
Min-Scale Offset ±I LSB max 
Max-Scale Offset ±I LSB max 
Logic Input High Voltage VINH 2.4 Vmin 
Logic Input Low Voltage VINL 0.8 Vmax 
Logic Input Current I1N I µAmax 
Positive Supply Current loo 8 mAmax 
Negative Supply Current lss 7 mAmax 

NOTE: 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS 
(TA = 2S"C unless otherwise noted) 

VDD to GND .................... -0.3 V, +18.0 V 
VSS to GND ..................... +0.3 V, -18.0 V 
VSS to VDD ..................... -0.3 V, +36.0 V 
V88 to VvREFLO ................. -0.3 V, V88 - 2.0 V 

VvREFHI to VvREFLO · · · · · · · · · · · · · · +2.0 V, Voo - Vss 
VvREFHI to V00 ................... +2.0 V, +33.0 V 
lvREFHI' lvREFLO ......................... 10 mA 
Digital Input Voltage to GND ....... -0.3 V, V00 +0.3 V 
Output Short Circuit Duration ............... Indefinite 
Operating Temperature Range 

EP, FP, ES, FS, EQ, FQ ............ -40°C to +85°C 
Dice Junction Temperature ................... + IS0°C 
Storage Temperature ................ -65°C to + 150°C 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . 1000 mW 
Lead Temperature (Soldering, 60 sec) ............. 300°C 

Thermal Resistance 
Package Type OJA 61c Units 

16-Pin Plastic DIP (P) 701 27 OCfW 

16-Pin Hermetic DIP (Q) 821 9 °C/W 
16-Lead Small Outline 

Surface Mount (S) 862 22 °C/W 

NOTES 
161A is specified for worst case mounting conditions, i.e., 61A is specified for 
device in socket. 

201A is specified for device on board. 

CAUTION 
I. Stresses above those listed under "Absolute Maximum 

Ratillgs" may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this 
specification is not implied. Exposure to the above 1naximum 
rating conditions for extended periods may affect device 
reliability. 

2. Digital inputs and outputs are protected, however, permanent 
damage may occur on unprotected units from high-energy 
electrostatic fields. Keep units in conductive foam or packag
ing at all times until ready to use. Use proper antistatic han
dling procedures. 
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3. Remove power before inserting or removing units from their 
sockets. 

4. Analog Outputs are protected from short circuits to ground or 
either supply. 

VOUTC 3 

VREFHI 5 

VOUTB 6 

DICE CHARACTERISTICS 

(SUBSTRATE) 

VOUTD VDD CLSEL 
2 1 16 

7 8 9 
VOUTA VSS GND 

NC = NO CONNECT 

10 
SDI 

14 Lii 

12 cs 

11 CLK 

Die Size 0.119 x 0.283 inch, 33,677 sq. mils 
(3.023 X 7 .. 188 mm, 21.73 sq. mm) 
Transistor Count 2,207 

For additional DICE ordering information, refer to databook. 
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DATA LOAD SEQUENCE 

CLK 

+1sv•-+-1-W~------I 
1N4001 

-10V•-+-t-'IN\,-4>--------l 

1N4001 

+10V ____ >.A; __ __, 

1N4001 

-15V ----IN\-----' 
1N4001 0.1µF 

NC = NO CONNECT 

Burn-In Diagram 

REV.O 

Timing Diagram 

CLEAR TIMING 

CLSEL~ 

ORDERING GUIDE 

Temperature INL 
Model' Range (±LSB) 

DAe8420EP -40'e to +85'e 0.5 
DAe8420EQ -40'e to +85'e 0.5 
DAe8420ES -40'e to +85'e 0.5 
DAe8420FP -40'e to + 85'e 1.0 
DAe8420FQ -40°e to +85'e 1.0 
DAe8420FS -40'e to +85'e 1.0 
DAe8420GBe -40'e to +85'e 1.0 

NOTES 

DAC8420 

lcsH Ir= 

Package Package 
Description Option2 

Plastic DIP N-16 
eerdip Q-16 
sore SOL-16 
Plastic DIP N-16 
eerdip Q-16 
sore SOL-16 
Dice3 

1 A complete /883 data sheet is available. For availability and burn-in informa
tion, contact your local sales office. 

2PMI division letter designator. For outline information see Package Informa
tion section. 

'Dice tested at 2S'e only. 
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DAC8420 

Power Supplies 

Clock 

Control Inputs 

Data Input 

PIN CONFIGURATIONS 

DIP 

CLSEL 

CLR 

Lii 

NC 

cs 
CLK 

SDI 

NC • NO CONNECT 

PIN FUNCTION DESCRIPTION 

VDD: Positive Supply, +S V to +IS V. 
VSS: Negative Supply, 0 V to - lS V. 
GND: Digital Ground. 

VDD 

SOL 

CLSEL 

CLR 

Lii 

DAC-8420 NC 
TOP VIEW cs (Not to Scale) 

SDI 

NC = NO CONNECT 

CLK: System Serial Data Clock Input, TTUCMOS levels. Data presented to the input SDI is shifted into 
the internal serial-parallel input register on the rising edge of clock. This input is logically ORed with CS. 

(All are CMOSffTL compatible.) 

CLR: Asynchronous Clear, active low. Sets internal data registers A-D to zero or midscale, depending on current 
state of CLSEL. The data in the serial input shift register is unaffected by this control. 

CLSEL: Determines action of CLR. If HIGH, a Clear command will set the internal DAC registers A-D to 
midscale (800H). If LOW, the registers are set to zero (OOOH). 

CS: Device Chip Select, active low. This input is logically ORed with the clock and disables the serial data 
register input when HIGH. When LOW, data input clocking is enabled. See the Control Function Table. 

LD: Asynchronous DAC Register Load Control, active low. The data currently contained in the serial input shift 
register is shifted out to the DAC data registers on the falling edge of LD, independent of CS.· Input data must 
remain stable while LD is LOW. 

(All are CMOSffTL compatible.) 

SDI: Serial Data Input. Data presented to this pin is loaded into the internal serial-parallel shift register, which 
shifts data in beginning with DAC address Bit Al. This input is ignored when CS is HIGH. 

The format of the 16-bit serial word is: 

(FIRST) 

BO Bl B2 B3 
Al AO NC NC 

-Address Word
NC = Don't Care. 

B4 BS 
Dll DIO 

(MSB) 

B6 
D9 

B7 BS B9 BIO 
DS D7 D6 DS 

-DAC Data Word-

Bll 
D4 

Bl2 
D3 

BB 
D2 

(LAST) 

Bl4 BIS 
Dl DO 

(LSB) 

Reference Inputs VREFHI: Upper DAC ladder reference voltage input. Allowable range is (V00 -2.S V) to (VvREFLo +2.S V). 

Analog Outputs 

VREFLO: Lower DAC ladder reference voltage input, equal to zero scale output. Allowable range is V ss to 
(VvREFHI -2.S V). 

VOUTA through VOUTD: Four buffered DAC voltage outputs. 
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Table I. Control Function Logic Table 

CLK1 CS1 

NC H 
NC H 
NC H 
t L 

L t 
H NC ( j) 
H NC 
NC H 
NC = Don't Care. 

NOTES 
'CS and CLK are interchangeable. 

LD 

H 
H 
H 
H 
H 
1 
L 
H 

CLR CLSEL Serial Input Shift Register DAC Registers A-D 

L H No Change Loads Midscale Value (800H) 
L L No Change Loads Zero-Scale Value (OOOH) 
t H/L No Change Latches Value 
H NC Shifts Register One Bit. No Change 
H NC Shifts Register One Bit. No Change 
H NC No Change Loads the Serial Data Word2 

H NC No Change Transparent3 

H NC No Change No Change 

'Returning CS HIGH while CLK is HIGH avoids an additional "false clock" of serial input data. See Note 1. 
'Do not clock in serial data while LD is LOW. 

OPERATION 
Introduction 
The DAC-8420 is a quad, voltage-output 12-bit DAC with serial 
digital input, capable of operating from a single + 5 V supply. 
The straightforward serial interface can be connected directly to 
most popular microprocessors and microcontrollers, and can 
accept data at a 10 MHz clock rate when operating from ± 15 V 
supplies. A unique voltage reference structure assures maximum 
utilization of DAC output resolution by allowing the user to set 
the zero- and full-scale output levels within the supply rails. The 
analog voltage outputs are fully buffered, and are capable of 
driving a 2 k!l load. Output glitch impulse during major code 
transitions is a very low 64 nV-s (typ). 

Digital Interface Operation 
The serial input of the DAC-8420, consisting of CS, SDI, and LD, 
is easily interfaced to a wide variety of microprocessor serial ports. 
As shown in Table I and the Timing Diagram, while CS is LOW 
the data presented to the input SDI is shifted into the internal 
serial/parallel shift register on the rising edge of the clock, with the 
address MSB first, data LSB last. The data format, shown above, 
is two bits of DAC address and two "don't care" fill bits, followed 
by the 12-bit DAC data word. Once all 16 bits of the serial data 
word have been input, the load control LD is strobed and the word 
is parallel-shifted out onto the internal data bus. The two address 
bits are decoded and used to route the 12-bit data word to the 
appropriate DAC data register. See the Applications Information. 

Correct Operation of CS and CLK 
As mentioned in Table I, the control pins CLK and CS require 
some attention during a data load cycle. Since these two inputs 
are fed to the same logical "OR" gate, their operation is in fact 
identical. The user must take care to operate them accordingly 
in order to avoid clocking in false data bits. As shown in the 
Timing Diagram, CLK must be either halted HIGH, or CS 
brought HIGH during the. last HIGH portion of the CLK fol
lowing the rising edge which latched in the last data bit. Other
wise, an additional rising edge is generated by CS rising while 
CLK is LOW, causing CS to act as the clock and allowing a 
false data bit into the serial input register. The same issue must 
be considered in the beginning of the data load sequence also. 

Using CLR and CLSEL 
The CLEAR (CLR) control allows the user to perform an asyn
chronous reset function. Asserting CLR loads all four DAC data 
word registers, forcing the DAC outputs to either zero-scale 
(OOOH) or midscale (800H), depending on the state of CLSEL as 
shown in the Digital Function Table. The CLEAR function is 

REV.0 

asynchronous and is totally independent of CS. When CLR 
returns HIGH, the DAC outputs remain latched at the reset 
value until LD is strobed, reloading the individual DAC data 
word registers with either the data held in the serial input register 
prior to the reset, or new data loaded through the serial interface. 

Table II. DAC Address Word Decode Table 

Al AO DAC Addressed 

0 
0 
1 

0 
1 
0 
1 

DACA 
DACB 
DACC 
DACD 

Programming the Analog Outputs 
The unique differential reference structure of the DAC-8420 
allows the user to tailor the output voltage range precisely to the 
needs of the application. Instead of spending DAC resolution on 
an unused region near the positive or negative rail, the DAC-
8420 allows the user to determine both the upper and lower lim
its of the analog output voltage range. Thus, as shown in Table 
III and Figure 1, the outputs of DACs A through D range 
between VREFHI and VREFLO, within the limits specified in 
the Electrical Characteristics tables. Note also that VREFHI 
must be greater than VREFLO. 

Yoo-.---------
2.SV MIN 

OVMIN 

Yss.....1:.....--------

Figure 1. Output Voltage Range Programming 
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Table III. Analpg Output Code 

DAC Data Word (HEX) VouT Note 

FFF VREFLO .. + 
(VREFHI-VREFLO) 

x 4095 Full-Scale Output 
4096 

801 VREFLO 
(VREFHI-VREFLO) 

x 2049 Midscale+ 1 + 4096 

800 VREFLO 
(VREFHI-VREFLO) 

x 2048. Midscale + 
.4096 

7FF VREFLO 
(VREFHI-VREFLO) 

x 2047 Midscale - 1 + 4096 

000 VREFLO 
(VREFHI-VREFLO) 

x 0 Zero-Scale .+ 4096 

Typical Performance Characteristics 

o.3 ..-,.......,--.-.,.. LTA-."'"1.25..,_J_c..,.l-....-l.,,._.,I 

0.2 1--+--+--+-V00 : +15V, V88 = -15V -

VVREFLO = -10V 

-0.3 ,__...._..._....__._ ..... _..__._.,__......_. 
~ -4 -2 0 2 4 6 8 10 12 14 

YvftEFH1-:Y 

Figure 2. Differential Linearity vs. 
VREFHJ (±15 VJ 

0.4 ..-----.--.--.---..---.-----. 

1---+--+--T~: +25!C j -i 
0.3 V00 = +5V, V88 = OV 

0.2 l---+--+-VvR£FLO = OV -j 

0.1 1--,--,--+--+--+--+----I 

0 i----+-~~i---+-~-">---+---1 
-0.1 l---+v-+-+--+-c--..-f-"""""'1----1 

-0.2 1--1---+--+--+-_.___, 

-0.3 1---1----1--+--+---l---I 

-OA,___,____. _ ___. _ _.. _ _.____, 
1.5 2.0 2.5 3.0 3.5 

VVREFHI..;,. y·-

Figure 5. /NL vs. VREFHJ (+5Y) 

0.10 I l ] 1 
TA:+25C -I 
Yoo= +SY, Yss = OV 

0.05 

m -0.05 
!J 
~ -0.10 
z 
Q -0.15 

-0.20 

-0.25 

-0.30 

VVAEFLO = OV -I 

I 
1.5 2.0 2.5 3.0 3.5 

VVREFHI- V 

Figure 3. Differential Linearity vs. 
VREFHI (+5 V) 

m 0.1 

!I" , . 
~ 0.5 
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i a: 0.1 

~ 
w-0.1 

5 
~-0.3 
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1--1 - x +30 

1: T 
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YvneFHI= +10V 
VvREFLO = -10V 

I--
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Figure 6. Fu/I-Scale Error vs. Time 
Accelerated by Burn-Jn 
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Figure 4. /NL vs. VREFHI (±15 V) 
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0.2 r .L .I -!. 
YaD= +15V, Yss=-15V 

YvREFH1= +10V 
VvREFLo = -10V 

0.1 

~ 
I l DACAJc 

......... DACC DACD v~ 
~ --0.1 
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...... 
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~ --0.3 
..... 

DACB I--

l 
:::: -0.4 .. 

--0.5 

--0.6 
~rs - -25 o 25 50 1s 100 125 

TEMPERATURE - °C 

Figure 8. Full-Scale Error vs. 
Temperature 
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DIGITAL INPUT CODE 

Figure 11. Channel-to-Channel 
Matching +51+2.5 

+1.0 

1 +0.5 
I 

j Omlil-+--t-+--lli--+-1+--t+-..l--i 

--0.5 

..:u. 500 1000 UiOO 2000 2900 3000 3100 4000 

DIGITAL INPUT CODE 

Figure 14. l\fflEFHI vs .. Code 

REV.O 

1.2 .--..--1..--L....-.!..,.1.---.,__,-...--. 
1.0 r- ~DD=: +15V, Yss = -15Y· t---t---it---1 

VvREFHI = +10V . l 
~ 0.8 I- YvREFLO = -1i t---t-~ 

I ::: t--+--+-oA~ I 0.2 tD~A~C~A~~~~~!:j~DA~Cr;;D _J 
~ 0 

--0.2 t--+-+--+--+--t-..... -t-...... 

--0.4 .__.._...._ ....... _....__.___.___...__, 
-75 -50 -25· 0 25 50 75 100. 125 

TEMPERATURE- °C 

Figure 9. Zero-Scale Error vs. 
Temperature 
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Figure 13. INL vs. Code ±151±10 
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Figure 17. Settling Time (+)(±15 V) 
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Figure 20. Slew Rate (±15 V) 
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VREFHI Input Requirements 
The DAC-8420 utilizes a unique, patented DAC switch driver 
circuit which compensates for different supply, reference volt
age, and digital code inputs. This ensures that all DAC ladder 
switches are always biased equally, ensuring excellent linearity 
under all conditions. Thus, as indicated in the specifications, the 
VREFHI input of the DAC-8420 will require both sourcing and 
sinking current capability from the reference voltage source. 
Many positive voltage references are intended as current sources 
only, and offer little sinking capability. The user should con
sider references such as the AD584, AD586, AD587, AD588, 
AD780, and REF-43 in this application. 

APPLICATIONS 
Power Supply Bypassing and Grounding 
In any circuit where accuracy is important, careful consideration 
of the power supply and ground return layout helps to ensure 
the rated performance. The DAC-8420 has a single ground pin 
that is internally connected to the digital section as the logic ref
erence level. The first thought may be to connect this pin to the 
digital ground; however, in large systems the digital ground is 
often noisy because of the switching currents of other digital 
circuitry. Any noise that is introduced at the ground pin could 
couple into the analog output. Thus, to avoid error causing digi
tal noise in the sensitive analog circuitry, the ground pin should 
be connected to the system analog ground. The ground path 
(circuit board trace) should be as wide as possible to reduce any 
effects of parasitic inductance and ohmic drops. A ground plane 
is recommended if possible. The noise immunity of the 
on-board digital circuitry, typically in the hundreds of millivolts, 
is well able to reject the common-mode noise typically seen 
between system analog and digital grounds. Finally, the analog 
and digital ground should be connected together at a single 
point in the system to provide a common reference. This is pref
erably done at the power supply. 

Good grounding practice is essential to maintaining analog per
formance in the surrounding analog support circuitry as well. 
With two reference inputs, and four analog outputs capable of 
moderate bandwidth and output current, there is a significant 
potential for ground loops. Again, a ground plane is recom
mended as the most effective solution to minintizing errors due 
to noise and ground offsets. 

10µF =TANTALUM 
0.1µF= CERAMIC 

GND g 

Figure 26. Recommended Supply Bypassing Scheme 
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DAC8420 
The DAC-8420 should have ample supply bypassing, located as 
close to the package as possible. Figure 26 shows the recom
mended capacitor values of 10 ,..Fin parallel with 0.1 ,..F. The 
0.1 JLF cap should have low "Effective Series Resistance" (ESR) 
and "Effective Series Inductance" (ESI), such as the common 
ceramic types, which provide a low impedance path to ground at 
high frequencies to handle transient currents due to internal logic 
switching. In order to preserve the specified analog performance 
of the device, the supply should be as noise free as possible. In 
the case of 5 V only systems it is desirable to use the same 5 V 
supply for both the analog circuitry and the digital portion of the 
circuit. Unfortunately, the typical 5 V supply is extremely noisy 
due to the fast edge rates of the popular CMOS logic families 
which induce large inductive voltage spikes, and busy microcon
troller or microprocessor busses which commonly have large cur
rent spikes during bus activity. However, by properly filtering the 
supply as shown in Figure 27, the digital 5 V supply can be used. 
The inductors and capacitors generate a filter that not only rejects 
noise due to the digital circuitry, but also filters out the lower 
frequency noise of switch mode power supplies. The analog sup
ply should be connected as close as possible to the origin of the 
digital supply to minimize noise pick-up from the digital section. 

+SV 

+ 1G-22µF 0.1µF 
TANT. CEA. 

+SV 
RETURN 

Figure 27. Single-Supply Analog Supply Filter 

Analog Outputs 
The DAC-8420 features buffered analog voltage outputs capable 
of sourcing and sinking up to 5 mA when operating from ± 15 V 
supplies, eliminating the need for external buffer amplifiers in 
most applications while maintaining specified accuracy over the 
rated operating conditions. The buffered outputs are sintply an 
op amp connected as a voltage follower, and thus have output 
characteristics very similar to the typical operational amplifier. 
These amplifiers are short-circuit protected. The designer 
should verify that the output load meets the capabilities of the 
device, in terms of both output current and load capacitance. 
The DAC-8420 is stable with capacitive loads up to 2 nF typi
cal. However, any capacitive load will increase the settling tinte, 
and should be minimized if speed is a concern. 

The output stage includes a p-channel MOSFET to pull the out
put voltage down to the negative supply. This is very important in 
single supply systems, where VREFLO usually has the same 
potential as the negative supply. With no load, the zero-scale out
put voltage in these applications will be less than 500 fL V typically, 
or less than 1 LSB when VvREFHI == 2.5 V. However, when sink
ing current this voltage does increase because of the finite imped
ance of the output stage. The effective value of the pull-down 
resistor in the output stage is typically 320 n. With a 100 kll 
resistor connected to + 5 V, the resulting zero-scale output voltage 
is 16 mV. Thus, the best single supply operation is obtained 
with .the output load connected to ground, so the output stage 
does not have to sink current. 
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Like all amplifiers, the DAC-8420" output buffers d6':i¢nerate 
voltage noise, 52 nV/\/Hz typically. This is easily reduced' by 
adding a simple RC low-pass filter on each output. 

Referen~e Conialmation .,. .. ..·l , 

The two reference inputs of the. DAC~8420 ·allow a great del!I. of 
fleXibility in 'circuit design. The u5er must take care, however, 
to observe the minkun:i voltage input levels on YREFHI and 
VREFLO to maintain the accuracy shown in the data sheet. 
These input voltages can'~ Set anywhere across a Wide 'range 
within the supplies, but must be a minimum Qf 2.5 V apart in 
any case.·~ee Figure I. A Wide output voltage range can be· 
obtained with ±5 V rd,erences, which can b.e provided by the 
AD588 as shown, in Figure 28. Many applications utilize ~e 
DACs to synthesize symmetric bipolar wave. forms, which 

'• ·,' .. , . ' .. ,; 

+$V 

requires an accurate, .low drift bipolar 'tef'erence'. ·Th~ 'AD58s' •~ 
provides both voltages ai:ici needs no el(temal C6mponents: Addi- ' 
tionally, the pan is trimmed in ·production for i2-b.it liceuracy · ·• 
over the ful.! temperature range Without user c.alibration. Per
forming a Clear With the reset select CLSEi. HIGH iillows the 
user to easily resenhe DAC outputs to Diidscale;'or zero volts 
in these 'applications. . ·· ·. · 

. "·'1 .. . .i' ·. ' 

When driving the reference inputs VREFHI an4 VREFLO, it is. 
important to note thiit VREFJU.·both sinks and sources current, 
and that the· input currents of both' are code depend~t, l\ia.l!,y ·· . 
voltage reference products bave limited current sinki~ig,,capabil
ity and must be buffered with an amplifier to drive YlIBFHI, in 
order to maintain overall system aci:uracy. The inpµtVlIBFLO, 
however, has no ,such req114'emeilt. · · · 

·+15VSUPPLY 

·0.1µFh; SYSTEM 
· .· . GROUND. 

0.1µF . 

Figure 28. ± 10. V BiP-Olar Reference Configuration·Using theAD588 
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For a single 5 V supply, VvREFHI is limited to at most 2.5 V, 
and must always be at least 2.5 V less than the positive supply 
to ensure linearity of the device. For these applications, the 
REF-43 is an excellent low drift 2.5 V reference that consumes 
only 450 µA (max). It works well with the DAC-8420 in a single 
5 V system as shown in Figure 29. 

Figure 29. +5 V Single Supply Operation Using REF-43 

Isolated Digital Interface 
Because the DAC-8420 is ideal for generating accurate voltages 
in process control and industrial applications, due to noise, 
safety requirements, or distance, it may be necessary to isolate it 
from the central controller. This can be easily achieved by using 
opto-isolators, which are commonly used to provide electrical 
isolation in excess of 3 kV. Figure 30 shows a simple 3-wire 
interface scheme to control the clock, data, and load pulse. For 
normal operation, CS is tied permanently LOW so that the 
DAC-8420 is always selected. The resistor and capacitor on the 
CLR pin provide a power-on reset with 10 ms time constant. 
The three opto-isolators are used for the SDI, CLK, and LD 
lines. 
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One opto-isolated line (LD) can be eliminated from this circuit 
by adding an inexpensive 4-bit TTL Counter to generate the 
Load pulse for the DAC-8420 after 16 clock cycles. The counter 
is used to count of the number of clock cycles loading serial data 
to the DAC-8420. After all 16 bits have been clocked into the 
converter, the counter resets, and a load pulse is generated on 
clock 17. In either circuit, the DAC-8420's serial interface pro
vides a simple, low cost method of isolating the digital control. 

~HIGH VOLTAGE 
ISOLATION 

PO:J 

LD 

SCLK 

SDI 

Figure 30. Opto-lsolated 3-Wire Interface 

Dual Window Comparator 

VOUTA 

VOUTB 

VOUTC 

VOUTO 

Often a comparator is needed to signal an out-of-range warning. 
Combining the DAC-8420 with a quad comparator such as the 
CMP-04 provides a simple dual window comparator with adjust
able trip points as shown in Figure 31. This circuit can be oper
ated with either a dual or a single supply. For the A input 
channel, DAC B sets the low trip point and DAC A sets the 
upper trip point. The CMP-04 has open-collector outputs that 
are connected together in "Wired-OR" configuration to generate 
an out-of-range signal. For example, when VINA goes below the 
trip point set by DAC B, comparator C2 pulls the output down, 
turning the red LED on. The output can also be used as a logic 
signal for further processing. 
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DAC8420 

VINA +5V 

II 
RED LED 

II 
RED LED 

DIGITAL INPUTS 

VINB 

Figure 31. Dual Programmable Window Comparator 

MC68HC11 Microcontroller Interfacing 
Figure 32 shows a serial interface between the DAC-8420 and 
the MC68HC11 8-bit microcontroller. The SCK output of the 
68HC11 drives the CLK input of the DAC, and the MOSI port 
outputs the serial data to load into the SDI input of the DAC. 
The port lines PDS, PCO, PCl, and PC2 provide the controls to 
the DAC as shown. 

PC2 CLSEL 

PC1 CLii 
PCO cs 

r.lcee~11· DAc.8420* 

(PD5)SS u; 
SCK CLK 

MOSI SDI 

*ADDITIONAL·PINS OMITTED FOR CLARITY 

Figure 32. MC68HC11 Microcontroller Interface 
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For correct operation, the 68HC11 should be configured such 
that its CPOL bit and CPHA bit are both set to 1. In this con
figuration, serial data on MOSI of the 68HC11 is valid on the 
rising edge of the clock, which is the required timing for the 
DAC-8420. Data is transmitted in 8-bit bytes (MSB first), with 
only eight rising clock edges occurring in the transmit cycle. To 
load data to the DAC-8420's input register, PCO is taken low 
and held low during the entire loading cycie. The first 8 bits ate 
shifted in address first, immediately followed by another 8 bits 
in the second least-significant byte to load the complete 16-bit 
word. At the end of the second byte load, PCO is then taken 
high. To prevent an additional advancing of the internal shift 
register, SCK must already be asserted before PCO is taken 
high. To transfer the contents of the input shift register to the 
DAC register, PDS is then taken low, asserting the LD input of 
the DAC and completing the loading process. PDS should 
return high before the next load cycle begins. The DAC-8420's 
CLR input, controlled by the output PCl, provides an asyn
chronous clear function. 
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DAC·8420 to M68HCU Interface Assembly Program 

• M68HC11 Register Definitions 

PORTC EQU $1003 Port C control register 
* "O,O,O,O;O,CLSEL,CLR,CS" 
DDRC EQU $1007 Port C data direction 
PORTO EQU $1008 Port D data register 
* "O,O,LD,SCLK;SDI,O,O,O'' 
DDRD EQU $1009 Port D data direction 
SPCR EQU $1028 SP! control register 
* "SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPRl ,SPRO" 
SPSR EQU $1029 SP! status register 
* "SPIF, WCOL,O,MODF;0,0,0,0" 
SPDR EQU $102A SP! data register; Read-Buffer; Write-Shifter 
• 
• SDI RAM variables: SDll is encoded from 0 (Hex) to CF (Hex) 
* To select: DAC A - Set SDll to $OX 
* DAC B - Set SDll to $4X 

DAC C - Set SDll to $8X 
* DAC D - Set SDll to $CX 
• SDl2 is encoded from 00 (Hex) to FF (Hex) 
• DAC requires two 8-bit loads - Address + 12 bits 
SOil EQU $00 SDI packed byte I "Al,AO,O,O;MSB,DB10,DB9,DB8" 
SDI2 EQU $01 SDI packed byte 2 
"DB7 ,DB6,DB5,DB4;DB3,DB2,DB l ,DBO" 

• Main Program 

ORG $COOO Stan of user's RAM in EVB 
!NIT LDS #$CFFF Top of C page RAM 
• Initialize Port C Outputs 

• 
• 
• 

LDAA #$07 0,0,0,0;0,1,1,1 
CLSEL-Hi, CLR-Hi, CS-Hi 
To reset DAC to ZERO-SCALE, set CLSEL-Lo ($03) 
To reset DAC to MID-SCALE, set CLSEL-Hi ($07) 

STAA PORTC Initialize Port C Outputs 
LDAA #$07 0,0,0,0;0,1,1,1 
STAA DDRC CLSEL, CLR, and CS are now enabled as outputs 

• Initialize Pon D Outputs 

• 
LDAA #$30 O,O,l,l;0,0,0,0 

LD-Hi,SCLK-Hi,SDI-Lo 
STAA PORTO Initialize Port D Outputs 
LDAA #$38 0,0,1,1;1,o,o,o 
STAA DDRD LD,SCLK, and SDI are now enabled as outputs 

REV.O 

• Initialize SP! Interface 
LDAA #$SF 

DAC8420 

STAA SPCR.SPI is Master,CPHA=l,CPOL=l,Clk rate=E/32 
• Call update subroutine 

BSR UPDATE Xfer 2 8-bit words to DAC-8420 
JMP $EOOO Restart BUFFALO 

•Subroutine UPDATE 
UPDATE PSHX Save registers X, Y, and A 

PSHY 
PSHA 

• Enter Contents of SDll Data Register (DAC# and 4 MSBs) 
LDAA #$80 1,0,0,0;0,0,0,0 
STAA SDII SDII is set to 80 (Hex) 

• Enter Contents of SDI2 Data Register 
LDAA #$00 0,0,0,0;0,0,0,0 
STAA SDI2 SDI2 is set to 00 (Hex) 
LDX #SDll Stack pointer at 1st byte to send via SDI 
LDY #$1000 Stack pointer at on-chip registers 

• Clear DAC output to zero 
BCLR PORTC,Y $02 Assert CLR 
BSET PORTC,Y $02 Deassert CLR 

• Get DAC ready for data input 
BCLR PORTC,Y $01 Assert CS 

TFRLP LDAA O,X Get a byte to transfer via SP! 
STAA SPDR Write SDI data reg to start xfer 

WAIT LDAA SPSR Loop to wait for SPIF 
BPL WAIT SPIF is the MSB of SPSR 
(when SPIF is set, SPSR is negated) 
INX Increment counter to next byte for xfer 
CPX #SDI2+ 1 Are we done yet ? 
BNE TFRLP If not, xfer the second byte 

• Update DAC output with contents of DAC register 
BCLR PORTD,Y $20 Assert LD 
BSET PORTD,Y $20 Latch DAC register 
BSET PORTC,Y $01 De-assert CS 
PULA When done, restore registers X, Y & A 
PULY 
PULX 
RTS ••Return to Main Program•• 
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,.ANALOG 
L.1111 DEVICES 

Quad 8-Bit Voltage Out CMOS DAC 
Complete with Internal· 1 OV Reference 

FEATURES 
• No Adjustments Required, Total Error± 1 LSB Max 

Over Temperature 
• Four Voltage-Output DACs on a Single Chip 
• Internal 10V bandgap Reference 
• Operates from Single + 1sv Sup.ply 
• Fast sons Data Load Time, All Temperatures 
• Pin-for-Pin Replacement for PM-7226 and AD7226, 

Eliminates External Reference 

APPLICATIONS 
• Process Controls 
• Multi-Channel Microprocessor Controlled: 

- System Calibration 
- Op Amp Offset and Gain Adjust 
- Level and Threshold Setting 

GENERAL DESCRIPTION 

The DAC-8426 is a complete quad voltage output DIA converter 
with internal reference. This product fits directly into any exist
ing 7226 socket where the user currently has a 10V external 
reference. The external reference is no longer.necessary. The 
internal reference dfthe DAC-8426 is laser-trimmed to ±0.4% 
offering a 2Sppml°C temperature coefficient and Sm.A.of exter
nal load driving capability. · 

SIMPLIFIED SCHEM~TIC 

DAC-8426 10V 
REFERENCE 

MSBa--7+------

~n 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fu retrieVal system at 1-800-446-6212. 
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DAC8426 I 
The DAC-8426 contains four 8-bit \toltage-output CMOS DIA 
converters on a single chip. A 10V 011tput bandg0ap reference 
sets the output full-scale voltage. The circuit also includes four 
input latches and interfac~ control logic. 

One of the four latches, selected by the address inputs, is loaded 
from the 8-bit data bus input whan the write strobe is active low. 
All digital inputs are TIUCMOS (SV) compatible. The on~board 
amplifiers can drive up to 1 OmA from either a single or dual 
supply.'The on-board reference that is always connei:ted to the 
internal DACs has SmA available to 'drive· external devices. 

ORDERING INFORMATIONt 

TOfAL 
UNADJUSTED 

ERROR 
(LSB) 

±1 
±1 
±2 
±2 
±2 

MIL TEMP 
-55°Cto+12s0 c 

DAC8426AR 

OAC8426BR 

Continued 

XINDTEMP 
-40°c to +as•c 

DAC8426ER 
DAC8426EP 
DACB426FR· 

·oACB426FP 
OACS426FStt 

For devices processed in total compliance to MIL-ST0-883, add /883 after 
part number. Consult factory for 883 data sheet. 

t Burn-In is available on commercial and industiial temperature rang:e parts In 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in Information on Sb and PLCC packages, contact 
your local sales offic&. · · · , · 

Voo 

18 

>----11-9-oVolJlil 

Vss AGND 
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GENERAL DESCRIPTION Continued 

Its compact size, low power, and economical cost-per-channel, 
make the DAC-8426 attractive for applications requiring mul
tiple DIA converters without sacrificing circuit-board space. 
System reliability is also increased due to reduced parts count. 

PMl's advanced oxide-based, silicon-gate, CMOS process al
lows the DAC-8426's analog and digital circuitry to be manufac
tured on the same chip. This, coupled with PMl's highly stable 
thin-film R-2R resistor ladder, aids in matching and temperature 
tracking between DACs. 

PIN CONNECTIONS 

Vourll 
VolITA 

Vss 

VREFOUT 4 

AGND s 

BURN-IN CIRCUIT 

REV.C 

-5V 

20-PIN CERDIP 
(A-Suffix) 

20-PIN EPOXY DIP 
(P-Sufflx) 

20-PINSOL 
(S-Sufflx) 

0.01 2 
µF 

4 

5 

8 

9 

10 

"::" 

VOlITA 

Vss 

VRE~UT 

AGND 
DGND 

D~(MSB) 

Dl!e 

DBs 

DB4 

DAC8426 
ABSOLUTE MAXIMUM RATINGS 
VDD to AGND or DGND ........................................ -0.3V, +17V 
V55 to AGND or DGND .............................................. -7V, VDD 
VDDtoV55 ........................................................... -0.3V, +24V 
AGND to DGND ...................................................... -0.3V, +SV 
Digital Input Voltage to DGND ................................ -0.3V, VDD 
VREFOUTto AGND (Note 1) ................................... -0.3V, VDD 
V OUT to AGND (Note 1) ............................................... V ss• V DD 
Operating Temperature 

Military AR/BR ......................................... -55°C to + 12s0 c 
Extended Industrial ER/EP/FR/FP/FS ...... -40°C to +85°C 

Maximum Junction Temperature .................................. + 150°C 
Storage Temperature ..................................... -65°C to+ 150°C 
Lead Temperature (Soldering, 60 sec) ......................... +300°C 
THERMAL RESISTANCE 

PACKAGE TYPE e1A (Note 2) 8JC UNITS 

20.Pin CerDIP (A) 70 7 0 c1W 
20-Pin Plastic DIP (P) 61 24 "C!W 

20-Pin SOL (S) 80 22 "C/W 

NOTES: 
1. Outputs may be shorted to any terminal provided the package power dissipa

tion is not exceeded. Typical output short-circuit current to AGND is SOmA. 
2. eiA is specified for worst case mounting conditions, i.e., eiA is specified for 

device in socket for CerDIP and P-DIP packages; ejA is specified for device 
soldered to printed circuit board for SOL package. 

CAUTION: 
1. Do not apply voltages higher than V DD or less than V ss potential on any 

terminal. 
2. The digital control inputs are zoner-protected; however, permanent damage 

may occur on unprotected units fro~ high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets. Remove power before inser
tion or removal. 

4. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to device. 

+15V 
D, 

19 

skn 
VDD 

18 +10V 

Ao 17 

A, 16 

WR 15 

Dllo(LSB) 14 

DB1 

D~ 
12 

DB3 11 

"::" 
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DAC8426 
ELECTRICAL CHARACTERISTICS: Voo - +15V ±10%, AGND - DGND = ov, Vss - OV, TA - -55°C to +125°Capplies for 
DAC-8426AR/BR, TA• -40°Cto +85°C applies for DAC-8426ER/EP/FR/FP/FS, unless otherwise noted. 

DAC-8426 
PARAMETER SYMBOL CONDmONS MIN TYP8 MAX UNITS 

STATIC PERFORMANCE 

Resolution N 8 Bits 

Total Unadjusted Error TUE Includes Reference A,E ±1 
LSB (Note 1) 

B,F ±2 

Relative Accuracy INL A,E ±112 
LSB 

B,F ±1 

Dilferential Nonlinearity 
DNL ±1 LSB (Note2) 

Full-Scale Temperature 
TCGFS Includes Reference 25 ppm1•c 

Coefficient 

Zero Scale Error Vzse 20 mV 

Zero Scale Error 
TCVzs Dual Supply 

Temperature Coefficient Vss·-SV 10 p.Vl'C 

REFERENCE OUTPUT 

VREFOUT 
A,E 9.96 10.04 

v Output Voltage No Load 
B,F 9.92 10.08 

Temperature Coelficient TCVREFOUT 20 ppm/'C 

Load Regulation LOREG AIL -smA 0.02 0.1 %/mA 

Line Regulation LNREG AV00 ±10% 0.008 0.04 %N 

Output Noise 
eNRMS /•0.1 to10Hz 3 10 fLVp-p (Note3) 

Output Current IREFOUT AVREFOUT<40mV 5 7 mA 

DIGITAL INPUTS 

Logic Input ·o· VINL 0.8 v 

Logic Input ·1 • VINH 2.4 v 

Input Current llN v,N·OVorVDD 0.1 10 p.A 

Input Capacitance 
CIN (Note3) 

4 8 pF 

POWER SUPPLIES 

Positive Supply Current 
100 6 14 mA 

(Note4) 

Negative Supply Current 
1ss Dual Supply 

(Note4) Vss·-SV 4 10 mA 

Power Dissipation 
Po1ss (NoteS) 

90 210 mW 

Power Supply Sensitivity Pss AVoo·±5% 0.0002 0.01 %/% 
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DAC8426 
TYPICAL PERFORMANCE CHARACTERISTICS 

1.00 

CHANNEL· TO-CHANNEL 
MATCHING (DACs A, B, c, 

D, SUPERIMPOSED) 

iD 0.75 
TA •+25°C 
v00 - +15V "' ,:. Vss•-5V 
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I-
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...J 
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RELATIVE ACCURACY vs CODE 
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~ANALOG 
WDEVICES 

FEATURES 
Space Saving S0-8 or Mini-DIP Packages 
Complete, Voltage Output with Internal Reference 
1 mV/Bit with 4.095V Full Scale 
Single +5 Volt Operation 
No External Components 
3-Wire Serial Data Interface, 20 MHz Data Loading Rate 
Low Power: 2.5 mW 

APPLICATIONS 
Portable Instrumentation 
Digitally Controlled Calibration 
Servo Controls 
Process Control Equipment 
PC Peripherals 

GENERAL DESCRIPTION 
The DAC-8512 is a complete serial input, 12-bit, voltage output 
digital-to-analog converter designed to operate from a single 
+ 5 V supply. It contains the DAC, input shift register and 
latches, reference and a rail-to-rail output amplifier. Built using 
a CBCMOS process, these monolithic DACs offer the user low 
cost, and ease of use in +5 V only systems. 

Coding for the DAC-8512 is natural binary with the MSB 
loaded first: The output op amp can swing to either rail and is 
set.to a range ofO V to +4.095 V-for a one-millivolt-per"bit 
resoltition. It is capable of sinking and sourcing 5 mA. An 
on-chip reference is laser trimmed to provide an accurate full
scale output voltage of 4.095 V. 

ID 0.5 

~ 

+5 V, Serial Input 
Complete 12-Bit DAC 

DAC8512 I 
FUNCTIONAL BLOCK DIAGRAM 

Serial interface is high speed, three-wire, DSP compatible with 
data in (SDI), clock (CLK) and load strobe (LD). There is also 
a chip-select pin for connecting multiple DACs. 

A CLR input sets the output to zero scale at power on or upon 
user demand. 

The DAC-8512 is specified over the extended industrial (-40°C 
to +85°C) temperature range. DAC-8512s are available in plastic 
DIPs and S0-8 surface mount packages. 

.,;, 0.25 lr.i--+--='1----ll'l"noi:---ttorr.--+--+--; 
0 
a: 
ffi 
~ 
~ -0.25 
w 
~ -0.5 f--+--+...,-+---+--+---+---'-117--l 

-1.0 ,__.._....,.._.__ ........ _ _.__~-~-~--
0 1024 2048 3072 4096 

DIGITAL INPUT CODE - Decimal 

Linearity Error vs. Digital Input Code 
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SPECIFICATIONS DAC8512 
ELECTRICAL CHARACTERISTICS (@ VDD = +5.D V ± 5%, -4D°C :s TA :s +85°C, unless otherwise noted) 

Parameter S)'lllbol Condition Min 

STATIC PERFORMANCE 
Resolution N Note2 12 
Relative Accuracy INL E Grade -1 

F Grade -2 
Differential Nonlinearity DNL No Missing Codes -1 
Zero-Scale Error VzsE Data= OOOH 
Full-Scale Voltage Vps Data= FFFH3 E Grade 4.087 

F Grade 4.079 
Full-Scale Tempco TCVps Notes 3, 4 

ANALOG OUTPUT 
Output Current lo UT Data= 8~ ±5 
Load Regulation at Full Scale l.iu!G RL = 402 n to cc, Data = 800H 
Capacitive Load CL No Oscillation4 

LOGIC INPUTS 
Logic Input Low Voltage VIL 
Logic Input High Voltage VIH 2.4 
Input Leakage Current l1L 
Input Capacitance C1L 

INTERFACE TIMING SPECIFICATIONS1• 4 

Clock Width High tcH 30 
Clock Width Low fcL 30 
Load Pulse Width tLOW 20 
Data Setup tos 15 
Data Hold toH 15 
Clear Pulse Width tcr.Rw 30 
Load Setup tLDI 15 
Load Hold tLD2 10 
Select Tess 30 
Deselect fcsH 20 

AC CHARACTERISTICS4 

Voltage OutpU,t Settling Time ts To ± 1 LSB of Final Value5 

DAC Glitch 
Digital Feedtbrough 

SUPPLY CHARACTERISTICS 
Positive Supply Current loo VIH = 2.4 V, Vn. = 0.8 V, No Load 

V00 = 5 V, V1L = 0 V, No Load 
Power Dissipation Pmss VIH = 2.4 V, v,L = 0.8 v, No Load 

V00 = 5 V, VIL = 0 V, No Load 
Power Supply Sensitivity PSS t:;.Voo = ±5% 

NOTES 
1All input control signals are specified with t, = tr= 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
21 LSB = 1 mV f01 0 V to +4.095 V output range. 
3Includes intemal voltage reference error. 
"These parameten are guaranteed by design and not aubject to production testing. 

Typ Max Units 

Bits 
±114 +l LSB 
±3/4 +2 LSB 
±3/4 +l LSB 
+112 +3 LSB 
4.095 4.103 v 
4.095 4.lll v 
16 ppm/°C 

±7 mA 
1 3 LSB 
500 pF 

0.8 v 
v 

10 µA 
10 pF 

10 ns 
10 ns 

ns 
10 ns 
5 ns 
20 ns 

ns 
·ns-
·ns 
ns 

16 118 
15 nV s 
15 nV s 

1.5 2.5 mA 
0.5 1 mA 
7.5 12.5 mW 
2.5 5 mW 
0.002 0.004 %/% 

'The settling time specification doea not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling 
time in this 6 LSB region. 

!lpccific:ations aubject to change without notice. 
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DAC8512 
WAFER TEST UMITS (@ V00 = +5.0 V ± 5%, TA= +25°C, applies to part number DAC8512GBC only, unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

STATIC PERFORMANCE 
Relative Accuracy INL -2 ±3/4 +2 LSB 
Differential Nonlinearity DNL No Missing Codes -1 ±0.7 +l LSB 
Zero-Scale Error VzsE Data= OOOH +1/2 +3 LSB 
Full-Scale Voltage VFs Data= FFFH 4.085 4.095 4.105 v 

LOGIC INPUTS 
Logic Input Low Voltage VIL 0.8 v 
Logic Input High Voltage VIH 2.4 v 
Input Leakage Current I1L 10 µA 

SUPPLY CHARACTERISTICS 
Positive Supply Current Inn Vm = 2.4 V, V1L = 0.8 V, No Load 1.5 2.5 mA 

Von = 5 V, V1L = 0 V, No Load 0.5 1 mA 
Power Dissipation PnISs VIH = 2.4 v, v,L = 0.8 v, No Load 7.5 12.5 mW 

V00 = 5 V, V1L = 0 V, No Load 2.5 5 mW 
Power Supply Sensitivity PSS ilV00 = ±5% 0.002 0.004 %1% 

NOTE 
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS 
V00 to GND ...................... -0.3 V, +10 V 
Logic Inputs to GND ............ -0.3 V, V00 + 0.3 V 
VouT to GND ................. -0.3 V, V00 + 0.3 V 
IouT Short Circuit to GND ................... 50 mA 
Package Power Dissipation ........... (T1 max - TA)/01A 
Thermal Resistance 01A 

8-Pin Plastic DIP Package (P) .............. 103°C/W 
8-Lead SOIC Package (S) ................. 158°C/W 

Maximum Junction Temperature (T1 max) ........ + 150°C 

Operating Temperature Range ........... -40°C to +85°C 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Expos'ure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Model INL (LSB) Temperature Range Package Description 

DAC8512EP ±1 -40°c to +85°C 8-Pin P-DIP 
DAC8512FP ±2 -40°c to +85°C 8-Pin P-DIP 
DAC8512FS ±2 -40°C to +85°C 8-Lead SOIC 
DAC8512GBC ±2 +25°c Dice 

*For outline information see Package Information section. 
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~~EDEVICE 

Package Option* 

N-8 
N-8 
S0-8 
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Figure 1. Timing Diagram 

DATA 

SHIFT 
REGISTER 

Figure ~. Equivalent Clock Input Logic 

Table I. Control-Logic Truth Tab~ 

Serial Shift Register Function 

No Effect 
No Effect 
No Effect 
Shift-Register-Data Advanced One Bit 
Shift-Register-Data Advanced One Bit 
No Effect 
No Effect 
No Effect 
No Effect 

NOTES . . 
1 i. + positive logic innaition; i - ncptive logic transition; X = Don't Care. 
'CS and CLK are ~ble. 
'Returning CS HIGH avoids an additional "false clock" of serial data input. 
4Do not clock in serial data while LD is LOW. 

DAC8512 

\._ _____ _ 

DAC Register Function 

Latched. 
'Latched 
Latched 
Latched ,. 
Latched 
Updated with Current Shift Register Contents 
Transparent 
Loaded with All Zeros 
Latched All Zeros 
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Pin Name 

Von 
2 cs 
3 CLK 

4 SDI 

5 LD 

6 CLR 

7 GND 

8 VouT 

PIN CONFIGURATION. 
S0-8 · P-DIP-8 

PIN DESCRIPTIONS 

Description 

Positive Supply. Nominal value +5 V, ± 5%. 

Chip Select. Active low input. 

Clock input for the internal serial input shift 
register. 

Serial Data Input. Data on this pin is clocked into 
the internal serial register on positive clock edges 
of the CLK pin. The Most Significant Bit (MSB) 
is loaded first. · · 

Active low input which writes.the serial register 
data into the DAC register. Asynchronous input. 

Active low digital input that clears the DAC 
register to zero, setting the DAC to minimum 
scale. Asynchronous input. 
Analog ground for the DAC. This also serVes as .· 
the digital logic ground reference. voltage. 

Voltage output from the DAC. Fixed output 
voltagerangeof0Vto4.095Vwith 1 mV/LSB. An 
internal temperature stabilized reference maintains 
a fixed full-scale voltage independent of time, 
temperature and power supply variations. 

DICE CHARACTERISTICS 

cs 

CLK 

SDI LO 

SUBSTRATE IS COMMON WrrH Yoo· 

NUMBER OF TRANSISTORS: 642 

GND 

GND 

CLR 

DIE SIZE: 0.055 Inch x 0.108 Inch; 5830 eq mils 
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OPERATION 
The DAC-8512'is a complete ~Y to use 12-bit digital-to
analog converter. It contains a voltage-switched, 12-bit, laser· 
trimmed DAC, a curvature-corrected bandgap tefer.ence, a rail
to-rail output op amp, a DAC register, and a serial data input 
register. The serial. data interface consists of a CLK, serial data 
in (SDI), and a load strobe (LD). This basic 3-wire interface 
offers maximum flexibility for interface to the widest variety of 
serial data input loading requ~ents. In a4dition a CS select is 
provided for multiple packaging loading and a power on reset 
CLR pin to simplify start or periodic resets. · 

D/A. CONVERTER SECTION 
The DAC is a 12-bit voltage mode device with an output that 
swings from GND potential to the 2.5 volt internal bandgap 
voltage. It uses a laser trimmed R·2R ladder which is switched 
by N channel MOSFETs. The output voltage of the DAC has i 
constant resistance independent of digital input code. The DAC 
output is internally connected to the rail•to-rail output op amp. 

AMPLIFIER SECTION 
The DAC's output is buffered by a low power consumption pre· 
cision amplifier. This amplifier contains a differential PNP pair 
input stage which provides low offset voltage and low noise, as 
-w~ as the abiliti'to amplify the zero-scale DAC output volt
ages. The rail-to-r8ii amplifier is configured in a gain of 1.6384 
(= 4.095 V/2.5 V) in order to set the 4.095 volt full-scale output 
(1 mV/LSB). See Figure 3 for an equivalent circuit schematic of 
the analog section. 

VOLTAGE SWITCHED 12·BIT 
R-2R D/A CONVERTER 

SP:;o~R . 
N·CH FET 

SWITCHES ZR 

Figure 3. Equivalent DAC-8512 Schematic of Analog 
Portion 

The op amp has a'.16 µs typkal settling time to 0.01%. There 
· are slight differences in settling time for negative slewing signalS 
vs. positive. See the oscilloscope photos in the typical perfor-" 
mances section ofthis data sheet. 
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OUTPUT SECTION 
The rail-to-rail output stage of this amplifier has been designed 
to provide precision performance while operating near either 
power supply. 

Figure 4. Equivalent Analog Output Circuit 

Figure 4 shows an equivalent output schematic of the rail-to-rail 
amplifier with its N channel pull down FETs that will pull an 
output load directly to GND. The output sourcing current is 
provided by a P channel pull up device that can supply GND 
~ted loads, especially at the low supply tolerance values of 
4.75 volts. Figures 5 and 6 provide information qn output swing 
performance near ground and full-scale as a function of load. In 
addition to resisti\ie load driving capability the amplifier has also 
been carefully designed and characterized for up to 500 pF 
capacitive load driving capability. 

POWER SUPPLY 
The very low power consmnpt;ion of the DAC-8512 is a direct 
result of a circuit design optimizing use of the CBCMOS pro
cess. By using the low power characteristics of the CMOS for 
the logic, and the low noise, tight matching of the complemen
tary bipolar transistors .80!>d analog accuracy is achieved. 

For power cons~ption sensitive applications it is important to 
note that the intetjial power consumption of the DAC-8512 is 
strongly dependent on the actual logic input voltage levels 
present on the SDI, CS, LD, and CLR pins. Since these inputs 
are standard CMOS logic structures they contribute static power 
·dissipation dependent on the actual ·driving logic V oH and VoL 
vi>l?age ~s. The graph in Figure 9 shows the effect on total 
DAC-85lhupj>ly current as a function of the actual value of 
input logic voltage. COnsequently use of CMOS logic vs. TTL 
minimim power ~pation in the static state. A VIL = 0 V on 
the SDI, CS amt CLR pins provides the lowest standby power 
di~iiatiQii or i.5 m.w (5oo µA x 5 V). 
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As with any analog system, it is recommended that the DAC-
8512 power supply be bypassed on the same PC card that con
tains the chip. Figure IO shows the power supply rejection 
versus frequency performance. This should be taken into 
account when using higher frequency switched mode power sup
plies with ripple frequencies of 100 kHz and higher. 

One advantage of the rail-to-rail output amplifier used in the 
DAC-8512 is the wide range of usable supply voltage. The part 
is fully specified and tested over temperature for operation from II 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation of the DAC-
8512 is possible down to +4.3 volts. The minimum operating 
supply voltage versus load current plot, in Figure 11, provides 
information for operation below V00 = +4.75 V. 

TIMING AND CONTROL 
The DAC-8512 has a separate serial input register from the 
12-bit DAC register that allows preloading of a new data value 
into the serial register without disturbing the present DAC out
put voltage. After the new value is fully loaded in the serial 
input register it can be asynchronously transferred to the DAC 
register by strobing the LD pin. The DAC register uses a level 
sensitive LD strobe that should be returned high before any 
new data is loaded into the serial input register. At any time the 
contents of the DAC register can be reset to zero by strobing 
the CLR pin which causes the DAC output voltage to go to zero 
volts. All of the timing requirements are detailqi in Figure I 
ii.long with the Table I Control-Logic Truth Ta!ie. 
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DAC8512-Typical Performance Characteristics 

100 1k 10k 
LOAD RESISTANCE - 11 

100k 

Figure 5. Output Swing vs. Load 

TIME = 2ma/DIV 

Figure 8. Broadband Noise 
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Figure 11. Minimum Supply 
Voltage vs. Load 
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Figure 6. Pull-Down Voltage vs. 
Output Sink Current Capability 
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Figure 9. Supply Current vs. Logic 
Input Voltage 
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Figure 12. Midscale DAC Glitch 
Performance 
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Figure 7. Short Circuit Current 
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Figure 10. Power Supply Rejection 
vs. Frequency · 

Figure 13. Large Signal Settling 
Time 
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Figure 14. Rise Time Detail 

60 
TUE•};INL+ZS+FS 
SS• 300 UNITS 

so TA. +2a•c 

~ 40 

... 
0 30 
ffi 
~ 20 z 

T 
[b .Ill 

10 

0 
-12 -8 -4 0 +4 +8 +12 

TOTAL UNADJUSTED ERROR- mV 
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Histogram 
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Figure 20. Output Voltage Noise 
vs. Frequency 

REV.A 

V00 ""+SV 
TA c +25°C 
RLzNO LOAD 

-I L I 
TIME -10µa/OIV 

Figure 15. Fall Time Detail 
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Figure 18. Fu/I-Scale Voltage vs. 
Temperature 
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DAC8512· 
APPUCA'J'IONS SE<:TION 
Power Supplies, Bypassing, and Grounding 
All precision convener products require careful application of , 
good grounding .practices to maintain full rated performance. 
Because the DAC.8512 bas been desigried for +5 V applica
ti0ns, it is ideal for those aPJ>)ications under microprocessor or 
mic:rocOmputer con.trot In these applications, digital noise is 
preValerit; therefore, special care must be taken to assure that its 
inherent precision is maintained. ThiS means that particularly 
good engineering judgment should. be exercised when addressing 
the power supply, grounding, and bypassing issues using the 
DAC-8512. 

The power supply used for the DAC-8512 should be well fil
tered and regulated. The device bas been completely. character
ized for a +5 V supply with a tolerance of ±5%. Since a +5 V 
logic supply is ahnost universally available, it is not recom
mended to connect the DAC directly to an unfiltered logic sup
ply without careful filtering. Because it is convenient, a designer 
might be inclined to tap a logic circuit's supply for the DAC's 
supply. Unfortunately, this is not wise because fast logic with 
nanoSecolld transition edges induce high current pulses. The 
high transient current pulses can generate glitches hundreds of 
millivolts in amplitude due to wiring resistances and.Jnduc
tances. This high frequency noise will corrupt the analog cir
cuits internal to the DAC and cause errors. Even though their 
spike noise is lower in amplitude, directly tapping the output of 
a + 5 V system supply can cause errors because these supplies 
are of the switching regulator type that can and do generate a 
great deal of high frequency noise. Therefore, the .DAC and any 
associated analog circuitry should be powered directly. from the 
system power supply outputs using appropriate filtering .. Figure 
23 illustrates how a clean, analog-grade supply can be generated 
from a + 5 V logic supply using a differential LC filter with sep
arate power supply and return lines. With the values shown,· 
this filter can easily handle 100 mA of load current without satu
rating the ferrite cores. Higher current capacity can be achieved 
with larger ferrite cores. For lowest noise, all electrolytic capaci
tors should be low ESR (Equivalent Series Resistance) type. 

+11JOi# ' +1042µF 0:1pf 
ELECT. TANT. CER. 

-RETUR" 

Figure 23. Properly Filtering a +5 V Logic Supply Can 
Yield A High Quality Analog Supply 

In order to fit the 'nAC-8512 in an 8-pin package, it was neces- · 
sary to use only one ground connection to the device. The 
ground connection of the DAC serves as the return path for 
supply currents as well as the reference point for the digital 
input thresholds. The ground connection also serves as the sup-· 
ply rail for the internal voltage reference and the output ampli
fier. Therefore, to minimize any errors, it is recommended that· 
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the ground connecti<in of the DAC-8512 be connected to a high 
quali't): analog ground, such as the one \iescribed al>ove. Gener
ous bypa~ of the DAC's supply goes a long way in f!l(lutjng 
supply line-induced errors. Local supply bypasSing consisting of 
a 10 ,µ.F tantalum electrolytic in parallel with a 0.1 µ.F celamic 
is recommended. The decoupling capacitors should be con
nected between the DAC's supply pin (Pin 1) Bild the analog 
ground (Pin 7). Figure 24 shows how the ground and bypass 
connections should be made to the DAC-8512. 

Ci 

CLii 

Lii 

SCLK 

SDI 

Figure 24_. Recommended Grounding and Bypassing 
Scheme for the.DAC-8512 

Unipolar Output Operation 
ThiS is the basic mode of operation for the DAC-8512. As 
shown in Figure 24, the DAC-8512 bas Ileen designed to drlve 
lo~ds as low ~s 2 kO in parallel with 500 pF. The code table for 
thiS operation is shown in Table II. 

Ci 

CLii 
jjj 

SCLK 

SDI 

-
0V :s: VOUT :s 4.0llV 

Figur, 25. Unipolar Output Operation 

Table U. UMiolar. Code Table 

Hexadecimal Number 
in D,\C Register 

FFF 
801 
. 800. 
7FF 
000 

Decimal Number 
in DAC Regiater 

4095 
'2049 

2048 . 
2047 
0 

· Alialog Output 
Voltage (V) 

+4.095 
+2.049 
+2.048 
+2.047 
0 
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Operating the DAC-8512 on + 12 V or + 15. V Supplies Only 
Although the DAC-8512 has been specified to operate on a sin
gle, +5 V supply, a single +5 V supply may not be available in 
many applications. Since 'the DAC-8512 consumes no more than 
2.5 mA, maximum, then an integrated voltage reference, such as 
the REF-02, can be used as the DAC-8512 +5 V supply. The 
configuration of the. circuit is shown in Figure 26. Notice that 
the reference's output voltage requires no trimming because of 
the REF-02's excellent load regulation and tight initial output 
wltage tolerance. Although the maximum supply current of the 
DAC-8512 is 2.5 mA, local bypassing of the REF-02's output 
with at least 0.1 µ.F at the DAC's voltage supply pin is recom-· 
mended to prevent the DAC's internal digital circuits from 
affecting the DAC's internal voltage reference. 

CLR 

LD' 

SCU< 

SDI 

Figure 26. Operating the DAC-8512 on +12 Vor +15 V 
Supplies Using a REF-02 Voltage Reference 

Measuring Offset Error 
One of the most commonly specified end-point errors associated 
with .real world nonideal DACs is offset error •. 

In most DAC testing, the offset error is measured by applying 
the zero-scale code and measuring the output deViation from 0 
volt. There are some DACs where offset errors may be present 
but not observable at the zero scale because of other circuit limi
tations (for example, zero coinciding with single-supply ground). 
In these DACs, nonzero output at zero code i:annot be read as 
the offset error. In the DAC-8512, for example, the zero-scale 
error is specified to be ±3 LSBs. Since zero Scale coincides with 
zero volt, it is not possible to measure negative offset error. 

Ci 

CLii 
Lii 

8CLK 

SDI 

+5V 

SET CODE= C1011it AND MEASURE VOUT 

Figure 27. Measuring Zero-Scale or Offset Error 
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By adding a pull-down resistor from the output of the DAC-
8512 to a negative supply as shown in Figure 27, offset errors 
can now be read at zero code. This configuration forces the out
put p-channel MOSFET to source current to the negative sup
ply thereby allowing the designer to determine in which 
direction the offset error appears. The value of the resistor 
should be such that, at zero code, current through the resistor is 
200 µA, maximum. 

Bipolar Output Operation 
Although the DAC-8512 has been designed for single-supply Ill 
operation, bipolar operation is achievable using the circuit illus-
trated in Figure 28. The circuit uses a single-supply, rail-to-rail 
OP-295 op amp and the REF-03 to generate the -2.5 V refer-
ence required to level-shift the DAC output voltage. Note that 
the -2.5 V reference was generated without the use of precision 
resistors. The circuit has been configured to provide an output 
voltage in the range -5 V s V oUT s + 5 V and is coded in 
complementary offset binary. Although each DAC LSB corre-
·sponds to 1 mV, each output LSB has been scaled to 2.44 mV. 
Table III provides the relationship between the digital codes and 
outJ)ut voltage. 

The transfer function of the circuit is given by: 

R4 R4 
Vo= -1 mV x Digi.tal Code x Rl + 2.5 x R 2 

and, for the circuit values shown, becomes: 

SCLK 

SDI 

Vo= -2.44 mV x Digital Code+ 5 V 

+SY 

0.1µF 

~ FULL SCALE 
ADJUST 

-2.5V 

A1, A2 .:.112 OP-285 

Figure 28. Bipolar Output Operation 
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Table m. Bip()lar Code Table 

Heudecimal Number 
in DAC Register 

FFF 
801 
800 
7FF 
000 

.Decimal Number 
in DAC Register 

409S 
2049 
2048 
2047 
0 

•. 

Analog Output 
Voltage (V) 

. -4.9976 
-2.44E-3 
0 
+2.44E-3 
+s 

To maintain monotonicity and accuracy, Rl, R2, and R4 should 
be selected to match within 0.01% and must all be of the same 
(preferably metal foil) type to assure temperature coefficient 
matching: Mismatching between Rl and R2 causes offset and 
gain errors while an R4 to Rl and R2 mismatch yields gain 
errors. 

For applications that do not require high accuracy, the circuit 
illustrated in Figure 29 can also be used to generate a bipolar 
output voltage. In this circuit, only one op amp is used and no 
potentiometeril are· used for offset and gain trim. The output 
voltage is coded in offset binary and is given by: 

Vo= 1 mV x Digital Code x (R3 :\4) x ( 1 + ~~) 
R2 

- 2.S x Rl 

cs 
CiJi 
jjj 

SCU< 

SDI 

+SV 

A1 = 1/2 OP-296 

R2 R3 R4 

1Clll 1Clll 1Clll 15.411 + 274 
1Clll 20k 1Clll 43.2k. 489 

Figure 29. Bipo/a; Output Operation without Trim 

For the ±2.S V output range and the circuit values shown in 
the table, the transfer equation becomes: 

V0 = 1.22 mV x Digital Code - 2.S V 

Similarly, for the ±S V output range, the transfer equation 
becomes: 

V0 = 2.44 mV x Digital Code - S V 
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Generating a Negative Supply Voltage . 
Some applications may require bipohlr output configurati<?n but 
only have a: single power supply rail available. This is very com
mon in data acquisition systems using microprocessor-based sys
tems. In these systems, + 12 V, + lS V, and/or +S V are only 
available.· Shown in Figure 30 is a method of generating a nega
tive supply voltage using one CD4049, a CMOS hex inverter, 
operating on+ 12 V or +IS V. The circuit is essentially a 
charge pump where tWo of the six are used a:s an oscillator. For 
the values shown, the frequency of oscillation is approximately 
3.S kHz and is fairly insensitive to supply voltage because Rl > 
2 x R2. The remaining fo1lr inverters are wired in parallel for 
higher output current. The square wave output is level tr&nsc 
lated by C2 to a negative-going signal, rectified using a pair of 
1N400ls, and then filte~ by C3. With the values shown, the 
charge pump will provide an output voltage of -:S V for current 
loadings in the range O.S mA s loUT s 10 mA with a +IS V 
supply and 0.5 mA s loUT s 7mAwith.a+12 V supply. 

Figure 30. Generating a -5 V Supply When Only +12 Vor 
+15 V Is Available 

A High-Compliance, Digitally Controlled Preeision Current 
Source 
The circuit in Figure 31 shows the DAC-8512 controlling a 
high-compliance precision current source using an AMP-05 
instrumentation amplifier. The AMP-OS's reference pin becomes 
the input, and the "old" inputs now monitor the voltage across a 
precision current sense resistor, Res. Voltage gain is set to unity, 
so the transfer function is given by the following equation: 

VIN 
lour= -

Res 

If Res equals 100 n, the output current is limited to.+ 10 mA 
with a .I V input. Therefore, each DAC LSB corresponds .to 
2.4 µ.A. If aJ>ipolar output current is required, then the circuit 
in Figure 28 can be modified to drive the AMP-OS's reference 
pin with a ± 1 V input signal. 

Potentiometer Pl trims the output current to zero with the 
input at 0 V. Fine gain adjustment can be accomplished by 
adjusting Rl or R2. 
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R1 
1CllM< 

+1511 

OmA ~ loUT ~ 1GmA 
2.4µA/ BIT 

Figure 31. A High-Compliance, Digitally Controlled Preci
sion Current Source 

A Single-Supply, Programmable Current Source 
The circuit in Figure 32 shows how the DAC-8512 can be used 
with an OP-295 single-supply, rail-to-rail output op amp to pro
vide a digitally programmable current sink from V souRcE that 
consumes less than 3.8 mA, maximum. The DAC's output volt
age is applied across RI by placing the 2N2222 transistor in the 
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DAC8512 
OP-295's feedback loop. For the circuit values shown, the full
scale output current is 1 mA which is given by the following 
equation: 

DW x 4.095 V 
lour= RI 

where DW = DAC-8512's binary digital input code. 
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Figure 32. A Single-Supply, Programmable Current Source 

The usable output voltage range of the current sink is + 5 V to 
+ 60 V. The low limit of the range is controlled by transistor 
saturation, and the high limit is controlled by the collector-base 
breakdown voltage of the 2N2222. 

A Digitally Programmable Window Detector 
A digitally programmable, upper/lower limit detector using two 
DAC-8512s is shown in Figure 33. The required upper and 
lower limits for the test are loaded into each DAC individually 
by controlling HDAC/LDAC. If a signal at the test input is not 
within the programmed limits, the output will indicate a logic 
zero which will turn the red LED on. 
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Figure 33. A Digitally Programmable Window Detector 
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Opto•lsolated Interfaces for Process Control Environments 
In many process control type applications, it is necessary to pro
vide an isolation barrier between the controller and the unit 
being controlled. Opto-isolators can provide isolation in excess 
of 3 kV. The serial loading structure of the DAC-8512 makes it 
ideal for optoisolated interfaces as the number of interface lines 
is kept to a minimum. 

Illustrated in Figure 34 is an opto-isolated interface using the 
DAC-8512. In this circuit, the CS line is always LOW to enable 
the DAC, and the 10 kO/l µF combination connected to the 
DAC's CLR pin sets a turn-on time constant of 10 ms to reset 
the DAC upon application of power. Three opto-couplers are 
then used for the SDI, SCLK, and LD lines. 

Oftentimes reducing the number of interface lines to .two lines is 
required in many control environments. The circuit illustrated 
in Figure 35 shows how to convert a two-line interface into the 
three control lines required to control the DAC-8512 without 
using one shots. This technique uses a counter to keep track of 
the clock cycles and, when all the data has been input to the 501 

DAC, the external logic generates the LD pulse. 

Figure 34. An Opto-lsolated DAC Interface 

Figure 35. A Two-Wire, Opto-lsolated DAC Interface 
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DAC8512 

Figure 36. Opto-/solated Two-Wire Serial Interface Timing Diagram 

The timing diagram of Figure 36 can be used to understand the 
operation of the circuit. Only two opto-couplers are used in the 
circuit; one for SCLK and one for SDI. The 74HC161 counter 
in incremented on every rising edge of the clock. Additionally, 
the data is loaded into the DAC-8512 on the falling edge of the 
clock by inverting the serial clock using gate "Y." The timing 
diagram shows that after the twelfth bit has been clocked the 
output of the counter is binary lOll. On the very next rising 
clock edge, the output of the counter changes to binary llOO 
upon which the output of gate "X" goes LOW to generate the 
LD pulse. The LD signal is connected to both the DAC's LD 
and the counter's LOAD pins to prevent the thirteenth rising 
clock edge from advancing the DA C's internal shift register. 
This prevents false loading of data into the DAC-8512. Inverting 
the DAC's serial clock allows sufficient time from the CLK edge 
to the LD edge, and from the LD edge to the next clock pulse 
all of which satisfies the timing requirements for loading the 
DAC-8512. 

After loading one address of the DAC, the entire process can 
repeated to load another address. If the loading is complete, 
then the clock must stop after. the thirteenth pulse of the final 
load. The DAC's clock input will be pulled high and the 
counter reset to zero. As was shown in Figure 35, both the 
74HC16l's and the DAC-8512's CLR pins are connected to a 
simple R-C timing circuit that resets both ICs when the power 
in turned on. The circuit's time constant should be set longer 
than the power supply turn-on time and, in this circuit, is set to 
10 ms, which should be adequate for most systems. This same 
two~wire interface can be used for other three-wire serial input 
DACs. 

Decoding Multiple DAC-8512s 
The CS function of the DAC-8512 can be used in applications to 
decode a number of DACs. In this application, all DACs receive 
the same input data; however, only one of the DAC's CS input 
is asserted to transfer its serial input register contents into the 
destination DAC register. In this circuit, shown in Figure 37, 
the CS timing is generated by a 74HC139 decoder and should 
follow the DAC-8512's standard timing requirements. To pre 

REV.A 

vent timing errors, the 74HC139 should not be activated by its 
ENABLE input while the coded address inputs are changing. A 
simple timing circuit, RI and Cl, connected to the DACs' CLR 
pins resets all DAC outputs to zero during power-up. 

+5V 

SCLKo--~~~~~~~~~-1-.-~~ 

SD10-~~~~~~~~~-+-+-0,__~, 

+5V 

Uio--~~~~~~~~~-t-+-1-e-~· 

+5V 

74HC139 

Vee 1YO 

1G 1Y1 

1A 1Y2 

1B 1Y3 

2G 
12 

2YO NC 
11 

2A 2Y1 NC 

2B 
10 

2Y2 NC 

GND 2V3 
9 

NC 

Figure 37. Decoding Multiple DAC-8512s Using the 
CS Pin 
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Figure 38. A Digitally Controlled, Ultra/ow Noise VCA 

A Digitally Controlled, Ultralow Noise VCA 
The circuit in Figure 38 illustrates how the DAC-8512 can be 
used to control ·an ultralow noise VCA, using the AD600/ 
AD602. The AD600/AD602 is a dual, low noise, wideband, 
variable gain amplifier based on the X-AMP topology.* Both 
channels of the AD600 are wired in parallel to achieve a wide
band V<;,A which exhibits an RTI (Referred To Input) noise 
voltage spectral density of approximately 1 nV/yHz. The out
put of the VCA requires an AD844 configured in a gain of 4 to 
account for signal loss due to input and output 50-0 termina
tions. As configured, the total gain in the circuit is 40 dB. 
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Since the output of the DAC-8512 is single quadrant, it was 
necessary to offset the AD600's gain control voltage so that the 
gain of the circuit is 0 dB for zero scale and 40 dB at full scale. 
This was achieved by setting CILO and C2LO to+ 625 mV 
using RI and R2. Next, the output of the DAC-8512 was scaled 
so that the gain of the AD600 equalled 20 dB when the digital 
input code equaled 800H. The frequency response of the VCA 
as a function of digital code is shown in Figure 39. 

Figure 39. VCA Frequency Response vs. Digital Code 

*For more details regarding the AD600 or AD602, please consult the AD600/ 
AD602 data sheet. 
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A Serial DAC, Audio Volume Control 
The DAC-8512 is well suited to control digitally the gain or 
attenuation of a voltage controlled amplifier. In professional 
audio mixing consoles, music synthesizers, and other audio pro
cessors, VCAs, such as the SSM-2018, adjust audio channel gain 
and attenuation from front panel potentiometers. The VCA pro
vides a clean gain transition control of the audio level when the 
slew rate of the analog input control voltage, V c• is properly 
chosen. The circuit in Figure 40 illustrates a volume control 
application using the DAC-8512 to control the attenuation of the 
SSM-2018. 

+15V 

P1 10MO 
100k0 

OFFSET 
TRiii 

-15V 

SYMMETRY 
TRiii 

CcoN :i;:1µF 

• - PRECISION RESISTOR PTI46 
1k0 COMPENSATOR 

Figure 40. A Serial DAC, Audio Volume Control 

Since the supply voltage available in these systems is typically 
:tl5 V or :tl8 V, a REF-02 is used to supply the +5 V 
required to power the DAC. No trimming of the reference is 
required because of the reference's tight initial tolerance and low 
supply current consumption of the DAC-8512. The SSM-2018 is 
configured as a unity-gain buffer when its control voltage equals 
0 volt. This corresponds to a OOOH code from the DAC-8512. 
Since the SSM-2018 exhibits a gain constant of -28 mV/dB 
(typical), the DAC's full-scale output voltage has to be scaled 
down by R6 and R7 to provide 80 dB of attenuation when the 
digital code equals FFFH. Therefore, every DAC LSB corre
sponds to 0.02 dB of attenuation. Table IV illustrates the atten
uation vs. digital code of the volume control circuit. 
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Table IV. SSM-2018 VCA Attenuation vs. 
DAC-8512 Input Code 

Hexadecimal Number Control VCA 
in DAC Register Voltage (V) Attenuation (dB) 

000 0 0 
400 +0.56 20 
800 +1.12 40 
coo +l.68 60 
FFF +2.24 80 

To compensate for the SSM-2018's gain constant temperature 
coefficient of - 3300 ppml"C, a I kO, temperature-sensitive 
resistor (R7) manufactured by the Precision Resistor Company 
with a temperature coefficient of + 3500 ppm/"C is used. A 
CcoN of l µF provides a control transition time of l ms which 
yields a click-free change in the audio channel attenuation. Sym
metry and offset trimming details of the VCA can be found in 
the SSM-2018 data sheet. 

Information regarding the PTl46 1 kO "Compensator" can be 
obtained by contacting: 

Precision Resistor Company, Incorporated 
10601 75th Street North 
Largo, Fl 34647 
(813) 541-5771 

An Isolated, Programmable, 4-20 mA Process Controller 
In many process control system, applications, two-wire current 
transmitters are used to transmit analog signals through noisy 
environments. These current transmitters use a "zero-scale" sig
nal current of 4 mA that can be. used to power the transmitter's 
signal conditioning circuitry. The "full-scale" output signal in 
these transmitters is 20 mA. The converse approach to process 
control can also be used; a low-power, programmable current 
source can be used to control remotely located sensors or devices 
in the loop. 

A circuit that performs this function is illustrated in Figure 41. 
Using the DAC-8512 as the controller, the circuit provides a 
programmable output current of 4 mA to 20 mA, proportional 
to the DAC's digital code. Biasing for the controller is provided 
by the REF-02 and requires no external trim for two reasons: 

(I) the REF-02's tight initial output voltage tolerance and (2) 
the low supply current consumption of both the OP-90 and the 
DAC-8512. The entire circuit, including opto-couplers, con
sumes less than 3 mA from the total budget of 4 mA. The 
OP-90 regulates the output current to satisfy the current sum
mation at the noninverting node of the OP-90. The KCL equa
tion at Pin 3 is given by: 

l (l mV x Digital Code x R3 VREF x R3) 
lour = R7 x RI + R2 

DIGITAL-TO-ANALOG CONVERTERS 3-371 

11 



DAC8512 

i!iJi 

Di 

SCLK 

SDI 

SCLK 

CLK 
. REPEAT FOR SDI, LD, • CLR 

VLOOP 
+12T0+4fN 

Figure 41. An Isolated, f"rogrammable, 4-20mA Process'Contrbller 

For the values shown in Figure 41, 

loUT = 3.9 µ.A X Digital Code + 4 mA 

giving a full-sciile output current of 20 mA when the DAC-
8512's digital <:Ode equals FFFe. Offset trim at 4 mA is pro
vided by P2, and Pl provides the 'circuit's gain trini at 20 mA. 
These two trims do riot fateract beeause the noninverting input 
of the OP-90 is at virtual ground .. The Schottky diode, Dl, is 
required in this Circuit to prevent' loop supply power-on tran
sients from pulling the rioninverting input of the OP-90 more 
than 300 mV below its inverting mput. Without this diode, such 
transients could cause phase reversal of the OP-90 and possible 
latchup of the controller. The loop supply voltage.compliance of 
the circuit is limited by the nillXimum applied input voltage to 
the REF-02 and is from + 12 V to +40 V. 

MICROPROCESSOR.INTERFACING . 

DAC-8512-MC68HCll Interface 
Ti).e circuit illustrated in Figure 42 shows a serial interface 
between theDAC-8512 and the MC68HC11 8-bit microcontrol
ler. SCK. of the 68HC11 drives SCLK qf the DAC-8512, while 
the MOSI output drives the. serial data line, SDI, of the DAC-
85 p, The DAC',s CLR, LD, and CS signals are derived from 
port lines PCl, PDS, and PCO, respectively, as .shown. 

For c_orrect operation of the serial interface, the 68HC11 should 
be configured such that its CPOL bit.is set .to 1 and .. its CPHA. 
bit is als0 set to 1. When the serial data is to be transtllitted to 
the DAC, PCO is taken low, asserting the DAC's CS input. 
When the 68HC11 is configured in this manner, serial data on 
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Figure 42. DAC-8512-MC68HC11 Interface 

MOSI is valid. on the rising edge of SCLK. The 68HC11 trans
mits its serial data in 8-bit'bytes (MSB first), with only eight 
rising Clock edges oecurtjhg in the transmit cytle. To load data 
to the DAC-8512's input serial register, PCO is left low after the 
first eight bits are transferred, and a second byte of data is then 
transferred serially to the DAC-.8512. During the second bytj: 
load, the' fir.st four II\OSt significant bit~ of the fu:st·.byte aie 
pushed out of J:he DAC's input shift register. At the end of .the · 
second byte load, PCO is then taken. high. To prevent an. acci
dental ad,vancing. of the internal .. shift rel!ister, SCLK. must 
already be asserted before PCO is taken high. To transfer the 
contents of):he i.J:)put shift register to the DAC register, PDS is 
taken low, asserting the DAC's LD input. :rhe DAC's'CLR 
input, <;ontrolled by the 68lt<;:11's PCl port, provides an BSYn
chronous clear function, setting the DAC output tQ. zero. · 
Included m this section,. is the so:urce _cOdlf for OpCrating th~ 
DAC-85U-:M.68HC11 interface. . . 
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DAC-8512-M68HC11 Interface Program Source Code· 

* 
PORTC EQU $1003 Port C control register 
* "0,0,0,0;0,0,CLR/,CS/" 
DDRC EQU $1007 Port C data direction 
PORTD EQU $1008 Port D data register 
* "O,O,LD/,SCLK;SDI,0,0,0 
DDRD EQU $1009 Port D data direction 
SPCR EQU $1028 SPI control register 

* "SPIE,SPE,DWOM,MSTR;CPOL,CPHA,SPRl,SPRO" II SPSR EQU $1029 SPI status register 
* "SPIF, WCOL,O,MODF;0,0,0,0" 
SPDR EQU $102A SPI data register; Read-Buffer; Write-Shifter 
* 
* SDI RAM variables: SDil is encoded from 0 (Hex) to F (Hex) 

* SDI2 is encoded from 00 (Hex) to FF (Hex) 
* DAC requires two 8-bit loads; upper 4 bits of SDil 
* are ignored. 
* 
SDil EQU $00 SDI packed byte 1 "0,0,0,0;MSB,DBlO,DB9,D.1'18" 
SDI2 EQU $01 SDI packed byte 2 "DB7,DB6,DBS,DB4;DB3,DB2,DB1,DBO" 
* 

ORG $COOO Start of user's RAM in EVB 
!NIT LDS #$CFFF Top of C page RAM 

* 
LDAA #$03 0,0,0,0;0,0,1,1 

* CLR/-Hi, CS/-Hi 
STAA PORTC Initialize Port C Outputs 
LDAA #$03 0,0,0,0;0,0,1,1 
STAA DDRC CLR/ and CS/ are now enabled as outputs 

* 
LDAA #$30 0,0,1,l;O,O,O,O 

* LD/-Hi,SCLK-Hi,SDI-Lo 
STAA PORTD Initialize Port D Outputs 
LDAA #$38 0,0,1,1;1,0,0,0 
STAA DDRD LD/,SCLK, and SDI are now enabled as outputs 

* 
LDAA #$SF 
STAA SPCR SPI is Master,CPHA= 1,CPOL= 1,Clk rate=E/32 

* 
BSR UPDATE Xfer 2 8-bit words to DAC-8512 
JMP $EOOO Restart BUFFALO 

* 
UPDATE PSHX Save registers X, Y, and A 

PSHY 
PSHA 

* 
LDAA #$0A 0,0,0,0;1,0,1,0 
STAA SDil SDil is set to OA (Hex) 

* 
LDAA #$AA 1,0,1,0;l,0,1,0 
STAA SDl2 SDl2 is set to AA (Hex) 

* 
LDX #SDil Stack pointer at 1st byte to send via SDI 
LDY #$1000 Stack pointer at on-chip registers 

* 
BCLR PORTC,Y $02 Assert CLR/ 
BSET PORTC,Y $02 De-assert CLR/ 

* 
BCLR PORTC,Y $01 Assert CS/ 

* 
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TFRLP 

* 
WAIT 

* 

* 

LDAA O,X 
STAA SPDR 

LDAA SPSR 
BPL WAIT 

INX 
CPX #SDU+l 
BNE TFRLP 

Get a byte to transfer via SPI 
Write SDI data reg to swt xfer 

Loop to wait for SPIF 
SPIF is the MSB of SPSR 
(when SPIF is set, SPSR is negated) 
Increment counter to next byte for xfer 
Are we done yet ? 
If not, xfer the second byte 

*Update DAC output with contents of DAC register 

* 

* 

BCLR PORTD,Y $20 Assert LD/ 
BSET PORTD,Y $20 Latch DAC register 

BSET PORTC,Y $01 · De-assert CS/ 

PULA When done, restore registers X, Y & A 
PULY 
PULX 
RTS ** Return to Main Program ** 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Complete 12·Bit DAC 
No External Components 
Single +5 Volt Operation 
1 mV/Bit with 4.095 V Full Scale 
True Voltage Output, :!:5 mA Drive 
Very Low Power -3 mW 

APPLICATIONS 
Digitally Controlled Calibration 
Servo Controls 
Process Control Equipment 
PC Peripherals 

GENERAL DESCRIPTION 
The DAC-8562 is a complete, parallel input, 12-bit, voltage out
put DAC designed to operate from a single +5 volt supply. 
Built using a t:BCMOS process, these monolithic DACs offer 
the user low cost, and ease-of-use in + 5 volt only systems. 

Included on the chip, in addition to the DAC, is a rail-to-rail 
amplifier, latch and reference. The reference (REFOUT) is 
trimmed to 2.5 volts, and the on-chip amplifier gains up the 
DAC output to 4.095 volts full scale. The user needs only sup
ply a +5 volt supply. 

The DAC-8562 is coded straight binary. The op amp output 
swings from O to +4.095 volts for a one millivolt per bit resolu
tion, and is capable of driving ±5 mA. Built using low tempera
ture-coefficient silicon-chrome thin-film resistors, excellent 

+5 Volt, Parallel Input 
Complete 12-Bit DAC 

DAC8562 I 
FUNCTIONAL BLOCK DIAGRAM 

RE FOUT 

DAC-8562 

linearity error over temperature has been achieved as Shown 
below in the linearity error versus digital. input code plot. 

Digital interface is parallel and high speed to interface to the 
fastest processors without wait states. The interface is very sim
ple requiring only a single CE signal. An asynchronous CLR 
input sets the output to zero scale. 

The DAC-8562 is available in two different 20-pin packages, 
plastic DIP and SOL-20. Each part is fully specified for opera
tion over -40°C to +85°C, and the full +5 V ± 5% power 
supply range. 

For MIL-STD-883 applications, contact your local ADI sales 
office for the DAC-8562/883 data sheet which specifies operation 
over the -55°C to + 125°C temperature range. 

0.75 1--+--+--+-VDD = +SV 
TA= -55°C, +25°C, +125°C 

~ 0.5 

I o.25 1-++.,ol-,.-+r-,_,;1---,,.......,;--;--i---i::-t---. 

I 
!:: 
~ -0.25 

! -0.5 1---+--+--+--+--+--+--f-t---t 
+2&°C & +125°C 

-0.7& 1--+--+--+--+--+--t--t---t 

-1 L-~.1...-~.l...-~.I...-~"--~"--~.._~..___. 

0 1024 2048 3072 4096 
DIGITAL INPUT CODE - Decimal 

Figure 1. Linearity Error vs. Digital Input Code Plot 
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DAC8562 ~SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS !@V00 = +5.0 V ± 5%, RL =No Load, -40°C::; TA :s +WC, unless otherwise noted.) 

_:__ -"---
Parameter Symbol Condition Min 

STATIC PERFORMANCE 
Resolution N Note 2 12 
Relative Accuracy INL E Grade -112 

F Grade -I 
Differential Nonlinearity DNL No Missing Codes -I 
Zero-Scale Error VzsE Data= OOOH 
Full-Scale Voltage Vps Data= FFFH3 

E Grade 4.087 
F Grade 4.079 

Full-Scale Tempco TCVps Notes 3, 4 

ANALOG OUTPUT 
Output Current IouT Data= 800H ±5 
Load Regulation at Half Scale LDREG RL = 402 n to x, Data = 800H 
Capacitive Load CL No Oscillation4 

REFERENCE OUTPUT 
Output Voltage VREF 2.484 
Output Source Current IREF Note 5 5 
Line Rejection LNREJ 
Load Regulation LDREG IREF = 0 to 5 mA 

LOGIC INPUTS 
Logic Input Low Voltage VIL 
Logic Input High Voltage Vrn 2.4 
Input Leakage Current IIL 
Input Capacitance CIL Note 4 

INTERFACE TIMING SPECIFICATIONS1• 4 

Chip Enable Pulse Width tCEW 30 
Data Setup los 30 
Data Hold loH 10 
Clear Pulse Width tcLRW 20 

AC CHARACTERISTICS4 

Voltage Output Settling Time6 ls To ±I LSB of Final Value 
Digital Feedthrough 

SUPPLY CHARACTERISTICS 
Positive Supply Current loo Vrn = 2.4 V, V1L = 0.8 V 

VIL= 0 V, V00 = +S V 
Power Dissipation PoISs Vrn = 2.4 V, VIL = 0.8 V 

VIL= 0 V, V00 = +5 V 
Power Supply Sensitivity PSS 6.Voo. = ±5% 

NOTES 
1 All input control signals are specified with t, ~ tr ~ 5 ns (10% to 90% of t 5 V) and timed from a voltage level of 1.6 V. 
2 1 LSB~l mV for 0 to +4.095 V output range. 
3Includes internal voltage reference error. 
4These parameters are guaranteed by design and not subject to production testing. 
5VerY little sink current is available at the REFOUT pin. l!se· external_ buffer if setting up a virtual ground. 

Typ Max Units 

Bits 
±114 +112 LSB 
±3/4 +I LSB 
±3/4 +I LSB 
+112 +3 LSB 

4.095 4.103 v 
4.095 4.111 v 
±16 ppm/oC 

±7 mA 
I 3 LSB 
500 pF 

2.500 2.516 v 
7 mA 

0.08 %N 
0.1 %/mA 

0.8 v 
v 

10 µA 
10 pF 

ns 
ns 
ns 
ns 

16 µs 
35 nV sec 

3 6 mA 
0.6 I mA 
IS 30 mW 
3 5 mW 
0.002 0.004 %/% 

6The settling rime specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling 
time in this 6 LSB region. 

Specifications subject to change without notice. 
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WAFER TEST LIMITS (@ V00 = +5.0 V ± 53, RL = No Load, TA = +25°C, applie~ to part number DAC8562GBC only, 
unless otherwise noted.) 

Parameter Symbol Condition Min Typ Max Units 

STA TIC PERFORMANCE 
Relative Accuracy INL ~1 ±3/4 +I LSB 
Differential Nonlinearity DNL No Missing Codes -I ±3/4 +I LSB 
Zero-Scale Error VzsE Data= OOOH +1/2 +3 LSB 
Full-Scale Voltage VFs Data= FFFH 4.08S 4.09S 4.IOS v 
Reference Output Voltage VREF 2.490 2.SOO 2.SIO v 

LOGIC INPUTS I 

Logic Input Low Voltage VIL 0.8 v 
Logic Input High Voltage VIH 2.4 v 
Input Leakage Current I,L IO µA 

SUPPLY CHARACTERISTICS 
Positive Supply Current Inn vIH = 2.4 v, v,L = o.8 v 3 6 mA 

VIL= 0 V, V00 = +S V 0.6 I mA 
Power Dissipation Pmss vIH = 2.4 v, v,L = o.8 v IS 30 mW 

VIL= 0 V, V00 = +S V 3 s mW 
Power Supply Sensitivity PSS iiV00 = ±S% 0.002 0.004 %/% 

NOTE 
1Electrical tests are. performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guaranteed for standard product dice: Consult factory to negotiate specifications based on dice lot qualificatiom thro~gh sample lot assembly and testi'!8· 

ABSOLUTE MAXIMUM RATINGS* 
V 00 to DGND and AGND ............. -0.3 V, + 10 V 
Logic Inputs to DGND ........... -0.3V, V00 + 0.3 V 
VoUT to AGND .......... , ..... -0.3 V, V00 + 0.3 V 
VREFOUT to AGND ............. -0.3 V, V00 + 0.3 V 
AGND to DGND ................ ~ ... -0.3 V, V00 

louT Short Circuit to GND ................. ;· . SO mA 
Package Power Dissipation ....... , ..... (Ti max-TA)/lli~ 
Thermal Resistance lliA 

20-Pin Plastic DIP Package (P) .............. 74°C/W 
20-Lead.SOIC Package (S) ... , ............. 89°CIW 

Maximum Junction Temperature (Ti max) .......... IS0°C 
Operating Temperature Range ....... , ... -40°C to +8S°C 
Storage Temperature Range ............ -6S°C to + IS0°C 
Lead Temperature (Soldering, IO secs) ........... + 300°C 

Figure'2. Timing Oiagram 

Tablel. Control Logic Truth Table 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage io· the device. This is a stress rating only and functional 
operation· of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CE 

H 
L 
i+ 
x 
H 

CLR 

H 
H 
H 
L 
i+ 

DAC Register Function 

Latched 
Transparent 
Latched with New Data 
Loaded with All Zeros 
Latched All Zeros 

·. 

f + Positive Logic Transitioi;i; X D~n't Care·: 

CAUTION '· 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! c:J 
~~EDEVICE 
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DAC8562 
PIN CONFIGURATIONS 

20-Pin P-DIP SOL-20 
(N-20) (R-20) 

v •• 

082 ., 
DB1 

DBO DAC-8562 
CE TOP VIEW 

(Not to Scale) 
CLR 

REFOUT 

Your 

AGND 

NC 

NC= NO CONNECT 

ORDERING GUIDE 

INL Temperature 
Model (LSB) Range 

DAC8562EP ±1/2 -40°C to +85°C 
DAC8562FP ±I -40°C to +85°C 
DAC8562FS ±I -40°C to +85°C 
DAC8562GBC ±I +25°C 

*For outline information see Package Information section. 

DICE CHARACTERISTICS 

AGND DGND 0811 

DB2 v00 DB3 DB4 

SUBSTRATE IS COMMON WITH Voo· 

TRANSISTOR COUNT: 524 
DIE SIZE: 0.070 INCH x 0.105 INCH; 7350 SQ MILS 

3-378 DIGITAL-TO-ANALOG CONVERTERS 

Package 
Option* 

N-20 
N-20 
R-20 
Dice 

Table II. Nominal Output Voltage vs. Input Code 

Binary Hex Decimal Output (V) 

0000 0000 0000 000 0 0.000 Zero Scale 
0000 0000 000 I 001 I 0.001 
0000 0000 00 IO 002 2 0.002 
0000 0000 Ill I OOF 15 0.015 
0000 000 I 0000 010 16 0.016 
0000 1111 1111 OFF 255 0.255 
0001 0000 0000 100 256 0.256 
0001 1111 1111 lFF 511 0.511 
0010 0000 0000 200 512 0.512 
0011 l lll 1111 3FF 1023 1.023 
0100 0000 0000 400 1024 1.024 
Olli 1111 1111 7FF 2047 2.047 
1000 0000 0000 800 2048 2.048 Half Scale 
1100 0000 0000 coo 3072 3.072 
1111 1111 Ill I FFF 4095 4.095 Full Scale 

PIN DESCRIPTIONS 

Pin Name Description 

20 V00 Positive supply. Nominal value +5 volts, 
±5%. 

1-9 DBO--DBll Twelve Binary Data Bit inputs. DBll is the 
17-19 MSB and DBO is the LSB. 
16 CE Chip Enable. Active low input. 
15 CLR Active low digital input that clears the DAC 

register to zero, setting the DAC to minimum 
scale. 

8 DGND Digital ground for input logic. 

12 AGND Analog Ground. Ground reference for the 
internal bandgap reference voltage, the DAC, 
and the output buffer. 

13 VouT Voltage output from the DAC. Fixed output 
voltage range of 0 V to 4.095 V with 
I mV/LSB. An internal temperature stabilized 
reference maintains a fixed full-scale voltage 
independent of time, temperature and power 
supply variations. 

14 REFOUT Nominal 2.5 V reference output voltage. This 

11 NC 

node must be buffered if required to drive 
external loads. 
No Connection. Leave pin floating. 
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OPERATION 
The DAC-8562 is a complete ready to use 12-bit digital-to
analog converter. Only one + 5 V power supply is necessary for 
operation. It contains a voltage-switched, 12-bit, laser-trimmed 
digital-to-analog converter, a curvature-corrected bandgap refer
ence, a rail-to,rail output op amp, and a DAC register. The par
allel data interface consists of 12 data bits, DBO-DBll, and a 
active low CE strobe. In addition, an asynchronous CLR pin 
will set all DAC register bits to zero causing the V ouT to ' 
become zero volts. This function is useful for power on reset or 
system failure recovery to a known state. 

D/A CONVERTER SECTION 
The internal DAC is a 12-bit voltage-mode device with an out
put that swings from AGND potential to the 2.5 volt internal 
bandgap voltage. It uses a laser trimmed R-2R ladder which is 
switched by N channel MOSFETs. The output voltage of the 
DAC has a constant resistance independent of digital input 
code. The DAC output (not available to the user) is internally 
connected to the rail-to-rail output op amp. 

AMPLIFIER SECTION 
The internal DAC's output is buffered by a low power con
sumption precision amplifier. This low power amplifier contains 
a differential PNP pair input stage which provides low offset 
voltage and low noise, as well as the ability to amplify the zero
scale DAC output voltages. The rail-to-rail amplifier is config
ured in a gain of 1.6384 ( = 4.095 V/2.5 V) in order to set the 
4.095 volt full-scale output (I mV/LSB). See Figure 3 for an 
equivalent circuit. schematic of the analog section. 

REFOUT 
2.5V VOLTAGE SWITCHED 12-BIT 

R·2R D/A CONVERTER 

. . . 
SP;--if1R N·CHFET 

SWITCHES, 2R 

Figure 3. Equivalent DAC-8562 Schematic of 
Analog Portion 

The op amp has a 16 µ.s typical settling time to 0.01 %. There 
are slight differences in settling time for negative slewing signals 
versus positive. See the oscilloscope photos in the Typical Per
formances .section of this data .sheet. 

OUTPUT SECTION 
The rail-to-rail output stage of this amplifier has been designed 
to provide precision performance while operating near either 
power supply. Figure 4 shows an equivalent output schematic of 
the rail-to-rail amplifier with its N channel pull down FETs tha,t 

REV.A 

DAC8562 
will pull an output load directly to GND. The output sourcing 
current is provided by a P channel pull-up device that can sup
ply GND terminated loads, especially important at the - 5% 
supply tolerance value of 4. 75 volts. 

Figure 4. Equivalent Analog Output Circuit 

Figures 5 and 6 in the typical performance characteristics sec
tion provide information on output swing performance near 
ground and full scale as a function of load. In addition to resis
tive load driving capability, the amplifier has also been carefully 
designed and characterized for up to 500 pF capacitive load 
driving capability. 

REFERENCE SECTION 
The internal 2.5 V curvature-corrected bandgap voltage refer
ence is laser trimmed for both initial accuracy and low tempera
ture coefficient. The voltage generated by the reference is 
available at the REFOUT pin. Since REFOUT is not intended 
to drive external loads, it must be buffered-refer to the appli
cations section for more information. The equivalent emitter 
follower output circuit of the REFOUT pin is shown in 
Figure 3. 

Bypassing the REFOUT pin is not required for proper opera
tion. Figure 7 shows broadband noise performance. 

POWER SUPPLY 
The very low power consumption of the DACc8562 is a direct 
result of a circuit design optimiiing use of the CBCMOS pro
cess. By using the low power characteristics of the CMOS for 
the logic, and the low noise, tight matching of the complemen
tary bipolar transistors, good analog accuracy is achieved . 

For power-consumption sensitive applications it is important to 
note that the internal power consumption of the DAC-8562 is 
strongly dependent on the actual logic-input voltage-levels 
present on the DBO-DBll, CE and CLR pins. Since these 
inputs are standard CMOS logic structures, they contribute 
static power dissipation dependent on the actual driving logic 
V 0H and V oL voltage levels. The graph in Figure 9 shows the 
effect on total DAC-8562 supply current as a function of the. 
actual value of input logic voltage. Consequently for optimum 
dissipation use of CMOS logic versus TTL provides minimal 
dissipation in the static state. A VINL = 0 Von the DBO-DBll 
pins provides the lowest standby dissipation of 600 µ.A with a 
+5 V power supply. 
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DAC8562 
As with any analog system, it is recomIIlended ·that the DAC-
8562 power .supply be bypassed on the Sallie PC card :that con-·. 
tain~ the chip. Figure 10 shows the power supply rejection 
versus frequency performance. This should·be taken into 
account when using higher frequency switched-mode power sup
plies with ripple frequencies· of 100 kHz arid higher. 

One advantage of the rail-to~rail output a~plifier used in the 
DAC-8562 is the wid.e range: of usable-supply voltage. The part 
is fully specified and teste1f over temperature for operation from 
+4.75 V to +5.25 V. If reduced linearity and source current 
capability near full scale can be tolerated, operation cif the DAC-
8562 is possible down to +4'3 volts. The minimum operating 
supply voltage versus load current plot, in Figure 11, provides 
information for operation below V00 = +4.75 V: 

Typical Performance Characteristics 
5 [' Yoo;;, +SV 

TA= +25°C ~ Voo~+SV 

TIMING AND CONTROL ' ~. 

The DAC•8562 .has a 12"bit DAC register that simpfilies •inter,. 
face.·.to a. 12-bit (or wider) data bus.· The latcli is controlled by 
the Chip Enable (CE) input. If the application does not involve 
a data ·bus, wiring .CE low allows direct operation of the DAC .... 

The data latch iii level triggered and acquires data from the dii:ta 
bus during the filite period when CE is low. When CE goes 
high, the data is latched into the register and held until CE 
returns law. The minimum time required· for. the data to be 
present on the bus before '.CE returns high is called the data 
setup time (t0 s) as seen in Figure 2. The data hold 1:ime'(t0 H) is 
the amount of time that the data has to remain on the bus after 
CE goes high. The high speed timing offered 'hy th~;DAC-8562 
provides'f<ir direct interface with no wait states fu all but the 
fastest microprocessors.. · 
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· ·' ' . l:IMll' 

JI 4 

~ ~L1.E-r,::f AINI 

1 DATA=OOOH 

~ 101-:-+--l--f-H--l~+-t+t--+-'21~ .. "~ ,,40 

I 
w 
ll 3 
!:; 
g 

I 
0 

10 

l 
j\ 
7 

DATA=FFFH 

'• 
I~ !IL TIED TO +5V !::-+-

DATA=OOOH 

1'.l_illl ll 
100 1k 10k 
LOAD RESISTANCE - D 

100k 

Figure 5. Output Swing vs. Load 

Figure 8. Broadband Noise 
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Figure 11. Minimum Supply 
Voltage vs. Load 

;'!' 5 .. 
00 

1-t~6f:1 

Voo = +SV 
t--1-1 TA= +25°C 

TIME -10~1s/DIV 

Figure 14. Output Voltage Rise 
Time Detail 

~ 

so rJe ~L~L~S--:F;r 
SS = 300 UNITS 

40 TA= +25°C 

~ 30 t-t-t-t-t-+-oi 
u. 
0 
IC 
w 
m 20 t-t-t-t-t-HI 
::& 
:::> z 

10 I-+-+-+-+-+-< I 

10 

-8 -6 -4 -2 0 2 4 6 8 10 12 14 16 
TOTAL UNADJUSTED ERROR- mV 

Figure 17. Total Unadjusted Error 
Histogram 

REV.A 

I~ 

04810 TO 204710 

2.048 

£! 
0 2.038 
> 

1 _f_ 

IL I 
~ 2.028 

>o ~ 2.018 

TIME - 200ns/DIV 

Figure 12. Midscale Transition 
Performance 

.1. I _l 
Voo = +SV 

;'!' 5 .. 
00 

TA= +25°C 

£! 
0 
'i 
.... 
:::> 
c. .... 
:::> 
0 

~ .. 
u 
".! ... 
:::> 
u. 

~~11 

TIME -10ftS/DIV 

Figure 15. Output Voltage Fall 
Time Detail 

4.125 

4.115 Voo = +SV 
NO LOAD 
SS= 300 PCS 

4.105 

4.095 

4.085. 

4.075 '---'--'---'---'---'---'--~ 
-50 -25 0 25 50 75 100 125 

TEMPERATURE - °C 

Figure 18. Full-Scale Voltage 
vs. Temperature 

3 
5 
~2 
:::> 
01 

DAC8562 

TIME = 20µs/DIV 

Figure 13. Large Signal Settling 
Time 

2.0 

1.5 

~ 1.0 

I 
a: 0.5 
0 
IC 

ffi 0.0 

i'.: 
a:--0.s 
:il 
~-1.0 

~ 
I 

w ... 

-1.5 

-2.0 

I .I I l 
v00 =+5V 

TA = -40"~ 2s 0 c, +as 0 c 

-40":: 
..... ... ~'" .... '}.._ .I. •L . 

"'ff l'l . Ill"_!' .L '.! r 

+!.c&+es"c 

0 512 1024 1536 2048 2560 3072 3584 4096 

DIGITAL INPUT CODE -Decimal 

Figure 16. Linearity Error vs. 
Digital Code 

DATA= OOOH 
NO LOAD --j 
V00 = +5.0V 

111 
"' 6 r--
a: 
~ 

-1 
-50 -25 0 25 50 75 100 125 

TEMPERATURE - °C 

Figure 19. Zero-Scale Voltage vs. 
Temperature 

DIGITAL-TO-ANALOG CONVERTERS 3-381 

II 



DAC8562-Typical Performance Characteristics 

~ 
~-
' 

10 

~ 1 

!1l 
w 
0 
w 
!!! 
~0.1 
!:; 

§ 
0.01 

J}~!L I I 

TA• 25'C 
DATA• FFFH 

-t 

..... 

10 100 1k 10k 100k 
FREQUENCY - Hz 
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Time 
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APPLICATIONS SECTION 
Power Supplies, Bypassing, and Grounding 
All precision converter products require careful application of 
good grounding practices to maintain full-rated performance. 
Because the DAC-8562 has been designed for + 5 V applica
tions, it is ideal for those applications under microprocessor or 
microcomputer control. In these applications, digital noise is 
prevalent; therefore, special care must be taken to assure that its 
inherent precision is maintained. This means that particularly 
good engineering judgment should be exercised when addressing 
the power supply, grounding, and bypassing issues using the 
DAC-8562. 

The power supply used for the DAC-8562 should be well fil
tered and regulated. The device has been completely character
ized for a +5 V supply with a tolerance of :+::5 %. Since a +5 V 
logic supply is almost universally available, it is not recom
mended to connect the DAC directly to an unfiltered logic sup
ply without careful filtering. Because it is convenient, a designer 
might be inclined to tap a logic circuit's supply for the DAC's 
supply. Unfortunately, this is not wise because fast logic with 
nanosecond transition edges induces high current pulses. The 
high transient current pulses can generate glitches hundreds of 
millivolts in amplitude due to wiring resistances and induc
tances. This high frequency noise will corrupt the analog cir
cuits internal to the DAC and cause errors. Even though their 
spike noise is lower in amplitude, directly tapping the output of 
a + 5 V system supplies can cause errors because these supplies 
are of the switching regulator type that can and do generate a 
great deal of high frequency noise. Therefore, the DAC and any 
associated analog circuitry should be powered directly from the 
system power supply outputs using appropriate filtering. Figure 
28 illustrates how a clean, analog-grade supply can be generated 
from a + 5 V logic supply using a differential LC filter with sep
arate power supply and return lines. With the values shown, 
this filter can easily handle JOO mA of load current without satu
rating the ferrite cores. Higher current capacity can be achieved 
with larger ferrite cores. For lowest noise, all electrolytic capaci
tors should be low ESR (Equivalent Series Resistance) type. 
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Figure 28. Properly Filtering a +5 V Logic Supply 
Can Yield a High Quality Analog Supply 

DAC8562 
The DAC-8562 includes two ground connections in order to 
minimize system accuracy degradation arising from grounding 
errors. The two ground pins are designated DGND (Pin 10) and 
AGND (Pin 12). The DGND pin is the return for the digital 
circuit sections of the DAC and serves as their input threshold 
reference point. Thus DGND should be connected to the same 
ground as the circuitry that drives the digital inputs. 

Pin 12, AGND, serves as the supply rail for the internal voltage 
reference and the output amplifier. This pin should also serve as II 
the reference point for all analog circuitry associated with the 
DAC-8562. Therefore, to minimize any errors, it is recom-
mended that the AGND connection of the DAC-8562 be con-
nected to a high quality analog ground. If the system contains 
any analog signal path carrying a significant amount of current, 
then that path should have its own return connection to Pin 12. 

It is often advisable to maintain separate analog and digital 
grounds throughout a complete system, tying them common to 
one place only. If the common tie point is remote and an acci-
dental disconnection of that one common tie point were to occur 
due to card removal with power on, a large differential voltage 
between the two commons could develop. To protect devices 
that interface to both digital and analog parts of the system, 
such as the DAC-8562, it is recommended that the common 
ground tie points be proyided at each such device. If only one 
system ground can be connected directly to the DAC-8562, it 
recommended that the analog common be used. If the system's 
AGND has suitably low impedance, then the digital signal cur-
rents flowing in it should not seriously affect the ground noise. 
The amount of digital noise introduced by connecting the two 
grounds together at the device will not adversely affect system 
performance due to loss of digital noise immunity. 

Generous bypassing of the DAC's supply goes a long way in 
reducing supply line-induced errors. Local supply bypassing 
consisting of a 10 µF tantalum electrolytic in parallel with a 
0.1 µF ceramic is recommended. The decoupling capacitors 
should be connected between the DAC's supply pin (Pin 20) 
and the analog ground (Pin 12). Figure 29 shows how the 
DGND, AGND, and bypass connections should be made to the 
DAC-8562. 

+SV 

TO POWER GROUND 

Figure 29. Recommended Grounding and Bypassing 
Scheme for the DAC-8562 
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DAC8562 
Unipolar Output Operation 
This is the basic mode of operation for the DAC,,8562. As 
shown in Figure 30, the DAC-8562 )las been. designed to driv\! 
loads as low as 820 n fu parallel with 500 pF. The code table 
for this operation is shown in Table IIL · · 

.. +SV 

ov :s: Your :s: 4.095V 

Figur~ .30. Unipolar Output Operation 

Table III. Unipolar Code Table 

Hexadecimal Number 
in DAC Register· 

FFF 
801 
800 
7FF 
000 

Decimal Number 
in D:AC Register 

4095 
2049 
2048 
2047 
0 

·,·Analog Output 
Voltage (V) 

+4.Q95 
+2.049' 
+2.048 
+2.047 
0 

Operating the DAC-8562 on +12' V or +15 V Supplies Only 
Although the DAC-8562 has beet! specified to- operate on a sin~ 
gle, +5 V supply, a single +5 V supply may not be available'in 
many applications. 'Since the DAC-8562 consumes no inore than' 
6 mA, maximum, then an integrated voltage reference, such as 
the REF-02, can be used as the DAC-8562 +5 V supply. The 
configuration of the circuit is shown in Figure 31. Notice that 
the reference's output voltage requires no trimming because of 
the REF-02's excellent load reguiiition and tight initial output 
voltage tole,rance. Although the milximilm supply ·current of the 
DAC-8562 is 6 mA, local bypassing of the REF-02's output with 
at least 0.1 µFat the DAC's voltage supply pin is recommended 
to prevent the DAC's internal digital circuits from affecting the 
DAC's internal voltage; refer~nce. 
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Figure 31. Operating the DAC-8562 oh +12 Vor -f:15 V 
Supplies Using a REF-02 Voltage Reference . · ·· 

Measuring Offset Error 
One of the most commonly specified endpoint errors :associated. 
with real-world nonideal DACs is offset error. 

In most DAC testing, the offset error is measurcid by applying· 
the. zero~scale code and measuring the output deviation from 0 ' · 
volt. There are soine DACs where offset errors may be' present 
but riot observable at' the zero scale because of other circwt limi" 
tatiohs (for example, zero coinciding with single supply'groiind). 
In these DACs, norizero output at zero code cannbt be read as · 
the offset error. In the DAC-8562, for example, the zero-sc8ie ., 
error is specified to be + 3 LSBs. Since zero 8cale coincide8 with 
zero volt, it is not 11ossible to measure negative offset err0r. ' 

By addiµg a pull-down resistor from the output of the DAC-
8562 to a negative supply )IS shown in Figure 32, offset .errors 
can now be read at ze.ro code. This configuration forces the out
put }'-channel MOSFET to source current to the negative sup
ply thereby allowing the designer to determine in which 
direction t.he offset error appears. The value of the resistor 
should be such that, at z~ro code', cuirent through the resistor is 
200 µ.A maximum. 

+5V 

* 200µ1\!llAX 

Figure 32. Measuring Zero-Scale or Offset Error 
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Figure 33. Bipolar Output Operation 

Bipolar Output Operation 
Although the DAC-8S62 has been designed for single supply 
operation, bipolar operation is achievable using the circuit illus
trated in Figure 33. The circuit uses a single supply, rail-to-rail 
OP-29S op amp and the DA C's internal + 2.S V reference to 
generate the -2.S V reference required to level-shift the DAC 
output voltage. The circuit has been configured to provide an 
output voltage in the range - S V :s V ouT :s + S V and is coded 
in complementary offset binary. Although each DAC LSB corre
sponds to 1 mV, each output LSB has been scaled to 2.44 mV. 
Table IV provides the relationship between the digital codes and 
output voltage. 

The transfer function of the circuit is given by: 

V0 = -1 mV x Digital Code x (~~) + 2.S x (~~) 
and, for the circuit values shown, becomes: 

V0 = -2.44 mV x Digital Code+ S V 

Table IV. Bipolar Code Table 

Hexadecimal Number Decimal Number Analog Output 
in DAC Register in DAC Register Voltage (V) 

FFF 409S -4.9976 
801 2049 -2.44E-3 
800 2048 0 
?FF 2047 +2.44E-3 
000 0 +S 

To maintain monotonicity and accuracy, Rl, R2, R4, RS, and 
R6 should be selected to match within 0.01 % and must all be of 
the same (preferably metal foil) type to assure temperature coef
ficient matching. Mismatching between RI and R2 causes offset 
and gain errors while an R4 to RI and R2 mismatch yields gain 
errors. 

For applications that do.not require high accuracy, the circuit 
illustrated in Figure 34 can also be used to generate a bipolar 
output voltage. In this circuit, only one op amp is used and no 
potentiometers are used for offset and gain trim. The output 

REV.A 

voltage is coded in offset binary and is given by: 

V0 = I mV x Digital Code x (R3 :
4 R 4) x (I + ~~) 

- REFOUT x ( ~~) 
For the ±2.S V output range and the circuit values shown in 
the table, the transfer equation becomes: 

V0 = 1.22 mV x Digital Code - 2.S V 

Similarly, for the :t S V output range, the transfer equation 
becomes: 

V0 = 2.44 mV x Digital Code - S V 

Note that, for ±S V output voltage operation, RS is required 
as a pull-down for REFOUT. Or, REFOUT can be buffered by 
an op amp configured as a follower that can source and sink 
current. 

+SV 

Figure 34. Bipolar Output Operation Without 
Trim Version 1 

Alternatively, the output voltage can be coded in complementary 
offset binary using the circuit in Figure 3S. This configuration 
eliminates the need for a pull-down resistor or an op amp for 
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REFOUT. The transfer equation of the circuit is given by: 

Vo = - I mV x Digital Code x (~~) + REFOUT 

x (R3 :\4) x (1 + ~~) 
and, for the values shown, becomes: 

V0 = -2.44 mV x Digital Code + S V 

R2 

Vo 
RANGE R2 R4 
±SV 23.7k + 715 13.7k + 169U 

Figure 35. Bipolar Output Operation Without Trim 
Version 2 

Generating a Negative Supply Voltage 
Some applications may require bipolar output configuration, but 
only have a single power supply rail available. This is very com
mon in data acquisition systems using microprocessor-based sys
tems. In these systems, only + 12 V, +IS V, and/or +S V are 
available. Shown in Figure 36 is a method of generating a nega
tive supply voltage using one CD4049, a CMOS hex inverter, 
operating on + 12 V or +IS V. The circuit is essentially a 
charge pump where two of the six are used as an oscillator. For 
the values shown, the frequency of oscillation is approximately 
3. S kHz and is fairly insensitive to supply voltage because 
RI > 2 x R2. The remaining four inverters are wired in paral
lel for higher output current. The square-wave output is level 
translated by C2 to a negative-going signal, rectified using a pair 
of !N400ls, and then filtered by C3. With the values shown, 
the charge pump will provide an output voltage of -S V for cur
rent loading in the range O.S mA ,,; IouT :S 10 mA with a +IS V 
supply and O.S mA :S IouT :S 7 mA with a + 12 V supply. 

Figure 36. Generating a -5 V Supply When Only + 12 V or 
+ 15 V Are Available 

Audio Volume Control 
The DAC-8S62 is well suited to control digitally the gain or 
attenuation of a voltage controlled amplifiers. In professional 
audio mixing consoles, music synthesizers, and other audio pro
cessors, VCAs, such as the SSM-2018, adjust audio channel gain 
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and attenuation from front panel potentiometers. The VCA pro
vides a clean gain transition control of the audio level when the 
slew rate of the analog input control voltage, V C> is properly 
chosen. The circuit in Figure 37 illustrates a volume control 
application using the DAC-8S62 to control the attenuation of the 
SSM-2018. 

+15V 

P1 10M!;.! 
100k'1 ~,_,.,\Iv-+----. SYMMETRY 

OFFSET TRIM 470k!! 
TRIM P2 

500kll 
10pF 

Figure 37. Audio Volume Control 

Since the supply voltage available in these systems is typically 
±IS V or ±18 V, a REF-02 is used to supply the +S V 
required to power the DAC. No trimming of the reference is 
required because of the reference's tight initial tolerance and low 
supply current consumption of the DAC-8S62. The SSM-2018 is 
configured as a unity-gain buffer when its control voltage equals 
0 volt. This corresponds to a OOOH code from the DAC-8S62. 
Since the SSM-2018 exhibits a gain constant of -28 mV/dB 
(typical), the DAC's full-scale output voltage has to be scaled 
down by R6 and R7 to provide 80 dB of attenuation when the 
digital code equals FFFH. Therefore, every DAC LSB corre
sponds to 0.02 dB of attenuation. Table V illustrates the attenu
ation versus digital code of the volume control circuit. 

Table V. SSM-2018 VCA Attenuation vs. 
DAC·8562 Input Code 

Hexadecimal Number Control Voltage VCA Attenuation 
in DAC Register (V) (dB) 

000 0 0 
400 +0.56 20 
800 +l.12 40 
coo +1.68 60 
FFF +2.24 80 
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To compensate for the SSM-2018's gain constant temperature 
coefficient of -3300 ppmf'C, a I k!l, temperature-sensitive resis
tor (R7) manufactured by the- Precision Resistor Company with 
a temperature coefficient of + 3SOO ppm/°C is used. A. CcoN of I 
µF provides a control transition time of I ms which yields a 
click-free change in the audio channel attenuation. Symmetry 
and offset trimming details of the VCA can be found in the 
SSM-2018 data sheet. 

Information regarding the PT146 I k!l "Compensator" can be 
obtained by contacting: 

Precision Resistor Company, Incorporated 
1060 I 7Sth Street North 
Largo, Fl 34647 
(813) S41-S771 

A High-Compliance, Digitally Controlled Precision Current 
Source 
The circuit in Figure 38 shows the DAC-8S62 controlling a 
high-compliance, precision current source using an AMP-05 
instrumentation amplifier. The AMP-OS's reference pin becomes 
the input, and the "old" inputs now monitor the voltage across 
a precision current sense resistor, Res· Voltage gain is set to 
unity, so the transfer function is given by the following 
equation: 

Vm 
lour= R-

es 

If Res equals 100 n, the output current is limited to + 10 mA 
with a I V input. Therefore, each DAC LSB corresponds to 
2.4 µA. If a bipolar output current is required, then the circuit 
in Figure 33 can be modified to drive the AMP-OS's reference 
pin with a ±I V input signal. 

Potentiometer Pl trims the output current to zero with the 
input at 0 V. Fine gain adjustment can be accomplished by 
adjusting RI or R2. 

A Digitally Programmable Window Detector 
A digitally programmable, upper/lower limit detector using two 
DAC-8S62s is shown in Figure 39. The required upper and 

1/6 
74HC05 

+SV 

HDAC/LiiAc 0-..,_-+---1 

CUio--...... --t 

+SV 

DAC8562 
lower limits for the test are loaded into each DAC individually 
by controlling HDAC/LDAC. If a signal at the test input is not 
within the programmed limits, the output will indicate a logic 
zero which will turn the red LED on. 

R1 
100k 

+15V 

OmA :5 louT :5 10mA 
2.4µA/ LSB 

R4 
1k 

Figure 38. A High-Compliance, Digitally Controlled 
Precision Current Source 

+SV +SV 

GREEN LED 
T1 

Figure 39. A Digitally Programmable Window Detector 
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DAC8562 
Decoding Multiple DAC-8562s 
The CE function of the DAC-8562 can be used in applications 
to decode a number of DACs. In this application, all DACs 
receive the same input data; however, only one of the DACs' 
CE input is asserted to transfer its parallel input register con
tents into the DAC. In this circuit, shown in Figure 40., the 
CE timing is generated by a 74HC139 decoder and should. fol
low the DAC-8562's standard timing requirements. To prevent 
timing errors, the 74HC139 should not be activated by its 
ENABLE input while the coded address inputs are changing. 
A simple timing circuit, RI and Cl, connected to the DACs' 
CLR pins resets all DAC outputs to zero during power-up. 

MICROPROCESSOR INTERFACING 
DAC·8562·MC68HCU Interface 
The circuit illustrated in Figure 41 shows a parallel interface 
between the DAC-8562 and a popular 8-bit microcontroller, the 
M68HC 11, which is configured in a single-chip operating 'mode. 
The interface circuit consists of a pair of 74ACTI 1373 transpar
ent latches and an inverter. The data is loaded into the latches 
in two 8-bit bytes; the first byte contains the four most signifi
cant bits, and the lower 8 bits are in the second byte. Data is 
taken from the microcontroller's port B output lines, and three 
interface control lines, CLR, CE, and MSB/LSB, are controlled 
by the M68HCll's PC2, PCI, and PCO output lines, respec
tively. To transfer data into the DAC, PCO is set, enabling Ul's 
outputs. The first data byte is loaded into Ul where the four 
least significant bits of the byte are connected to MSB-D.!}8. 
PCO is then cleared; this latches Vi's inputs and enables U2's 
outputs. U2s outputs now become DB7-DBO. The DAC output 
is updated with the contents of Ul and U2 when PC! is 

cleared. The DAC's CLR input, controlled by the M68HC11's 
PC2 output line, provides an asynchronous clear function that 
sets the DAC's output to zero. Included in this section is the 
source code for operating the DAC-.8562-M68HC1 l interface. 

CODED 
ADDRESS 

+SV 

DATA 

+SV 

{ 

2 

1k!J 14 

+SV 

74HC139 

Vee 1YO 

1G 1Y1 

1A 1Y2 

1B 1Y3 -----
2G 2YO 

2A 2Y1 

2B 2Y2 

GND 2Y3 

Figure 40. Decoding Multiple DAC-8562s Using the CE Pin 

74ACT11373 
*M6BHC11 13 

c 
PC2 CLii 10 

PC1 CE" 2D 

DAC-8562* 
PCO 

U1 

PC1 

MSB 

DB10 

DB9 
U3 

DBS 
-::- 74ACT11373 DB7 13 

13 Vour 
c DB6 

PB7 23 1D DBS 
22 

PB6 2D 

PBS 
21 

3D 

PB4 
20 

4D 

PB3 SD 
U2 

PB2 
16 

00 6Q LS! 

Pll1 
15 11 

7D 70 
14 12 

PBO 8D 80 
24 -

DC 

-::- *ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 41. DAC-8562 to MC68HC11 Interface 

3-388 DIGITAL-TO-ANALOG CONVERTERS REV.A 



DAC·8562 - M68HCU Interface Program Source Code 

* DAC-8562 to M68HCll Interface Assembly Program 
*Adolfo A. Garcia · 
* September 14, 1992 

* M68HC 11 Register definitions 

PORTB 
PORTC 

DDRC 

EQU 
EQU 

EQU 

$1004 
$1003 

$1007 

* RAM variables: 

MSBS 
LSBS 

EQU $00 
EQU $01 

* Main Program 

!NIT 
ORG 
LOS 

$COOO 
#$CFFF 

* Initialize Port C Outputs 

LDAA #$07 
STAA .DDRC 

LDAA #$06 

STAA PORTC 

* Call update subroutine 

BSR UPDATE 
JMP $EOOO 

* Subroutine UPDATE 

UPDATE PSHX 
PSHY 
PSHA 

Port C control register 
"0,0,0,0;0,CLR/ ,CE/ ,MSB-LSB/" 
Port C data direction 

MSBS are encoded from 0 (Hex) to F (Hex) 
LSBS are encoded from 00 (Hex) to FF (Hex) 
DAC requires two 8-bit loads 

Hi-byte: "O,O,O.O;MSB,DBIO,DB9,DB8" 
Lo-byte: "DB7,DB6,DB5,DB4;DB~,DB2, 
DBl,DBO" 

Start of user's RAM in EVB 
Top ofC page RAM 

o,o,b,O.;O,l,I,I 
CLR/ ,CE/, and MSB-LSB/ are now. enabled 
as outputs 
O,O,O,O;O,l,l,0 
CLR/-Hi, CE/-Hi, MSB-LSBl-LO 
Iniiialize Port C. Outputs 

Xfer 2 8-bit words to DAC-8562 
Restart BUFF ALO 

Save registers X, Y, and A 

* Enter contents of the Hi-byte input register 

LDAA #$0A 
STAA MSBS 

o,o,o,0;1,0~1,o 
MSBS are set to OA (flex) 

* Enter ConteD.ts of Lo-byte input register 

LDAA #$AA 
STAA LSBS 

LDX #MSBS 
LDY #$l000 

* Clear DAC output to zero 

* 

l,0,1,0;1,0,l,O 
LSBS are seno AA (Hex) 

Stack pointer a~ 1st byte to send via Port B 
Stack pointer. ,at on-chip registers 

BCLR PORTC,Y $04 Assert CLR/ 
BSET PORTC,Y $04 De-assen CLR/ 

* Loading input buffer latches 

* 

TFRLP 

REV.A 

BSET PORTC,Y $01 
LDAA O,X 
STAA PORTB 
INX 
CPX 
BEQ 
BCLR 
BRA 

#LSBS+I 
DUMP 
PORTC,Y$01 
TFRLP 

Set hi-byte register load 
Get a byte to traiisfer via Pon B 
Write data to input register 
Increment counter to next byte for transfer 
Are we done yet ? 
If yes, update DAC output 
Latch hi-byte register and set lo-byte register load 

DAC8562 

DAC-8562-M68HC11 Interface Progr.;,, Source Code (Continued) 

* Update DAC output with contents of input registers 

DUMP BCLR PORTC,Y $02 Assen CE/ 
BSET PORTC,Y $02 Latch.DAC register 

PULA 
PULY 
PULX 
RTS 

When done, restore registers X, Y & A 

**Return to Main Program** 
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N'ANALOG 
W.DEVICES 

FEATURES 

• :t1/2 LSB Total Unadjusted Error 
• 2µs Settling Time 
• Serial Data Input 
• :tFull-Scale Output Set by VRE,H and VR1 ,L 
• Unipolar and Bipolar Operation 
• TTL Input Compatible 
• 20-Pln DIP or SOL Package 
• LowCost 

APPLICATIONS 

• Voltage Set Point Control 
• Dlgltal Offset & Gain Adjustment 
• Microprocessor Controlled Calibration 
• General Purpose Trimming Adjustments 

FUNCTIONAL DIAGRAM 

u; 13 

GND Vu iijjv_.,. v01ptt1 

VOUTA 

VOUTB 

VOUTC 

YOUTD 

This Is an abridged data lheet. To obtain the moat iecent venioa or 
cooiplete data lheet, call our fu retrieval system at 1-800-446-6212. 
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Octal 8-Bit CMOS 
DIA Converter 

DAC8800 I 
GENERAL DESCRIPTION 

The DAC-8800 TrimDAC TM is designed to be a general purpose 
digitally controlled voltage adjustment device. The output 
voltage range can be independently set for each set of four DIA 
converters. In addition, both unipolar and bipolar output voltage 
ranges are easy to establish by external reference input high and 
low terminals. The digitally-programmed output voltages are 
ideal for op amp trimming, voltage-controlled amplifier gain 
setting and any general purpose trimming tasks. 

A three-wire serial digital interface loads the contents of eight 
internal DAC registers which establish the output voltage levels. 
An asynchronous Clear (CLR) input places all DACs in a zero 
code output condition, very handy for system power-up. An 
internal regulator provides TTL input compatibility over a wide 
range of V00 supply voltages. Single supply operation is 
available by connecting V ss to GND. 

ORDERING INFORMATION t 

CERDIP , 
2o-PIN . 

DAC8800BR* 
DAC8800FR 

PACKAGE 

PLASTIC 
2o-PIN 

DAC8800FP 

so 
20-PIN 

OPERATING 
TEMPERATURE 

RANGE 

-55"C to +t25°C 
DACBBOOFS" -40°C to +85°C 

• Fordevlcn procasaad In total compliance to MIL-STD-883, ~ /883 alter part 
number. Consult fac;tory .for 883 data ahaet. 
Burn-In is available on commarclal and Industrial temperature range parts In 
CerDIP and plastic DIP packages. 

11 For availability and burn-in information on SO packaga, contact your local sales 
office. 

PIN CONNECTIONS 

,,_.., 
V,,.,H, I 

You.A • 
YouTll • 
YourC 
YourD 

v... 7 

20-PIN CERDIP 
(A-Suffix) 

20-PINSOL 
(S·Sufflx) 

20-PIN EPOXY DIP 
(P-Sufflx) 
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DACBBOO 
ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPL V: V DD= + 12V, V ss = OV; V REFH = +5V, 

VREFL = OV; or DUAL SUPPLY: VDD = +12V, Vss = -sv •. vREFH = +2.5V, VREFL =-2.5V; F GRADE:-40°C "TA s +85°C; B GRADE: 

-55°C s TA s +125°C. 

DAC-8800 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

STATIC ACCURACY All specifications apply for DACs A, B, C, D, E, F, G, H 

Resolution N 8 Bits 

Total Unadjusted Error 
TUE z1/2 LSB. (Note2) 

Differential Nonlinearity 
DNL ,., LSB (Note3) 

Full Scale Error GFSE z1/2 LSB 

Zero Code Error Vzse .. 112 LSB 

DAC Output Resistance Rour 8 12 16 kO 

DAC Output Resistanca Match ARou.,IRour o.s "" 
REFERENCE INPUT 

VAEFH Pina2& 19 VAE,l (Voo- 4l 
Vol1age Range (Nole S) v 

VA EFL Pins 1·&20 Vss VAEFH 

Input Resistance VAEFH Digital Inputs = SSH 2 3 kO 

Input Resistance Match ARAEFH/RAEFH Digital Inputs = SSH o.s .. 
Reference Input DigRal Inputs All zeros so 7S 

pF 
Capacitance (Note 4) CAEF Digital Inputs All Ones 7S 100 

DIGITAL INPUTS 

Logic High VINH 2.4 v 

Logic Low VINL 0.8 v 

Input Curren! llN v,N = ov or +SV z1 pA 

Input Capacitance (Note 4) CIN 4 8 pF 

Input Coding BINARY 

POWER SUPPLIES (Note 6) 

TTL 1 2 
mA Positive Supply Current 100 Dual Supply 

CMOS 0.2 0.4 

Negative Supply Current 1ss Dual Supply 0.01 0.2 mA 

Single Supply Operation 12 24 
mW Power Dissipation PDISS DuBI Supply Operation 12 2S 

DC Power Supply 
PSRR AV00 =,.S% 

Rejection Ratio 
0.001 0.01 """" 

DYNAMIC PERFORMANCE (Note 4) 

Your Settling Time ts z1/2 LSB Error Band o.8 2 ... 
Channel-to-Channel 

CT 
Crosstalk (Note 7) 

Measured Between Adjacant DAC Outputs 80 nVs 
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DAC8800 
ELECTRICAL CHARACTERISTICS: (Note 1)Unlessotherwise noted, SINGLE SUPPLY: V00 •+12V, Vss • OV,VRE.Ji • +5V, 
VREFL. OV; or DUAL SUPPLY: V[)o • +12V, VS$ - -5V, VRE.Ji- +2.5V, VREFL- -2.5V; F GRADE: -40°C s TAS +85°C; B GRADE: 
-ss•c s TA s + 12s•c. Continued 

PARAMETER SYMBOL CONDITIONS 

SWITCHING CHARACTERISTICS (Notes 4, 8) 

Input Clock Pulse Width fcH, tCL ' Clock level High or low 

Data Setup Time tos 

Data Hold Time loH 

DAC Register load Pulse Width tLD 

Clear Pulse Width tCLR 

Clock Edge to load Time 1cKLD 

load Edge to Next Clock 
tLDCK EdgeTime 

NOTES: 
1. Testing performed in SINGLE SUPPLY mode. except 100, lss• and PSRR 

which are tested in DUAL SUPPLY mode. 
2. Includes Full S.cale Error, Relative Accuracy, and Zero Code Error. 
3. All devices guaranteed monotonic over the full operating temperature range. 
4. Guaranteed by design and not subject to production test. 
5. V 0 0 - 4 volts is the maximum reference voltage for the above specifications. 

Also VREFH"' VREFL. 

DETAILED DAC-8800 BLOCK DIAGRAM 

Yoo 

+IV FOR INTERNAL LOGIC 

SDI 

CLK0--::.+----1-, 

CU< 
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NEGATIVE 
SUPPLY 

DAC-8800 
M.111 TYP MAX UNITS. 

60 ns 

30 ns 

30 ns 

50 ns 

50 ns 

50 ns 

50 ns 

6. Digital Input voltages V1N=VINL or VI NH forTTLcondition;V1NaOVor +5Vfor 
CMOS condition. DAC outputs unloaded. P DISS is calculated from (100 x V00) 

+ (lss x Yssl· · 
7. Measured at V OUT pin where an adjacent V 0 UT pin is making a full-scale volt

age change. 
8. See timing diagram for location of measured values. 

DACA-D 

CK 
DACA 

REGISTER 

D W 

>---+--+--t CK 

DACB 
REGISTER 

D CUi 

• • • 
DACH 

REGISTER 

D Ci:jj 

0 ~LR (CLEAR) 

.. 20 

DACE-H 

DACA 

DACB 

• • • 
DACH 
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1111111111 ANALOG 
L.111 DEVICES 

FEATURES 
Replaces 8 Potentiometers 
1 MHz 4-Quadrant Multiplying Bandwidth 
No Signal Inversion 
Low Zero Output Error 
Eight Individual Channels 
3-Wire Serial Input 
500 kHz Update Data Loading Rate 
±3 Volt Output Swing 
Midscale Preset, Zero Volts Out 

APPLICATIONS 
Automatic Adjustment 
Trimmer Replacement 
Dynamic Level Adjustment 
Special Waveform Generation and Modulation 

GENERAL DESCRIPTION 
The DAC-8840 provides eight general purpose digitally con
trolled voltage adjustment devices. The TrimDAC® capability 
allows replacement of the mechanical trimmer function in new 
designs. The DAC-8840 is ideal for ac or de gain control of up 
to 1 MHz bandwidth signals. The 4-quadrant multiplying capa
bility is useful for signal inversion and modulation often found 
in video convergence circuitry. 

Internally the DAC-8840 contains eight voltage output CMOS 
digital-to-analog converters, each with separate reference inputs. 
Each DAC has its own DAC register which holds its output 
state. These DAC registers are updated from an. internal serial
to-parallel shift register which is loaded from a standard 3-wire 
serial input digital interface. Twelve data bits make up the data 
word clocked into the serial input register. This data word is 
decoded where the first 4 bits determine the address of the DAC 
register to be loaded with the last 8 bits of data. A serial data 
output pin at the opposite end of the serial register allows sim
ple daisy-chaining in multiple DAC applications without addi
tional external decoding logic. 

TrimDAC is a registered trademark of Analog Devices, Inc. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Voo 

LOAD 

SDI 

CLK 

8-Bit, Octal, 4-Quadrant 
Multiplying, CMOS TrimDAC 

DAC8840 I 
FUNCTIONAL BLOCK DIAGRAM 

DECODED V1NA 

ADDRESS 

8x8 
VourA 

DAC 
REGISTER VINH 

VourH 

DAC-8840 

GND Vss SDO PRESET 

The DAC-8840 consumes only 190 mW from ±5 V power sup
plies. For single 5 V supply applications consult the DAC-8841. 

The DAC-8840 is available in 24-pin plastic DIP, cerdip, and 
SOIC-24 packages. 
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DAC.8840-SPECIF·IC.AJ· IONS CV00 = +5 V, Yss = -5 V, ~II V1NX = +3 V,TA = -40°C to +85°.c .~ .. pply 
.· .. .. . . · ... • ·. . . for DAC-8840F, unless otherwise noted) ; : 

'Parameter Symbol Conditions Milt· Typ 
'· .. ,.. ' " ' 

$:r.\CfIC:,AtcuRACY .•• 
--::- r.-::- , All Specifications Apply for DACs A, B, C, D, E, F,·G, lI 

R®lution N 
Integral Nonlinearity INL 
Differential Nonlinearity DNL 
Output Offset VszE 
Output Offset Drift TCV8 z 

REFERENCE INPUTS 
Voltage Range IVR 
Input Resistance RIN 
Input Capacitance CIN 

DACOUTPUTS 
Voltage Range OVR 
Output Current louT 
Capacitive Load . <;:L 

DYNAMIC PERFORMANCE 
Multiplying Gain Bandwidth GBW 
Slew Rate 

Positive SR+ 
Negative SR-. 

Total Harmonic Distortion THD 

Spot Noise Voltage eN 
Output Settling Time ts 
Channel-to-Channel Crosstalk ·Gr 

Digital Feedthrough Q 

POWER SUPPLIES 
Power Supply Current loo 
Negative Supply Current lss 
Power Dissipation PoISs 
DC Power Supply Rejection Ratio PSRR 
Power Supply Range PSR 

DIGITAL INPUTS 
Logic High Vrn 
Logic Low VIL 
Input Current IL 
Input Capacitance CIL 
Input Coding 

DIGITAL OUTPUT 
Logic High VoH 
Logic Low VoL 

NOTE 
1 Maximum input voltage is always 2 V less than V DD· 

Specifications subject to change without notice. 

All Devices Monotonic 
PR = 0, Sets D = 80H 
PR = 0, Sets D = 80H 

Applies to All Inputs VINX 
Note· I 
D = 2BH, Code Dependent 
D = FF H> Code Dependent 

Applies to All Outputs V ouTX 
RL :=IO kn 
AV0 u'r <l LSB 
No Oscillation 

·.·. Applies to All DACs 
VINX = 100 mV p-p 
Measured 10% to 90% 

AVouTX= +6 V 
AVo(JTX = -6 V 

v,Nx = 4 v p-p, D = FFH, 
f = 1 kHz, fLP = 80 kHz 

f= l kHz 
± l. LSB.Error Band, D = 0 to FFH 
Measured Between Adjacent Channels, 

f = 100 \tHz 
·~ L 

V1Nx = OV, D = Oto2,551Q 

I 
PR= OV 
PR= OV 

PR= 0 V, AV00 = ±5% 
Voo> IVssl . 

loH = -0.4 mA 
loL = 1.6 mA 

(V00 = +5 V, Yss = -5 V, All V1NX = +3 V, TA = -4D°C 
TIMING SPECIFICATIONS to +85°C apply for DAC-8840F,. unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Clock Pulse Width lcH> lcL 80 ns 
Data Setup Time tos 40 ns 
Data Hold Time toH 20 ns 
CLK to SDO Propagation Delay tpo 120 ns 
DAC Register Load Pulse Width tLD 70 ns 

Preset Pulse Width tPR 50 ns 
Clock Edge to Load Time lcKLD 30 ns 
Load Edge to Next Clock Edge tLDCK 60 ns 
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8 
±114 

3 
10 

±3 
3 6 

19 

±3 
±5 ±10 

1 2.5 

1.3 4.0 . 
1.3 2.5 

0.01 

0.17 
.. 3.5 

60 80 
6 

19 
19 
190 
0.0002 

4.75 5.00 

·2.4 

7 
Offset Binary 

3.5 

Max Units . 

Bits 
±1 LSB 
±1 LSB 
25 mV 

µV/"C 

v 
kn 

30 Pf 

v 
··mA 

200 pF 

MHz 

V/µs 
V/µs 
% 

µV/y'Hz 
6 µs 

dB 
nVs 

26 mA 
26 mA 
260 mW 
0.01 %/% 
5.25 v 

v 
0.8 v 
±10 µA 
10 pF 

v 
0.4 v 
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PIN DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

1 VouTC DAC C Output 
2 VouTB DAC B Output 
3 VouTA DAC A Output 
4 V1N8 DAC B Reference Input 
5 V1NA DAC A Reference Input 
6 GND Ground 
7 Pii Preset Input, Active Low, 

All DAC Registers = 80" 
8 V1NE DAC E Reference Input 
9 V,NF DAC F Reference Input 
10 VouTE DACE Output 
11 VouTF DAC F Output 
12 VouTG DAC G Output 
13 VouTH DACH Output 
14 V,NG DAC G Reference Input 
15 V1NH DAC H Reference Input 
16 LO Load DAC Register Strobe, Active High Input 

That Transfers the Data Bits from the 
Serial Input Register into the Decoded 
DAC Register. See Tabla I. 

17 CLK Serial Clock Input, Positive Edge Triggered 
18 SDO Serial Data Output, Active Totem Pole Output 
19 v •• Negative 5 V Power Supply 
20 SDI Serial Data Input 
21 Voo Positive 5 V Power Supply 
22 V1N0 DAC D Reference Input 
23 v,Nc DAC C Reference Input 
24 VouTD DAC D Output 

ABSOLUTE MAXIMUM RATINGS 
(TA = + 25'C, unless otherwise noted) 

V00 to GND ........................ -0.3, +7 V 
Vss to GND ......................... +0.3, -7 V 
VJNX to GND ......................... Vnrn Vss 
VouTX to GND ........................ V00, Vss 
Short Circuit IouTX to GND . . . . . . ......... Continuous 
Digital Input & Output Voltage to GND ........ V0 rn Vss 
Operating Temperature Range 

Extended Industrial: DAC8840F ........ -40°C to +85°C 
Maximum Junction Temperature (Ti max) ........ + 150°C 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
Package Power Dissipation ........... (Ti Max -TA)/0iA 
Thermal Resistance 0iA 

Cerdip ............................... 64°C/W 
P-DIP .............................. 57°C/W 
SOIC-24 ............................. 70°C/W 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

DAC8840FP -40°c to +ss•c Plastic DIP N-24 
DAC8840FW -40°C to +ss·c Cerdip Q-24 
DAC8840FS -40°c to +ss·c SOL-24 R-24 
DAC8840GBC 2s·c DICE 

*For outline information see Package Information section. 

PIN CONFIGURATION 

YourE 

YourF 

YourG 

DICE CHARACTERISTICS 
DIE SIZE 0.117 x 0.185 inch, 21,645 sq. mils 
(2.9718 x 4.699 mm, 13.964 sq. mm) 
The die backside is electrically common to V DD· 

The DAC8840 contains 3236 transistors. .. 
!; 
0 

> 
"' ~ c;. !; 
0 5 > > > 

•eoTH GND PADS (6a, 6b) ARE 
BONDED TO PIN 6 OF PACKAGE. 

VourD 

v 1Nc 

Yoo 

Yss 

SDO 

CLK 

LO 

V1NH 

V1NG 

YourH 

0 
;!; 
> 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DAC8840 

V1ND 

Yoo 

SDI 

Vss 

SDO 

CLK 

LD 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! QJ 
~~EDEVICE 
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Selection Tree - V/F and FN Converters 

V/F AND F/V CONVERTERS 

AD537 (50 kHz) 

AD654 (500 kHz) 

AD650 (1 MHz) 

Synchronous 

AD652 (2 MHz) 



Selection Guides-V/F and FN Converters 
Voltage-to-Frequency Converters 

FS 
Calib 

Full-Scale Linearity Error Input 
Frequency % % Output Range Package Temp 

Model MHz max typ Format v Options1 Ranges2 Page3 Comments 

AD652 2 0.005-0.05 0.25-0.5 Pulse Train 0to10, :t:5 E,P,Q C,I,M/ 4-10 Synchronous, Multiple Input Ranges, 
Oto -10 Low Linearity, Single Supply 

AD650 I 0.005-0.1 5-10 Pulse Train 0to10, ±5 D,N,P C,I,M 4-7 Low Nonlinearity, Multiple Input Ranges 
0 to -10 

AD654 0.5 0.1--0.4 10 Square Wave Oto CVs) N,R c 4-14 Single Supply, Low Cost 
AD537 0.15 0.07--0.25 5 Square Wave -Vs to (+Vs -4) D,H C,M/ 4-5 Single Supply, Military Grade 

Frequency-to-Voltage Converters 
Linearity Response Time 
Input Range % ms Package Temp 

Model kHz max typ Options1 Ranges2 Page3 Comments 

451 0 to 10 0.03--0.008 4 Module I D Complete, No External Components 
453 0 to 100 0.03--0.008 0.8 Module· I D Complete, No External Components 
AD650 0 to 1000 0.005-0.1 D,N,P C,I,M/ 4-14 Low Nonlinearity 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP'' Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C =Commercial, O"C to +70"C; I= Industrial, -40"C to +85"C (Some older products -25"C to +8S"C); M =Military, -ss•c to + 12S"C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, ands for space level. 

'D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

I 
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1r111 ANALOG 
WDEVICES 

FEATURES 
Low Cost A-D Convenion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 

Single Supply, 5 to 36 Volts 
Linearity: ±0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mV/KI 
F-V Applications 
F·V Applications 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The ADS37 is a monolithic V-F converter consisting of an in
put amplifier, a precision oscillator system, an accurate inter
nal reference generator and a high current output stage. Only 
a single external RC network is required to set up any full 
scale (F.S.) frequency up to lOOkHz and any F.S. input vol
tage up to ±30V. Linearity error is as low as ±O.OS% for lOkHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ±30ppm/°C. The ADS37 
operates from a single supply of S to 36V and consumes only 
1.2mA quiescent current. 

A temperature-proportional output, scaled to 1.00mV/K, 
enables the circuit to be used as a reliable temperature-to
frequency converter; in combination wiJh the f~xed reference 
output of 1.00V, offset scales such as 0 C or 0 F can be 
generated. 

The low drift (lµV/°C typ) input amplifier allows operation 
directly from small signals (e.g., thermocouples or strain gages) 
while offering a high (2SOMU) input resistance. Unlike most 
V-F converters, the ADS 37 provides a square-wave output, and 
can drive up to 12 TTL loads, LEDs, very long cables, etc. 

The excellent temperature characteristics and long-term stabil
ity of the ADS37 are guaranteed by the primary band-gap 
reference generator and the low T.C. silicon chromium thin 
film resistors used throughout. 

The device is available in either a T0-116 ceramic DIP or a 
T0-100 metal can; both are hermetically sealed packages. 

•Proteell:d by Patent Nos. 3,887,!163 and RE 30,586. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV. B 

Integrated Circuit 
Voltage-to-Frequency Converter 

AD537* I 
PIN CONFIGURATIONS 

"D" Package -T0-116 "H" Package - T0-100 

-v, 
(CONNECTED TO CASE) 

The ADS 3 7 is available in three performance/temperature 
grades; the J and K grades are specified for operation over the 
Oto +70°C range while the AD537S is spe

0
cified for OJ>eration 

over the extended temperature range, -SS C to +12S C. 

PRODUCT HIGHLIGHTS 
1. The ADS37 is a complete V-F converter requiring only an 

external RC timing network to set the desired full scale 
frequency and a selectable pull-up resistor for the open
collector output stage. Any full-scale input voltage range 
from lOOmV to 10 volts (or greater, depending 6n +Vs) can 
be accommodated by proper selection of timing resistor. 
The full scale frequency is then set by the timing capacitor 
from the simple relationship, f = V/lORC. 

2. The power supply requirements are minimal, only 1.2mA 
quiescent current is drawn from a single positive supply 
from 4.S to 36 volts. In this mode, positive inputs can vary 
from O volts (ground) to (+Vs - 4) volts. Negative inputs can 
easily be connected for below ground operation. 

3. F-V converters with excellent characteristic are also easy to 
build by connecting the ADS37 in a phase-locked loop. Ap
plication particulars are shown in Figure 6. 

4. The versatile open-collector NPN output stage can sink up 
to 20mA with a saturation voltage less than 0.4 volts. The 
Logic Common terminal can be connected to any level be
tween ground (or -Vs) and 4 volts below :vs-,This all~""'.s 
easy direct interface to any logic family with either posmve 
or negative logic levels. 

S. The ADS 3 7 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Product Databook 
or current ADS 3 7/883 B data sheet for detailed specifications. 
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A0537 --SPECl~lCATIONS (typical@ +25°C with Vs (total)= 5 to 36V, unless otherwise noted.) 

M6DEL 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Ranie 
Nonlinearity 1 

fmox= lOkHz 
fmox = lOOkHz 

Full Scale Calibration Error 
C = O.OlµF. !IN = l.OOOmA 
vs .. Supply (t;,,.,. < IOOkHz) 
vs. Temp. (Tmin to Tmax> 

ANALOG INPUT AMPLIFIER 
(Voltage-to·Current Converter) 
Voltage lnpu t Range 

Single Supply 
Dual Supply 

Input Bias Current 
(Either Input) 

Input Resistance (Non-lnve,rting) 
Input Offset Voltage 

(Trimmable in "'D"" Package Only) 
vs. Supply 
vs. Temp. (Tmin to Tmax> 

Safe Input Voltage3 

REFERENCE OUTPUTS 
Voltage Reference 

Absolu re Value 
vs. Temp. (T min to T moxl 
vs. Supply . 
Output Rcsistance4 

Absolute Temperature Reference5 

Nominal Output Level 
Initial Calibration@ +25°C 
Slope Error from 1.00mV/K 
Slope Nonlinearity 
Output RtsistancC 5 

O!JTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 

Output Sink Current in Logic "O"" 
VouT=0.4Vmax. T.nm toTmax> 

Output Leakage Current in Logic ... I•• 
<Tmin to Tmaxl 

Logic Common Level Range 
Rise/Fall Times (CT = 0.0JµF) 

l1N = lmA 
llN = lµA 

POWER SUPPLY 
Voltage. Rated Performance 

Single Supply 
Dual Supply 

Quiescent Current 

TEMPERATURE RANGE 
Ra red Performance 
Storage 

AD53.7JH 

o to lSOkHz 

0.15% max (0.1% typ) 
0:25% max (0.15% typ) 

±to% max 
±0 •. 1%/V max (0.01% typ) 
±150ppmfC max (SOppm typ) 

0 to (+Vs - 4) Volts (min) 
-Vs to (+Vs -4) Volts (min) 

lOOnA 
250M!l 

5mVmax 
200µV/V max 
5µVfC 
±Vs 

1.00 Volt ±5% max 
50ppmfc 
±0.03%/V max 
380!1 

1.00mV/K 
298mV (±5mV) 
±0.02mV/K 
±0.lK 
900!1 

20mAmin 

200nAmax 
-Vs to (+Vs - 4) Volts 

0.2µs 
lµs 

'4,5V to 36V 
±5 to ±18V 
l.2mA (2.5mA max) 

o to +10°c 
-65°t to +15o•c 

ADS37JD 

±7%max 

lOOµV/V max 

20mAmin 

ADS37KD 
ADS37KH 

0.07%max 
0.1%max 

±5% max 

50ppm/° C max ( 30ppm typ )2 

2mVmax 
lOOµV/V max 
lµVfC 

lOOppmfc max . 
~98mV (±5mV max) 

20mAmin 

ADS37SD1 

AD537SH1 

250ppm/"C max 

1-0µVfCmax 

lOmAmin 

2µAmax 

.-55°c to +12s0 c 

PACKAGE OPTIONS'· 7 

T0-116 Ceramic DIP (D-14) 
T0-100 Header (H-lOA) ADS37JH 

ADS37JD ADS37KD 
ADS37KH 

ADS37SD 
ADS37SH 

NOTES 
•specifications same as AD53?JH. 

~~specifications Qllle u A.0537~. 

Specifications Rlbject to chanae without notice. 

1 Nonlinearity is specified for a current input level U1N> to the 
convener from 0.1 to l()()()µA. Convener has 100% overrange 
capability up to IJN • lOOOpA with slightly reduced linearity. 
Nonlinearity is defined as deviation from a straight line from 
zero to full scale, expressed as a percentage of full scale. 

2 Guaranteed not tested. 

4-6 V!FAND FN CONVERTERS 

1 Maximum vokaae input level is equal to the sUpply on either 
inp~t termi.."lS!. How~~r. !~ nept:ive volt. levels can be 
applied to the negative terminal if the input is scaled to a nominal 
lmA full scale through an appropriate value resistor (see Fipre 2). 

4 Loading the 1.0 volt or lmV/K outputs can cause a significant change 
in overall circuit performance, u indicated in the applications section. 
To maintain normal opention, these outputs should be operated 
into the external buffer or an external amplif~r. 

1 Temperaturc reference output performance is specif'"ied froni 0 to +1cf'C 
for "J" and "K" devices, -55°C to +125°C for "S" model. 

'D .. Cerunic DIP; H • Hermetic Metal Can. For outline infonnation 
see Package lnfonnation section. 

'For AD537/883B specifications, refer to Analog Devices Military 
Producu Databook. 
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1'1111 ANALOG 
WDEVICES 

FEATURES 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential VIF 
V/F or FN Conversion 
Available in Surface Mount 
MIL-STD-883-Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD6SO VfFN (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent monotonicity of the V IF transfer function makes 
the AD6SO .useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 

The linearity error of the AD6SO is typically 20ppm (0.002% of 
full scale) and SOppm (0.005%) maximum at IOkHz full scale. 
This corresponds to approximately 14-bit linearity in an analog-to
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD6SO has a useful dynamic range of six decades allowing 
extremely high resolution measurements. Even at !MHz full 
scale, linearity is guaranteed less than lOOOppm (0.1%) on the 
AD6SOKN, KP, BD and SD grades. 

In addition to analog-to-digital conversion, the AD6SO can be 
used in isolated analog signal transmission applications, phased
locked-loop circuits, and precision stepper motor speed controllers. 
In the FN mode, the AD6SO can be used in precision tachometer 
and FM demOdulator circuits. 

The input signal range and full-scale output frequency are user
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zer<> with an external 
potentiometer. 

The AD6SOJN and AD6SOKN are offered in a plastic 14-pin 
DIP package. The AD6SOJP and AD6SOKP are available in a 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800~12. 

REV.A 

Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

ONE 
SHOT 

CAPACITOR 

PIN CONFIGURATION 

AD650 I 

COMPARATOR 
INPUT 

20-pin plastic leaded chip carrier (PLCC). Both plastic packaged 
versions of the AD6SO are specified for the commerical (0 to 
+ 70°C) temperature range. For industrial temperature range 
( - 2S°C to + 8S°C) applications, the AD6SOAD and AD6SOBD 
are offered in a ceramic package. The AD6SOSD is specified for 
the full - SS°C to + 12S°C extended temperature range. 

PRODUCT HIGHLIGHTS 
I. In addition to very high linearity, the AD650 can operate at 

full scale output frequency up to lMHz. The combination of 
these two features makes the AD650 an inexpensive solution 
for applications requiring high resolution monotonic AID 
conversion. 

2. The AD650 has a very versatile architecture that can be 
configured to accommodate bipolar, unipolar, or differential 
input voltages, or unipolar input currents. 

3. TTL or CMOS compatibility is achieved using an open collector 
frequency output. The pullup resistor can be connected to 
voltages up to + 30V, or + lSV or + SV for conventional 
CMOS or TTL logic levels. 

4. The same components used for V/F conversion can also be 
used for F/V conversion by adding a simple logic biasing 
network and reconfiguring the AD650. 

5. The AD650 provides separate analog and digital grounds. 
This feature allows prevention of ground loops in real-world 
applications. 

6. The AD6SO is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD650/883B data sheet for detailed specifications. 
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AQ65Q-,SPEClflCATlONS (@ +25°C with Vs= ±15V unless otherwise noted) 

. AD650J/AD650A AD650K/AD650B ·AD650S 

Model Mia Typ Mu . Mia Typ Mu Mia Typ .Mu 

DYNAMIC PERFORMANCE 
Full Scale Frequency ~nge I I I 
Nonlincarity1 fmu = lOkHz 0.002 0.005 0.002 0.005 0.002 0.005 

IOOkHz 0.005 0.02 0.005 0.02 0.005 0.82 
500kHz 0.02 0.05 0.02 0.05 0.02 'o.os 
!MHz 0.1 0.05 0.1 0.05 0.1 

Full Scale Calibration Error2, lOOkHz ±5 ±5 ±5 
!MHz ± 10 ±10 ±5 

vs. Supply3 -0.015 +O.OlS -0.015 +0.015 -0.015 +o·.01s 
vs. Temperature 

A,B,andSGrades 
at IOkHz ±7S ±75 %7S 
at lOOkHz ± 150 ±ISO %150 

J and K Grades 
at IOkHz ±75 ±75 
at IOOkHz ±ISO ±ISO 

BIPOLAR OFFSET CURRENT 

Activated by l .24k!l between pins 4 and 5 0.4S 0.5 o.ss 0.4S o.s 0.55 0.4S 0.5 o.ss 
DYNAMIC RESPONSE 

Maximum Settling Ti~e for Full Scale 
Step Input l Pulse of New Frequency Plus lµs l PulseofNew Frequency Plus lµ,s I Pulse of New Frequency Plus I µs 

Overload Recovery Time 
Step Input l PulseofNewFrequencyPlus lµ.s l PulseofNew Frequency Plus lµ.s I Pulse of New Frequency Plus lµ.s 

ANALOG INPUT AMPLIFIER(ViFConversion) 
Current Input Range (Figure l) 0 
Voltage Input Range (Figure 5) -10 
Differential Impedance 

Common Mode Impedance 
Input Bias Current 

Noninvertinglnput 
Inverting Input 

Input Offset Volcage 

(TrimmabletoZero) 
Vs. Temperature (T min to T max) 

Safe Input Voltage 

COMPARATOR (FIV Conversion) 
Logic "O" Level -Vs 
Logic" 1" Level 6 
Pulse Width R.ange4 . 0.1 

Inpuc Impedance 
-"' 

OPEN COLLECTOR OUTPUT (V/F Conversllln) 
Outpuc Voltage in Logic "O" 

lstNK $ 8mA, T min to T max 

Oucpuc Leakage Current in Logic "l '' 

Voltage Range5 a 
AMPLIFIER OUTPUT (FN Conversion) 

Voltage Range ( l SOO!l min load resistance) 0 
Source Current (7500 max load resistance) 10 
Capacitive Load(Without Oscillation) 

POWER SUPPLY 
Voltage, Rated Performance ±9 

Quiescent Current ~· 

TEMPERATURE RANGE 
Rated Perforrnance-N Package 0 

DPackage -2S 

Storage -NPackage -2S 

DPackage -6S 

PACKAGEOPTIONS6 

PLCC (P-20A) 
Plastic DIP(N-14) 

CeramicDIP(D-14) 

NOTES 
1 Nonlinearity is defined as deviation from a straight line from zero 
to full scale, expressed as a fraction offull scale. 

2Full scale calibration error adjustable to zero. 
3Measured at full scale output frequency of lOOkHz. 
4Refer to FN conversion section of the text. 
sReferred to digital ground. 

+0.6 0 +0.6 0 

0 -10 0 -10 

2Milll10pF 2MillilOpF 2Mllll10pF 
IOOOMiliilOpF IOOOMilllIOpF lOOOMlllllOpF 

40 100 40 100 40 

±8 ±20 ±8 ±20 ±8 

%4 %4 

±30 ± 30 
±Vs ±Vs ±.Vs 

-I -Vs -1 -Vs 

+Vs 0 +Vs 0 
(0.3 Xtos) 0.1 (0.3 x tos) 0.1 

2SO 2SO 2SO 

0.4 0.4 

100 100 

+ 36 0 + 36 0 

+ 10 0 + 10 0 

10 10 
100 100 

±18 ±9 ±18 ±9 

8 8 

+70 0 +70 

+SS -2S + 8S -SS 

+ 8S -25 +8S 
+ISO -6S +ISO -6S 

AD6SOJP AD650KP 

AD6SOJN AD6SOKN 

AD6SOAD AD650BD AD650SD 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 

6D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. 
For outline information see Package Information section. 

Specifications subject to change without notice. 
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+0.6 

0 

100 
%20 

±4 
±30 

+I 

+Vs 
(0.3 x tos) 

0.4 
100 

+36 

+ 10 

100 

,±18 

8 

+ 125 

+ISO 

ua1 .. 

MHz 
% 

% 
'% 

% 
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Unipolar Operation 
ABSOLUTE MAXIMUM RA TINGS 

Total Supply Voltage +Vs to - Vs 
Storage Temperature Ceramic . . . 

Plastic 
Differential Input Voltage (Pins 2 & 3) 
Maximum Input Voltage ...... . 

....... 36V 
- 55°C to + 165°C 
- 25°C to + 125°C 

Open Collector Output Voltage Above Digital GND 
Current 

:t IOV 
. :tVs 
. 36V 
50mA 

Amplifier Short Ckt to Ground . . 
Comparator Input Voltage (Pin 9) . 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 6 

CAPACITOR 

AD650 Pin Configuration 

CIRCUIT OPERATION 

UNIPOLAR CONFIGURATION 

Indefinite 
. .. :tVs 

COMPARATOR 
INPUT 

The AD650 is a charge balance voltage-to-frequency converter. 
In the connection diagram shown in Figure 1, or the block 
diagram of Figure 2a, the input signal is converted into an 
equivalent current by the input resistance RIN. This current is 
exactly balanced by an internal feedback current delivered in 
short, timed bursts from the switched lmA internal current 
source. These bursts of current may be thought of as precisely 
defined packets of charge. The required number·of charge packets, 
each producing one pulse of the output transistor, depends 
upon the amplitude of the input signal. Since the number of 
charge packets delivered per unit time is dependent on the 
input signal amplitude, a linear voltage-to-frequency transforma
tion will be accomplished. The frequency output is furnished 
via an open collector transistor. 

REV.A 

AD650 
ORDERING GUIDE 

Gain 
Tempco Specified 
ppm!"C lMHz Temperature 

Model1 lOOkHz Linearity Range°C Package 

AD6SOJN 150typ O.lo/otyp Oto+ 70 Plastic DIP 
AD6SOKN 150typ O.lo/omax Oto +70 Plastic DIP 
AD650JP 150typ 0.lo/otyp Oto+ 70 PLCC 
AD650KP 150typ O.lo/omax Oto+ 70 PLCC 
AD650AD 150max O.lo/otyp -25to +85 Ceramic 
AD650BD 150max O.lo/omax -25 to +85 Ceramic 
AD650SD ISO max 0.lo/omax ~ 55to+125 Ceramic 

NOTE 
1 For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD6S0/883B data sheet. 

Figure 1. Connection Diagram for VIF Conversion, Positive 
Input Voltage 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Full-Scale Frequency (Up to 2MHz) Set by External 

System Clock 
Extremely Low Linearity Error (0.005% max at 1MHz 

FS, 0.02% max at 2MHz FSI 
No Critical External Components Required 
Accurate 5V Reference Voltage 
Low Drift l25ppmrc maxi 
Dual or Single Supply Operation 
Voltage or Current Input 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD652 Synchronous Voltage-co-Frequency Converter (SVFC) 
is a powerful building block for precision analog-co-digical con
version, offering typical nonlinearity of 0.002% (0.005% 
maximum) at a lOOkHz output frequency. The inherent 
monotonicity of the transfer function and wide range of clock 
frequencies allows the conversion time and resolution co be 
optimized for specific applications. 

The AD652 uses a variation of the popular charge-balancing 
technique co perform the conversion function. The AD652 uses 
an external clock co define the full-scale output frequency, rather 
than relying on the stability of an external capacitor. The result 
is a more stable, more linear transfer function, with significant 
application benefits in both single- and multi-channel systems. 

Gain drift is minimized using a precision low-drift reference and 
low-TC on-chip chin-film scaling resistors. Furthermore, the 
initial gain error is reduced co less than 0.5% by the use of 
laser-wafer-trimming. 

The analog and digital sections of the AD652 have been designed 
co allow operation from a single-ended power source, simplifying 
its use with isolated power supplies. 

The AD652 is available in five performance grades. The 20-pin 
PLCC packaged JP and KP grades are specified for operation 
over the 0 co + 70°C commercial temperature range. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the - 40°C Co + 85°C industrial temperature range, and the 
AD652SQ is available for operation over the full - 55°C to 
+ 125°C extended temperature range. 

This is an abridged data sheet. 'To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Monolithic Synchronous 
Voltage-to-Frequency Converter 

AD652 I 
FUNCTIONAL BLOCK DIAGRAM 

"·· v •• 

-v, 

PRODUCT HIGHLIGHTS 
I. The use of an external clock co set the full-scale frequency 

allows the AD652 co achieve linearity and stability far superior 
co ocher monolithic VFCs. By using the same clock co drive 
the AD652 and (through a suitable divider) also set the counting 
period, conversion accuracy is maintained independent of 
variations in clock frequency. 

2. The AD652 Synchronous VFC requires only a single external 
component (a noncritical integrator capacitor) for operation. 

3. The AD652 includes a buffered, accurate 5V reference which 
is available co the user. 

4. The clock input of the AD652 is TTL and CMOS compatible 
and can also be driven by sources referred to the negative 
power supply. The flexible open-collector output stage provides 
sufficient current sinking capability for TTL and CMOS 
logic, as well as for optical couplers and pulse transformers. 
A capacitor-prograinmable one-shot is provided for selection 
of optimum output pulse width for power reduction. 

5. The AD652 can also be configured for use as a synchronous 
F N converter for isolated analog signal transmission. 

6. The AD652 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD652/883B data sheet for detailed specifications. 
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SPECIFICATIONS (typical@ Ta = +25°C, V5 = ±15V, unless otherwise noted) AD652 
AD652JP/AQ/SQ AD652KPIBQ 

Parameter Min Typ Max Min Typ Max Units 

VOLTAGE-TO-FREQUENCY MODE 
Gain Error 

fCLOCK = 200kHz ±0.5 ±I ±0.25 ±0.5 % 
fcLOCK = IMHz ±0.5 ±1 ±0.25 ±0.5 % 
fcLOCK = 4MHz ±0.5 ±1.5 ±0.25 ±0.75 % 

Gain Temperature Coefficient 
fcLOCK = 200kHz ±25 ±50 ± 15 ±25 ppml°C 
fcLocK = IMHz ±25 ±SO ± 15 ±2S ppml°C 

±10 ±50 ±10 ±30 ppml°C1 
fcLOCK = 4MHz ±25 ±7S ± 15 ±SO ppml°C 

Power Supply Rejection Ratio 0.001 0.01 0.001 0.01 %IV • Linearity Error 
fcLOCK = 200kHz ±0.002 ±0.02 ±0.002 ±0.005 % 
fcLocK = IMHz ±0.002 ±0.02 ±0.002 ±0.005 % 
fCLOCx = 2MHz ±0.01 ±0.02 ±0.002 ±0.005 % 
fcLOCK = 4MHz ±0.02 ±0.05 ±0.01 ±0.02 % 

Offset (Transfer Function, RTI) ±I ±3 ±I ±2 mV 
Offset Temperature Coefficient ±IO ±SO ±IO ±25 µV/°C 
Response Time One Period of New Output Frequency Plus One Clock Period. 

FREQUENCY-TO-VOLTAGE MODE 
Gain Error 

f1N= IOOkHzFS ±0.5 ±I ±0.25 ±0.5 % 
Linearity Error 

f1N= IOOkHzFS ±0.002 ±0.02 ±0.002 ±0.01 % 

INPUT RESISTORS 
Cerdip (Figure la.) (0 to + IOV FS Range) 19.8 20 20.2 19.8 20 20.2 kO 
PLCC(Figure lb.) 

Pin8toPin 7 9.9 10 IO.I 9.9 IO IO.I kO 
Pin7toPin5(0to +5VFSRange) 9.9 IO IO.I 9.9 IO IO.I kO 
Pin8toPin5(0to + IOVFSRange) 19.8 20 20.2 19.8 20 20.2 kO 
Pin9toPin5(0to +8VFSRange) 15.8 16 16.2 15.8 16 16.2 kO 
Pin IOtoPin5(Auxiliarylnput) 19.8 20 20.2 19.8 20 20.2 kO 

Temperature Coefficient (All) ±50 ±100 ±50 ±JOO ppmt•c 

INTEGRATOR OP AMP 
Input Bias Current 

Inverting Input (Pin 5) ±5 ±20 ±5 ±20 nA 
Noninverting Input (Pin 6) 20 50 20 50 nA 

lnputOffset Current 20 70 20 70 nA 
Input Offset Current Drift I 3 I 2 nAl°C 
Input Offset Voltage ±I ±3 ±I ±2 mV 
Input Offset Voltage Drift ±IO ±25 ±10 ±15 µVl°C 
Open Loop Gain 86 86 dB 
Common-Mode Input Range -Vs +5 +Vs-5 -Vs +5 +Vs -5 v 
CMRR 80 80 dB 
Bandwidth 14 95 14 95 MHz 
Output Voltage Range -1 (+Vs-4) -1 (+Vs-4) v 

(Referred to Pin 6, R1 > = 5k) 

COMPARATOR 
Input Bias Current 0.5 5 0.5 5 µA 
Common-Mode Voltage -Vs+4 +Vs-4 -Vs+4 +Vs-4 v 

CLOCK INPUT 
Maximum Frequency 4 5 4 5 MHz 
Threshold Voltage (Referred to Pin 12) 1.2 1.2 v 

Tmin-Tmax 0.8 2.0 0.8 2.0 v 
Input Current 

(-Vs<VCLK<+Vs) 5 20 5 20 µA 
Voltage Range -Vs +Vs -Vs +Vs v 
Rise Time 2 2 µs 
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AD652 
AD652JP/AQ/SQ AD652KP/BQ 

Parameter Min Typ Max Min Typ Max Units 

OUTPUT STAGE 
VodioUT= IOmA) 0.4 0.4 v 
IoL 

VoL<0.8V 15 15 mA 
VoL <0.4V, T.run-Tmax 8 8 mA 

IoH (Off Leakage) 0.01 10 0.01 10 µ,A 
Delay Time, Positive Clock Edge to 150 200 250 150 200 250 ns 

Output Pulse 
Fall Time (Load= 500pF and IsiNK = 5mA) 100 100 ns 
Output Capacitance 5 5 pF 

OUTPUT ONE-SHOT 
Pulse Width 

Cos=300pF 1 1.5 2 1 1.5 2 µ,s 
Cos= IOOOpF 4 5 6 4 5 6 µ,s 

REFERENCE OUTPUT 
Voltage 4.950 5.0 5.050 4.975 5.0 5.025 v 
Drift 100 50 ppm/"C 
Output Current 

Source 10 10 mA 
Sink 100 500 100 500 µ,A 

Power Supply Rejection 
(Supply Range=± 12.5Vto ± 17.5V) 0.015 0.015 %N 

Output Impedance (Sourcing Current) 0.3 2 0.3 2 n 
POWER SUPPLY 

Rated Voltage ± 15 ± 15 v 
Operating Range 

Dual Supplies ±6 ± 15 ± 18 ±6 ± 15 ±18 v 
Single Supply ( - Vs= 0) + 12 +36 + 12 +36 v 

Quiescent Current ± 11 ±15 ± 11 ±15 mA 
Digital Common -Vs +Vs-4 -Vs +Vs-4 v 
Analog Common -Vs +Vs -Vs +Vs v 

TEMPERATURE RANGE 
Specified Performance 

JP, KP Grade 0 +70 0 +70 "C 
AQ,BQGrade -40 +85 -40 +85 "C 
SQ Grade -55 + 125 "C 

NOTES 
1Referred to internal VaEF· In PLCC package, tested on lOV input range only. 

Specifications in boldface are 100% tested at final test and are used to measure outgoing quality levels. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage +Vs to - Vs ........ . . 36V 

. 36V 
50mA 

Maximum Input Voltage (Figure 6) ........ . 
Maximum Output Current (Open Collector Output) 
Amplifier Short Circuit to Ground · . 
Storage Temperature Range: Cerdip 

PLCC 

4-12 V/F ANO FN CONVERTERS 

Indefinite 
- 65°C to + 150°C 
- 65°C to + I50°c 

DEFINITIONS OF SPECIFICATIONS 
GAIN ERROR - The gain of a voltage-to-frequency converter 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. I MHz full scale. The "gain error" is the dif
ference in slope between the actual and ideal transfer functions 
for the V-F converter. , 

LINEARITY ERROR- The "linearity error" of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 

GAIN TEMPERATURE COEFFICIENT - The gain temperature 
coefficient is the rate of change in full-scale frequency as a function 
of the temperature from + 25°C to T min or T max· 
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ORDERING·GUIDE 

Gain 
Drift Specified 

Part ppml°C lMHz Temperature Package 
Number' 100 kffz Linearity% Range •c Options2 

AD6S2JP 50 max 0.02 max 0 to +70 PLCC (P-20A) 
AD6S2KP 2S max O.OOS max 0 to +70 PLCC (P-20A) 
AD6S2AQ SO max 0.02 max -40 to +8S Cerdip (Q-16) 
AD6S2BQ 2S max 0.00S max -40 to +8S Cerdip (Q-16) 
AD6S2SQ SO max 0.02 max -SS to + 12S Cerdip (Q-16) 

NOTES 
1For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD652/883 data sheet. 

2P = Plastic Leaded Chip Carrier; Q = Cerdip •. For outline information see 
Package Information section. 

THEORY OF OPERATION 
A synchronous VFC is similar to other voltage-to-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an internal reference current. However, 
rather than using a one-shot, as the primary timing element 
which requires a high quality and low drift capacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to deterniine the system stability and 
drift based upon the external clock selected. A crystal .oscillator 
may also be used if desired. 

The SVFC architecture provides other system advantages besides 
low drift. If the output frequency is measured by counting 
pulses gated to a signal which is derived from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution 
ND. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. Also, if the clock signal is 
provided by a VFC, then the output frequency of the SVFC 
will be prop()rtional to the product of the two input voltages. 
Hence, multiplication and· A-to-D conversion on two signals are 
performed simultaneously. 

The pinouts of the AD652 SVFC are shown in Figure 1. 
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AD652 
PIN CONFIGURATIONS 

PIN "O"CERDIP "P"PLCC 

1 +Vs NC 
2 TRIM +Vs 
3 TRIM NC 
4 OP AMP OUT OP AMP OUT 
5 OPAMP"-" OPAMP"-" 
6 OPAMP"+" OPAMP"+" 
7 10VOLTINPUT SVOLTINPUT 
8 -Vs 10VOLTINPUT 
9 Cos SVOLTINPUT 

10 CLOCK INPUT OPTIONAL 10VINPUT 
11 FREQ OUT -v. 
12 DIGITALGND Cos 
13 ANALOGGND CLOCK INPUT 
14 COMP"-" FREQ OUT 
15 COMP"+" DIGlTALGROUND 
16 COMP REF ANALOGGND 
17 COMP"-" 
18 COMP"+" 
19 NC 
20 COMP REF 

Figure 1a. AD652 Cerdip Pin Configuration 

av OPTIONAL -Vs 
INPUT 10V 

INPUT 

Co• CLOCK 
INPUT 

Figure 1b. AD652PLCCPinConfiguration 
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NANALOG 
WDEVICES 

FEATURES 
low Cost 
Single or Dual Supply, 5 to 36 Volts, ±5V to ±18V 
Full Scala Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, low Drift 

Low Power: 2.0mA Quiescent Current 
Low Offset: 1mV 

PRODUCT DESCRIPTION 
The AD654 is a monolithic V/F convener consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage. A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to SOOkHz and any F.S. input 
voltage up to ± 30V. LiD.earity error is only 0.03% for a 250kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
·Tue overall temperature coefficient (excluding the effects of 
external components) is typically ± SOppm/°C. The AD654 
operateS from a single supply of 5 to 36V and consumes only 
2.0mA quiescent current. 

The low drift ( 4µ. V l°C typ) input amplifier allows operation 
directly from sniall.signals such as·thermocouples or strain 
gauges while offering a high (250Mfi) input resistance; Unlike 
most V/F conveners, the AD654 provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, long cables, 
or similar loads. 

This is an •briclsed .data sheet: To obtain the most re-t ~on or 
complete data sheet, call our fax retrieval system at 1-800-446-62U. 
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Low Cost Monolithic 
Voltage-to-Frequency Converter 

AD654 I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
I. Packaged in both an 8-pin mini-DIP and an 8-pin SOIC 

package, the AD654 is a complete V/F convener requiring 
only an RC timing network to set the desired full scale freqiiency 
and a selectable pull-up resistor for the open-collector output 
stage. Any full scale input voltage range from lOOmV to 10 
volts (or greater; depending on +Vs) can be accommodated 
by proper selection of the timing resistor. The full scale 
frequency is thi:n set by the timing capacitor from the simple 
relationship, f = V/lORC. 

2. A minimum number of low cost external components are 
necessary. A single RC network is all that is required to set 
up any full scale frequency up to SOOkHz and any full Scale 
input voltage up to ± 30V. 

3. Plastic packaging allows low cost implementation of the 
standard VFC applications: AID conversion, isolated signal 
transmission, FN conversion, phase-locked 10ops, and tuning 
switched~pacitor filters. ' 

4. Power supply. requirements are mi.niDiaI; only 2.0mA of 
quiescent current is drawn from the single positive supply 
from 4.5 to 36 volts. In this mode, positive inputs can vary 
from o volts (ground) to (+Vs -4) volt&. Neptive inputs 
caii. easily be connected for below ground operation. 

5. The versatile open-collector outpUt stage can sink more than 
lOmA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between 
ground (or -Vs) and 4 volts below +Vs. This allows easy 
direct interface to any logic family with either positive or 
negative logic levels. 
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SPECIFICATIONS (T1 = + 25"C and Vs (1Dlal) = 5to16.5V, unless otherwise noted. 
All 1esling done @ Vs= + 5V). 

Model Min 
AD654JN/JR 

Typ 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 0 
Nonlinearity1 

fmax = 250kHz 0.06 
fmax = 500kHz 0.20 

Full Scale Calibration Error 
C = 390pF, l1N = l.OOOmA -10 
vs. Supply (fmax :5 250kHz) 

Vs= +4.75to+5.25V 0.20 
Vs= + 5.25to+16.5V 0.05 

vs. Temp(Oto70°C) 50 

ANALOG INPUT AMPLIFIER 
(Voltage-to-Current Converter) 
Voltage Input Range 

Single Supply 0 
Dual Supply -Vs 

Input Bias Current 
(Either Input) 30 

Input Offset Current 5 
Input Resistance (Non-Inverting) 250 
Input Offset Voltage 0.5 

vs. Supply 
Vs= +4.75to+5.25V 0.1 
Vs= + 5.25to+16.SV 0.03 

vs. Temp(Oto70°C) 4 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic "0"2 

VoUT = 0.4Vmax,25°C 10 20 
VoUT = 0.4Vmax,Oto70°C 5 10 

Output Leakage Current in Logic" l" 10 
Oto70°C 50 

Logic Common Level Range -Vs 
Rise/FallTimes(CT = O.OlµF) 

llN = lmA 0.2 
IIN = lµA 1 

POWER SUPPLY 
Voltage, Rated Performance 4.5 
Voltage, Operating Range 

Single Supply 4.5 
Dual Supply ±5 

Quiescent Current 
Vs(Total) = 5V 1.5 
Vs(Total) = 30V 2.0 

TEMPERATURE RANGE 
Operating Range -40 

PACKAGE OPTIONS3 

SOIC(R-8) AD654JR 
Plastic DIP (N-8) AD654JN 

NOTES 
1Atf_ = 2~0kHz;RT = lkO,C,. = 390pF,lrN = 0-lmA. 

f_ = SOOkHz;RT = lkO,CT = 200pF,lrN = 0-lmA. 

AD654 

Max Units 

500 kHz 

0.1 % 
0.4 % 

10 % 

0.40 %N 
0.10 %N 

ppm1·c 

(+Vs-4) v 
(+Vs -4) v 

so nA 
nA 
M!l 

1.0 mV 

0.25 mVN 
0.1 mVN 

µVl°C 

mA 
mA 

100 nA 
500 nA 
(+Vs-4) v 

µs 
µs 

16.5 v 

36 v 
± 18 v 

2.5 mA 
3.0 mA 

85 ·c 

21be sink current is the amount of current that can flow into Pin I of the AD654 while maintaining a maximum voltage of 0.4V between Pin 1 and Logic Common. 
3N = PlasticDIP;R = SOIC. ForoutlineinformationseePackagelnformationsection. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 
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AD654 
ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage +Vs to -Vs 
Maximum Input Voltage 

(Pins 3, 4) to -Vs •..••.• 

CIRCUIT OPERATION 

36V 

-300mVto +Vs 

The AD654's block diagram appears in FiJure 1. A versatile 
operational limplifier serves as the input stage; its purpose is to 
convert and scale the input voltage s~l to a drive curren! in 
the NPN follower. Optimum performance is achieved when, at 
the full scale input voltage, a lmA drive current is delivered to 

· the current-to-frequency converter (an astable multivibrator). 
The drive current provides ooth· the. biaS le1iels and the charging 
current to the externally connected timing capacitor. This "adap
tive" biaS scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of lOOnA to 2mA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be refClCllCed to a level other 
than -Vs. 

v .. 

+v, 
f+SVTO -Vs +301 +Y'°""' 

-v. 
IOY TO -15vt 

Figure 1. Standard V-F Connection for Positive Input 
Voltages 

V/F CONNECTION FOR POSITIVE INPUT VOLTAGES 
In the connection scheme·ofFiJure 1, theinput·amplifier presents 
a very high (250M.0) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors RI and R2 are selected to provide a lmA full 
scale current with enough trim range to accommodate the AD654's 
10% FS error and the components' tolerances. Full scale currents 
other than lmA can be chosen, but linearity will be re4uced; 
2mA is the maximum allowable drive. The AD654's i;iositive 
input voltage range spans from ..,. Vs (ground in single supply . 
operation) to four volts below the positive supply. Power supply 

*Tcfion is a trlldemark of E. I. Du Pont de Nemours & Co. 

,,_,.16 V/F AND FNCONVERTERS 

.Maximum Output .Current 
Instantaneous • • • • • • . • • • • • 50mA 
Sustained • • . • • • • . . • . • • • • . • 25mA 

Logic Common ta ,...y5 ••• • , •• -SOOmV,to(+Vs -4) 
Storage Temperature Range . . .. .,-65"t lQ. + lSO"C 

rejection degrades as the input exceeds (+Vs - 3.75V) and at 
(+Vs - 3.SV) the output frequency goes to Zer<>:' 

' As indicated by the scaling relationship .in Figure l, a 0.01µ.F 
timing capacitor will give a lOkHz full sc~ frequency', and 
0.001µ.F will give lOOkHz with a lmA drive current. Good V/F 
linearity requires the use of a capacitor with low dielectric ab
sorption (DA), while the most stable operation over t~perature 
calls for a component having a small tempco. Polysfyrene, poly
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD654. In Figure 1, 
Schottky diode CRI (MBDIOl) prevents logic common from 
dropping .more than 500m V below - Vs· This diode is not · 
required if - Vs is equal to logic common. 

V/F CONNECTIONS FOR NEGATIVE·INPUT VOLTAGE 
OR CURRENT 
The AD654 can accommodate a wide range of negative input 
voltages with proper selection of the lCaling resistor, as indicated 
in Figure 2. This connection, unJike·the buffered positive con
nection, is not high impedance because the signal source must 
supply thC: lmA F.S. drive ClµTCllt. H~wever, large negati\.e 
voltages beyond the Supply can be hBndled easilY by l!lodifying 
the scaling resistors appropriately .. If. the input is a true. current 
source, RI and R2 are not used. Again, diode CRI prevents 
latch-up by insuring Logic Commo~ does not drop more than 
SOOmV below -V8• The clamp diode (MBP101).~{0tects .~ 
AD654 input from "below -Vs" inputs. 

+v, 
(+IV TO -Ya +30) 

., 

-v. 
(OVT0-16Vl 

Fout= 11ovilR~~ RZ)Cr 

Figure 2. V-F Connections for Negative lhputVoltages or 
Current ;·~. 
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~ Selection Tree - Data Acquisition Subsystems 
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AD7824 
AD7828 
AD8401 

10-BIT 

AD7776 
AD7777 
AD7778 

12-BIT 

AD7890 
AD7891 

16-BIT 

AD1382 
AD1385 (Autocalibration Mode) 

DATA ACQUISITION 
SUBSYSTEMS 
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AD1B60 (4 Channel 
Thermocouple 
orRTD) 

INPUT/OUTPUT 
PORT 

AD7868 (12-Bit, 83 kSPS) 
AD7869 (14-Bit, 100 kSPS) 

HIGH RESOLUTION 
SIGMA-DELTA 

AD7715 (16-Bit) 
AD7716 (4 Channel, 20-Bit) 



Selection Guide-Data Acquisition Subsystems 

Throughput 
Resolution Rate No. Bus Package Temp 

Model Bits kHz Channels Interface Options' Ranges2 Comments Page3 

AD7716 22 0.30 4 Serial P,S I Quad 22-Bit Sigma-Delta ADC, Low Power 5-40 
AD1382 16 500 1 8, µP D c High Speed Sampling ADC 5-20 
AD1385 16 500 8, µP D C,M Autocalibrated, Wide Temp Sampling ADC 5-24 
AD7715 16 20-200 Hz 1 Serial, µP N,R I Sigma-Delta ADC, PGA Gain 1-128, 3 V or 5 V Supply 5-28 
AD1B60 16 lOOHz 4 Serial, µP J, s I Complete Sensor-to-Digital Conditioning and Conversion 5-5 
AD7869 14 83 1 Serial, µP N,Q,R C, I Complete Analog 1/0 with DAC 5-72 
AD7891 12 600 8 8/12, Serial, µP P, S I 5 V Supply, CMOS, High Speed 5-92 
AD1341 12 150 16/8 16 z C,MJ Complete, Programmable DAS with Fast Bus Interface en 7-5 
AD7890 12 100 8 Serial N,Q,R l,M 5 V Supply, CMOS, Sampling ADC 5-76 
AD7868 12 83 1 Serial, µP N,Q,R I Complete Analog 1/0 with DAC 5-68 
AD363R 12 25 16/8 12 D C,M 16-Channel 12-Bit DAS en 7-5 
AD364R 12 20 16/8 12 D C,M High Speed 16-Channel 12-Bit DAS en 7-5 
AD7850 12 10 1 Serial N,P c Small Signal DAS with Instrumentation D 

Amplifiers and Reference 
AD7776 10 400 1 10, µP R I Single Supply, CMOS, Offset Reference 5-54 
AD7777 10 400 4 10, µP N,R I Single Supply, CMOS, Dual Sampling 5-54 
AD7778 10 400 8 10, µP s I Single Supply, CMOS, Dual Sampling 5-54 
AD8401 8 500 4 8, µP R I 5 V Complete 1/0 Subsystem with DAC 5-102 
AD7824 8 400 4 8, µP N,Q,R C,I,M CMOS, 4-Channel Sampling ADC 5-64 
AD7828 8 400 8 8, µP E, N, P, Q C,I,M CMOS, 8-Channel Sampling ADC 5-64 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C =Commercial, 0°C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M =Military, -55°C to +125°C. Ifa device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

3CII =Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

I 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Complete Sensor-to-Digital Signal Conditioning and 

Data Conversion 
• Multiple Input Ranges 

Thermocouples: J, K, T, E, R, S, and B 
RTDs: 100 0 Platinum (a = 385 and 392) 
Voltage: Ten Ranges from ±10 mV to ±10 V 
Two Custom Ranges (User Defined) 

• High Resolution: ±0.15°C (Typical, Temperature 
Input) or ±0.0015% (Typical, Voltage Input) 

• High Accuracy: ±0.2°C (Typical, RTD Input) or 
±0.005% (Typical, Voltage Input) 

• Cold Junction Compensation for Thermocouples 
• Open Thermocouple Detection 
• RTD Excitation 
• Lead Resistance Compensation for RTDs 
• Autozeroing, Data Scaling, and Linearization 
• Data Output in Engineering Units · 
• 2-Wire Asynchronous Communication 1/0 Port 
• High Speed Synchronous Data Output Port 
• Eight Integration Times: 2 ms to 200 ms 
• Internal EEPROM Stores Calibration and 

Configuration Parameters 

APPLICATIONS 
Industrial Temperature Measurement Systems 
Process Control Systems 
Multichannel Thermocouple/RTD Systems 
Analytical Instruments 

GENERAL DESCRIPTION 
The AD lB60 is an intelligent, microcontroller-based device 
that performs signal conditioning, excitation, compensation, lin
earization, and analog-to-digital conversion for a variety of low 
bandwidth industrial and analytical signals. Due to its highly 
integrated, mixed-signal design, the ADlB60 is small and inex
pensive, offering designers increased flexibility and performance. 

The ADlB60 is suited primarily for use with thermocouples 
and resistance temperature detectors (RTDs), but also accepts a 
broad range of low and high level voltage inputs. The ADlB60 
converts sensor inputs to compensated, linearized, scaled, and 
autozeroed outputs represented in engineering units: degrees 
Celsius or volts. 

REV.A 

Intelligent Digitizing 
Signal Conditioner 

AD1860 I 
FUNCTIONAL BLOCK DIAGRAM 

RESETO 

EXCITATIONS +SVDIG DGND RESETI 

STATUS 
REFERENCE 

ROY 

ACM 

CHO MICROPROCESSOR PMODE 

CH1 TXD 

CH2 RXD 

CH3 cs 

CLK 

AD1B60 
DATA 

GNDSNS 
XTAL CH/BR R/ADD 

TEMP. SENSOR 
IN OUT • 1 0 1 2 3 4 

C1 C2 cc 

Four modes of cold junction compensation (CJC) are supported 
for thermocouple applications. The ADlB60 also provides lead 
resistance compensation for 3-wire or 4-wire RTD connections. 

Data is transmitted serially to simplify use of external optical 
and/or magnetic isolation devices. The AD lB60 has a bidirec
tional asynchronous communications port for control and for 
data output. Data is also available via a high-speed synchronous 
data output port. 

Configuration parameters such as the input range and integra
tion time of the ADlB60 can be programmed, both prior to 
installation and in the application. The AD lB60 incorporates 
EEPROM to store default and user-specified configuration and 
calibration values. No battery backups, potentiometers, or user
developed calibration software routines are required and no reca
libration is necessary when the input range is changed. 
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AOl860-SPEClflCATIONS ~~te~l = -25"C to +85"C and power supplies of ±5 V ± 5% unless otherwise 

AD1B60BS,AD1B60BJ 
Parameter Min Typ Max Unit Notes 

ACCURACY (ERROR) 
Range 0 (±10 mV) ±0.06 ±0.11 %FSR Notes l and 2 (All Rangc;s); at + 25°C 
Range l (±20 mV) ±0.03 ±0.06 %FSR 
Range 2 (±50 mV) ±0.015 ±0.03 %FSR 
Range 3 (±100 mV) ±0.008 ±0.015 %FSR 
Range 4 (±200 mV) ±0.005 ±0.008 %FSR 
Range 5 (±500 mV) ±0.005 ±0.007 %FSR 
Range 6 (± 1 V) ±0.005 ±0.007 %FSR 
Range 7 (±2 V) ±0.005 ±0.007 %FSR 
Range 8 (±5 V) ±0.007 ±0.010 %FSR 
Rarige 9 ( ± 10 V) ±0.005 ±0.010 %FSR. 
Range A (Type J, O°C to 760'C) ±0.25 ±0.45 °C Note 3 (Temperature Rangc;s) 
Range B (Type K, 0°C to lOOO'C) ±0.55 ±0.75 °C 
Range C (Type T, -lOO°C to +400'C) ±0.25 ±0.45 °C 
Range D (Type E, O'C to !OOO'C) ±0.20 ±0.35 'C 
Range E (Type R, 500°C to l 75Q°C) ±1.00 ±1.75 'C 
Range F (Type S, 500'C to l 750°C) ±1.15 ±2.05 °C 
Range 10 (Type B, 500'C to 1800°C) ±1.15 ±2.15 °C 
Range 11 (Pt 385, -200'C to 800°C) ±0.20 ±0.40 °C 
Range 12 (Pt 392, -200°C to 80Q°C) ±0.20 ±0.40 °C 

ACCURACY(ERROR)DRIFT 
Range 0 (±10 mV) -40 -100 ppm/"C Notes 4 and 5 (All Rangc;s) 
Range 1 (±20 mV) -20 ppml"C 
Range 2 (±50 mV) -10 ppml"C 
Range .3 (±100 mV) -5 ppm/"C 
Range 4 (±200 mV) -5 ppm/"C 
Range 5 (±500 mV) -5 ppml"C 
Range 6 (±1 V) -5 ppml"C 
Range 7 (±2 V) -5 ppml"C 
Range 8 (±5 V) -5 ppml"C 
Range 9 (±10 V) -5 ppml"C 
Range A (Type J, .O°C to 760°C) -10 ppml"C 
Range B (Type K, O°C to lOOO°C) -10 ppml"C 
Range C (Type T, - lOO'C to +400°C) -20 ppml"C 
Range D (Type E, O°C to lOOO°C) -10 ppm/"C 
Range E (Type R, 500°C to l 750'C) -20 ppm/"C 
Range F (Type S, 50Q°C to 1750°C) -40 ppml"C 
Range 10 (Type B, 500°C to 1800°C) -40 ppm/"C 
Range 11 (Pt 385, -200°C to 800°C) ±10 ±25 ppml"C Note 6 (RTD Rangc;s) 
Range 12 (Pt 392, -200'C to 800°C) ±10 ±25 ppm/"C .· 

RESOLUTION 
Range 0 (±10 mV) ±0.035 %FSR Notes 2 and 5 (All Ranges) 
Range l (±20 mV) ±0.02 %FSR 
Range 2 (±50 mV) ±0.01 %FSR 
Range 3 (±100 mV) ±0.004 %FSR 
Range 4 (±200 mV) ±0.002 %FSR 
Range 5 (±500 mV) ±O.OOi5 %FSR 
Range 6 (±1 V) ±0.0015 %FSR 
Range 7 (±2 V) ±0.0015 %FSR 
Range 8 (±5 V) ±0.0015 %FSR 
Range 9 (± 10 V) ±0.0015 %FSR 
Range A (Type J, O'C to 760°C) ±0.15 °C 
Range B (Type K, O°C to lOOO'C) ±0.2 °C 
Range C (Type T, -lOO°C to +400°C) ±0.15 °C 
Range D (Type E, O°C to lOOQ°C) ±0.1 °C 
Range E (Type R, 500°C to l 750°C) ±0.55 °C 
Range F (Type S, 500'C to l 750°C) ±0.6 °C 
Range 10 (Type B, 500°C to 180Q°C) ±0.7 °C 
Range 11 (Pt 385, -200'C to +800°C) ±0.15 °C 
Range 12 (Pt 392, -200°C to +80Q°C) ±0.15 'C 
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AD1B60 
AD1860BS, AD1B60BJ 

Parameter Min Typ Max Unit Notes 

INPUT CHARACTERISTICS 
Normal Mode Rejection(@ 50 Hz or 60 Hz) 66 dB At Integration Time "' 100 ms 

50 dB Note 2 
Input Bias Current -0.5 -3 nA At TA= +25'C 

-0.5 nA At -25°C :5 TA :5 +85'C 
Input Impedance 

Channel 0-3 10 MO 
Attenuator Input 35 50 65 kO 

RTD & THERMOCOUPLE CHANNELS 
RTD Excitation Current Output (EXCIT) -150 -200 -250 µ,A Note 7; at TA= +25'C 

vs. Temperature ±75 ±300 ppm/'C Note6 
Open Thermocouple Detection Current (EXCIT) -10 nA 
CJC Excitation Current Output (CJC) -15 -20 -25 µ,A Note 8; at TA= +25'C Ill 

REFERENCE 
Internal Reference Output Voltage 2.360 2.500 2.640 v 

vs. Temperature ±25 ±50 ppm/'C 
Internal Reference Voltage Noise 0.01 o/op-p 
Ref In Current 350 µ,A 

TIMING 
Conversion Throughput Rate 2.5 100 conv/sec Note9 
Integration Time (User Configurable) 2 200 ms See Table IV 
Integration Capacitor I 2.2 3 nF Note 10 
Oscillator Frequency 11.0592 MHz Notes 10 and 11 
Integration Latency 100 µ,s See Figure 2B 
CLK-to-DATA Delay, Synchronous Port 30 ns See Figure 4 
Minimum CS High Time 400 µ,s See Figure 4 
Reset Input Pulse Width (RESET!) 5 µ,s 

DIGITAL LEVELS At +25'C 
Inputs 

Logic 0 Voltage 0.8 v 
Logic 1 Voltage (Except RESET!) 2.0 v 
Logic 1 Voltage (RESET!) 0.7* (+5VDIG) + 0.1 v 

Outputs 
Logic 0 Voltage OsiNK = 1.6 mA) 0.45 v 
Logic I Voltage OsouRcE = -60 µ,A) 2.4 v 

Input Current (CC, RXD, CH/BRO-I, ACM, PMODE) 
Logic 0 -75 µ,A At v,N = 0.45 v 
Logic J-to-0 Transition -750 µ,A At v,N = 2.0 v 

Input Current (R/ADD0-4, CLK, CS) ±IO µ,A At 0.45 s; V1n s; +5VDIG 
Input Pulldown Resistor (RESET!) 50 150 kO 

POWER REQUIREMENTS At +25'C 
+V Analog(+5VANA) 4.75 5.00 5.25 v 

7 15 mA At +5VANA = 5.0 V 
-V Analog(-5VANA) -5.25 -5.00 -4.75 v 

-7 -15 mA At -5VANA = -5.0 V 
+ V Digital ( + 5VDIG) 4.75 5.00 5.25 v Note 12 

JO 30 mA At +5VDIG = 5.0 V 
Power Supply Rejection Ratio -70 dB 

BROWNOUT DETECTOR 
± V Analog Threshold ±3.9 v 
+ V Digital Threshold 3.5 v 

TEMPERATURE RANGE 
Rated Performance -25 +85 'C 
Operaiing' -40 +85 ',c 
Storage -40 +85 'C 
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ADl BSD-SPECIFICATIONS 
NOTES 

1 Accuracy specifications include factory calibration errors but do not include reference noise. Also, accuracy specifications for thermocouple ranges do not 
include CJC calculation errors, which depeiid on the calculation method chosen. To calculate total measurement error, add reference noise expressed as a per
centage of the reference voltage to the specified accuracy error. Because reference noise results in a gain error, its effect is a percentage of reading. For exam
ple, a measurement made using the ±1 V input range and a reference with :±:0.01% maximum noise Would have a maximum error of ±0.007% FSR ± 0.01% 
of reading. FSR = Full-Scale Range, i.e., span of input values. For thermocouple ranges, also add to the measurement error the values in Table A corre
sponding to the selected CJC type. For example, a measurement made with a Type J thermocouple, downloaded CJC temperature, and a reference with 
±0.01 % maximum noise would have a maximum error of ±0.456 °C ± 0.01 % of reading. 

2At integration time;:::: 33.3 ms and equal to an integral number of power-line cycles. 
'Temperature ranges use the International Practical Temperature Scale of 1968 (!PTS-68). Thermocouple accuracy specifies conformance to NIST Monograph 
125. RTD accuracy specifies conformance to JIS C 1604, DIN 43760, and !EC 751. 

4Errors expressed as ppm (parrs per million) of reading. 
5Excluding reference.noise and drift. 
6RTD measurement drift is digitally compensated to 25 ppm/°C of reading (maximum), including effects of reference, excitation current, and gain drift. 
7RTD measurement accuracy is digitally compensated to values shown on first page of specification table. 
8CJC excitation current is enabled only when the "Thermistor" CJC mode is s'elected; see Table V. 
9Minimum throughput occurs at TiNT·= 200 ms for any range selection. Maximum throughput occurs at T1NT = 2 ms for voltage ranges (ranges 0 through 9) 
only; see Table IV. 

10User-supplied. 
nspecified performance obtained with frequency of 11.0592 MHz ± 0.1 %. 
12 -0.2 V < (+5VANA - +5VDIG) < 0.5 V for specified performance. 
13Typical values are not tested or guaranteed. Operation which is specified without explicit reference to variation in operating conditions may differ as these CO!J.

ditions are altered. 

Table A. Maximum Thermocouple CJC Calculation Error 

CJC Calculation Thermistor 1 mV/K Downloaded Disabled 

CJC Mode 00 01 10 II 

Thermocouple Ambient Temperature of AD1B60 
Type 

-25°C to +85°C 25°C -2s0c to +ss0c 25°C -2s0c to +ss0c -2s0c to +85°C 

J 0:6°C 
K 0.6°C 
T 0.8°C 
E 0.6°C 
R 0.4°C 
s 0.4°C 
B 0.3°C 

ABSOLUTE MAXIMUM RATINGS* 
(TA ~ + 25°C unless otherwise stated) 

0.1°C 0.4°C 
O.l°C 0.4°C 
o.2°c 0.6°C 
o.1°c 0.4°C 
O.l°C 0.3°C 
O.l°C 0.3°C 
0.3°C 0.3°C 

+SVDIG to DGND -0.3 V to +6 V 
+SVANA to AGND . -0.3 V to +6 V 
-SVANA to AGND . -6 V to +0.3 V 
+SVDIG to +SVANA ~6 V to +0.3 V 
+SVANA to -SVANA ... 0 V to 12 V 
AGND to DGND ................ , ....... ±0.3 V 
Analog Inputs to AGND (Exe. ATTEN) .. ±SVANA ± 0.3 V 
ATTEN Input to AGND .................... ±15 V 
REFOUT, EXCIT to AGND .. -0.3 V to +SVANA + 0.3 V 
Digital Inputs to DGND . . . -0.3 V to +SVDIG + 0.3 V 
Digital Outputs to DGND ..... -0.3 V to +SVDIG + 0.3 V 
Storage Temperature Range ........... -65°C to + 1S0°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
Power Dissipation to 75°C ................. 1,000 mW 

Derate Above +75°C by ................. 10 mW/°C 

0.3°C 0.006°C 0°C 
0.3°C o.012°c 0°C 
0.4°C 0.028°C 0°C 
0.3°C 0.024°C 0°C 
0.2°C 0.007°C 0°C 
o.2°c 0.007°C 0°C 
0.3°C o.2so0 c 0°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Absolute Maximum Ratings apply individually only, not in combination. 

Model 

ADIB60BS 
ADIB60BJ 
ADIB60/EB 

NOTES 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +8S°C 
-40°C to +85°C 

Package Option* 

S-64 
J-44 
Printed Circuit Board 

*S = Plastic Quad Flat Pack (PQFP), J = J-leaded Ceramic Chip Carrier, 
/EB = Evaluation Board with AD IB60BJ & Software. Consult factory for 
availability. For outline information see Package Information section. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD1B60 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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AD1B60 
Table I. Pin Functions 

BS# BJ# Name Connection BS# BJ# Name Connection 

4 18 RE SETI Reset input; active high. Initializes 39 1 XTLOUT External crystal (11.0592 MHz). 
the ADIB60 to the pin-strapped and 
EEPROM default values. Connect to 
RESETO. 

40 2 XTLlN External crystal (11.0592 MHz) or 
external logic-level clock input. 

5 19 RXD Receive data input for asynchronous 41 3 +5VANA +5 V, ± 5% analog power supply. 
port. 45, 46 4, 5 CH/BRO-I Channel select inputs when PMODE 

6 20 TXD Transmit data output for 
asynchronous port. 

is low at reset. Baud rate select 
inputs when PMODE is high at 
reset. 

7 21 cc Continuous Conversion input. 
Enables synchronous signal 
integration or continuous conversion. 

47 6 +5VDIG +5 V, ± 5% digital power supply; 
connect also to other + 5 VDIG pins. 

While low, the ADIB60 waits in 
"idle mode." When CC goes high, 
the ADIB60 starts converting. While 
held high, the ADIB60 continuously 
converts input data. 

8 22 DGND Digital ground. 

53-57 7-11 R/ADD4-0 Range select inputs if PMODE is low 
at reset. Address select inputs if 
PMODE and ACM are high at reset. 
External pull-ups are required. 

58 12 +5VDIG +5 V, ± 5% digital power supply; 
connect also to other + 5 VDIG pins. 

• 
12 23 +5VANA +5 V, ± 5% analog power supply. 59 13 STATUS Computation status output. If Status 
13 24 REF OUT Output from internal reference 

(+2.5 V). 
is high, results from the previous 
signal integration are being 
computed; if STATUS is low, results 

14 25 RE FIN Reference input; may be connected are available. 
directly to REFOUT. 

60 14 PMODE Mode select input for CH/BR and 
15 26 -5VANA -5 V, ± 5% analog power supply. R/ADDR pins; high or low state 

16 27 AGND Analog ground. sensed at power-up and reset. 
Specifies whether input range, input 

17 28 ATTEN 5: 1 attenuator input for ± 5 V and 
± 10 V input voltages. 

21 29 CZ External integration capacitor 
(nominally 2.2 nF). 

22 30 Cl External integration capacitor. 

channel, device address, and baud 
rate are determined by external pins 
or by values in EEPROM. 

61 15 ACM Addressed Communication Mode 
input. When ACM is high, address 
and CRC are enabled. 

23 31 NC Make no connection (factory test). 62 16 RDY Ready (integration status) output. If 
24 32 CJC External CJC sensor input. Also 

outputs 20 µA excitation current in 
thermistor CJC mode. 

25 33 EX CIT Excitation Output: provides 10 nA 
for open thermocouple detection if a 

RDY is high, the ADIB60 is 
integrating the signal; if RDY is low, 
the AD 1860 is integrating a 
background input. 

63 17 NC Make no connection (factory test). 
thermocouple range is selected, or 
200 µA excitation if an RTD range is 
selected. 

26 34 GNDSNS Sense input for ground potential. 
Connect to AGND (typical). 

27 35 CH3 Channel 3 signal input. 

28 36 CH2 Channel 2 signal input. 

29 37 CHI Channel 1 signal input. 

30 38 CHO Channel 0 signal input. 

31 39 NC Make no connection (factory test). 

34 40 RE SETO Output from the power-on 
reset/brownout detect/watchdog timer 
circuit; active high. Connect to 
RESET!. 

35 41 +5VDIG +5 V, ± 5% digital power supply; 
connect also to other + 5 VD I G pins. 

NC=NOCONNECT iii e c 8 ~ 
NOTES: ~ a: ~ g 

36 42 cs Chip select input (low to select). 
PIN 23, 31, 63- DO NOT CONNECT. 
PINS WITHOUT LABELS ARE NOT INTERNALLY CONNECTED. 

Connect to DGND if not used. 

37 43 CLK Synchronous serial shift clock input. 
AD1860 Pin Assignments 

Connect to DGND if not used. 

38 44 DATA Synchronous serial data output. 
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AD1B60 
+SVANA -OVANA AGND +SVOIG DGND NC (TEST) 

EXCIT 

REFOUT 

REFIN 

CHO 

CH1 

CH2 

CH3 

ATTEN 

CJC 

GNDSNS 

EXCITATIONS 

REFERENCE 

M 
·)-------+l u 

x 
PGA 

C1 C2 

AD1B60 

CC IN OUT 
XTL 

MICROPROCESSOR 

0 1 2 3 4 
R/ADD 

RESETO 

STATUS 

RDY 

ACM 

PMODE 

TXD 

cs 

CLK 

DATA 

Figure 1. Functional Block Diagram 

FUNCTIONAL DESCRIPTION 
The AD lB60 is a complete data acquisition subsystem in a sin
gle package which interfaces directly to a sensor and a host pro
cessor (see Figure 1). The sensor is applied to one or more of 
the multiplexer inputs and amplified by the programmable gain 
amplifier. Excitation currents for RTDs, .open thermocouple 
input detection, and cold junction compensation sensors are 
provided. 

The ADlB60 has an input multiplexer with four channels for 
low levelinput signals and one channel with an attenuator for 
high level inputs. There are atso reference and zero inputs, a 
cold junction compensation channel, and an internal tempera
ture sense channel on the multiplexer. Voltage input ranges are 
± 10 mV full scale to ± 10 V full scale. 

The multiplexer feeds a programmable gain amplifier (PGA), 
which has a gain range of 1 to 128. The output of the PGA is 
applied to an integrating voltage-to-frequency converter, which 
is resolved by the microprocessor. The microprocessor controls 
the input multiplexer and PGA alternately selecting an input 
channel, voltage reference, ground, or other signal channel nec
essary for an accurate measurement. 

For a voltage measurement, the AD 1B60 will measure the input 
voltage, measurement ground and reference voltage, and .will 
calculate the value of the input voltage ratiometrically to the ref
erence and then generate an output value in volts. 

For thermocouple measurements, the ADlB60 will also read a 
cold junction sensor, calculate the required CJC correction volt
age, apply it to the voltage reading of the thermocouple, and 
generate an output in degrees Celsius. 

For RTD measurements, the ADlB60 will perform 3- or 4-wire 
lead resistance compensation, compensate for internal excitation 
and gain drifts and generate an output in degrees Celsius. 

The ADlB60's standard input ranges include the seven NIST 
thermocouple standards, two platinum RTD ranges, and ten 
voltage ranges. 
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In addition, the AD lB60 can use two ranges stored in internal 
EEPROM. These "custom" ranges are easily created by the user 
through use of the ADlB60 Custom Range Generation Software 
included with every Evaluation Board. Several example files, 
such as a Type N thermocouple range, are also included with 
the software. 

With each conversion, the AD lB60 reports status information, 
input channel, and an overflow flag. The ADlB60 communi
cates via one or both of its serial ports: a 2-wire asynchronous 
I/O port up to 19 .2 kbaud, and a 3-wire synchronous data out
put port up to 5 Mbps. 

The ADlB60 contains a brownout detector and watchdog moni
tor circuit. If any of the power supplies falls below a threshold, 
or if.the internal microprocessor fails to trigger the watchdog 
timer, this circuit will generate a reset output. 

CONFIGURABLE PARAMETERS 
You can set the following parameters of the AD lB60: 

• Device Address 

•Baud Rate 

• Channel Selection 

• Input Range 

• Integration Time 

• Cold Junction Compensation Mode 

• RTD Connection Mode 

Depending on the parameter, you can change values in the fol
lowing ways: 

• Execute ADlB60 commands to change values in EEPROM. 

• Set specified pins on the AD lB60. 

• Execute ADlB60 commands to change values in RAM. 
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The factory-programmed default values of the configurable 
parameters are listed in Table II. 

If the default values for the device address and baud rate do not 
match those in your application, you must reset the ADIB60 
with the PMODE pin high and the desired device address and 
baud rate set by ADIB60 pins. Using ADIB60 commands, you 
can change the EEPROM-based defaults, and then power up the 
ADIB60 with PMODE low to use the new default values from 
EEPROM. 

The following section describes the configurable parameters. 
The COMMAND SET section describes the commands used to 
change parameter settings. 

Table II. Configurable Parameters and their Default Values 

Configurable Factory Default For Details, 
Parameter Value See 

Device Address 0 Table I 
Baud Rate 9600 Table VII 

Channel Selection 0 Figure 5 

Input Range Type J Thermocouple Table III 

Integration Time 100 ms Table IV 

Cold Junction Com- Direct Connection Table V 
pensation Mode of a Thermistor 

RTD Connection Mode 3-Wire Figure 6 

CONFIGURATION PARAMETER DESCRIPTIONS 

Device Address 
In Addressed Communication Mode (ACM pin high), you can 
connect a cluster of up to 32 ADIB60s to a single communica
tion port. Each ADIB60 in a cluster must have a unique address 
from 0 to 31 (0 to IF hex). 

When the ADIB60 is reset with PMODE high, the address is 
read from R/ADD 4-0 pins. Refer to Table I for more informa
tion on using the pins of the AD 1B60. 

When the ADIB60 is reset with PMODE low, the address is 
read from EEPROM. You can change the default address stored 
in EEPROM by executing the WR_EPM_PARS command. 

Baud Rate 
You can set one of the following baud rates for the AD 1B60: 
2400, 4800, 9600 (the factory default), or 19200. 

When the ADIB60 is reset with PMODE low, the baud 
rate is read from EEPROM. You can change the default baud 
rate stored in EEPROM by executing the WR_EPM_PARS 
command. 

When the ADIB60 is reset with PMODE high, the baud rate is 
read from the CH/BR 0-1 pins. 

Channel Selection 
Although the ADIB60 is optimized for single-channel applica
tions, you can use up to five input channels on one device. The 
ADIB60 checks the input channel selection before each conver
sion. Note that selecting an RTD or high voltage input range 
also determines the channel( s). 

If the ADIB60 is powered up with PMODE high, Channel 0 is 
selected. For thermocouple and low level voltage ranges, you 
can select an input channel using the SEL_CH command. Check 
the channel address in the ADST AT byte returned with the 
data to ensure that the data represents the correct channel. Also 
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check ADSTAT's Valid Data flag after changing channels. You 
may have to wait up to two integration times for valid data 
when changing channels on the same input range. Refer to the 
COMMAND SET section for more information on SEL_CH. 

If the ADIB60 is reset with PMODE low, the input channel is 
determined by the CH/BR 0-1 pins. 

Input Ranges 
The ADIB60 supports the input ranges listed in Table Ill. 

If the standard input ranges (numbered 00 through 12 hex) do 
not meet the requirements of your application, you can down
load up to two additional user defined custom input ranges into 
the ADIB60. Custom ranges are generated by the user with the 
Custom Range Generation Software. Refer to the following sub
section for more information on downloading input ranges. 

The input range is determined by the R/ADD 4-0 pins when 
the ADIB60 is reset with PMODE low. 

Input Range 

±lOmV 
±20mV 
±SOmV 
±100 mV 
±200 mV 
±500 mV 
±IV 
±2V 

Table III. Input Ranges 

±5 V (ATTEN Input) 
± 10 V (A TTEN Input) 
Type J Thermocouple, 0°C to 760°C* 
Type K Thermocouple, 0°C to 1000°C 
Type T Thermocouple, - I00°C to +400°C 
Type E Thermocoupl\!, 0°C to 1000°C 
Type R Thermocouple, 500°C to 1750°C 
Type S Thermocouple, 500°C to l 750°C 
Type B Thermocouple, 500°C to 1800°C 
Platinum RTD, 100 n, a = 0.00385, 
- 200°c to + 800°c 
Platinum RTD, 100 n, a = 0.00392, 
-200°c to +800°c 
Not Used 
User Range 1 
User Range 2 

NOTE 
*Default Configuration 

Range Code 
(In Hex) 

00 
01 
02 
03 
04 
OS 
06 
07 
08 
09 
OA* 
OB 
oc 
OD 
OE 
OF 
10 
11 

12 

13 to ID 
IE 
IF 

The input range is read from EEPROM when the ADIB60 
is reset with PMODE high. To change the input range stored in 
EEPROM, execute the WR_EPM_PARS command. You can 
also change the input range by using the WR_RAM_PARS 
command. This command changes the range immediately and 
does not affect values in EEPROM. You can issue the 
RD_RAM_PARS command to read the current configuration. 

You can use only one input range at a time. When you change 
the input range, you may have to wait. up to 13 integration 
times to ensure that the output data is valid, as indicated by 
the Valid Data flag in the ADSTAT byte. Therefore, you 
should only change the input range in applications having very 
low bandwidth. 
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Downloading User Input Ranges 
You can choose up to two additional user defined input ranges 
to download into the AD1B60's EEPROM at any time. A range 
is typically generated by a user in order to accept a sensor or 
input signal not supported by the standard AD 1B60 internal 
ranges or to provide a range that optimizes the output data for 
easier calculations or other considerations. 

Ranges can be simply made by using the IBM PC compatible, 
Windows version "AD1B60 Custom Range Generation Soft
ware." All AD1B60 software is included free of charge with 
each Evaluation Board. 

To download an input range to EEPROM, execute the 
LOAD_RNG command. You must execute LOAD_RNG eight 
times to download the entire input range to EEPROM. Refer to 
the COMMAND SET section for more information on this 
command. 

Reading User-Downloaded Input Ranges 
To verify a user-downloaded input range, execute the GET_RNG 
command. You must execute GET_RNG eight times to read the 
entire input range from EEPROM. 

Integration Time 
You can set the integration time used by the AD1B60's ND 
converter. The integration time and the input range affect the 
overall conversion rate. Table IV shows available integration 
times and the range of corresponding conversion rates, as well as 
line frequencies that have high normal mode rejection (NMR). 
Voltage ranges have the fastest conversion rates. Because of the 
extensive calculation required for linearization and compensa
tion, the conversion rate for Type K thermocouples is the slow
est of the AD1B60's standard ranges. 

Setting the integration time equal in duration to an integral 
number of power line cycles will cause high normal mode rejec
tion at the line frequency. The fastest available integration times 
for 50 Hz and 60 Hz are 40 ms and 33.3 ms, respectively; each 
time is equal to two power line cycles. The default integration 
time, 100 ms, is an integral multiple of both power line periods. 

You can change the default integration time stored in EEPROM 
by executing the WR_EPM_PARS command. You can change the 
integration time without changing values in EEPROM by executing 

the WR_RAM_PARS command. You can use the RD_RAM
_PARS command to read back the current configuration. 

Cold Junction Compensation Mode 
The AD1B60 provides four different CJC modes for thermocou
ple ranges, described in Table V. 

You can change the default CJC mode stored in EEPROM by 
executing the WR_EPM_PARS command. 

You can change the CJC mode without changing the EEPROM 
default by executing the WR_RAM_PARS command. To read 
the current CJC mode from RAM, execute the RD_RAM_PARS 
command. To read the current value of the CJC temperature 
from RAM, execute the RD_CJC command. 

RTD Connection Mode 
The AD1B60 supports 3-wire and 4-wire RTD connection 
modes (see Figures 10, 11, and 12); 3-wire is the default 
configuration. 

You can change the default RTD connection mode stored in 
EEPROM by executing the WR_EPM_PARS command. 

You can change the RTD connection mode without changing 
the EEPROM default by executing the WR_RAM_PARS com
mand. To read back the current configuration stored in RAM, 
execute the RD_RAM_PARS command. 

Table IV. Integration Times 

Integration Conversion HighNMR 
Time Rate Frequency 

200ms 2. 5 per second 50 or 60 Hz 
100* 5* 50 or 60 
60 8.3 50 
50 9.9 60 
40 12.3 50 
33.3 14.8 60 
5 44t to 87.St 
2 48t to lOOt 

NOTES 
*Default Configuration 
tType K thermocouple with thermistor CJC (mode 00) 
Woltage range with CJC disabled (Mode 11) 

AUX Byte 
Bits 82-80 

000 
001* 
010 
Oil 
100 
101 
110 
111 

Table V. Cold Junction Compensation Modes 

CJC CJC Cold junction AUX8yte 
Sensor CJCMode Excitation Temperature Code, 
Type Description Current Range Bits 86-85 

Thermistor* Direct connection of a 10K3Al thermistor made by Betatherm (Shrewsbury, Enabled - 25°C to + 70°C 00* 
Massachusetts, and Galway, Ireland). At + ZS°C, this thermistor's R = 10 kn, 
alpha = -4.4%/°C, and beta = 3892. 

1 mV/K A 1 m VIK external sensor is connected at the input. This mode allows the use Disabled -2s0c to +8S°C 01 
of silicon sensors, such as the Analog Devices ADS92 with a 1 kn resistor 
(see Figure 9). 

Downloaded A user-defined value of an externally derived cold junction temperature is Disabled -25°C to + 8S°C 10 
downloaded over the asynchronous communication port using the WR CJC 
command. 

CJC No CJC calculations are performed by the ADIB60. An analog CJC, such as Disabled User-defined; 11 

Calculation the Analog Devices AC1226, is connected at the input. This type of sensor must be in - 25°C 
Disabled must be externally configured for the specific thermocouple type. to +85°C range 

NOTE 
*Default Configuration 
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CONVERSION TIMING AND CONTROL 
In normal operation, the Continuous Conversion (CC) Pin is 
high, and the AD 1B60 performs continuous conversions, alter
nating between signal conversions and background conversions, 
such as autozero or cold junction compensation (see Figure 2a). 

The RDY pin and the Ready flag in the ADSTAT byte are high 
while the AD1B60 integrates the input signal. The STATUS pin 
and Status flag in the ADST AT byte are high while the 
AD1B60 computes the result of the signal integration. When 
STATUS goes low, the data is available at the Asynchronous 
Communication Port. When RDY goes high again for the next 
signal integration, the data from the prior conversion is available 
at the Synchronous Data Output Port. 

When CC is low, signal conversions are suspended. After CC 
goes high, a signal conversion will start. This allows synchroniz
ing the conversions to external events, or synchronizing multiple 
AD1B60s (see Figure 2b). If you communicate with the 
AD1B60 using the Asynchronous Communications Port, the 
time spent in communications service may increase the latency 
between the trigger and the signal conversion. 

cc 

ROY 

cc 

RDY 

STATUS 

CONVERSIONS 
OCCUR 

CONTINUOUSLY 
WHILE CC IS HIGH 

CONVERSIONS 
ARE SUSPENDED 
WHILE CC IS LOW 

Figure 2a. Continuous Conversion 

SIGNAL 
CONVERSIONS 

SUSPENDED 
UNTIL CC 

GOES HIGH 

INTEGRAiiQtl I-
LATENCY I 1-1 

INTEG~~T~~~ 
STATUS GOES 
HIGH BEFORE 

RDYIS LOW 

I DATA 
I AVAILABLE 
I ATASYNC 

PORT 

SIGNAL 
COMPUTATION 

Figure 2b. Synchronizing Conversion 

SERIAL COMMUNICATION PORTS 
Asynchronous Communication Port 
The asynchronous communication port is a two-wire, half
duplex, input/output port. You can connect the asynchronous 
port to host systems either at + 5 V logic levels or by using 
external level translation to communication standards such as 
RS-232 and RS-422. The AD1B60 responds to the commands 
listed in the COMMAND SET section. 
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The asynchronous port operates at 2400, 4800, 9600, or 19200 
baud using eight data bits, no parity, and one stop bit. Bytes are 
transmitted least significant bit first. 

In Addressed Communications Mode (ACM), the asynchronous 
port supports device addressing and CRC error checking. 
Device addressing enables clusters of up to 32 AD 1B60s to 
share a single communication line (see Figure 3). Cyclic Redun
dancy Codes (CRC) improve communication reliability in noisy 
environments. The AD1B60 uses CRC-16 (x16 + x15 + x2 + 1) 
as a generator polynomial. 

ACM is active when the ACM pin is high. When ACM is active, 
the address and CRC are required to accompany commands to 
the AD1B60, which will include address and CRC in its II 
response. See the COMMAND PARAMETERS section for 
details on the format of address and CRC. The address and · 
baud rate are read from either EEPROM or external pins at 
reset, depending on the state of the PMODE pin. 

When the PMODE pin is low at reset, device address and async 
port baud rate are read from EEPROM, and input range and 
channel are read from R/ADD and CH/BR pins at reset. When 
PMODE is high at reset, address and baud rate are read from 
these pins, input range is read from EEPROM, and input chan
nel is set to 0. 

AD1860 

AD1B60 

AD1860 

Figure 3. Connecting a Cluster of AD1860s to a Communi
cation Port 

If you intend to use the AD 1B60 with a device address or baud 
rate different from the values in EEPROM, reset the device 
with PMODE high and the desired address and baud rate 
selected through the R/ADD and CH/BR pins. You may then 
load the desired values of device address and baud rate into 
EEPROM to free these pins for selecting input range and 
channel. 

If a message with an invalid address, command code, or CRC is 
received by an AD1B60, it will not respond to that message. 
The host may use a time-out to detect an AD 1B60 that does not 
respond. If the host detects an error from an AD1B60, whether 
by invalid response or lack of response, it may issue a Break and 
retry the command. 

The AD1B60 will detect Breaks to allow recovery from commu
nications errors. The AD 1B60 recognizes a Break when it 
receives a character with a zero (space) where the stop bit 
should be. The AD1B60 then resets its communications pro
cesses, and is ready to receive the next command. All AD 1B60s 
on a line will recognize a Break. 
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Asynchronous communications with the AD 1B60 are half
duplex. If a character is sent to an ADIB60 while it is transmit
ting, it ignores the character and continues transmitting. After 
its transmission is complete, the AD 1B60 is ready to receive the 
next character. 

Synchronous Data Output Port 
The synchronous port is a 3-wite data output port. It is inde
pendent of the asynchronous port, and both can be accessed 
simultaneously, if desired. 

Using the CS (chip select), CLK (clock input), and DATA (data 
output) pins of the ADIB60, you can read data at speeds up to 
5 Mbps (see Figure 4). When RDY goes high at the beginning 
of a conversion cycle, the MSB of the previous data word 
appears at the DATA output (see Figures 2a and 2b). Bringing 
CS low freezes the data in the synchronous port buffer. Results 
of other conversions won't be transferred to the synchronous 
port buffer while CS is low. 15 CLK pulses will read out the 
remaining bits of the word in the synchronous port buffer. Fur
ther CLK pulses will continue to read out the same data bits 
from this circular buffer. 

After all 16 bits are read, CS must be brought high and then 
low again to read the next word. CS must stay high for a mini
mum of 400 µs to allow the data buffer to be updated. 

The synchronous port sends integer data only, in 16-bit twos 
complement or offset binary format, depending on the input 
range (see Table VI). 

If you don't use the synchronous output port, ground the CS 
and CLK pins to minimize digital noise. 

~-----, ;-----------
__ ...;.!~ --

1 \ ------~ 
I 15CLOCKPULSES I 

cs 

I :::-:vl[- - --~ 
I --I I-- CLK-TO- I 

11 DATA DELAY 

BIT 
14 13 2 1 0 15 15 

BIT -=IT BIT BIT B.IT BIT ,..._ _ _,._ __ 
(MSB 
FIRST) 

(LSB SAME NEXT 
LAST) WORD WORD 

Figure 4. Reading Data from the Synchronous Port 

Table VI. Integer Data Output Formats 

Voltage Ranges 
(Twos Complement, in Hex) 

+Full Scale 
Zero 
Zero -1 LSB 
-Full Scale 

7FFF 
0000 
FFFF 
8000 

Temperature Ranges 
(Offset Binary, in Hex) 

Top of Span FFFF 

Bottom of Span 0000 
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COMMAND PARAMETERS 
This section describes the parameters of the AD 1B60 com
mands, which are described in the next section. All values in 
<angle brackets> and [square brackets] are 8-bit bytes; values 
in [square brackets] are used only when ACM is active. Num
bers followed by H are expressed in hexadecimal (hex) notation. 

[Addr] represents the address of the ADIB60. It is required in 
the command and generated in the response only if ACM is 
active. Values for [addr] range from OOH to lFH (0 to 31 deci
mal). The factory default value is OOH. 

<ADST AT>, shown in Figure 5, represents the status of the 
ADIB60. Values of ADSTAT range from OOH to FFH. 
ADSTAT's Valid Data flag and Input Channel should be 
checked on every measurement reading. 

<Aux>, shown in Figure 6, represents the RTD connection 
mode, CJC mode, and integration time of the ADIB60. Values 
of <aux> range from OOH to FFH and may be read via the 
RD..RAM..PARS command. 

I B71 Bsl Bsl B41 B31 B2B3 

L VOLTAGE INPUT CHANNEL 
11 =CHANNEL3 l t TC OR LOW-LEVEL 

NOT USED 10 =CHANNEL 2 
01 =CHANNEL 1 
00 =CHANNEL 0 

VALID DATA FLAG 
1 =CONVERSION DATA VALID 
0 =DATA INVALID 

L-STATUS FLAG 
1 =COMPUTATION IN PROGRESS 
0 =COMPUTATION RESULT AVAILABLE 

'- READY FLAG 
1 = SIGNAL INTEGRATION IN PROGRESS 
0 = BACKGROUND INTEGRATION IN PROGRESS 

'- CALIBRATION FLAG 
1 =CALIBRATION IN PROGRESS 
0 =NO CALIBRATION 

.._ OVERFLOW FLAG 
1 =OVERFLOW 
0 = NO OVERFLOW 

Figure 5. The ADSTAT Byte 

1~1~1~1~1~1~1~1 00 1 
'---y--J'--y---J '--..r---' l L L_ INTEGRATIONTIME 

. 111 =2MS 
110=5MS 

. . NOT USED 101 = 33.3 MS 
CJC MODE lOO = 40 MS 
11 = CJC DISABLED 011 = 50 MS 
10 = USER-DOWNLOADED VALUE OlO = 60 MS 
01=1MVJKSENSOR 001 =lOOMS 
00 = THERMISTOR OOO = 200 MS 

RTD CONNECTION MODE 
1 =4-WIRE 
0=3-WIRE 

Figure 6. The Aux Byte 
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Table VII. Baud Rate Codes 

Baud Rate Baud Code (in Hex) 

2400 00 
4800 01 
9600* 02* 
19200 03 

NOTE 
*Default Configuration 

<Baud> represents the baud rate code of the ADIB60. Table 
VII lists the codes associated the available baud rates. 

<CO> through <C3> are four bytes that represent the CJC 
temperature, in ANSI/IEEE 754-single-precision floating-point 
format, and in degrees C. Values ranges from -25°C to +85°C. 
For example, in this format, a 25°C is expressed as 41 C8 00 00 
(hexadecimal). <CO> contains the least significant byte of the 
mantissa, or OOH in this example; <C3> contains the sign bit 
and the 7 most significant bits of the exponent, or 41H in this 
example. 

[CRCI] and [CRC2] represent the CRC-16 error checking value. 
These arguments are required in the command and generated in 
the response only if ACM is active. [CRCI] is the LSB; [CRC2] 
is the MSB. 

<Device...addr> represents the new default address for the 
AD1B60. Values for <device_addr> range from OOH to IFH (0 
to 31 decimal). 

<DO> through <D7> comprise an 8-byte segment of the user
selected input range in EEPROM. <DO> is the low order byte; 
<D7> is the high order byte. 

<FO> through <F3> are four bytes that represent the floating
point data, in IEEE 754 standard format. See the description of 
<CO> through <C3>, above, for information on this format. 

<INT_LO> and <INT ..HI> represent the lower and upper 
eight bits, respectively, of the 16-bit integer representation of 
the data. Values range from OOH to FFH; see Table VI for data 
formats. 

<Range> represents the input range code. Refer to Table III 
for a list of the available input range codes. The current range 
may be read via the RD...RAM_pARS command. 

<Range_addr> represents the address of the 8-byte Segment of 
the 64-byte input range in EEPROM. Range addresses OOH to 
07H correspond to the eight, 8-byte segments of User Range I 
(code IEH); range addresses 08H to OFH correspond to the 
eight, 8-byte segments of User Range 2 (code IFH). 
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COMMAND SET 
The AD1B60 commands allow you to configure the AD1B60, 
read converted data and status information, and calibrate input 
ranges over the asynchronous port. This section describes the 
commands in detail. 

Configuration Commands 
The AD1B60 Command Set provides the configuration com
mands listed below. Note that the data written into RAM by 
WR_RAM_PARS, WR_CJC, and SEL_CH will be cleared at 
power-up and reset. 

• RD_RAM_PARS 
Reads back the current value of the configuration parameters 
from RAM. 

Command Syntax 
[addr] <02H> [CRCI] [CRC2] 

Response Syntax 
[addr] <02H> <range> <aux> [CRCI] [CRC2] 

• WR_RAM_PARS 
Writes new values of the configuration parameters in RAM. 
These values take effect immediately and do not change the 
default values in EEPROM. 

Cammand Syntax 
[addr] <04H> <range> <aux> [CRCI] [CRC2] 

Response Syntax 
[addr] <04H> [CRCI] [CRC2] 

• WR_EPM_PARS 
Writes new values of the configuration parameters in EEPROM. 
The new values do not change currently selected values in RAM 
and only take effect when the AD 1B60 is powered up or reset. 

Command Syntax 
[addr] <05H> <range> <aux> <device-addr> <baud> 
[CRCI] [CRC2] 

Response Syntax 
[addr] <05H> [CRCI] [CRC2] 

• GET_RNG 
Reads an 8-byte segment of a downloadable input range from 
EEPROM. See LOAD_RNG, below. 

Command Syntax 
[addr] <07H> <range-addr> [CRCI] [CRC2] 

Response Syntax 
[addr] <07H> <DO> <DI> <D2> <D3> <D4> <D5> 
<D6> <D7> [CRCI] [CRC2] 

• LOAD_RNG 
Writes an 8-byte segment of a downloadable input range into 
EEPROM. LOAD_RNG and GET_RNG must be executed 8 
times to write or read an entire 64-byte range. Each successive 
time, <range-addr> must increment by I to address the next 
segment. 

Cammand Syntax 
[addr] <08H> <range-addr> <DO> <DI> <D2> <D3> 
<D4> <DS> <D6> <D7> [CRCI] [CRC2] 

Response Syntax 
[addr] <08H> [CRCI] [CRC2] 
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• RD_CJC 
Reads the current value of the CJC temperature in RAM, in °C. 
This value may have been measured by a thermistor or mV/K 
sensor, or loaded via a WR_CJC command. 

Command Syntax 
[addr] <03H> [CRCl] [CRC2] 

Response Syntax 
[addr] <03H> <CO> <Cl> <C2> <C3> [CRCl] [CRC2] 

• WR_CJC 
Downloads to RAM a CJC temperature in °C, obtained from an 
external source. Only used in Downloaded CJC mode (mode 10). 

Command Syntax 
[addr] <06H> <CO> <Cl> <C2> <C3> [CRCl] [CRC2] 

Response Syntax 
[addr] <06H> [CRCl] [CRC2] 

• SEL_CH 
Selects an input channel on the AD 1B60 and stores the channel 
address in RAM. This command is not meaningful if the 
PMODE pin is low, or if the input range is RTD or attenuator; 
for these ranges, the channel is selected automatically. 

Command Syntax 
[addr] <OAH> <chan> [CRCl] [CRC2] 

Response Syntax 
[addr] <OAH> <chan> [CRCl] [CRC2] 

Read Data Commands 
The AD1B60 Command Set includes the following read data 
commands: 

• RD_INTDATA 
Reads converted data, in 16-bit integer format (see Table VI), 
and the conversion status. 

Command Syntax 
[addr] <OOH> [CRCl] [CRC2] 

Response Syntax 
[addr] <OOH> <INT_LO> <INT_HI> <ADSTAT> [CRCl] 
[CRC2] 

• RD_FPDATA 
Reads converted data, in IEEE 754 floating point format and 
engineering units, and the conversion status. 

Command Syntax 
[addr] <OlH> [CRCl] [CRC2] 

Response Syntax 
[addr] <OlH> <FO> <Fl> <F2> <F3> <ADSTAT> 
[CRCl] [CRC2] 

Calibration Command 

• CAL 
Performs a calibration cycle for parameters related to the config
ured input range. See the Calibration section below. 

Command Syntax 
[addr] <09H> <09H> [CRCl] [CRC2] 

Response Syntax 
[addr] <09H> <09H> [CRCl] [CRC2] 
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CALIBRATION 
The AD 1B60 is calibrated with its internal reference at the fac
tory prior to shipment. You can also calibrate the AD 1B60 in 
your application, if desired. You should calibrate the AD 1B60 if 
you use an external reference. 

Calibrating the AD 1B60 requires a precision reference excitation 
source for different input ranges. The accuracy of the AD 1B60 
depends on the accuracy of the calibration source. For best per
formance, calibrate the AD1B60 using the maximum integration 
time of 200 ms. 

Note that calibrating certain input ranges, such as thermocouple 
ranges, depends on the prior calibration of one or more voltage 
ranges. Therefore, to properly calibrate all the input ranges and 
channels of the AD1B60, perform the following procedure for 
each step of the calibration sequence: 

l. Using the WR.RAM.PARS command, configure the 
AD1B60 for the appropriate range listed in Table VIII. For 
example, in the first step of the calibration sequence, set the 
input range to ±2 V. 

2. Apply the reference excitation specified for the input range, 
listed in Table VIII. For example, in the first step of the cal
ibration sequence, apply a + 2.00000 V excitation to channel 0. 

3. Issue RD_FPDATA or RD_lNTDATA commands and 
observe the readings. Allow the excitation source to stabilize, 
and check that the Valid Data flag in the ADSTAT byte is 
high. 

4. Execute the CAL command. 

5. Wait until the CAL flag in ADSTAT goes low. 

6. Repeat operations l through 5 above, using the input ranges 
and reference excitations, listed in Table VIII, for the next 
step of the calibration sequence. 

Note that you must complete Steps 1 through 8 in Table VIII. 
However, if your application does not require the attenuator 
input, you can skip Step 9. If your application does not require 
thermocouples, you can skip Step 10. If your application does 
not require RTDs, you can skip Step 11. 

RESETTING THE AD1B60 
The AD1B60 generates a reset signal (RESETO) at power-up, 
on detecting a low supply voltage (brown-out), or on missing an 
internal watchdog pulse. In normal operation, RESETO is tied 
to the reset input (RESET!). An external active-high reset signal 
may be used instead of, or in addition to, RESETO. Figure 7 
shows how to OR internal and external signals to control 
RE SETI. 

AD1B60 

Figure 7. Resetting the AD1860 
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AD1B60 
Table VIII. Input Ranges and Reference Excitations for Each Iteration of the Calibration Sequence 

Step Input Range 

I ±2 v 
2 ±IV 
3 ±500 mV 
4 ±200 mV 
5 ±100 mV 
6 ±50mV 
7 ±20mV 
8 ±IOmV 
9 ±10 v 
IO Type J Thermocouple 
II 100 0 Pt. RTD, 

ex = 0.00385 

TYPICAL INPUT CONNECTIONS 
Thermocouple Input Connections 

Range Code 

07 
06 
05 
04 
03 
02 
01 
00 
09 
OA 
11 

Figure 8 shows the AD 1B60 connections required for a typical, 
single thermocouple input. In this example, a thermistor CJC 
sensor is used; the AD1B60 provides the CJC sensor excitation 
current. The EXCIT output can be used to source current, 
nominally 10 nA, for open-circuit detection. 

Figure 9 shows how four thermocouples may be connected, 
using a I mV/K CJC sensor. All thermocouple inputs must 
share a common ground. 

EXCIT 

CHO 

CH1 

AD1860 
CH2 

CH3 

CJC 

THERMISTOR GNDSNS 
CJCSENSOR 

AGND 

Figure 8. Typical Single-Channel Thermocouple 
Connection (with Thermistor CJC) 

EXCIT 

CHO 

CH1 

CH2 
AD1B60 

CH3 

CJC 

GNDSNS 

AGND 

Figure 9. Typical Four-Channel Thermocouple 
Connection (with AD592 CJC) 
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Channel to Which Reference 
Reference Excitation Excitation Is Applied 

+2.00000 v CHO to Analog Gnd 
+l.00000 v CHO to Analog Gnd 
+0.50000 v CHO to Analog Gnd 
+0.20000 v CHO to Analog Gnd 
+0.10000 v CHO to Analog Gnd 
+50.000 mV CHO to Analog Gnd 
+20.000 mV CHO to Analog Gnd 
+10.000 mV CHO to Analog Gnd 
+ 10.00000 v Attenuator Input to Analog Gnd 
I00.000 kO CJC Input to Analog Gnd 
250.000 n 250 0 Reference Resistor Substituted 

for 4-Wire RTD (See Figure IO) 

Using the CJC Pin as a Digital Output 
The CJC pin is normally used as an analog input for cold
junction compensation of thermocouples. When thermistor CJC 
mode is selected, this pin also outputs an excitation current 
(nominally 20 µA) for the CJC sensor. In other CJC modes, this 
output is switched off. 

If thermocouples are not being used, the CJC pin may serve as a 
digital output. This may be especially useful if the ADIB60 is 
isolated, since providing an isolated control line by other means 
would be costly. 

By placing a 330 kO resistor to AGND from this pin, a logic 
voltage can be generated (see Figure 11). The level can be 
switched from high (about +4 V) to low (AGND) by changing 
the CJC mode from thermistor (00) to any other, using the 
WR_.RAM_pARS command. 

RTD Input Connections 
Typical 3-wire and 4-wire RTD input connections are shown in 
Figure 10. The EXCIT output supplies 200 µA excitation to the 
RTD. To maintain high accuracy, lead resistances must match 
and be less than 20 0 for 3-wire RTDs, and must be less than 
40 n for 4-wire RTDs. The IO kO resistor in series with the 
excitation current source is not required, but will reduce power 
dissipation and self-heating errors in the AD1B60. 

Two RTDs can be multiplexed using the CJC pin as a control 
line to select between them, as described in the previous subsec
tion. Figures 11 and 12 show multiplexed 3-wire and 4-wire 
RTDs. 

FORCE+ 

SENSE-

FORCE--LR ; LEAD RESISTANCE 

EXCIT 

CHO 

CH1 

CH2 

CH3 

AD1860 

GNDSNS 

AGND 

Figure 10. Typical Single-Channel RTD Connection 
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AD1B60 

Figure 11. Typical Multiplexed 3-Wire RTD Connection 

Figure 12. Typical Multiplexed 4-Wire RTD Connection 

Low Level Voltage Input Connections 
Single channel input connections for low. level voltages of up to 
± 2 V are similar to those of thermocouple input connections, 
except that no CJC sensor is required. When connecting 
multiple-channel, low level voltage inputs, all four inputs must 
share a common ground, as shown in Figure 13. For fastest 
response when switching between channels, all inputs must 
share the same input range. 

High Level Voltage Input Connections 
High level voltages must be connected to the Attenuator pin. An 
internal 5: I attenuator scales down high level voltage inputs of 
±5 V or ± 10 V to levels compatible with the ADIB60's front
end circuitry. Figure 14 shows a typical connection for a high 
level voltage input. 

Input Protection 
Inputs that are subject to large transient voltages require protec
tion. For example, inputs should be protected'. if they connect to 
sensors through several hundred feet of wiring that may pick up 
electrical noise or if they may be connected accidentally to 
power lines. Such inputs should use series resistors to limit 
input currents and diodes to clamp transient voltages (see 
Figure 15). 

The EXCIT, CHO-CH3, and GNDSNS pins may be subject to 
large transients and hence may require protection. The A TIEN 
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Figure 13. Typical Multiple-Channel Low Level Voltage 
Input 

1-'-'-=~M.--+_.TO 
MUX 

Figure 14. Typical High Level Voltage Input Connection 

pin has an internal 40 kO resistor, and does not require an 
external resistor; however, clamp diodes may be required. Gen
erally, the CJC, AGND, and other pins are connected only 
locally and don't require protection. 

Any mismatch in input resistance between an input channel and 
GNDSNS will be multiplied by the input bias current (3 nA 
max) and create an apparent input offset voltage. For example, 
50 kO, 1 % resistors may mismatch by as much as 1 kn, result
ing in a 3 µ V input offset. The resistor used to protect the 
EXCIT pin may be much larger, since the thermocouple open
circuit detection current is only 10 nA. A 1 MO resistor will 
cause a drop of 10 mV. 

Figure 15. Typical Input Protection Circuitry 
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The AD 1860 side of the resistors must be clamped to suitable 
voltages, such as rpe supply rails (see the Absolute Maximum 
Ratings). Use low leakage, low capacitance diodes, such as 
diode-connected }201 JFETs. Note that the diodes' leakage cur
rent will flow through the protection resistors and create an off
set voltage. 

The resistors must be able to withstand the worst-case expected 
fault voltage, the clamp diodes must be able to pass the worst
case fault current, and the clamp voltages (e.g., the power sup
plies) must be able to absorb the fault current. 

For a fully protected system, you must isolate the AD1860 from 
ground. You may do so by using optoisolators on the communi
cations port (RXD arid TXD pins) and a de-to-de converter for 
the power supplies. 

GENERAL CIRCUIT CONSIDERATIONS 
In any system including logic and low level analog signals, care 

AD1860 
must be taken in the layout and bypassing of the components. 
Bypass the analog and digital supplies close to the package pins, 
with a l :O µ.F or 4. 7 µ.F tantalum capacitor in parallel with a 
0.1 µ.F ceramic capacitor. Keep analog and digital grounds sepa
rate except at a single common point. Minimize stray capaci
tance between digital signals and any analog signal, including 
analog common. All analog grounds should be connected in a 
star pattern to a single point. 

The integrating capacitor, C1NT, should be ceramic and of good 
quality (X7R dielectric or better). If the synchronous output 
port is not used, connect CS and CLK to DGND to minimize 
digital noise. 

Figure 16 shows a typical hookup for the default configuration II 
parameters: Type J thermocouple with thermistor CJC and 
device address 0. The AD232 translates between the TTL levels 
of the AD1860 and RS-232 levels for the asynchronous 1/0 
port. 

BROWNOUT/ 
WATCHDOG 

MICROPROCESSOR 

11.0592MHz 

- DIGITAL 
- GROUND 

10µF 
10\I 

E.G., SARONIX NYMPH NMP111 

Figure 16. Typical Input and Output Connections for Thermocouple Application 

EVALUATION BOARD 
The AD1860/EB evaluation board contains an AD1860 and 
support circuitry which allows you to evaluate its functionality 
and performance using an IBM PC via an asynchronous RS-232 
communications port (COMl or COM2 only). 

Included with the evaluation board is an AD1860BJ device, 
Evaluation Board User's Manual, 3.5" diskette with the AD1860 
Demonstration Program for PC-DOS and a free copy of the 
AD1860 Custom Range Generation Software for Windows. 

REV.A 

The menu-driven Demonstration Program allows you to config
ure and read data from the AD1860. The Custom Range Gener
ation Software allows generation of user defined ranges specific 
to your application without additional assistance required from 
Analog Devices. These range files may be downloaded into the 
EEPROM of the AD1860 as required to optiniize its perfor
mance in your specific application. 
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PRODUCT FEATURES 
Single Package 
16-Bit Resolution 
500 kHz Sampling Rate 
SNR 90 dB @ 100 kHz (min) 
THO -88 dB @ 100 kHz (min) 
0.0015% FSR INL (typ) 
±5, ±10V Bipolar Input 
Zero Offset Autocalibration 

APPLICATIONS 
Medical Imaging 

CAT 
Magnetic Resonance 

Vibration Analysis 
Parametric Measurement Unit (ATE) 
Waveform/Transient Recorders 
Analytical Instruments 
Sonar 
Radar 

PRODUCT DESCRIPTION 
The AD1382 is a complete 500 kHz, 16-bit, sampling analog
to-digital converter contained in a single package. This high res
olution, high speed converter offers outstanding noise and dis
tortion performance along with excellent INL and DNL 
performance, all in a single dual-in-line package. 

The AD 1382 guarantees outstanding noise and distortion perfor
mance for both ±5 V and ±10 V input ranges. The AD1382 
architecture includes a low noise and low distortion track/hold 
with a three-pass digitally corrected subranging ADC. Precision 
thin film resistors and a new proprietary DAC provide for out
standing dynamic and static performance. Output data is multi
plexed over an eight-bit CMOS/TTL compatible data bus. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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HOLD 

16-Bit 500 kHz 
Sampling ADC 

AD1382 I 
FUNCTIONAL BLOCK DIAGRAM 

CLOCK & CONTROL 
SIGNALS 
~ 

DATA 

The AD1382 uses four power supplies, ±5 V and ±15 V, and 
an external 10 MHz clock. Power dissipation is nominally 
2.8 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V are provided. Careful attention to grounding and a single 
package make it easy to design PCBs to achieve specified 
performance. 
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SPECIFICATIONS (TA~ +25°C, V5 = ±15 V, V00 ~ +5 V, V55 = -5 V, 10 MHz External Clock, 
5 Mmute Warm-up, unless otherwise noted) AD1382 

AD1382KD 
Parameter Min Typ Max Units 

RESOLUTION 16 Bits 

ANALOG INPUT 
Input Ranges ±5, ± 10 v 
Input Impedance 2.45 2.5 2.55 kn 

TRANSFER CHARACTERISTICS 
(Combined ADCffrack/Hold) 
Integral N onlinearity1 ±0.0015 % FSR2 

Differential Nonlinearity1 ±0.0006 ±0.0015 % FSR 
Missing Codes None 
Gain Error3 ±0.07 ±0.15 % FSR 
Bipolar Zero3 ±0.03 ±0.10 % FSR 
PSRR ±0.006 ±0.10 o/oFSRN 
Noise4 55 µVRMS 111 

DYNAMIC CHARACTERISTICS 
±5 v FSR, VIN = -0.4 dB 
Sample Rate 500 kHz 
Signal-to-Noise Ratios 

f= 5kHz 90 93 dB 
f = 100 kHz 90 92 dB 
f = 200 kHz 88 91 dB 

Peak Distortion 
f= 5kHz -90 -98 dB 
f = 100 kHz -88 -93 dB 
f = 200 kHz -82 -85 dB 

Total Harmonic Distortion6 

f=5kHz -90 -96 dB 
f = 100 kHz -88 -92 dB 
f = 200 kHz -82 -85 dB 

DYNAMIC CHARACTERISTICS 
± 10 V FSR, VIN = -0.4 dB 
Sample Rate 500 kHz 
Signal-to-Noise Ratios 

f=5kHz 90 95 dB 
f = 100 kHz 90 94 dB 
f = 200 kHz 88 93 dB 

Peak Distortion 
f=5kHz -90 -98 dB 
f = 100 kHz -80 -87 dB 
f = 200 kHz -74 -81 dB 

Total Harmonic Distortion6 

f=5kHz -90 -96 dB 
f = 100 kHz -80 -87 dB 
f = 200 kHz -74 -81 dB 

DIGIT AL INPUTS" 
Input Voltage 

VIL 0.8 v 
VIH 2.0 v 

Input Current ±200 µA 
Input Capacitance 2 pF 
Start Command 

Setup Time, tscs 10 3 ns 
Hold Time, tscH 10 0 ns 

Autozero 
Setup Time, tAzs 10 0 ns 
Hold Time, tAZH 20 6 ns 

Clock 
Frequency 2.5 10 MHz 
Duty Cycle 40 60 % 
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AD1382 
AD1382KD 

Parameter Min Typ Max 

DIGIT AL INPUTS (Continued) 
Aperture Delay7 7 

DIGITAL OUTPUTS"' 9 

Output Voltage 
VoL@ loL = 3.2 mA 0.2 0.4 
VoH@ loH = -3.2 mA 2.4 4.S 

Output Capacitance 10 
Leakage, Outputs Disabled ±200 
Data Valid 

Setup Time, tnvs 7S lSO 
Hold Time, tnvH 2S so 

Hold Command Time, tH 1300 
Hold Command Delay, tHn 6 
Data Strobe Pulse Width, t0 s 200 
Data Strobe Delay, t080 16SO 

OUTPUT CODING Complementary Offset Binary or 
Complementary Twos Complement 

PERFORMANCE OVER TEMPERATURE"' 10 

Operating Temperature Range 0 70 
Specified Temperature Range 10 40 
Missing Codes None 
Gain Drift 8 lS 
Offset Drift s lS 
Differential Linearity 0.3 

INTERNAL REFERENCE 
Voltage 9.990 10.010 
Current 2 10 

POWER REQUIREMENTS 
Operating Range 

±Vs 14.2S 1S.7S 
+Von 4.7S S.2S 
-Vss -S.2S -4.7S 

Current Drains 
+Vs so 73 
-Vs ~s 6S 
+Von llS 160 
-Vss 160 200 

Power Dissipation 2.8 3.9 

NOTES 
1Integral linesrity is inferred from FFT. Differential linearity is derived from histogram. 
2FSR, full-scale range. 
3 Adjustable to zero. 
4Noise based ori small signal FFT excluding quantization noise. 
'SNR fundamental to noise minus harmonics 2-9. 
6THD includes harmonics 2-9 of the fundamental. 
7 Apenure delay is the time from the rising edge on the Hold Command Input to the opening of the switch in the Track/Hold. 
'Guaranteed but not 100% production tested. 
"Timing based on 10 MHz clock. Refer to Figures 13 and 14. 

Units 

ns 

v 
v 
pF 
µA 

ns 
ns 
ns 
ns 
ns 
ns 

·c 
·c 

ppmJ•c 
ppmf'C 
ppmf'C 

v 
mA 

v 
v 
v 

mA 
mA 
mA 
mA 
Watts 

-;-

10Case to ambient temperature is assumed to be 30'C. The ADl382 case temperature will stabilize about 30'C above ambient while operating in free air with.out 
a heat sink. Factory calibration is done in this condition. See the application section for funher information. ' 

Specifications subject to change without notice. 
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AD1382 
ABSOLUTE MAXIMUM RATINGS AD1382 PIN CONNECTIONS 
+Vs to AGND ............................ 18 V 
-Vs to AGND ........................... -18 V 

The AD1382 is housed in a 48-pin bottom-brazed ceramic bath
tub package. The pinout is as follows: 

V00 toPGND ............................. 7 V 
Vss to PGND ............................ -7 V 
AGND to PGND ......................... ±0.3 V 
Analog Inputs ............................. ±Vs 
Digital Inputs ................ -0.3 V to V00 + 0.3 V 
Output Short Circuit Duration 

Reference Output ...................... Indefinite 
Track/Hold Output . . . . . . . . . . . . . . . . . . . . . . . . I sec 
Digital Outputs ............ I sec for Any One Output 

Ambient Temperature (Operating) .......... 0°C to +70°C 
Storage Temperature ................ -65°C to + 150°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

FUNCTION 

CLOCK IN 

POWER GROUND 

B1/B9 MSB 

B2/B10 

B3/B11 

B4/B12 

B5/B13 

B6/B14 

B7/B15 

B8/B16 LSB 

V00, (+5 V SIGNAL) 

POWER GROUND 

Vss1 (-5 V SIGNAL) 

SIGNAL GROUND 

DATA STROBE 

HI/LO BYTE SELECT 

OE DATA ENABLE 

START CONVERT 

HOLD COMMAND OUT 

SIGNAL GROUND 

+V82 (+15V) 

HOLD COMMAND IN 

-V82 (-15V) 

POWER GROUND 

DNC. = DO NOT CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, j>ermanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

Model 

AD1382KD 

ORDERING GUIDE 

Temperature 
Range 

lO°C to 40°C Ambient 
( 40°C to 70°C Case) 

Package 
Option* 

DH-48A 

*DH-48A = Hermetic Ceramic DIP. For outline information see Package 
Information section. 

PIN FUNCTION 

48 Voo2 (+5 V POWER) 

47 POWER GROUND 

46 Vss2 (-5 V POWER) 

45 AUTOZERO 

44 B1 SELECT 

43 POWER GROUND 

42 POWER GROUND 

41 DNC 

40 GAIN ADJUST 

39 +10 V REFERENCE OUT 

38 -Vs1 (-15V) 

37 SIGNAL GROUND 

36 +Vs, (+15V) 

35 SIGNAL GROUND 

34 DNC 

33 DNC 

32 +10 V REFERENCE IN 

31 v,N B 

30 V1NA 

29 OFFSET ADJUST 

28 DNC 

27 TRACK/HOLD OUTPUT 

26 SIGNAL GROUND 

25 TRACK/HOLD INPUT 

WARNING! g 
~~EDEVICE 
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16-Bit 500 kHz 
Wide Temperature Range Sampling ADC 

PRODUCT FEATURES 
16-Bit Resolution 
500 kHz Sampling Rate 
Differential Linearity Autocalibration 
Specified over -55°C to +125°C Range 
SNR 90 dB @ 100 kHz (min) 
THO -88 dB@ 100 kHz (min) 
0.0006% fSR DNL (typ) 
0.0015% FSR INL (typ) 
No Missing Codes 
±5, ±10 V Bipolar Input Ranges 
Zero Offset Autocalibration 

APPLICATIONS 
Medical Imaging 

CAT 
Magnetic Resonance 

Radar 
Vibration Analysis 
Parametric Measurement Unit (ATE) 
Digital Storage Oscilloscopes 
Waveform Recorders 
Analytical Instruments 

PRODUCT DESCRIPTION 
The AD1385 is a complete 500 kHz, 16~bit, sampling analog-to~ 
digital converter contained in a single package. Its differential 
linearity autocalibration feature allows this high resolution, high 
speed converter to offer outstanding noise and distortion perfor
mance, as well as excellent INL and DNL specifications, over 
the full military temperature range. Autocalibration effectively 
eliminates DNL drift over temperature. 

The AD 1385 architecture includes a low noise, low distortion 
track/hold, a three pass digitally corrected subranging ADC, ilnd 
linearity calibration circuitry. A complete linearity calibration 
requires only 15 ms .. Precisio.n thin-film resistors and a propri
etary DAC contribute to the part's outstanding dynamic and 
static performance. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 
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AD1385 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD1385 uses four power supplies, ±5 V and ±15 V, and 
an external 10 MHz clock. Power dissipation is nominally 
2.76 W. Two user selectable bipolar input ranges, ±5 V and 
± 10 V, are provided. Careful attention to grounding and a sin
gle package make it easy to design PCBs to achieve specified 
performance. 

The AD1385's pinout is nearly identical to that of the AD1382, 
a factory calibrated 16-bit, 500 kHz SADC. Just two additional 
connections, to enable and monitor autocalibration, are 
required. This commonality provides an easy upgrade path to 
extend system perforniance and operating temperature range. 
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SPECIFICA'JIQNS (TA= +25"C •. Vs= :t15 V, Yoo= +5 V, V55 = -5 V, 10 MHz External Clock, 
K unless otherwise noted) AD1385 

AD1385KD AD1385TD 
Parameter Min Typ Max Min Typ Max Units 

RESOLUTION 16 16 Bits 

ANALOG INPUT 
Input Ranges ±5, ±10 ±5, ±10 v 
Input Impedance 2.45 2.5 2.55 2.45 2.5 2.55 k!l 

TRANSFER CHARACTERISTICS 
(Combined ADCffrack/Hold) 
Integral Nonlinearity'• 2 , T MIN to T MAX ±0.0015 ±0.0015 % FSR3 

Differential Nonlinearity' ±0.0006 ±0.0015 ±0.0006 ±0.0015 %FSR 
Drift, T MIN to T MAX 0.3 0.3 ppmf'C 

Missing Codes, T MIN to T MAX None None 
Gain Error4 ±0.05 ±0.15 ±0.05 ±0.15 %FSR 

Drift, TM':f' to TMAX 8 15 8 15 ppm/"C 
Bipolar Zero ±0.05 ±0.10 ±0.05 ±0.10 %FSR 

Drift, T MIN to T MAX 5 15 5 15 ppm!"C 
PSRR ±0.006 ±0.10 ±0.006 ±0.10 %FSR/V II 
Noise 70 70 µ.VRMS 

DYNAMIC CHARACTERISTICS2 

±5 v FSR, v,N = -0.4 dB, TMIN to TMAx 
Sample Rate 500 500 kHz 
Signal-to-Noise Ratios 

f=5kHz 90 93 90 93 dB 
f = 100 kHz 90 92 90 92 dB 
f = 200 kHz 88 91 88 91 dB 

Peak Distortion 
f=5kHz -90 -107 -90 -107 dB 
f = 100 kHz -88 -95 -88 -95 dB 
f = 200 kHz -82 ~88 -82 -88 dB 

Total Harmonic Distortion6 

f=5kHz -90 -105 -90 -105 dB 
f= lOOkHz -88 -95 -88 -95 dB 
f = 200 kHz -82 -88 -82 -88 dB 

DYNAMIC CHARACTERISTICS2 

± 10 v FSR, v,N "' -0.4 dB, T MIN to T MAX 
Sample Rate 500 500 kHz 
Signal-to-Noise Ratios 

f=5kHz 90 95 90 95 dB 
f = 100 kHz 90 94 90 94 dB 
f = 200kHz 88 93 88 93 dB 

Peak Distortion 
f=5kHz -90 -108 -90 -108 dB 
f = 100 kHz -80 -87 -80 -87 dB 
f = 200kHz -74 -82 -74 -82 dB 

Total Harmonic Distortion6 

f=5kHz -90 -105 -90 -105 dB 
f = 100 kHz -80 -87 -80 -87 dB 
f = 200 kHz -74 -82 -74 -82 dB 

DIGITAL INPUTS 
Input Voltage 

VIL 0.8 0.8 v 

VIH 2.25 2.25 v 
Input Current ±200 ±200 µ.A 
Input Capacitance 2 2 pF 
Qock 

Frequency 2.5-10 2.5-10 MHz 
Duty Cycle 40--60 40--60 % 

Aperrure Delay7 7 7 ns 

DIGITAL OUTPUTS 
Output Voltage 

VoL@ IoL = 3.2 mA 0.2 0.4 0.2 0.4 v 

VoH@ IoH = -3.2 mA 2.4 4.5 2.4 4.5 v 
Output Capacitance 4 4 pF 
Leakage, Outputs Disabled ±200 ±200 µ.A 
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AD1385 
AD1385KD AD1385TD 

Parameter Min Typ Max Min Typ Max 

OUTPUT CODING Complementary Offset Binary or Complementary Twos Complement 

INTERNAL REFERENCE 
Voltage 9.990 10.010 9.990 
Current 2 5 2 5 
Drift 5 15 5 

TEMPERATURE RANGE, CASE 
Specified 0 +70 -5S 
Storage -6S +ISO -6S 

POWER REQUIREMENTS 
Specified Operating Range 

±Vs 14.2S IS.7S 14.2S 
+Voo 4.7S S.2S 4.7S 
-Vss -S.2S -4.7S -S.2S 

Current Drains 
+Vs S2 80 S2 
-Vs 48 7S 48 
+Von 104 160 104 
-Vss 148 200 148 

Power Dissipation 2.76 4.12S 2.76 

NOTES 
1lntegral linearity is inferred from FFTs. Differential linearity is derived from histograms. 
2Performance over temperature is specified at the temperature at which the last calibration was performed. 
3FSR = Full-Scale Range. 
4Adjustable to zero. 
5SNR excludes harmonics 2-9 of the fundamental. 
'THD includes harmonics 2-9 of the fundamental. 
7 Aperture delay is the time from the rising edge on the Hold Command Input to the opening of the switch in the Track/Hold. 

Specifications subject to change without notice. 

TIMING SPECIFICATIONS1• 2 (TA= -55°C to +125°C, Vs= ±15 V, Yao= +5 V, Yss = -5 Vl 

Parameter Design Minimum Typ Unit Description 

START COMMAND 
tscs 10 ns Setup Time 

lscH 10 ns Hold Time 

AUTOZERO 
tAzs 10 ns Setup Time 

lAzH 20 ns Hold Time 

DATA VALID 

lovs 1.5 CP3 Setup Time 

lovH 0.5 CP3 Hold Time 

HOLD COMMAND 
tH 13 CP3 Hold Time 

to 7 ns Delay Time 

DATA STROBE 

los 2 CP3 Pulse Width 

loso 16.5 CP3 Delay 

CALIBRATE PULSE WIDTH 20 ns 

CALIBRATION STATUS 15 ms Duration 

NOTE 
'Refer to Fignres 17, 18 and 24. 
2Design minimums are derived from worst case design analysis and/or simulation results. Typical values are based on 
characterization data. These specifications are not guaranteed or tested. 

'The time duration for this parameter varies in direct proportion to the width of the Clock Pulse (CP). 
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v 
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mA 
mA 
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AD1385 
ABSOLUTE MAXIMUM RATINGS* AD1385 PIN CONNECTIONS 
+Vs to AGND ............................ 18 V 
-Vs to AGND ........................... -18 V 

The ADl385 is housed in a 48-pin bottom-brazed ceramic bath
tub package. The pinout is as follows: 

V DD to PGND ............................. 7 V 
Vss to PGND ............................ -7 V 
AGND to PGND ......................... ±0.3 V 
Analog Inputs ............................. ±Vs 
Reference Input . . . . . . . . . . . . . . . . . . . . . . 0 V to + 11 V 
Digital Inputs ................ -0.3 V to V00 + 0.3 V 
Output Short Circuit Duration 

Reference Output . . . . . . . . . . . . . . . . . . . . . . Indefinite 
Track/Hold Output . . . . . . . . . . . . . . . . . . . . . . . . 1 sec 
Digital Outputs . . . . . . . . . . . . 1 sec for Any One Output 

Case Temperature (Operating) .......... -55°C to + 125°C 
Storage Temperature ................ -65°C to + 150°C 

*Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Model 

ADl385KD 
ADl385TD 
AD 1385TD/883B 

ORDERING GUIDE 

Temperature 
Range (Case) 

0°C to +70°C 
-55°C to + 125°C 
-55°C to + 125°C 

Package Option* 

DH-48A 
DH-48A 
DH-48A 

*DH-48A = Bottom Brazed Ceramic DIP. For outline information see 
Package Information section. 

Pin Function 

I CLOCK IN 
2 POWER GROUND 
3 Bl/B9 (MSB) 
4 B2/B10 
5 B3/Bll 
6 B4/Bl2 
7 BS/BB 
8 B6/Bl4 
9 B7/Bl5 

10 B8/Bl6 (LSB) 
II VDDl (+5 v SIGNAL) 
12 POWER GROUND 
13 Vssi (-5 V SIGNAL) 
14 SIGNAL GROUND 
15 DATA STROBE 
16 HI/LO BYTE SELECT 

-
17 OE DATA ENABLE 
18 START CONVERT 
19 HOLD COMMAND OUT 
20 SIGNAL GROUND 
21 +Vs2 (+15 V) 
22 HOLD COMMAND IN 
23 -Vs2 (-15 V) 
24 POWER GROUND 

DNC = DO NOT CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are removed. 

Pin Function 

48 V002 (+5 V POWER) 
47 POWER GROUND 
46 Vss2 (-5 V POWER) 
45 AUTOZERO 
44 Bl SELECT 
43 POWER GROUND 
42 POWER GROUND 
41 CAL 
40 GAIN ADJUST 
39 + 10 V REFERENCE OUT 
38 -Vs1 (-15 V) 
37 SIGNAL GROUND 
36 +Vs 1 (+15V) 
35 SIGNAL GROUND 
34 DNC 
33 DNC 
32 + 10 V REFERENCE IN 
31 VIN B 
30 VIN A 
29 OFFSET ADJUST 
28 CAL STATUS 
27 TRACK/HOLD OUTPUT 
26 SIGNAL GROUND 
25 TRACK/HOLD INPUT 

WARNING! ~ 

~~EDEVICE 
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r"ll ANALOG 
WDEVICES 

FEATURES 
Charge-Balancing ADC 

16 Bits No Missing Codes 
0.0015% Nonlinearity 

Programmable Gain Front End 
Gains of 1, 2, 32 and 128 
Differential Input Capability 

Three-Wire Serial Interface 
Ability to Buffer the Analog Input 
3 V or 5 V Single Supply Operation 
Low Supply Current: 500 µA max @ 3 V Supplies 
Low-Pass Filter with Programmable Output Update 
16-Pin SOIC/DIP 

GENERAL DESCRIPTION 
The AD77 l 5 is a complete analog front end for low frequency 
measurement applications. The part can accept low level input 
signals directly from a transducer and outputs a serial digit 
word. It employs a sigma-delta conversion technique 
up to 16 bits of no missing codes performance. The 
is applied to a proprietary programmable gain front en 
around an analog modulator. The modulator output is pro
cessed by an on-chip digital filter. The first notch of this digital 
filter can be programmed via the on-chip control register allow
ing adjustment of the filter cutoff and O\;\tput update rate. 

The AD77 l 5 features a differential analog input as well as a dif
ferential reference input. It operates from a single supply ( + 3 V 
or +5 V). It can handle unipolar input signal ranges ofO mV to 
+20 mV, 0 mV to +80 mV, 0 V to + 1.25 V and 0 V to +2.5 V. 
It can also handle bipolar input signal ranges of±20 mV, 
±80 mV, ±1.25 Vand ±2.5 V. These bipolar ranges are refer
enced to the negative input of the differential analog input. The 
AD77 l 5 thus performs all signal conditioning and conversion 
for a single-channel system. 

The AD77 l 5 is ideal for use in smart, microcontroller or DSP 
based systems. It features a serial interface which can be config
ured for three-wire operation. Gain settings, signal polarity and 
update rate selection can be configured in software using the in
put serial port. The part contains self-calibration and system 
calibration options to eliminate gain and offset errors on the 
part itself or in the system. 

CMOS construction ensures very low power dissipation and the 
power-down mode reduces the standby power consumption to 
50 µW typ. The part is available in a 16-pin, 0.3 inch-wide, 
plastic and hermetic dual-in-line package (DIP) as well as a 16-
lead small outline (SOIC) package. 

'Protected by U.S. Patent No. S,134,401. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

AIN(+) 

AIN(-) 

3 V/5 V, Low Cost, Low Power, 
16-Bit, Sigma-Delta ADC 

AD7715* I 
FUNCTIONAL BLOCK DIAGRAM 

REFIN REFIN 

AD7715 

H (+l 

r----,__,i. MLCLK IN 

MCLKOUT 

--------<JREsEl 

SCLK 

Cs 
DIN 

DOUT 

iiiiiiY 

s less than 500 µA in total supply cur
and 1 MHz master clock, making it ideal 

-power systems. Standby current is less than 

2. The programmable gain input allows the AD7715 to accept 
input signals directly from a strain gage or transducer remov
ing a considerable amount of signal conditioning. 

3. The AD7715 is ideal for microcontroller or DSP processor 
applications with a three-wire serial interfacereducirig the 
number of interconnect lines and reducing the number of 
opto-couplers required in isolated systems. The part con
tains an on-chip registers which allow software control over 
output update rate, input gain, signal polarity and calibration 
modes. 

4. The part features excellent static performance specifications 
with 16-bit No Missing Codes, ±0.0015% accuracy and low 
rms noise ( <450 n V). Endpoint errors and the effects of 
temperature drift are eliminated by on-chip self-calibration, 
which removes zero-scale and full-scale errors. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7715 
A077l5-5-SPEClflCATIQNS (AYuo= +5V, DYuo= +3Vor+5V, REF IN(+)= +2.5 V; REF INH=AGND; 
fctK IN= 2.4576 MHz unless otherwise noted. All specifications TMiN to TMu unless otherwise noted.) 

Panimeter 

STATIC PERFORMANCE 
No Missing Codes 
Output Noise 
Integral Nonlinearity 
Unipolar Offset Error 
Unipolar Offset Drift4 

Bipolar Zero Error 
Bipolar Zero Drift4 

Positive Full-Scale Error• 5 

Full-Scale Drift'· 6 

Gain Error2• 7 

Gain Drift4• 8 

Bipolar Negative Full-Scale Error 
Bipolar Negative Full-Scale Drift' 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 
Absolute/Common-Mode Range' 
Absolute/Common-Mode Range' 

Normal-Mode 50 Hz Rejection10 

Normal-Mode 60 Hz Rejectionrn 
Common-Mode 50 Hz Rejectionrn 
Common-Mode 60 Hz Rejection10 

Input Currentrn 
DC Input Leakage Current10 

@+25°C 
TMIN to TMAX 

Sampling Capacitance10 

Analog Inputs11 

Input Voltage Range12 

Input Sampling Rate, fs 

Reference Inputs 
REF IN(+) - REF IN(-) Voltage 

Input Sampling Rate, fs 
LOGIC INPUTS 

Input Current 
All Inputs Except MCLK IN 

VINL> Input Low Voltage 
VINH, Input Higb Voltage 

MCLKINOnly 
V INL> Input Low Voltage 
V INL> Input Low Voltage 
VJNH, Input Higb Voltage 
V INH• Input Higb Voltage 

LOGIC OUTPUTS 
V o1.> Output Low Voltage 
V0 "' Output Higb Voltage 
V OH> Output Higb Voltage 
Floating State Leakage Current 
Floating State Output Capacitance" 

A Version' 

16 
See Tables III & IV 
±0.0015 
See Note 3 
2.5/GAIN 
0.3 
See No!e 3 
2.5/GAIN 
0.3 
See Note 3 

3/GAIN 
0.35 
See Note 3 
2 
±0.0015 
4/GAIN 
0.5 

100 
AGNDtoAVoo 
AGND + 50 mV to 
AV00 -1.5V 
100 
100 
150 
150 

0 to +VREp/GAIN13 

±VJiEFIGAIN 
GAIN X fcLKIN/128 
fcl.KIN/16 

+2.5 

fcLKIN/128 

±10 

0.8 
2.0 

0.8 
0.4 
3.5 
2.5 

0.4 
4.0 
DVoo-0.4 
±10 
9 

Units 

Bits min 

%ofFSRmax 

µV/°C typ 
µV/°C typ 

µV/oc typ 
µV/oc cyp 

µV/°C typ 
µV/°C typ 

ppm of FSR/°C typ 
%ofFSRmax 
µV/°C typ 
µV/oc typ 

dB min 

nom 
nom 

Vnom 

µAmax 

Vmax 
Vmin 

Vmax 
Vmax 
Vmi~ 
Vmin 

V max 
Vmin 
Vmin 
µAmax 
pF typ 

Conditions/Comments 

Guaranteed by Design, for Filter Notches of 50, 60 Hz 
Depends on Filter Cutoffs and Selected Gain 
Filter NotChes ~ 60 Hz 

For Gains of 1 and 2 
For Gains of32 and 128 

For Gains of 1 and 2 
For Gains of32 and 128 

For Gains of 1 and 2 
For Gains of32 and 128 

Typically ±0.0004% 
For Gains of I and 2 
For Gains of 32 and 128 

puts With BUF Bit of Setup Register = 1 

h = 50 Hz (or 25 Hz with fcI.KIN = 1 MHz) 
= 60 Hz (or 20 Hz with fcLK IN= I MHz) 

NotCh = 50 Hz (or 25 Hz with fcLKIN = I MHz) 
Filter NotCh = 60 Hz (or 20 Hz with fcI.K IN = I MHz) 
BUF Bit of Setup Register = 1 

F Bit of Setup Register = 0 

Unipolar Input Range (B/U Bit of Setup Register = I) 
Bipolar Input Range (BlU Bit of Setup Register = 0) 
For Gains of I and 2 
For Gains of 32 and 128 

± 5% for Specified Performance. Part Functions with 
Lower VREF Voltages 

DVoo = +5V 
DVoo= +3 V 
DVoo= +5V 
DVoo = +3V 

IslNI< = 800 µA 
IsouRCE = 200 µA. DVoo = +5 V 
IsoURCE = 20.0 µA. DV on = + 3 V 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise ag.reed to in writing. 
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AD7715 
AD7715-3-SPECIFICATIONS (AVoo = +3 V, DV08 = +3 Y, REF IN(+)= + 1.25 V; REF IN(-) = AGND; 
fcLKIN = 2.4576 MHz unless otherwise noted. All specifications TMiN to TMAX unless otherwise noted.) 

Parameter 
STATIC PERFORMANCE 

No Missing Codes 
Output Noise 
Integral Nonlinearity 
Unipolar Offset Error 
Unipolar Offset Drift4 

Bipolar Zero Error 
Bipolar Zero Drift4 

Positive Full-Scale Error2• 5 

Positive Full-Scale Error• 5 

Full-Scale Drift4• 6 

Gain Error2• 7 

Gain Drift4• '· 

Bipolar Negative Full-Scale Error 
Bipolar Negative Full-Scale Drift4 

ANALOG INPUTS/REFERENCE INPUTS 
Common-Mode Rejection (CMR) 
Absolute/Common-Mode Range6 

Absolute/Common-Mode Range' 

Normal-Mode 50 Hz Rejection7 

Normal-Mode 60 Hz Rejection7 

Common-Mode50 Hz Rejection1 

Common-Mode 60 Hz Rejection7 

Input Current' 
DC Input Leakage Current7 

@+25'C 
TMIN to TMAx 

Sampling Capacitance1 

Analog Inputs' 
Input Voltage Range9 

Input Sampling Rate, fs 

Reference Inputs 
REF IN(+) - REF IN(-) Voltage 

Input Sampling Rate, fs 

LOGIC INPUTS 
Input Current 
All Inputs Except MCLK IN 

ViNL> Input Low Voltage 
V,NH, Input High Voltage 

MCLKINOnly 
VINL> Input Low Voltage 
V1NH> Input High Voltage 

LOGIC OUTPUTS 
Vo.., Output Low Voltage 
V OH> Output High Voltage 
Floating State Leakage Current 
Floating State Output Capacitance' .1 

A, S Versions' 

16 
See Tables V & VI 
±0.003 
See Note 3 
2.5/GAIN 
0.3 
See Note 3 
2.5/GAIN 
0.3 
See Note 3 

±0:01 
3/GAIN 
0.35 
See Note 3 
2 
±0.003 
4/GAIN 
0.5 

94 
AGNDtoAV00 

AGND + 50 mV to 
AV0 o-l.5V 
100 
100 
150 
150 
1 

10 
1 
10 

0 _to +VREF/GAIN10 

±VREF/GAIN 
GAIN X fcLKrn/128 
fcLKrn/16 

+1.25 

fcLKIN/128 

±10 

0.8 
2.0 

0.4 
2.5 

0.2 
DVoo-0.4 
±10 
9 

Units 

Bits min 

% ofFSRmax 

µV/°C typ 
µV/°C typ 

µV/'C typ 
µV/'C typ 

% ofFSRmax 
µV/°C typ 
µV/'C typ 

ppm of FSR/'C typ 
% ofFSRmax 
µV/'C typ 
µV/'C typ 

dBmin 

nom 
nom 

Vnom 

µAmax 

Vmax 
Vmin 

Vmax 
Vmin 

Vmax 
Vmin 
µAmax 
pF typ 

Conditions/Comments 

Guaranteed by Design for Filter Notcbes of 50, 60 Hz 
Depends on Filter Cutoffs and Selected Gain 
Filter Notcbes ~ 60 Hz 

·For Gains of 1 and 2 
For Gains of32 and 128 

For Gains of 1 and 2 
For Gains of 32 and 128 
For System Calibration @ All Gains and Self-Calibration 
@ Gains of I and 2 
For Self-Calibration @ Gains of 32 and 128 
For Gains of I and 2 
For Gains of32 and 128 

· BUF Bit of Setup Register = 1 

50 Hz (or 25 Hz witb fcLKIN = 1 MHz) 
es = 60 Hz (or 20 Hz.with fcLK IN = I MHz) 

otches = 50 Hz (or 25 Hz witb fcLKrn = I MHz) 
es = 60 Hz (or 20 Hz With fcLK IN = I MHz) 
etup Register = I 

o Setup Register = 0 

Unipolar Input Range (B/U Bit of Setup Register= 1) 
Bipolar Input Range (B/U Bit of Setup Register = 0) 
For Gains of I and 2 
For Gains of 32 and 128 

±5% for Specified Performance. Pan Functions with 
Lower V REF Voltages 

lsrnx = 800 µA 
lsouRCE = 200 µA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPEC If I CATIONS (AV00 = +3 Vto +5 V, DV00 = +3 Vto +5 V, REF IN(+)= +1.25 V (AD7715-3) or 
+2.5 V (AD7715-5); REF IN(-)= AGND; MCLK IN =1 MHz to 2.457& MHz unless otherwise noted. 

AD7715 

All specifications TMiN to r.0 unless otherwise noted.) 

Parameter 

SYSTEM CALIBRATION 
Positive Full-Scale Calibration Limit" 
Negative Full-Scale Calibration Limit15 

Offset Calibration Limit16 

Input Span16 

POWER REQUIREMENTS 
Power Supply Voltages 

AV00 Voltage (AD7715-3) 
AV00 Voltage (AD7715-5) 
DVoD Voltage 

Power Supply Currents 
AV DD Current 

DV DD Current 

Power Supply Rejection 18 (AVDDl 
Normal Mode Power Dissipation 

Normal Mode Power Dissipation 

Standby (Power-Down) Dissipation 

NOTES 

A Version 

(1.05 x VREF)/GAIN 
-(1.05 x VREF)/GAIN 
-(1.05 x VREF)/GAIN 
0.8 x VREF/GAIN 
(2.1 x VREF)/GAIN 

+2.7 to +3.6 
+5 
+2. 7 to +5.25 

0.3 
0.6 

0.5 

0.2 
0.4 
0.5 

1.5 
2.4 
3 
4.5 

3.5 
5 
7.5 
10 
100 

1Temperature ranges are as follows: A Version, -40°C to +85°C. 
2Applies after calibration at the temperature of interest. 

Units 

Vmax 
Vmax 
Vmax 
Vmin 
Vmax 

Vnom 
Vnom 
Vnom 

mAmax 
mAmax 

mAmax 
mAmax 

mW max 
mW max 
mW max 
mW max 
µWmax 

3These errors will be of the order of the output noise of the part as shown in Tables III to VI. 
4Recalibration at any temperature will remove these drift errors. 

Conditions/Comments 

GAIN Is the Selected PGA Gain (Between ·1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 
GAIN Is the Selected PGA Gain (Between 1, 2, 32 or 128) 

For Specified Performance 
± 5% for Specified Performance 
For Specified Performance. AV00 must be 2: DVoo 

AV00 = 3 V or 5 V. Gain= 1to128 (fcLKIN = 1 MHz) or Gain= I 
or 2 (fcLKIN = 2.4576 MHz) 
Typically 0.2 mA. BUF Bit of Setup Register = O 
Typically 0.4 mA. BUF Bit of Setup Register = I 
AVoo = 3 V or 5 V. Gain= 32 or 128 (fcLKIN = 2.4576 MHz) 17 

Typically 0.3 mA. 11.JF Bit of Setup Register = O 
Typically 0 F Bit of Setup Register = 1 

Yoo 
Yoo= 3 V. fcLKIN =I MHz 
DD= 5 V. fcLKIN = 1 MHz 

= 3 V. fcLK1N = 2.4576 MHz 
no= 5 V. fcLK1N = 2.4576 MHz 

+3 V. Digital l/Ps = 0 V or DVoD 
I Gains 1 MHz Clock, Gain 1 and 2 @ 2.4576 MHz 

Gains 1 MHz Clock, Gain 1 and 2@ 2.4576 MHz 
. Gain= 32 or 128 @fcLKIN = 2.4576 MHz 

it = I. Gain = 32 or 128 @ fcLKIN = 2.4576 MHz 
DD= DVoo = +5 V. Digital l/Ps = 0 V or DVoo 

BUF Bit = 0. All Gains 1 MHz Clock, Gain 1 and 2 @ 2.4576 MHz 
BUF Bit = I. All Gains 1 MHz Clock, Gain 1 and 2 @ 2.4576 MHz 
BUF Bit= 0. Gain= 32 or 128 @fcLKIN = 2.4576 MHz 
BUF Bit= I. Gain= 32 or 128 @ fcLKIN = 2.4576 MHz 
Typically 50 µW. STBY Bit of Setup Register= I 

5Positive Full-Scale Error includes Zero-Scale Errors (Unipolar Offset Error or Bipolar Zero Error) and applies to both unipolar and bipolar input ranges. 
6Full-Scale Drift includes Zero-Scale Drift (Unipolar Offset Drift or Bipolar Zero Drift) and applies to both unipolar and bipolar input ranges. 
7Gain Error does not include Zero-Scale Errors. It is calculated as Full-Scale Error-Unipolar Offset Error for unipolar ranges and Full Scale Error-Bipolar Zero Error for 

bipolar ranges. 
sGain Drift does not include Unipolar Offset Drift/Bipolar Zero Drift. It is effectively the drift of the part if zero scale calibrations only were performed. 
9This common-mode voltage range is allowed provided that the input voltage on AIN(+) or AIN(-) does not go more positive than AVoD + 30 mV or go more negative than 
AGND-30mV. 

10These numbers are guaranteed by design and/or characterization. 
11The analog inputs present a very high impedance dynamic load which varies with clock frequency and input sample rate. The maximum recommended source resistance de

pends on the selected gain. 
12The analog input voltage range on AIN(+) is given here with respect to the voltage on AIN(-). The absolute voltage on the analog inputs should go more positive than go more 

positive than AVDD + 30 mV or go more negative than AGND - 30 mV. 
13VREF = REFIN(+) - REFIN(-). 
14Sample tested at +25°C to ensure compliance. 
15 After calibration, if. the analog input exceeds positive full scale, the converter will output all Is. If the analog input is less than negative full scale then the device will output 

all Os. 
1"These calibration and span limits apply provided the absolute voltage on the analog inputs does not exceed AV DD + 30 m V or go more negative than AGND - 30 m V. The off

set calibration limit applies to both the unipolar zero point and the bipolar zero point. 
17 Assumes CLK bit of SC:tup Register is set to correct status corresponding to the master clock frequency. 
1sMeasured at de and applies in the selected passband. PSRR at 50 Hz will exceed 120 dB with filter notches of 5, 10, 25 or 50 Hz. PSRR at 60 Hz will exceed 120 dB with filter 

notches of 6, 10, 30 or 60 Hz. 
19PSRR depends on gain: Gain of I: 70 dB typ; Gain of 2: 75 dB typ; Gains of 32 and 128: 85 dB typ. 
Specifications subject to change without notice. 

This information applies, to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7715 
Tl MING .. CHARACTER ISTI Csl, 2 (DVllo = +3 V to +5 V ± 5%; AV00 = +3 V or +5 V ± 5%; AGND = DGND = 0 V; fcLKIN =' 

2.4576 MHz; Input Logic 0 = 0 V, Logic 1 = DV00 unless otherwise noted) 

Parameter 

tcLKINLO 
tcLKINHI 
t,5 

tr5 
ti 
t2 
Read Operation 
t3 
t4 
ts6 

tio 
Write Operation 
tll 

t12 
t13 
ti4 
tis 
ti6 

NOTES 

Limit at TMIN, TMAX 
(A Version) 

400 
2.5 
0.4XtcLKIN 
0.4 X tcLKIN 
50 
50 
500 X tcLKIN 
1000 

0 
20 
0 
20 
40 
200 
200 
20 
10 
50 
100 
50 

20 
30 
20 
200 
200 
20 

Units 

kHz min 
MHz max 
nsmin 
ns min 
ns max 
nsmax 
nsnom 
nsmin 

nsmin 
nsmin 
nsmin 
ns max 
ns max 
nsmin 
nsmin 
ns min 
ns min 
ns max 
nsmax 
ns max 

ns~;. ",-r 
nsm 

• ~"!, 
ns min 
nsmin 
nsmin 
nsmin 

Conditions/Comments 

Master Clock Frequency: Crystal Oscillator or Externally Supplied 
for Specified Performance 
Master Clock Input Low Time. tcLK IN = l/fcLK IN 
Master Clock Input High Time. 
Digital Output Rise Time. Typically 20 ns 
Digital Output Fall Time. Typically 20 ns 
DRDY High Time 
RESET Pulse Width 

DRDY to CS Setup Time 
CS Falling Edge to SCLK Falling Edge Setup Time 
SCLK Falling Edge to Data Valid Delay 
DVoo = +5 V 
DVoo = +3 V 
SCLK High Pulse Width 
SCLK Low Pulse Width 
CS Rising Edge to S ge Hold Time 

'sing Edge. Bus Relinquish 
DVoo = + 
DV 

juif alling Edge Setup Time 
lllPflli:dge Setup Time 
lllhg Edge Hold Time 

1dth 
se Width 

CS Rising Edge to SCLK Rising Edge Hold Time 

1Sample tested ar +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% ofDV 00) and timed from a voltage level of 1.6 V. 
2See Figures 2 and 3. 
3CLKIN Duty Cycle range is 45% to 55%. CLKIN must be supplied whenever the AD7715 is not in Standby mode. If no clock is present in this case, th-e deviCe 
can draw higher current than specified and possibly become uncalibrated. 

4The AD7715 is production tested with fcLKIN at 2.4576 MHz (1 MHz for some 100 tests). It is guaranteed by characterization to operate at 400 kHz. 
5Specified using 10% and 90% points on waveform of interest. 
6These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross the VOL or VoH limits. 
7These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure 1. The measured number is 
then extrapolated back to remove effects of charging or discharging the 100 pF capacitor. This means that the times quoted in the timing characteristics are the true 
bus relinquish times of the part and ~s such are independent of external bus loading capacitances. 

8DRDY returns high after the first read from the device after an output update. The same data can be read again, if required, while DRDY }s. high although caie 
should be taken that subsequent reads do not occur cl.ose to the next output update. 

TO 
OUTPUT O---.--<c +1.6V 

PIN 

Figure 1. Load Circuit for Access Time and Bus Relinquish 

ORDERING GUIDE 

AVoo Temperature Package 
Model Supply Range Option* 

AD7715AN-5 5V -40°C to +85°C N-16 
AD7715AR-5 5V -40°C to +85°C R-16 
AD7715AN-3 3V -40°C to +85°C N-16 
AD7715AR-3 3V -40°C to +85°C R-16 

*N = Plastic DIP; R = SOIC. For outline ipformation see Package Information 
section. 

This information applies to a product under development. Its characteristics and specifications are subject to change \11/ithi:Jut notice. 
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ABSOLUTE MAXIMUM RATINGS* 
(TA = +25°C unless otherwise noted) 

AVnn to AGND ......................... -0.3 V to +7 V 
AVnn to DGND ........................ -0.3 V to +7 V 
DVnn to AGND ........................ -0.3 V to +7 V 
DVnn to DGND ........................ -0.3 V to +7 V 
Analog Input Voltage to AGND ..... -0.3 V to AV00 + 0.3 V 
Reference Input Voltage to AGND ... -0.3 V to AV00 + 0.3 V 
Digital Input Voltage to DGND ..... -0.3 V to DV00 + 0.3 V 
Digital Output Voltage to DGND .... -0.3 V to DV00 + 0.3 V 
Operating Temperature Range 

Commercial (A Version) ............... -40°C to +85°C 
Storage Temperature Range ............. -65°C to + l 50°C 
Junction Temperature ......................... +150°C 

AD7715 
Plastic DIP Package, Power Dissipation ........... 450 mW 

01A Thermal Impedance ..................... 105°C/W 
Lead Temperature (Soldering, 10 sec) ........... +260°C 

SOIC Package, Power Dissipation ................ 450 mW 
0JA Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

Power Dissipation (Any Package) to +75°C ......... 450 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functiona!.i.Q!;,)i 

~~g 
ESD SENS1TIVE DEVICE 

TERMINOLOGY 
INTEGRAL NONLINEARITY 
This is the maximum deviation of any code from a straight Ii~ 
passing through the endpoints of the transfer function. 
endpoints of the transfer function are zero scale (n 
fused with bipolar zero), a point 0.5 LSB belqw 
transition (000 ... 000 to 000 ... 001) andf'ii,P 
0.5 LSB above the last code transition (111 . '.~:1• l l 
111). The error is expressed as a percentage of full sc 

POSITIVE FULL-SCALE ERROR 
Positive full-scale error is the deviation of the last code transi
tion (ll l ... llO to ll 1 ... l ll) from the ideal AIN(+) volt
age (AIN(-) + VREp/GAIN - 3/2 LSBs). It applies to both 
unipolar and bipolar analog input ranges. 

UNIPOLAR OFFSET ERROR 
Unipolar offset error is the deviation of the first code transition 
from the ideal AIN(+) voltage (AIN(-) + 0.5 LSB) when oper
ating in the unipolar mode. 

BIPOLAR ZERO ERROR 
This is the deviation of the midscale transition (0111 ... 111 to 
1000 ... 000) from the ideal AIN(+) voltage (AIN(-) -
0.5 LSB) when operating in the bipolar mode. 

GAIN ERROR 
This is a measure of the span error of the ADC. It includes full
scale errors but not zero-scale errors. For unipolar input ranges 
it is defined as (full-scale error-unipolar offset error) while for 
bipolar input ranges it is defined as (full-scale error-bipolar 
zero error). 

BIPOLAR NEGATIVE FULL-SCALE ERROR 
This is the deviation of the first code transition from the ideal 
AIN(+) voltage (AIN(-) - VREp/GAIN + 0.5 LSB) when operat
ing in the bipolar mode. 

ange is the amount of overhead available 
ges on AIN(+) input greater than AIN(-) + 

example, noise peaks or excess voltages due to 
rs in system calibration routines) without intro-

. e to overloading the analog modulator or ovcr
glfal filter. 

his is the amount of overhead .available to handle voltages on 
AIN(+) below AIN(-) VREp/GAIN without overloading the 
analog modulator or overflowing the digital filter. Note that the 
analog input will accept negative voltage peaks even in the uni
polar mode provided that AIN ( +) is greater than AIN (-) and 
greater than AGND - 30 mV. 

OFFSET CALIBRATION RANGE 
In the system calibration modes, the AD7715 calibrates its off
set with respect to the analog input. The offset calibration 
range specification defines the range of voltages that the 
AD77 l 5 can accept and still calibrate offset accurately. 

FULL-SCALE CALIBRATION RANGE 
This is the range of voltages that the AD7715 can accept in the 
system calibration mode and still calibrate full scale correctly. 

INPUT SPAN 
In system calibration schemes, two voltages applied in sequence 
to the AD7715's analog input define the analog input range. 
The input span specification defines the minimum and maxi
mum input voltages from zero to full scale that the AD77 l 5 can 
accept and still calibrate gain accurately. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7715 

Mnemonic 

SCLK 

MCLKIN 

MCLKOUT 

AIN(+) 

AIN(-) 

AVoD 
REF IN(-) 

REF IN(+) 

AGND 

cs 

DOUT 

DIN 

DVDD 
DGND 

PIN FUNCTION DESCRIPTION 

Function 

Serial Clock. Logic Input. An external serial clock is applied to this input to access serial data from the 
AD7715. This serial clock can be a continuous clock with all data transmitted in a continuous train of pulses. 
Alternatively, it can be a noncontinuous dock with the information being transmitted to the AD7715 in 
smaller batches of data. 

Master Clock signal for the device. This can be provided in the form of a crystal or external clock. A crystal 
can be tied across the MCLK IN and MCLK OUT pins. Alternatively, the MCLK IN pin can be driven with 
a CMOS-compatible clock and MCLK OUT left unconnected. The clock input frequency is nominally either 
2.5 MHz or I MHz. 

When the master clock for the device is a crystal, the crystal is connected between MCLK IN and 
MCLK OUT. Note, the on-chip clock signal is not available at this pin. 

Logic Input. Active low input which resets the control logic, interface logic, digital filter and analog modulator 
of the part to power-on status. 

'Analog Input. Positive input of the programmable gain differential analog input to the AD7715. 

Analog Input. Negative input of the programmable gain differential analog input to the AD77 ! 5. 

Analog Positive Supply Voltage, +3 V nominal (AD7715-3) or +5 V nominal AD7715-5). 

Reference Input. Negative input of the differential reference input to 
anywhere between AV DD and AGND provided REF IN ( +) is grea 

Reference Input. Positive input of the differential reference · 
differential with the provision that REF IN(+) must be 
anywhere between AVDD and AGND. 

Ground reference point for analog circuit 

Chip Select. Active low Logic lnp 
can operate in its .three-wire inte 
can be used to select the device in 
nization signal in communicating with the 

15. The REF IN(-) can lie 
IN(-). 

5. The reference input is 
REF IN(+) can lie 

Logic Output. A logic low on this output indicates that output word is available from the AD7715 data 
register. The DRDY pin will return high upon completion of a read operation of a full output word. If no data 
read has taken place, after an output update, the DRDY line will return high for 500 x tcLK IN cycles prior to 
the next output update. This gives an indication of when a read operation should not be attempted to avoid 
reading from the data register as it is being updated. DRDY is also used to indicate when the AD7715 has 
completed its on-chip calibration sequence. 

Serial Data Output with serial data being read from the output shift register on the part. This output shift reg
ister can contain information from the calibration registers, mode register, communications register, filter se
lection registers or data register depending on the register selection bits of the communications register. 

Serial Data Input with serial data being written to the input shift register on the part. Data from this input 
shift register is transferred to the calibration registers, mode register, communications register or filter selec
tion registers depending on the register selection bits of the communications register. 

Digital Supply Voltage, +3 V or +5 V nominal. 

Ground reference point for digital circuitry. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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AD7715 
On-Chip Registers of the test register as it may lead to unspecified operation of the 

device. The registers are discussed in mode detail in the follow
ing sections. 

The part contains four on-chip registers that can be accessed via 
the serial port on the part. The first of these is a communica
tions register that decides whether the next operation is a read 
or write operation and also decides which register the read or 
write operation accesses The communication register also con
trols the standby mode and calibration modes of the part. The 
DRDY status is also available by reading from the communica
tions register. All communication to any register on the device 
(including the data register) begins with a write to the commu
nications register. The second register is a setup register that 
determines filter selection, gain setting and bipolar/unipolar op
eration. The third register is the data register from which the 
output data from the part is accessed. The final register is a test 
register which is accessed when testing the device. It is advised 
that the user does not attempt to access or change the contents 

Communications Register (RSl, RSO = O, 0) 
The communications register is an 8-bit register from which 
data can either be read or to which data can be written. On 
power-up or after a RESET, the part is waiting for a write op
eration to the communications register. When the part has fin
ished communicating with any of the other registers (either a 
read or write operation), it returns to the position of expecting a 
write to the communications register. This is the default state of 
the interface and in situations where the interface sequence is 
lost, if enough writes to the device (at least four bytes) take 
place with DIN high the part returns to its default state. Table I 
outlines the bit designations for the communications register. 

O/DRDY 

0 

RSI-RSO 

Table I. Communications Register 

O/DRDY 0 RSI I RSO I STBY MDI MDO I 
For a read operation, this bit provides the status of the DRDY 
as the DRDY output pin. For a write 9peration, a 0 m 
recognized by the register. If a l is written to the bi 

the part. The status of this bit is the same 
is bit so that the write operation will be 
ot clock itself on and the part continues to 

sample this bit location, effectively w31iting £ 
register. / 

Register Selection Bits. 
takes place as follows. When e r 
waiting for a write operation to the c 
access the selected register. 

RS I RSO Register 

0 
0 
l 
l 

0 
l 
0 
l 

Communications Register 
Setup Register 
Test Register 
Data Register 

write any data to the communications 

ration of the part. Failure to do this will result 
~II be read back from this bit location. 

~p registers the next read or write operation 
eftister is complete, the part returns to where it is 

. It does not remain in a state where it will continue to 

Register Size 

8 Bit 
8 Bit 
8 Bit 
16 Bit 

Read/Write Select. This bit selects whether the next operation is a read or write operation to the selected register. 
A 0 indicates a write cycle for the next operation to the appropriate register, while a l indicates a read operation 
from the appropriate register. 

STBY Standby. Writing a I to this bit puts the part in its standby or power-down mode. In this mode, the part consumes 
only 50 µW of power. The part retains its calibration and control word information when in STANDBY. Writing 
a 0 to this bit places the part in its normal operating mode. 

MDI MDO Operating Mode 

0 0 Normal Mode; this is the normal mode of operation of the device whereby the device is performing normal conver
sions. This is the default condition of these bits after power-on or RESET. 

0 

0 

Self-Calibration; this activates self-calibration on the part. This is a one step calibration sequence and when com
plete the part returns to normal mode. The DRDY output or bit indicates when this self-calibration is complete 
and a valid word is available in the data register. For this calibration type, the zero-scale calibration is done inter
nally on shorted (zeroed) inputs and the full-scale calibration is done internally on VREF· 

Zero-Scale System Calibration; this activates zero-scale system calibration on the analog input. Calibration is per
formed on the analog input voltage provided at the analog input during this calibration sequence. The DRDY out
put or bit indicates when this zero-scale calibration is complete and the part returns to normal mode. 

Full-Scale System Calibration; this activates full-scale system calibration on the analog input. Calibration is per
formed on the analog input voltage provided at the analog input during this calibration sequence. Once again, 
DRDY indicates when this full-scale calibration is complete. When this calibration is complete, the part returns to 
normal mode. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 DATA ACQUISITION SUBSYSTEMS 5-35 

II 



AD7715 
Setup Register (RSl, RSO = 0, 1) 
The setup register is an 8-bit register from which data can either 
be read or to which data can be written. This register controls 
the setup which the device is to operate in such as the gain, out
put rate, unipolar/bipolar operation etc. Table II outlines the bit 
designations for the mode register. 

G2 

0 

0 

CLK 

FSI, FSO 

CLK 

0 

0 

0 

0 

l 

B/U 

FSYNC 

Table II. Setup Register 

GI GO CLK FSI FSO B/U BUF FSYNC 

GI Gain Setting 

0 l 

2 

0 32 

128 

Clock Bit. This bit should be set in accordance with the operating frequen 
master clock frequency of 2.4576 MHz, then this bit should be set to a 

the AD77 l 5. If the device has a 
.device has a master clock fre
scaling currents for a given master 
device. If this bit is not set cor-

quency of l MHz, then this bit should be set to a l. This bit 
clock and also chooses (along with FSI and FSO) the out 
reedy for the master clock frequency of the device, 

Filter Selection Bits. Along with the CLK bit 
-3 dB frequency as below. The on-chip 
with the gain selection, it also det 
Changing the filter notch frequen 
the effect of the filter notch frequen a 
put data rate (or effective conversion time 
the filter. For example, if the first notch of filter is 
rate or every 20 ms. If the first notch is at 500 Hz, a n 

te to specification. 

ut update rate, filter first notch and 
mx/x)3 ) filter response. In association 

e effective resolution) of the device. 
lution. Tables III through VI show 

e ective resolution of the part. The out
o he frequency selected for the first notch of 

t 50 Hz, then a new word is available at a 50 Hz 
rd is available every 2 ms. 

The settling time of the filter to a full-scale step input change is worst case 4 x l/(output data rate). For example, 
with the first filter notch at 50 Hz, the settling time of the filter to a full-scale step input change is 80 ms max. If 
the first notch is at 500 Hz, the settling time of the filter to a full-scale input step is 8 ms max. This settling-time 
can be reduced to 3 x l/(output data rate) by synchronizing the step input change to a reset of the digital filter. In 
other words, ifthe step input takes place with the RESET input low, the settling time will be 3 x l/(output data 
rate) from when RESET returns high. 

FSI FSO Output Update Rate 

0 0 50 Hz 

0 60 Hz 

0 250 Hz 

500Hz 

0 0 20 Hz 

0 l 25 Hz 

0 100 Hz 

200 Hz 

-3 dB Filter Cutoff 

13.l Hz 

15.7 Hz 

65.5 Hz 

121 Hz 

5.24 Hz 

6.55 Hz 

26.2 Hz 

52.4 Hz 

Bipolar/Unipolar Operation. A 0 in this bit selects bipolar operation. This is the default (Power-On or RESET) 
status of this bit. A I in this bit selects unipolar operation. 

Filter Synchronization. When this bit is high, the nodes of the digital filter, the filter control logic and the calibra
tion control logic are reset and the analog modulator is also held. in its reset state. When this bit goes low, valid 
data is available in 3 x !/(output update rate), i.e., the settling time of the filter. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
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Test Register (RSl, RSO = 1, 0) 
The part contains a test register which is used in testing the 
device. The user is advised not to change the status of any 
of the bits in this register from the default (Power-On or 
RESET) status of all Os as the part will be placed in one of 
its test modes and will not operate correctly. if the part en
ters one of its test modes, exercising RESET will exit the 
part from the mode. 

Data Register (RSl, RSO = 1, 1) 
The data register on the part is a read-only register which 
contains the most up-to-date conversion result from the 
part. The register is 16 bits wide. If an attempt is made to 
write to this register, the data will not actually be written to 
any location of the part. 

AD7715 
OUTPUT NOISE 
AD7715-S 
Table III shows the AD7715-5 output rms noise for the select
able notch and -3 dB frequencies for the part, as selected by 
FSI and FSO (see above). The numbers given are for the bipo
lar input ranges with a VREF of +2.5 V. These numbers are typi
cal and are generated at an analog input voltage of 0 V and for 
the BUF bit of the setup register = 0. Noise numbers for the 
two lower notch settings will typically be I 0% higher than those 
in Table III for BUF Bit = I. 
Table IV meanwhile shows the output peak-to-peak noise for the 
selectable notch and -3 dB frequencies for the part. It is impor
tant to note that these numbers represent the resolution for which there 
will be no code flicker. They are not calculated based on rms noise but 
on peak-to-peak noise. The numbers given are for the bipolar in
put ranges with a VREF of +2.5 V and for the BUF bit of the set
up register = 0. These numbers are typical, are generated at an 
analog input voltage of 0 V and are rounded to the nearest LSB. 

·~ii 

Table III. Output RMS Noise vs. Gain and Outj> fi!,,te for AD771S-S 

Filter First Notch & O/P Data Rate Typical Output RMS Noise in µV 

MCLKIN= MCLKIN= 
2.4576MHz lMHz GAIN=32 GAIN= 128 

50Hz 20 tiz 3.8 0.5 0.45 
60Hz 25 Hz 4.1 0.5 0.45 
250Hz JOO Hz 75 4.0 1.7 
500Hz 200Hz 260 25 8 

Table IV. Effective (Peak-to-Peak) Resolution vs. Gain and Output Update Rate for AD7715-S 

Filter First Notch & O/P Data Rate -3 dB Frequency Typical Effective Resolution in Bits 

MCLKIN= MCLKIN= MCLKIN= MCLKIN= 
2.4576MHz lMHz 2.4576MHz lMHz GAIN= 1 GAIN=2 GAIN= 32 GAIN= 128 

50Hz 20 Hz 13.1 Hz 5.24 Hz 16 16 16 14 
60Hz 25 Hz 15.72 Hz 6.55 Hz 16 16 16 14 
250Hz JOO Hz 65.5 Hz 26.2 Hz 12 12 12 12 
500Hz 200Hz 131 Hz 52.4 Hz 10 10 10 10 
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AD7715 
OUTPUT NOISE 
AD771S-3 
Table V shows the AD7715-3 output rms noise for the select
able notch and -3 dB frequencies for the part, as selected by 
FSl and FSO (see above). The numbers given are for the bipo
lar input ranges with a VREF of+ 1.25 v and for the BUF bit of 
the setup register = 0. These numbers are typical and are gen
erated at an analog input voltage ofO V. Noise numbers for the 
two lower notch settings will typically be 10% higher than those 
in Table V for BUF Bit = I. 

Table VI meanwhile shows the output peak-to-peak noise for the 
selectable notch and -3 dB frequencies for the part. It is impor
tant to note that these numbers represent the resolution for which there 
will be no code flicker. They are not calculated based on rms noise but 
on peak-to-peak noise. The numbers given are for the bipolar in
put ranges with a VREF of+ 1.25 V and for the BUF bit of the 
setup register = 0. These numbers are typical, are generated at 
an analog input voltage of 0 V and are roun~ed to the nearest 
LSB. 

Table V. Output RMS Noise vs. Gain and Output Update Rate for AD771S-3 

Filter First Notch & O/P Data Rate -3 dB Frequency Typical Output RMS Noise in µV 

MCLKIN= MCLKIN= MCLKIN= MCLKIN= 
2.4576MHz lMHz 2.4576MHz lMHz GAIN= 1 GAIN=2 GAIN=32 GAIN= 128 

50Hz 20Hz 13.1 Hz 5.24 Hz 7.0 3.5 0.5 0.4 
60Hz 25 Hz 15.72 Hz 6.55 Hz 8.2 4.1 0.5 0.4 
250Hz lOOHz 65.5 Hz 26.2 Hz 53 28 3.5 1.4 
500Hz 200Hz 131 Hz 52.4 Hz 240 1 14 8 

Table VI. Effective (Peak-to-Peak) Resolution vs. G ' te for AD771S-3 

Filter First Notch & O/P Data Rate 

MCLKIN= MCLKIN= 
2.4576MHz lMHz 

50Hz 20Hz 13.1 Hz 
60Hz 25 Hz 15.72 Hz 
250 Hz lOOHz 65.5 Hz 
500 Hz 200Hz 131 Hz 

CIRCUIT DESCRIPTION 
The AD7715 is a sigma-delta AID converter with on-chip digital 
filtering, intended for the measurement of wide dynamic range, 
low frequency signals such as those in industrial control or pro
cess control applications. It contains a sigma-delta (or charge
balancing) ADC, a calibration microcontroller with on-chip 
static RAM, a clock oscillator, a digital filter and a bidirectional 
serial communications port. The part consumes only 500 µA of 
power supply current, making it ideal for battery-powered or 
loop-powered instruments. The part comes in two versions, the 
AD7715-5 which is specified for operation from a +5 V analog 
supply (AV00) and the AD7715-3 which is specified for opera
tion from a +3 V analog supply. The AD7715-5 can be operated 
with a digital supply (DV00) voltage of +3 V or +5 V. 

The part contains a programmable gain fully differential analog 
input channel. The selectable gains on this input are 1, 2, 32 
and 128 allowing the part to accept unipolar signals of between 
0 mV to +20 mV and 0 V to +2.5 V or bipolar signals in the 
range from ±20 mV to ±2.5 V when the reference input voltage 
equals +2.5 V. With a reference voltage of+ 1.25 V, the input 
ranges are from 0 mV to +10 mV to 0 V to +1.25 Vin unipolar 
mode and from ± 10 mV to ± 1.25 V in bipolar mode. 

16 
13 
10 

tive Resolution in Bits 

GAIN= 32 GAIN = 128 

14 
14 
12 
10 

13 
13 
13 
9 

The input signal to the analog input is continuously sampled 
at a rate determined by the frequency of the master clock, 
MCLK IN, and the selected gain. A charge-balancing AID con
verter (Sigma-Delta Modulator) converts the sampled signal into 
a digital pulse train whose duty cycle contains the digital infor
mation. The programmable gain function on the analog input is 
also incorporated in this sigma delta modulator with the input 
sampling frequency being modified to give the higher gains. A 
sinc3 digital low-pass filter processes the output of the sigma
delta modulator and updates the output register at a rate deter
mined by the first notch frequency of this filter. The output data 
can be read from the serial port randomly or periodically at any 
rate up to the output register update rate. The first notch of this 
digital filter (and hence its -3 dB frequency) can be programmed 
via the mode register bits FSO and FS I. With a master clock fre
quency of 2.4576 MHz, the programmable range for this first 
notch frequency is from 50 Hz to 500 Hz giving a programmable 
range for the -3 dB frequency of 13.l Hz to 131 Hz. With a 
master clock frequency of l MHz, the programmable range for 
this first notch frequency is from 20 Hz to 200 Hz giving a pro
grammable range for the -3 dB frequency of 5.24 Hz to 52.4 Hz. 
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DIGITAL INTERFACE 
The part's serial interface can operate in three-wire mode by ty
ing the CS input low. In this case, the SCLK, DIN and DOUT 
lines are used to communicate with the part and the status of 
DRDY can be obtained by interrogating the MSB of the com
munications register. CS can be used to decode the part in sys
tems where a number of parts are. connected to the serial bus. 
Figures 2 and 3 show timing diagrams for interfacing to the part 
with CS used to decode the part. Figure 2 is for a read opera
tion from the part's output shift register while Figure 3 shows a 
write operation to the input shift register. 

DADY 

~~~~~~~~~~~' 
cs !~~~~~~~~~~~~~~~~~~~~~~ .... ·~~__, ........ 

--14-- ~ 1--
SCLK 

DOUT 

cs 

SCLK 

DIN 

Figure 3. Write Cycle Timing Diagram 

AD7715 
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~ANALOG 
WDEVICES 

FEATURES 
22-Bit Sigma-Delta ADC 

Dynamic Range of 1!)5 dB (146 Hz Input) 
±0.003o/o Integral Nonlinearity 

On-Chip Low-Pass Digital Filter 
Cutoff Programmable from 584 Hz to 36.5 Hz 
Linear Phase Response 

Five Line Serial 1/0 
Twos Complement Coding 
Easy Interface to DSPs and Microcomputers 
Software Control of Filter Cutoff 
±5 V Supply 
Low Power Operation: 50 mW 

APPLICATIONS 
Biomedical Data Acquisition 

ECG Machines 
EEG Machines 

Process Control 
High Accuracy Instrumentation 
Seismic Systems 

GENERAL DESCRIPTION 
The AD77 l 6 is a signal processing block for data acquisition 
systems. It is capable of processing four channels with band
widths of up to 584 Hz. Resolution is 22 bits and the usable 
dynamic range varies from 111 dB with an input bandwidth of 
36.5 Hz to 99 dB with an input bandwidth of 584 Hz. 

The device consists of four separate ND converter channels that 
are implemented using sigma-delta technology. Sigma-delta 
ADCs include on-chip digital filtering and, thus, the system 
filtering requirements are eased. 

Three address pins program the device address. This allows a 
data acquisition system with up to 32 channels to be set up in a 
simple fashion. The output word from the device contains 32 
bits of data. One bit is detennined by the state of the DrN 1 in
put and may be used, for example, in an ECG system with an 
external pacemaker detect circuit to indicate that the output 
word is invalid because of the presence of a pacemaker pulse. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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22".'Bit Data Acquisition System 

AD7716 I 
FUNCTIONAL BLOCK DIAGRAM 

AD7716 

ANALOG LOW PASS 
At.1 DIGITAL MODULATOR 

FILTER MODE 
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At<3 DIGITAL 

FILTER 
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v .... AGND DGNO D,.1 Oour1 Oour2 

There are 22 bits of data corresponding to the analog input. 
Two bits contain the channel address and 3 bits are the device 
address. Thus, each channel in a 32-channel system would have 
a discrete 5-bit address. The device also has a CASCOUT pin 
and a CASCIN pin that allow simple networking of multiple 
devices. · 

The on-chip control register is programmed using the SCLK, 
SDATA and TFS pins. Three bits of the Control Register set 
the digital filter cutoff frequency for the device. Selectable fre
quencies are 584 Hz, 292 Hz, 146 Hz, 73 Hz and 36.5 Hz. A 
further 2 bits appear as outputs Doml and DoUT2 and can be 
used for controlling calibration at the front end. The device is 
available in a 44-pin PQFP (Plastic Quad Flatpack) and 44-pin 
PLCC. 
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SPEC If I CATI 0 NS l, 2 {fctKIN = 8 MHz; MODE Pin Is High {Slave Mode Operation); AVoo = DVoo = +5 V AD7716 
± 5%; AVss = -5 V ± 5%; AGND = DGND = 0 V; VREF = 2.5 V; Filter Cutoff= 146 Hz; Noise Measurement Bandwidth= 146 Hz; 
A1N Source Resistance= 750 Q 2 with 1 nF to AGND at each AiN· TA= TMiN to TMAx, unless otherwise noted.) 

Parameter B Version Units 

STATIC PERFORMANCE 
Resolution 22 Bits 
Integral Linearity Error 0.003 % FSR typ 

0.006 % FSRmax 
Gain Error I % FSRmax 
Gain Match Between Channels 0.5 % FSRmax 
Gain TC 30 µVl°C typ 

Offset Error 0.2 % FSRmax 
Offset Match Between Channels 0.1 % FSRmax 
Offset TC 4 µVl°C typ 
Noise II µV rrns max 

DYNAMIC PERFORMANCE 
Sampling Rate fcLKIN/14 
Output Update Rate fcucJN/(14 x 256 X 2N) 
Filter Cutoff Frequency fcu<IN/(3.81 X 14 X 256 X 2N) 
Settling Time (3 x 14 x 256 x 2N/fcLKrN) 
Usable Dynamic Range' See Table I 
Total Harmonic Distortion -90 dB typ 

-100 dB typ 
Absolute Group Delay3 (3 X 14 X 256 X 2N)/2fcLKJN 
Differential Group Delay3 10 ns typ 
Channel-to-Channel Isolation -85 dB typ 

ANALOG INPUT 
Input Range ±2.5 Volts 
Input Capacitance 10 pF typ 
Input Bias Current I nA typ 

LOGIC INPUTS 
VrNH, Input High Voltage 2.4 Vmin 
VrNL> Input Low Voltage 0.8 Vmax 
IrN> Input Current 

SDATA,RFS + 10/-130 µAmax 
TFS +I 0/-650 µAmax 

All Other Inputs ±10 µAmax 
C1N' Input Capacitance3 IO pFmax 

LOGIC OUTPUTS 
VoH, Output High Voltage 2.4 Vmin 
Voe, Output Low Voltage 0.4 Vmax 

POWER SUPPLIES 
Reference Input 2.4/2.6 Vmin/Vmax 
AVoo 4.75/5.25 VminNmax 
DVoo 4.75/5.25 VminNmax 
AVss -4.75/-5.25 VminNmax 

loo 7.5 mAmax 
lss 2.5 mAmax 
Power Consumption 50 mW max 
Power Supply Rejection' -70 dB typ 

NOTES 
'Operating temperature ranges as follows: B Version; -40°C to +85°C. 
2The AIN pins present a very high impedance dynamic load which varies with clock frequency. 
3Guaranteed by design and characterization. Digital filter has linear P,hase. 
4Usable dynamic range is guaranteed by measuring noise and relating this to the full-scale input range. 
5100 mV p-p, 120 Hz sine wave applied to each supply. 
Specifications subject to change without notice. 
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Test Conditions/Comments 

Guaranteed No Missed Codes to 21 Bits3 

See Table I for Typical Noise Performance vs. Programmed 
Cutoff Frequency 

570 kHz for fcLKIN = 8 MHz 
N ls Decimal Equivalent of FC2, FC I, FCO in Control Register 

Input Frequency = 35 Hz 
ArN=±IOmVp-p 

Feedthrough from Any One Channel to the Other Three, with 
35 Hz Full-Scale Sine Wave Applied to that Channel 

Internal 50 k.Q Pull-Up Resistors 
Internal I 0 k.Q Pull-Up Resistor 

lloUTI,; 40 µA 
lloUTI,; 1.6 mA 

4.8 mA typ 

1.8 mA typ 
35 mWtyp 
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AD7716 
Table I. Typical Usable Dynamic Range, RMS Noise and Filter Settling Time vs. Filter Cutoff Frequency 

Programmed Cutoff Output Update Usable Dynamic RMS Noise Filter Settling Time to Absolute Group 
N Frequency (Hz) Rate (Hz) Range (dB) ~V) ±0.0007% FS (ms) Delay (ms) 

0 584 2232 99 21 l.35 0.675 
l 292 lll6 102 14 2.7 l.35 
2 146 558 105 10 5.4 2.7 
3 73 279 108 7 10.8 5.4 
4 36.5 140 ll 1 5 21.6 10.8 
NOTE 
Usable Dynamic Range is defined as the ratio of the rms full-scale reading (sine wave input) to the rms noise of the converter. 

CONTROL REGISTER TIMING CHARACTERISTICS1•2 (AVoo= DV00 = +5V±5%; AVss=-5V±5%;AGND= 
DGND = 0 V; fctKIN = 8 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DV00; unless otherwise noted) 

LimitatTMIN• TMAX 
Parameter (B Version) Units Conditions/Comments 

ti 1/fcLKIN nsmin SCLK Period 
tz 77 nsmin SCLK Width 
t3 30 nsmin TFS Setup Time 
t4 20 nsmin SDATA Setup Time 
ts 10 nsmin SDATA Hold Time 
t6 20 nsmin TFS Hold Time 

NOTES 
'Sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figure 2. 
3CLKIN Duty Cycle range is 40% to 60%. 

TO 
OUTPUT o---1( +2.1V 

PIN 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 

SCLK(I) 

TFS(I) 

SDATA(I) 

Figure 2. Control Register Timing Diagram 
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AD7716 

MASTER MODE TIMING CHARACTERISTICS1•2 (AVoo= DVoo = +5V±5%; AVss=-5V±5%;AGND=DGND=DV; 
fcLKIN = 8 MHz; Input Levels: Logic D = D V, Logic 1 = DV00; unless otherwise noted) 

Limit at TMIN, TMAX 
Parameter (B Version) Units Conditions/Comments 

fc1.1<1N3, 4 400 kHz min CLKIN Frequency 
8 MHz max 

t,5 40 ns max Digital Output Rise Time. Typically 20 ns 
tl 40 ns max Digital Output Fall Time. Typically 20 ns 
t1 l/fcLKIN ns min CASCIN Pulse Width 
ta l/fcLKIN ns min CASCIN to DRDY Setup Time 
t9 l /2fcLKIN + 30 ns max DRDY Low to SCLK Low Delay 
tio 50 ns max CLKIN High to DRDY Low, SCLK Active, RFS Active 
tll 40 ns max CLKIN High to SCLK High Delay 
t12 50 nsmin SCLKWidth 
t13 l/fcLKIN ns SCLK Period 
t14 40 ns max SCLK High to RFS High Delay 
tis l/fcI.KIN ns RFS Pulse Width 
ti66 45 ns max SCLK High to SDATA Valid Delay 
ti/ l/2fcI.KIN + 50 ns max SCLK Low to SDATA High Impedance Delay 

l/2fcu1N + I 0 ns min 
tis l /2fcLKIN + 60 ns max CLKIN High to DRDY High Delay 
t19 50 nsmax CLKIN High to RFS High Impedance, SCLK High Impedance 

20 nsmin 
t10 l /2fcLKIN + 50 nsmax SCLK Low to CASCOUT High Delay 
t11 2/fcLKIN ns CASCOUT Pulse Width 

NOTES 
1Sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf= 5 ns (10% to 90% ofS V) and timed from a voltage level of 1.6 V. 
2See Figures I and 3. 
3CLKIN duty cycle range is 40% to 60%. 
4The AD7716 is production tested with fcLKIN at 8 MHz in the slave mode. It is guaranteed by characterization to operate at 400 kHz and 8 MHz in master mode. 
5Specified using 10% and 90% points on waveform of interest. 
6t 16 is measured with the load circuit of Figure I and defined as the time required for an output to cross 0.8 V or 2.4 V. 
7t 17 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the timing characteristics is the true bus relinquish 
time of the part and as such is independent of external bus loading capacitances. 

CASCIN(I) 

CLKIN(I) 

iiRoY(O) 

RFS (0) ------J 

CASCOUT(O) 

REV. 0 

0831 
CH1 

0830 0829 
CH1 CH1 

Figure 3. Master Mode Timing Diagram 
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AD7716 
SLAVE MODE TIMING CHARACTERISTICS1•2cAYoo= DYoo = +5V±5%; AYss=-5V±5%;AGND=DGND:OV; 
fcuuN = 8 MHz; Input Levels: Logic 0 = 0 V, Logic 1 = DV00; unless otherwise noted) 

Parameter (B Version) Units Conditions/Comments 

fcr,KIN3, 4 400 kHz min CLKIN Frequency 
8 MHz max 

t,s 40 nsmax Digital Output Rise Time. Typically 20 ns 
tr5 40 nsmax Digital Output Fall Time. Typically 20 ns 
tz3 J/fcLKJN nsmin CASCIN Pulse Width 
tz4 50 nsmin SCLKWidth 

t2s 125 nsmin SCLKPeriod 
t26 l/fcLKJN +30 nsmin CASCIN High to RFS Setup Time 
t21 30 nsmin RFS Low to SCLK High Setup Time 
tzs6 50 nsmax SCLK High to SDATA Valid Delay 
tzg 50 nsmin RFS Hold Time After SCLK High 
t3o7 50 nsmax SCLK High to SD A TA High Impedance Delay 

0 nsmin 
t31 60 nsmax SCLK High to CASCOUT High Delay. 
t32 2/fcLKJN nsmax CASCOUT Pulse Width 

NOTES 
1Sample tested at +25°C to ensure compliance. All input signals are specified with tr= tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
2See Figures 1 and 4. 
3CLKIN duty cycle range is 40% to 60%. 
4The AD77 l 6 is production tested with fcLKIN at 8 MHz in the slave mode. It is guaranteed by characterization to operate at 400 kHz. 
5Specified using 10% and 90% points on waveform of interest. 
6t 28 is measured with the load circuit of Figure 1 and defined as the time required for an output to cross 0.8 V or 2.4 V. 
7t 30 is derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then extrapolated 
back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time quoted in the timing characteristics is the true bus relinquish 
time of the part and as such is independent of external bus loading capacitances. 

Figure 4. Slave Mode Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS1 

(TA = +25°C unless otherwise noted) 

AV00 to AGND ......................... -0.3 V to +7 V 
AVss to AGND ....................... +0.3 V to-7 V 

AGND to DGND ..................... -0.3 V to +0.3 V 
AV00 to DV00 ....................... -0.3 V to +0.3 V 
Analog Inputs to AGND ...... AVss - 0.3 V to AV00 + 0.3 V 
VREF to AGND ........... AVss - 0.3 V to AV00 + 0.3 V 
Digital Inputs to DGND2 .......... -0.3 V to DV00 + 0.3 V 
Digital Outputs to DGND .......... -0.3 V to DV00 + 0.3 V 
Operating Temperature Range 
Commercial Plastic (B Versions) ........... -40°C to +85°C 
Storage Temperature Range ............. -65°C to +150°C 

CAUTION 

AD7716 
PQFP Package, Power Dissipation .............. .450 mW 

01A Thermal Impedance ...................... 95°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ....... ; .............. +215°C 
Infrared (15 sec) .......................... +220°C 

PLCC Package, Power Dissipation ............... 500 mW 
01A Thermal Impedance ...................... 55°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute II 
maximum rating conditions for extended periods may affect device reliability. 

2Transient currents of up to I 00 mA will not cause SCR latch-up. 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! g 
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ORDERING GUIDE 

Temperature Output Noise Package 
Model Range (Filter: 146 Hz) Option* 

AD7716BP -40°C to +85°C 11 µVrms P-44 
AD7716BS -40°C to +85°C 11 µVrms S-44 

*P = PLCC (Plastic Leaded Chip Carrier); S = PQFP (Plastic Quad Flatpack). For outline 
information see Package Information section. 
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AD7716 

Pin 

AVoo 

DVoo 
AVss 
RESET 

AO-A2 

CLKIN 

CLKOUT 

MODE 

CASCIN 

CASCO UT 

RFS 

SDATA 
SCLK 

DRDY 

TFS 

D1Nl 
DoUTl, DoUT2 

VREF 

AGND 
DGND 

A1Nl-A1N4 

PIN DESCRIPTION 

Description 

Analog Positive Supply, +5 V Nominal. This supplies +ve power to the analog modulators. AV00 & DVoo 
must be tied together externally. 
Digital Positive Supply, +5 V Nominal. This supplies +ve power to the digital filter and input/output registers. 
Analog Negative Supply, -5 V nominal. This supplies -ve power to the analog modulators. 

A high pulse on this input pin synchronizes the sampling point on the four input channels. It can be used in a 
multichannel system to ensure simultaneous sampling. This also resets the digital interface to a known state. 
The three address input pins, AO, Al and A2 give the device a unique address. This information is contained in 
the output data stream from the device. 
Clock Input for External Clock. 
Clock Output which is used to generate an internal master clock by connecting a crystal between CLKOUT and 
CLKIN. If an external clock is used then CLKOUT is not connected. 
This digital input determines the device interface mode. If it is hardwired low, then the Master Mode interface is 
enabled whereas if it is high, the Slave Mode interface is enabled. 
This is an active-high, level-triggered digital input which is used to enable the output data stream. This input 
may be used to cascade several devices in a multichannel system. 
Digital output which goes high at the end of a complete 4-channel data transfer. This can be connected to the 

CASCIN of the next device in a multichannel system to ensure proper control of the data transfer. 
Receive Frame Synchronization signal for the serial output data stream. This can be an input or output depending 
on the interface mode. 
Serial Data Input/Output Pin. 
Serial Clock Input/Output. The SCLK pin is configured as an input or output, depending on the state of the 

Mode pin. 
Data Ready Output. A falling edge indicates that a new word is available for transmission. It will return high 
when 4, 32-bit words have been transmitted. It also goes high for one clock cycle, when a new word is being 
loaded into the output register. Data should not be read during this period. 
Transmit Frame Sync input for programming the on-chip Control Register. 

Digital Data Input. This is contained in the digital data stream sent from the device. 
Digital Outputs. These two digital outputs can be programmed from the on-chip Control Register. They can 
be used to control calibration signals at the front end. 
Reference Input, Nominally 2.5 V. 

Analog Ground. Ground reference for analog circuitry. 
Digital Ground. Ground return for digital circuitry. 
Analog Input Pins. The analog input range is ±2.5 V. 

5-46 DATA ACQUISITION SUBSYSTEMS REV.O 



TERMINOLOGY 
LINEARITY ERROR 
This is the maximum deviation of any code from a straight line 
passing through the endpoints of the transfer function. The 
endpoints of the transfer function are zero scale (not to be con
fused with Bipolar Zero), a point 0.5 LSB below the first code 
transition (000 ... 000 to 000 ... 001) and full scale, a point 
0.5 LSB above the last code transition (111 ... 110 to 
111 ... 111). The error is expressed as a percentage offull 
scale. 

DIFFERENTIAL LINEARITY ERROR/NO MISSED CODES 
This is the difference between any code's actual width and the 
ideal (1 LSB) width. Differential Linearity Error is expressed in 
LSBs. A differential linearity specification of± 1 LSB or less 
guarantees no missed codes to the full resolution of the device. 
The AD7716 has no missed codes guaranteed to 21 bits with a 
cutoff frequency of 146 Hz. 

GAIN ERROR 
Gain Error is the deviation of the last code transition 
(111 ... 110 to 111 ... 1) from the ideal (VREF -3/2 LSBs). It 
is expressed as a percentage of full scale. 

GAIN TC 
This is the variation of gain error with temperature and is ex
pressed in µV/°C. 

OFFSET ERROR 
Offset Error is the deviation of the first code transition from the 
ideal (-VREF + 0.5 LSB). It is expressed as a percentage of full 
scale. 

OFFSET TC 
This is the variation of offset error with temperature and is ex
pressed in µV/°C. 

NOISE 
This is the converter rms noise expressed in µV. Because of the 
digital filtering in the sigma delta converter, the noise perfor
mance is a function of the programmed filter cutoff. 

SAMPLING RA TE 
This is the modulator sampling rate. For the AD7716, it is 
fcLKIN/14. 

REV.0 

AD7716 
OUTPUT UPDATE RATE 
This is the rate at which the digital filter updates the output shift 
register. It is a function of the master clock frequency and the 
programmed filter cutoff frequency. 

FILTER CUTOFF FREQUENCY 
The digital filter of the AD7716 can be programmed, in binary 
steps, to 5 discrete cutoff frequencies, ranging from 584 Hz to 
36.5 Hz (for a CLKIN frequency of 8 MHz). 

SETTLING TIME 
This is the settling time of the on-chip digital filter, to 0.0007% 
of FSR, in response to a full-scale step at the input of the ADC. 
It is proportional to the master clock frequency and the filter II 
cutoff frequency. 

USABLE DYNAMIC RANGE 
The usable dynamic range is the ratio of the rms full-scale 
reading (sine wave input) to the rms noise of the converter, 
expressed in dBs. It determines the level to which it is possible 
to resolve the input signal. For example, at a bandwidth of 
146 Hz, therms noise of the converter is 11 µV. The full-scale 
rms is 1. 77 volts. So, the usable dynamic range is 104 dB. Any 
signal below this level will be indistinguishable from noise unless 
extra post-filtering techniques are employed. 

TOTAL HARMONIC DISTORTION 
Total harmonic distortion (THD) is the ratio of the rms sum 
of the harmonics to the fundamental: For the AD7716, it is 
defined as: 

~V2+V2+V2+V2+V2 
THD (dB)= 20 log 2 3 4 5 6 

v, 
where V1 is therms amplitude of the fundamental and V2, V3, 

V4, V5 and V6 are therms amplitudes of the second through 
sixth harmonics. 

ABSOLUTE GROUP DELAY 
Absolute group delay is the rate of change of phase versus fre
quency, d~/df and is expressed in seconds. For the AD7716, 
it is dependent on master clock frequency and filter cutoff 
frequency. 

DIFFERENTIAL GROUP DELAY 
Differential group delay is the total variation in absolute group 
delay in the specified bandwidth. Since the digital filter in the 
AD7716 has perfectly linear phase, the differential group delay 
is almost zero. This is important in many signal processing ap
plications where excessive differential group delay can cause 
phase distortion. 
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AD7716 
GENERAL DESCRIPTION 
The AD7716 is a 4-channel 22-bit ND converter with on-chip 
digital filtering, intended for the measurement of wide dynamic 
range, low frequency signals such as those representing ECG, 
EEG, chemical, physical or biological processes. It contains 
four sigma delta ADCs, a clock oscillator and a serial communi
cations port. 

Each of the analog input signals to tht: AD77 l 6 is continuously 
sampled at a rate determined by the frequency of the master 
clock, CLKIN. Four sigma-delta modulators convert the 
sampled signals into digital pulse trains whose duty cycles con
tain the digital information. These are followed by low-pass fil
ters to process the output of the modulators and update the 
output register at a maximum rate of 2.2 kHz. The output data 
can be read from the serial port at any rate up to this. 

THEORY OF OPERATION 
The general block diagram of a delta-sigma ADC is shown in 
Figure 5. It contains the following elements. 

1. Continuously Sampling Integrator 

2. A Differential Amplifier or Subtracter 

3. A 1-Bit ND Converter (Comparator) 

4. A 1-Bit DAC 

5. A Digital Low-Pass Filter. 

In operation, the sampled analog signal is fed to the subtracter, 
along with the output of the 1-bit DAC. The filtered difference 
signal is fed to the comparator, whose output samples the differ
ence signal at a frequency many times that of the analog signal 
frequency (oversampling). 

Oversampli11g is fundamental to the operation of delta-sigma 
ADCs. Using the quantization noise formula for an ADC: 

SNR = (6.02 X number of bits + 1.76) dB, 

a 1-bit ADC or comparator yields an SNR of 7.78 dB. 

When operating with a master clock of 8 MHz, the AD77 l 6 
samples the input signal at 570 kHz, which spreads the quanti
zation noise from 0 kHz to 285 kHz. Since the specified analog 
input bandwidth of the AD77 l 6 is only 584 Hz maximum (it 
can be programmed to be lower), the noise energy in this band
width would be only 11488 of the total quantization noise, as
suming that the noise energy was spread evenly throughout the 
spectrum. This very high sampling with respect to the input 
bandwidth is known as oversampling, and the ratio of 488: 1 is 
called the oversampling ratio. The noise is reduced still further 
by analog filtering in the modulator loop, which shapes the 
quantization noise spectrum to move most of the noise energy to 
frequencies above 584 Hz. The SNR performance in the 0 Hz 
to 584 Hz range is conditioned to the 99 dB level in. this fashion 

. (see Table I). As the programmed bandwidth is reduced, the 
oversampling ratio increases and the usable dynamic range also 
increases. Thus, for example, with a programmed bandwidth 
of 73 Hz, the oversampling ratio is 3904:1, and the usable dy
namic range is 108 dB which corresponds to greater than 17-bit 
resolution. 
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The output of the comparator provides the digital input for the 
1-bit DAC, so the system functions as a negative feedback loop 
which minimizes the difference signal. The digital data that rep
resents the analog input voltage is in the duty cycle of the pulse 
train appearing at the output of the comparator. It can be re
trieved as a parallel binary data word using a digital filter. 

c CLOCK 

TO 
>---.....,~DIGITAL 

ALTER 

1-SITDAC 

Figure 5. First Order Modulator 

Sigma-delta ADCs are generally described by the order of the 
analog low-pass filter. A simple example of a first order sigma
delta ADC is shown in Figure 5. This contains only a first-
order low-pass filter or integrator. · 

The AD7716 uses a second-order sigma-delta modulator and a 
digital filter that provides a rolling average of the sampled out
put. After power-up or if there is a step change in the input 
voltage, there is a settling time before valid data is obtained. 

DIGITAL FILTERING 
The AD7716's digital filter behaves like an analog filter, with a 
few minor differences. 

First, since digital filtering occurs after the A-to-D conversion 
process, it can remove noise injected during the conversion pro
cess. Analog filtering cannot do this. 

On the other hand, analog filtering can remove noise super
imposed on the analog signal before it reaches the ADC. Digital 
filtering cannot do this and noise peaks riding on signals near 
full scale have the potential to saturate the analog modulator 
and digital filter, even though the average value of the signal is 
within limits. If noise signals cause the input signal to exceed 
the specified range, consideratic.m should be given to analog in
put filtering, or to reducing the gain in the input channel to 
bring the combination of signal and noise spike within the speci
fied input range. 

Filter Characteristics 
The cutoff frequency of the digital filter is determined by bits 
FC2, FCl and FCO in the control register (See Table IV). The 
cutoff frequency of the filter is fcr.KIN/(3.81 X 14 X 256 X 2N), 
where N is the decimal equivalent ofFC2, FCl, FCO. At the 
maximum clock frequency of 8 MHz, with all Os loaded to FC2, 
FCl, FCO, the cutoff frequency of the filter is 584 Hz and the 
data update rate is 2232 Hz. 

Since the AD7716 contains low-pass filtering, there is a settling 
time associated with step function inputs, and data will be in
valid after a step change until the settling time has elapsed. The 
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relationship between input bandwidth and settling is given in 
Table I. Because of this settling time, most sigma delta ADCs 
are unsuitable for high speed multiplexing, where channels are 
switched and converted sequentially at high rates, as switching 
between channels can cause a step change in the input. How
ever, the AD77 l 6 is a sigma-delta solution to multicharinel ap
plications, since it can process four channels simultaneously. In 
addition, it is easy to cascade several devices in order to increase 
the number of channels being processed. 
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Figure 6. Frequency Response of AD7716 Filter 

Figure 6 shows the filter frequency response for a cutoff fre- . 
quency of 73 Hz. This is a (sinxlx)3 response (also called sinc3) 

that provides greater than l 00 dB rejection at the notch fre
quencies. The relationship between the programmed cutoff 
frequency and the first notch is constant (fNoTcH = 3.81 X 
fcUTOFF). The first notch frequency is also the output data rate. 
The settling time to a full-scale step input is four times the out
put data period. Programming a different cutoff frequency via 
FCO-FC2 does not alter the profile of the filter response, it sim
ply changes the frequency of the notches. 

In Figure 6, the first notch is at 278 Hz. This is also the output 
data rate. Settling time to a full-scale step input is 10.8 ms. 

The digital filter can be defined by the following equations. 
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H(z)=[..!..x l-z-N]3 
N l-z-1 

IH cnl =I..!.. x sin ~N x 1C f/fs)l3 
N sm(rcflfs) 

where N = Oversampling Ratio 

fs = Modulator Sampling Rate 

A07716 
Post Filtering 
In the AD77 l 6, the on-chip modulator provides the digital filter 
with samples at a rate of 570 kHz. The filter decimates these 
samples to provide data at an output rate which corresponds to 
the programmed first notch frequency of the filter. 

If the user wants to reduce the output noise from the device for 
bandwidths less than 36.5 Hz, then it is possible to employ extra 
filtering after the AD77 l 6. This extra digital filtering is called 
post filtering. If a straight averaging filter is used, for example, a 
reduction in bandwidth by a factor of 2 results in ...J2 reduction 
in the rms noise. This additional filtering will also result in a 
longer settling time. 

Antialias Considerations 
The digital filter does not provide any rejection at integer mul- Ill 
tiples of the modulator sampling frequency (n x 570 kHz, 
where n =I, 2, 3, ... ). This means that there are frequency 
bands, ±f3da wide (f3da is the cutoff frequency selected by FCO 
to FC2) where noise passes unattenuated to the output. How-
ever, due to the AD7716's high oversampling ratio, these bands 
occupy only a small fraction of the spectrum and most broad-
band noise is filtered. 

In spectral analysis applications, it is important to note that at
tenuation at half the output update rate is 16 dB. Extra front
end filtering or post filtering may be required to keep aliases in 
this frequency band at an acceptable level. 

USING THE AD7716 
SYSTEM DESIGN CONSIDERATIONS 
The AD7716 operates differently from successive approxima
tion ADCs or other integrating ADCs. Since it samples the sig
nal continuously, like a tracking ADC, there is no need for a 
start convert command. The output register is updated at a rate 
dependent on the programmed cutoff frequency, and the output 
can be read at any time. 

Input Signal Conditioning 
The input range for the AD7716 is ±VREF• where VREF = 2.5 V 
± 10%. Other input ranges can be accommodated by input sig
nal conditioning. This may take the form of gain to increase a 
smaller signal range, or passive attenuation to reduce a larger in
put voltage range. 
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Source Resistance 
If passive attenuators are used in front of the AD77 l 6, care 
must be taken to ensure that the source impedance is suffi
ciently low. The de input resistance for the AD7716 is greater 
than 1 GO. In parallel with this there is a small sampling ca
pacitor. The dynamic load presented by this varies with the 
clock frequency. The modulator sampling rate determines the 
amount of time available for the sampling capacitor to be 
charged. Any extra external impedances result in a longer over
all charge time resulting in extra gain errors on the analog input. 
The AD7716 has a quite large gain error (1 % FSR) due to the 
fact that there is no on-chip calibration. Thus, even an extra 
10 kn source resistance and 50 pF source capacitance will have 
no significant effect on this. 

Active signal conditioning circuits such as op amps generally do 
not suffer from problems of high source impedance. Their 
open-loop output resistance is normally only tens of ohms and, 
in any case, most modern general purpose op amps have 
sufficiently fast dosed-loop settling time for this not to be a 
problem. 

Accuracy 
Sigma-delta ADCs, like VFCs and other integrating ADCs, do 
not contain any source of nonmonotonicity and inherently offer 
no missing codes performance. 

The AD7716 achieves excellent linearity by the use of high 
quality, on-chip silicon dioxide capacitors, which have a very 
low capacitance/voltage coefficient. 

Drift Considerations 
The AD7716 uses autozeroing techniques to minimize input 
offset drift. Charge injection in the analog switches and leakage 
currents at the sampling node are the primary sources of offset 
voltage drift in the converter. Figure 7 indicates the typical off
set due. to temperature changes. Drift is relatively flat up to 
85°C. Above this temperature, leakage current becomes the 
main source of offset drift. Since leakage current doubles ap
proximately every 10°C, the offset drifts accordingly. The value 
of the voltage on the sample capacitor is updated at a rate deter
mined by the master clock, therefore the amount of offset drift 
which occurs will be proportional to the elapsed time between 
samples. 

Gain drift within the converter depends mainly upon the tem
perature tracking of the internal capacitors. It is not affected by 
leakage currents. 
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Figure 7. Typical Offset Drift 

Voltage Reference 
The voltage applied to the VREF pin defines the analog input 
range. The specified reference voltage is 2.5 V ± 10%. 

The reference input presents exactly the same dynamic load as 
the analog input, but in the case of the reference input, source 
resistance and long settling time introduce gain errors rather 
than offset errors. Most precision references however have suffi
ciently low output impedance and wide enough bandwidth to 
settle to the required accuracy in the time allowed by the 
AD7716. 

The reference should be chosen to have minimal noise in the 
programmed passband. Recommended references are the 
AD780 or the REF43 from Analog Devices. These low noise 
references have typical noise spectral densities of 100 nV/vHZ at 
600 Hz. This corresponds to an rms noise of 2.5 µV in this 
band and is more than adequate for the AD7716. 

Clock Generation 
The device operates from a master clock which must be pro
vided either from a crystal source or an external clock source. If 
a crystal is used, it must be connected across the CLKIN and 
CLKOUT pins. Typical loading capacitors of 15 pF are re
quired on CLKIN, CLKOUT. The crystal manufacturers data 
should be consulted for more information. An external clock 
can also be used to drive the CLKIN input directly with a 
CMOS compatible clock. In this case, CLKOUT is left uncon
nected. The nominal clock frequency for the device is 8 MHz. 
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CONTROL REGISTER DESCRIPTION 
The 16-bit control register is programmed in two S-bit bytes; 
the low byte is programmed first and the high byte second. The 
loading format is LSB first (DBO for the Least Significant Byte; 
DBS for the Most Significant Byte). Three control lines are 
used: TFS, SCLK and SDATA. On initial application of 
power to the AD7716, the control register will come up in an 
undetermined state. Programming the control register requires 
an SCLK input, a TFS input and an SDATA input. The 
MODE pin on the device determines whether it is in the master 
interface mode or the slave interface mode. In either mode, a 
falling edge on TFS causes the part to relinquish control of the 
SDATA and SCLK lines. When TFS goes low, data on the 
SDA TA line is clocked into the control register on each suc
ceeding falling edge of SCLK. When S bits have been clocked 
in, the transfer automatically stops. Only when another negative 
going edge is detected on TFS will new information be written 
into the control register. The control register programming 
model is shown in Table II. Bits DBS and DBO allow the con
trol register to identify whether the MS Byte or the LS Byte has 
been programmed. Only when DBS is a 1 and DBO is a 0 will 
the register recognize that a complete valid word has been 
programmed. 

AD7716 

Control register bit, DB15 (A3), acts as an extra address bit 
which must always be set to 1 to enable programming of the 
AD7716. Ifit is set to O, then the programmed word is ignored. 
This allows the user to bypass the AD77 l 6 control register and 
use the serial stream from the DSP or microcomputer to pro
gram other serial peripheral devices. 

When a valid word has been received, the device interrogates 
the MO bit. If this is O, then the digital filter cutoff frequencies 
are programmed to the appropriate value if the device address 
pins correspond to the A2, Al, AO bits in the control register. If 
the device address pins do not correspond to the A2, Al, AO 
bits then the FC2, FCl, FCO bits are ignored. If MO is 1, then 
the digital filter cutoff frequencies are programmed to the FC2, • 
FCl, FCO value irrespective of the address bits. In a multi-
channel system this allows the user to either program all 
AD77 l 6s to have the same cutoff frequency or else to give each 
device a separate cutoff frequency. 

Control register bits FC2, FCl, FCO program the digital filter 
cutoff frequency, see Table VI. 

Control register bits D2, D 1 control the digital output pins D2 
and DI. These are programmed in the same way as FC2, FCl, 
FCO. 

Table II. Control Register Programming Model 

DB15 
A3 

Most Significant Byte 

DB14 DB13 DB12 DBll DBlO 
A2 Al AO MO FC2 

Table III. MO Truth Table 

MO Programming Mode 

DB9 DBS 
FCl 

0 A2, Al, AO determine which device is addressed and 
programmed with cutoff frequency and digital output. 
A2, Al, AO ignored. All devices are addressed and 
programmed with common cutoff frequency and digital 
output. 
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DB7 
FCO 

FC2 

0 
0 
0 
0 
1 

Least Significant Byte 

DB6 DBS 
DOUT2 DOUTl 

DB4 DB3 
x x 

DB2 DBl 
x x 

Table IV. Cutoff Frequency Truth Table 

DBO 
0 

FCl FCO Cutoff Frequency (Hz) 

0 0 5S4 
0 1 292 
1 0 146 
1 1 73 
0 0 36.6 
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RESET 
The AD7716 has a hardware reset which can be used to synchro
nize many devices; When the RESET pin goes low after being 
high for at least four CLKIN cycles, the modulator sampling 
points and digital filter starting points are all synchronized. This 
synchronizes all devices which receive the RESET pulse and 
gives simultaneous sampling of all channels. It does not affect 
the control register but restarts the interface. Also, it is necessary 
to wait the requisite settling time after applying Reset to get valid 
data from the device. 

CASCADING DEVICES 
The AD7716 provides a facility for connecting multiple devices 
in series. The CASCIN and CASCOUT pins allow this. Con
necting CASCOUT to CASCIN of the succeeding device means 
that the SDATA output of the second device will be disabled un
til the output register of the first device is empty. 

In the case of the first device in the system, it is possible to drive 
CASCIN from CASCOUT of the last device or, alternatively, 
invert DRDY to drive it. If CASCIN is driven by CASCO UT, 
then a reset must be applied after every write to the control 
register. This also applies in single device systems that use 
CASCOUT to drive CASCIN 

DATA OUTPUT INTERFACE MODES 
When the control register has been programmed, the device be
gins conversion. There is an initial delay to allow the digital fil
ters to settle. As already stated, these filters are Sinc3, and so the 
filter output update rate is directly related to the programmed 
cutoff frequency. The ratio between these is 3.81. So, for a filter 
cutoff frequency of 584 Hz, the output update is 2.22 kHz. The 
falling edge of the DRDY output indicates that the output shift 
register has been updated. There are two interface modes. One 
is the master mode, where the AD7716 is the master in the sys
tem and the processor to which it is communicating is the slave. 
The other mode is the slave mode, where the AD7716 is the 
slave and the processor is the system master. In both of these 
modes the data output stream contains 4 x 32 bits, correspond
ing to the four input channels. The output data format is given 
in Table V. The conversion result DB21-DBO occupies location 
DB31-DBIO of the output register. DB21 is the MSB and is 
transmitted first as shown in the timing diagrams. The channel 
address is given by CAO and CAI which occupy DB9 and DBS 
of the output register. The channel address format is given in 
Table VI. 

Master Mode Interface 
The device may be placed in the Master Mode by tying the 
MODE pin low. In this mode, data is clocked out of the 
AD7716 by an internally generated serial clock and frame syn
chronization pulse. Two signals initiate the transfer. These are 
the input CASCIN and the internally generated DRDY signal. 
When a high level is detected on CASCIN, the device checks 
the state ofDRDY. Note, that on initial power-up or after a re
set has been applied,.the CASCIN input is not necessary on de
vice 000 for the first data transfer but is required thereafter. If 
DRDY is low; then the 3-state output, RFS goes high on the 
next rising edge of CLKIN and stays high for one CLKIN cycle 
before going low again. The 3-state SCLK output is also acti
vated on the same rising edge. As RFS goes low, DB31 is 
clocked out on the rising edge of SCLK and is valid on the fall
ing edge of SCLK. Data is transmitted in 8-bit bytes. For each 
AIN, there are 4, 8-bit bytes and 4 RFS pulses. When DBO of 
AIN 4 has been clocked out, SCLK goes back into 3-state and 
the CASCOUT output goes high for one master clock cycle. 
DRDY also goes high at this point. Successive devices can be 
networked together by tying the CASCOUT of one device to 
the CASCIN on the next one. 

Note that on device 0 (A2, Al, AO tied low), the CASCIN input 
should be driven by the inverse of the DRDY output. This is 
shown in the interface diagram of Figure 8. 

The Master Mode interface is very suitable for loading data into 
a serial-to-parallel shift register or for DSPs which can accept a 
continuous stream of 8-bit bytes. · 

Slave Mode Interface 
The device may be placed in the slave interface mode by tying 
the MODE pin high. In this mode, the master processor con
trols the transfer of data from the signal processing block. It 
starts the transfer by sending a frame synchronizations pulse and 
serial clock to the AD7716. This could be in response to an in
terrupt generated by the DRDY output on the AD7716. If the 
device has detected a high level on CASCIN or is device 000 on 
its first transfer, it starts to send out data on the next rising edge 
of SCLK. ·This data is then valid on the falling edge of SCLK. 
When all the data bits have been clocked out, the CASCOUT 
pin goes high for one CLKIN cycle and DRDY also goes high. 
The slave mode interface is suited to both microcomputers like 
the 8051and68HC11 and also DSPs like the TMS320C25, 
ADSP-2101 family and the DSP56000 family. 

Table V. Output Data Word Format 

DB31 ••• DBlO DB9 DBS DB7 DB6 DBS 

DB21 ... DBO CAO CAI AO Al A2 
Conversion Result Channel Address Device Address 

Table VI. Channel Address Format 

Channel 

AINI 
AIN2 
AIN3 
AIN4 

CAl (DBS) 

0 
0 
I 
I 
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CAO(DB9) 

0 
I 
0 
I 

DB4 DB3 DB2 DBl DBO 

DINI OVFL x x x 
Pace Detect Overflow Indeterminate 
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MICROPROCESSOR INTERFACING 
Interfacing the AD7716 to the ADSP-2100 Family 
The ADSP-2100 family of microcomputers from Analog De
vices are high speed, high performance digital signal processors. 
Many members of the family have serial ports (known as 
SPORTs) which are compatible with the AD7716. These in
clude the ADSP-2101, ADSP-2105, ADSP-2111 and ADSP-
2115. Full details of these are available in theADSP-2100 
Family User's Manual available from Analog Devices. 

Figure 8 shows the hardware interface between two AD7716s 
and SPORT 0 of the ADSP-2101 DSP. This yields a very effi
cient 8-channel data acquisition system. The AD7716 is set up 
for slave interface mode by tying the MODE pin high. This 
means that the ADSP-2101 is the master in the system and sup
plies the necessary frame synchronization and SCLK Signals to 
the AD7716s when writing to and reading from the device. 

On power up, the user should write to the AD7716 control reg
ister in order to set the filter cutoff frequencies. The appropri
ate SPORT 0 Control Register (0 X 3FF6) setting is "7EC7." 
This sets the transmit section for alternate inverted framing with 
a word length of 8 bits. Two 8-bit words should then be written 
to each AD7716 to program the filter cutoff frequencies. The 
control register programming model is given in Table II. Note 
that the LSB (DBO) must be loaded first as in the timing dia
gram of Figure 2. 

When the write operation is complete, a reset pulse should be 
applied to both devices. This ensures that the sampling and in
terface timing of the device are synchronized. The reset can be 
under DSP control, in which case a flag output could be used. 

After reset, the processor should jump to the read routine. For 
this read routine, there are several registers that need to be set. 

AO A1 A2 

CASCIN 

AD7716#1 DROY 

RFS 

SCLK 
RESET TFS 

SDATA 

CASCOUT MODE 

+SV 
+SV 

CASCIN 

SCLK 

AD7716 #2 TFS 

RESET SDATA 

CONTROL RESET 
DROY 

AFS 

CASCOUT MODE 

+SV 

AD7716 
The SPORTO Control Register setting is "7FCF." This sets the 
receive section for internal SCLK, continuous receive with al
ternate inverted framing. 

The SPORTO SCLKDIV Register (0 X 3FF5) determines the 
SCLK frequency from the ADSP-2101. With "0000" loaded, 
the SCLK output is at its maximum (1/2 the master clock of 
12.5 MHz). 

In normal operation, a SPORT generates an interrupt when it 
has received a data word. Autobuffering provides a mechanism 
for receiving or transmitting an entire block of serial data before 
an interrupt is generated. Service routines can operate on the 
entire block of data, rather than on a single word, reducing over
head significantly. This is ideal for use with a device like the 
AD7716 where there is a requirement to read many bits of data 
(256 in this case) for each sampling instant. The SPORTO 
Autobuffer Control Register (0 X 3FF3) is loaded with "0001" 
to enable the Receive Autobuffering. 

The SPORTO RFSDIV Register (0 x 3FF4) should be set to 
the minimum value of "OOOF." Finally the IRQ2 interrupt 
should be enabled. 

The DSP will now wait for an interrupt from the AD7716. This 
interrupt is generated by the AD7716 DRDY line going low. If 
the interrupt service routine is set for autobuffered mode with a 
length of 16. (16-bit) words, then the DSP will read in the 256 
bits from the two AD7716s in one continuous stream and then 
stop. The data from the two devices will be contained in the 
designated data memory area and the DSP can now go and op
erate on this as is necessary. Note that, because of the ADSP-
2101 framing, a one-bit shift left will be necessary on the data in 
memory. For 16 data words, this will require 22 instruction 
cycles. 

+SV 

4.7k!l ADSP-2101 

IRQ2 (-VE EDGE TRIGGERED) 

RFS 

SCLK 

TFS 

OT 

DR 

Figure 8. 8-Channel Data Acquisition System Using the ADSP-2101 Digital Signal Processor 
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~ANALOG 
WDEVICES 

FEATURES 
AD7776: Single Channel 
AP7777: 4-Channel 
AD7778: ii-Channel 
Fast 10-Bit ADC: 2.5 µs Worst'case 
+sv Only 
Half-Scale Conversion Option 
Fast Interface Port 
Power-Down Mode 

APPLICATIONS 
HOD Servos 
Instrumentation 

GENERAL DESCRIPTION 
The AD7776, AD7777 and AD7778 are a family of high speed, 
multichannel, 10-bit ADCs primarily intended for use in R/W 
head positioning servos found inhigh density hard disk drives. 
They have unique input signal conditioning features which make 
them ideal for use in such single supply applications. 

By setting a bit in a control register within both the four
channel version, AD7777, and eight-channel version, AD7778, 
the input channels can either be independently sampled or any 
two channels of choice can be simultaneously sampled. For 
all versions the specified input signal range is of the form 
V81As ± VswiN~· However, ifthe RTN pin is biased at, say, 
2 V then the analog input signal range becomes 0 V to + 2 V for 
all input channels. This is dealt with in more detail under the 
section Changing the Analog Input Voltage Range. The voltage 
V BIAS is the offset of the ADC's midpoint code from ground 
and is supplied either by an onboard reference available to the 
user (REFOUT) or by an external voltage reference applied to 
REFIN. The full-scale range (FSR) of the ADC is equal to 
2 V swING where V swING is nominally equal to REFIN/2. Addi
tionally, when placed in the half-scale conversion mode, the 
value of REFIN is converted. This allows the channel offset(s) 
to be measured. 

Control register loading and ADC register reading, channel 
select and conversion start are under the control of the µP. The 
twos complemented coded ADCs are easily interfaced to a stan
dard 16-bit MPU bus via their 10-bit data port and standard 
microprocessor control lines. 

They are fabricated in linear compatible CMOS (LC2CMOS), an 
advanced, mixed technology process that combines precision 
bipolar circuits with low power CMOS logic. The AD7776 is 
available in a 24-pin SOIC package; the AD7777 is available in 
both 28-pin DIP and 28-pin SOIC packages; the AD7778 is 
available in a 44-pin PQFP package. 

*Protected by U.S. Patent No. 4,990,916. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 
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LC2MOS, High Speed 
1-, 4- & 8-Channel 10-Bit AD Cs 

AD7776/AD7777 /AD7778* I 
FUNCTIONAL BLOCK DIAGRAMS 

A1N1u-----1 

A1N2 0----t--t 

A1N3 0--<IH--t--t 

RTN 

A1N10---~H 
A1N2 0---..+-t 
A1N3 V---.-t-t--1 
A1N4 0--....il++-t 
A1NS 0--1tt11++-t 
A1N6 0--THl++-t 
A1N7 0-..+THl++-t 
A1N8 011++THl++-t 

RTN 

CLKIN 

DGND AGND 

CLKIN 

Cs Ro WR BUSY/iNT DGND AGND 

DB<HlB9 

REFIN 

REFOUT 

DB<Hl89 

REFIN 

REFOUT 
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SPECIFICATIONS (Vee= +5 V ± 5%; AGND = DGND = 0 V; CLKIN = 8 MHz; AD7776/AD7777/AD7778 
RTN = 0 V; CREFIN = 10 nF; all specifications TMIN to TMAx unless otheiwise noted.) 

Parameter A Versions1 

DC ACCURACY 
Resolution2 10 
Relative Accuracy ±I 
Differential Nonlinearity ±I 
Bias Offset Error ±12 
Bias Offset Error Match 10 
Plus or Minus Full-Scale Error ±12 
Plus or Minus Full-Scale Error Match 10 

ANALOG INPUTS 
Input Voltage Range 

All Inputs V BIAS ± V SWING 

Input Current +200 

REFERENCE INPUT 
REFIN 1.912.1 
REFIN Input Current +200 

REFERENCE OUTPUT 
REFOUT 1.9/2. l 
DC Output Impedance 5 
Reference Load Change ±2 

±5 

Short Circuit Current3 20 

LOGIC OUTPUTS 
DBO--DB9, BUSY/INT 

V 0u Output Low Voltage 0.4 
V 0H, Output High Voltage 4.0 
Floating State Leakage Current ±10 
Floating State Capacitance3 10 
ADC Output Coding Twos Complement 

LOGIC INPUTS 
DBO--DB9, CS, WR, RD, CLKIN 

Input Low Voltage, V INL 0.8 
Input High Voltage, V INH 2.4 
Input Leakage Current 10 
Input Capacitance3 10 

CONVERSION TIMING 
Acquisition Time 4.5 lcLKIN 

5.5 tCLKIN + 70 
Single Conversion 14 tCLKIN 
Double Conversion 28 tcLKIN 

tCLKIN 1251500 
lcLK!N High 50 

tcLKIN Low 40 

POWER REQUIREMENTS 

Vee Range +4.75/+5.25 
lco Normal Mode 15 
Ico Power-Down Mode l.5 
Power-Up Time to Operational 

Specifications 500 

DYNAMIC PERFORMANCE 
Signal to Noise and Distortion 

S/(N+D) Ratio -57 
Total Harmonic Distortion (THD) -60 
Intermodulation Distortion (!MD) -75 

Channel-to-Channel Isolation -90 

NOTES 
'Temperature range as follows: A = -40'C to +85'C. 
2 1 LSB = (2 x VswING)/1024 = 1.95 mV for VswING = 1.0 V. 
3Guaranteed by design, not production tested. 

SpecifiCations subject to change without notice. 
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Units Conditions/Comments 

Bits 
LSB max See Terminology 

LSB max No Missing Codes; See Terminology 
LSB max See Terminology 
LSB max Between Channels, AD7777/AD7778 Only; See Terminology 
LSB max See Terminology 
LSB max Between Channels, AD7777 / AD7778 Only; See Terminology 

Vmin/Vmax 
f'Amax VIN = V BIAS ± V swING; Any Channel 

V min/V max For Specified Performance 
f'Amax 

V min/V max Nominal REFOUT = 2.0 V 
n typ 
mVmax For Reference Load Current Change of 0 to ± 500 µA 
mVmax For Reference Load Current Change of 0 to ± 1 mA 

Reference Load Should Not Change During Conversion 
mAmax See Terminology 

Vmax !SINK= 1.6 IDA 
Vmin !SOURCE = 200 f'A 
f'Amax 
pFmax 

Vmax 
Vmin 

f'Amax 
pFmax 

ns min See Terminology 
ns max 
ns max 
ns max 
ns min/ns max Period of Input Clock CLKIN 
ns min Minimum High Time for CLKIN 
ns min Minimum Low Time for CLKIN 

Vmin/Vmax For Specified Performance 
mAmax CS = RD = +5 V, CR8 = 0 
mAmax CR8 = I. All Linear Circuitry OFF 

µs max From Power-Down Mode 

See Terminology 

dBmin VIN = 99.88 kHz Full-Scale Sine Wave with fsAMPLING = 380.95 kHz 
dBmin V1N = 99.88 kHz Full-Scale Sine Wave with fsAMPLING = 380.95 kHz 
dB typ fa = 103.2 kHz, fb = 96.5 kHz with fsAMPLING = 380.95 kHz. Both 

Signals Are Sine Waves at Half-Scale Amplitude 
dB typ V1N = 100 kHz Full-Scale Sine Wave with fsAMPLING = 380.95 kHz 
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AD7776/AD7777 /AD7778 

TIMING SPECIFICATIONSl; 2 ~~~d3 +5 V ± 5%; AGND = DGND = 0 V; all specifications TMiN to TMAX unless otherwise 

Parameter Label Limit at T MIN to T MAX Units Test Conditions/Comments 

INTERFACE TIMING 
CS Falling Edge to WR or RD Falling Edge t, 0 nsmin 
WR or RD Rising Edge to CS Rising Edge t2 0 nsmin 
WR Pulse Width t, .53 nsmin 
CS or RD Active to Valid Data3 t.. 60 ns max Timed from Whichever Occurs Last 
Bus Relinquish Time after RD4 ts 10 ns min 

45 nsmax 
Data Valid to WR Rising Edge ~ 55 ns min 
Data Valid after WR Rising Edge t1 10 nsmin 
WR Rising Edge to BUSY Falling Edge ta 1.5 tCLKIN ns min CR9 = 0 

2.5 l:cLKIN + 70 nsmax 
WR Rising Edge to BUSY Rising Edge or 
INT Falling Edge to 19.5 l:cLKIN + 70 nsmax Single Conversion, CR6 = 0 

t10 33.5 l:cLKIN + 70 nsmax Double Conversion, CR6 = 1 
WR or RD Falling Edge to INT Rising Edge tu 60 nsmax CR9= 1 

NOTES 
1See Figures 1 to 3. 
'Timing specifications in bold print are 100% production t .. ted. All other times are guaranteed by design, not production tested. All input signals are specified 
with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 

3t4 is measured with the load circuit of Figure 4 and defined as the time required for an output to cross 0.8 V or 2.4 V .. 
4t5 is derived from the measured time taken by the data outputs to cltange 0.5 V when loaded with the circuit of Figure 4. The measured time is then extrapo
lated back to remove the effects of charging or discharging the 100 pF capacitor. This means that the time t5 quoted above is the true bus relinquish time of 
the device and, as such, is independent of the external bus loading capacitance. 

Specifications subject to change without notice. 

Figure 1. Read Cycle Timing 

----1.--------·I 

-i.----i-· 
DBCl--089 

Figure 2. Write Cycle Timing 
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WR,RD 

iiUsY 
(CRB =O) 

INT 
(CR8=1) 

FIRST 
CONVERSION 

FINISHED 
(CR6=0) 

SECOND 
CONVERSION 
FINISHEQ (CA8 • 1) 
AD7777/AD7778 ONLY 

Figure 3. BUSY/INT Timing 

+2.1V 

Figure 4. Load Circuit for Bus Timing Characteristics 
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ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

Vee to AGND or DGND .............. -0.3 V, + 7 V 
AGND, RTN to DGND ........... -0.3 V, Vee+ 0.3 V 
CS, RD, WR, CLKIN, DBO-DB9, 

BUSY/INT to DGND ........... -0.3 V, Vee+ 0.3 V 
Analog Input Voltage to AGND ...... -0.3 V, Vee+ 0.3 V 
REFOUT to AGND ............. -0.3 V, Vee+ 0.3 V 
REFIN to AGND ............... -0.3 V, Vee+ 0.3 V 
Operating Temperature Range 

All Versions ..................... -40°C to +85°C 
Storage Temperature Range ........... -6S°C to + IS0°C 
Junction Temperature ...................... + IS0°C 
DIP Package, Power Dissipation .............. 875 mW 

eJA Thermal Impedance ................... 75°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

AD7776/AD7777/AD7778 
SOIC Packages, Power Dissipation ............. 875 mW 

0JA Thermal Impedance ................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +215°C 
Infrared (I 5 sec) . . . . . . . . . . . . . . . . . . . . . . + 220°C 

PQFP Package, Power Dissipation ............. 500 mW 
01A Thermal Impedance ................... 95°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ................... +2JS°C 
Infrared (IS sec) ...................... +220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute • 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V, which readily 
accumulate on the human body and on test equipment, can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may still occur on 
these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or Joss of functionality. 

WARNING! QJ 
~~EDEVICE 
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24-Pin SOIC 

DBO CREFIN 

AGND 

RTN 

REFIN 

A1N 

AGND 

DBS REFOUT 

Vee 

CLKIN 

DBS Wii 
(MSB) DB9 cs 
BUSY/INT iiD 

28-Pin DIP & SOIC 

DBO 

DB& 

DB7 

DBS 

NC= NO CONNECT 

CREFIN 

AGND 

RTN 

A1N4 

A1N3 

A1N2 

A1N1 

AGNO 

RE FOUT 

Vee 
CLKIN 

WR 

PIN CONFIGURATIONS 

44-Pin PQFP 

ffi 0 z 
Iii " z z ii: 

0 0 ID 0 0 ~ " .... w 0 z z 0 0 z z 0 .. a: a: z 

A1NB 

A1N7 

A1N6 

A1N5 

AD7778 A1N4 

TOP VIEW A1N3 
(Not to Scale) 

A1N2 

A1N1 

AGND 

NC REFOUT 

NC Vee 

0 0 .. ., 0 I~ l!'.l I~ z 0 z z ID ID z 3 z 
0 0 

m 0 

"' ~ Ii NC = NO CONNECT 

ORDERING GUIDE 

Temperature No. of Package 
Model Range Channels Option1• 2 

AD7776AR3 -40°C to +8S°C I R-24 
AD7777AN -40°C to +8S°C 4 N-28 
AD7777AR3 -40°C to +8S°C 4 R-28 
AD7778AS3 -40°C to +8S°C 8 S-44 

NOTES 
1R = SOIC, N = Plastic DIP, S = PQFP. 
2For outline information see Package Information section. 
3 Analog Devices reserves the right to ship devices branded with a J in place 
of the A, e.g., AD7776JR instead of AD7776AR. Temperature range 
remains -40°C to +85°C. 
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AD7776/AD7777/AD7778 
PIN FUNCTION DESCRIPTION 

Mnemonic Description 

V cc + 5 V Power Supply. 
AGND Analog Ground. 
DGND Digital Ground. Ground reference for digital circuitry. 

DBO-DB9 Input/Output Data Bus. This is a bidirectional data port from which ADC output data may be read and to which con
trol register data may be written. 

BUSY/INT Busy/Interrupt Output. Active low logic output indicating AID converter status. This logic output has two modes of 
operation depending on whether location CR9 of the control register has been set low or high: 

If CR9 is set low, then the BUSY/INT output will behave as a BUSY signal. The BUSY signal will go low and stay 
low for the duration of a single conversion, or if simultaneous sampling has been selected, BUSY will stay low for the 
duration of both conversions. 
If CR9 is set high, then the BUSY/INT output behaves as an INTERRUPT signal. The INT signal will go low and 
remain low after either a single conversion is completed or after a double conversion is completed if simultaneous 
sampling has been selected. With CR9 high, the falling edge of WR or RD resets the INT line high. 

CS Chip Select Input. The device is selected when this input is low. 
WR Write Input (Active Low). It is used in conjunction with CS to write data to the control register. Data is latched to the 

registc;rs on the rising edge of WR. Following the rising edge of WR, the analog input is acquired and a conversion is 
started. 

RD Read Input (Active Low). It is used in conjunction with CS to enable the data outputs from the ADC registers. 

AINl-8 Analog Inputs 1-8. The analog input range is VBIAs ± VswING where VBIAS and VswING are defined by the reference 
voltage applied to REFIN. Input resistance between any of the analog input pins and AGND is 10 kn or greater. 

REFIN Voltage Reference Input. The AD7776/AD7777/AD7778 are specified over a voltage reference range of 1.9 V to 2.1 V 
with a nominal value of 2.0 V. This REFIN voltage provides the VBIAS and VswING levels for the input channel(s). 
VBIAS is equal to REFIN and VswING is nominally equal to REFIN/2. Input resistance between this REFIN pin and 
AGND is 10 kn or greater. 

REFOUT Voltage Reference Output. The internal voltage reference, which is nominally 2.0 V and can be used to provide the bias 
voltage (VBIAs) for the input channel(s), is provided at this pin. 

CREFIN Reference Decoupling Capacitor. A 10 nF capacitor must be connected from this pin to AGND to ensure correct opera
tion of the high speed ADC. 

RTN Signal Return Path for the input channel(s). Normally RTN is connected to AGND at the package. 

CIRCUIT DESCRIPTION 
ADC Transfer Function 
For all versions, an input signal of the form V BIAS ± V SWING is 
expected. This V BIAS signal level operates as a psuedo ground to 
which all input signals must be referred. The V BIAS level is 
determined by the voltage applied to the REFIN pin. This can 
be driven by an external voltage source; or, alternatively, the 
onboard 2 V reference, available at REFOUT, can be used. The 
magnitude of the input signal swing is equal to V BrAs/2 (or 
REFIN/2) and is set internally. With a REFIN of 2 V, the ana
log input signal level varies from I V up to 3 V i.e., 2 ± I V. 
Figure 5 shows the transfer function of the ADC and its rela
tionship to VBrAs and VswING· The half-scale twos complement 
code of the ADC, 000 Hex (00 0000 0000 Binary), occurs at an 
input voltage equal to V BIAS· The input full-scale range of the 
ADC is equal to 2 VswING' so that the Plus Full-Scale transition 
(!FE to !FF) occurs at a voltage equal to VBrAs + VswING -
1. 5 LSBs and the minus full-scale code transition (200 to 20 I) 
occurs at a voltage VBIAS - VswING + 0.5 LSBs. 
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···rT/1 1FE 

ADC ; 
OUTPUT ; ; 

CODE ; ·:r ·~ I 
E~l~ 

ANALOG INPUT, V1N 

Figure 5. ADC Transfer Function 
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CONTROL REGISTER 
The control register is 10-bits wide and can only be written to. 
On power-on, all locations in the control register are automati
cally loaded with Os. For the single channel AD7776, locations 
CRO to CR6 of the control register are "don't cares." For the 
quad channel AD7777, locations CR2 and CRS are "don't 
cares." Individual bit functions are described below. 

CRO-CR2: Channel Address Locations. Determines which chan
nel will be selected and converted for single channel operation. 
For simultaneous sampling operation CRO-CR2 holds the 
address of one of the two channels to be sampled. 

AD7776 

CR2 CRI CRO 
X* X X 

*X = Don't Care 

A.07777 

CR2 CRI 
X* 0 
x 0 
x 
x 
*X = Don't Care 

A.07778 

CR2 CRI 
0 0 
0 0 
0 I 
0 I 
I 0 
1 0 

I 

CRO 
0 
I 
0 

CRO 
0 
I 
0 
I 
0 
I 
0 

Function 
Select A1NI 

Function 
Select AINI 
Select AIN2 
Select A1N3 
Select AIN4 

Function 
Select A1NI 
Select AIN2 
Select AIN3 
Select AIN4 
Select A1N5 
Select A1N6 
Select A1N7 
Select AIN8 

CR3-CRS: Channel Address Locations. Only applicable for 
simultaneous sampling with the AD7777 or AD7778 when CR3-
CRS holds the address of the second channel to be sampled. 

A.D7777 

CRS 
X* 
x 
x 
x 

CR4 
0 
0 
1 

*X = Don't Care 

A.07778 

CRS CR4 
0 0 
0 0 
0 
0 
I 0 
I 0 
1 I 
I 
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CR3 
0 
I 
0 

CR3 
0 
1 
0 
I 
0 
I 
0 

Function 
Select AINI 
Select AIN2 
Select AIN3 
Select AIN4 

Function 
Select A1NI 
Select A1N2 
Select AIN3 
Select AIN4 
Select AINS 
Select A1N6 
Select AIN7 
Select AIN8 

AD7776/AD7777/AD7778 
CR6: Determines whether operation is on a single channel or 
simultaneous sampling on two channels. Location CR6 is a 
"don't care" for the AD7776. 

CR6 Function 
0 Single channel operation. Channel select 

address is contained in locations CRO-CR2. 
Two channels simultaneously sampled 
and sequentially converted. Channel 
select addresses contained in locations 
CRO-CR2 and CR3-CRS. 

CR7: Determines whether the device is in the normal operating 
mode or in the half-scale test mode. 

CR7 
0 
I 

Function 
Normal Operating Mode 
Half-Scale Test Mode 

In the half-scale test mode REFIN is internally connected as an 
analog input(s). In this mode locations CRO-CR2 and CR3-CRS 
are all "don't cares" since it is REFIN which will be converted. 
For the AD7777 and AD7778, the contents of location CR6 still 
determine whether a single or a double conversion is carried out 
on the REFIN level. 

CR8: Determines whether the device is in the normal operating 
mode or in the power-down mode. 

CR8 Function 
0 Normal Operating Mode 

Power-down Mode 

In the power-down mode all linear circuitry is turned off and 
the REFOUT output is pulled weakly (5 kO) to AGND. The 
input impedance of the analog inputs and of the REFIN input 
remains the same in either normal mode or power-down mode. 
See under Circuit Description - Power-Down Mode. 

CR9: Determines whether BUSY/INT output flag goes low and 
remains low during conversion(s) or else goes low and remains 
low after the conversion(s) is (are) complete. 

CR9 BUSY/INT Functionality 

II 

0 Output goes low and remains low during conversion(s). 
I Output goes low and remains low after conversion(s) 

is (are) complete. 

ADC Conversion Start Timing 
Figure 6 shows the operating waveforms for the start of a con
version cycle. On the rising edge of WR, the conversion cycle 
starts with the acquisition and tracking of the selected ADC 
channel, A1Nl-8. The analog input voltage is held 40 ns (typi
cally) after the first rising edge of CLKIN following four com
plete CLKIN cycles. If tn in Figure 6 is greater than 12 ns, 
then the falling edge of CLKIN as shown will be seen as the 
first falling clock edge. If tn is less than 12 ns, the first falling 
clock edge to be recognized will not occur until one cycle later. 

Following the "hold" on the analog input(s), two complete 
CLKIN cycles are allowed for settling purposes before the MSB 
decision is made. The actual decision point occurs approxi
mately 40 ns after the rising edge of CLKIN as shown in Fig
ure 6. A further two CLKIN cycles are allowed for the second 
MSB decision. The succeeding bit decisions are made approxi
mately 40 ns after each rising edge of CLKIN until the conver
sion is complete. At the end of conversion, if a single conversion 
has been requested (CR6 = 0), the BUSY/INT line changes 

DATA ACQUISITION SUBSYSTEMS 5-59 



AD7776/AD7777/AD7778 
state (as programmed by CR9), and the SAR contents are trans
ferred to the first register ADCREG 1. The SAR is then reset in 
readiness for a new conversion. If simultaneous sampling has 
been requested (CR6 = 1), no change occurs in the status of the 
BUSY/INT output and the ADC automatically starts the second 
conversion. At the end of this conversion the BUSY/INT line 
changes state (as programmed by CR9) and the SAR contents 
are transferred to the' second register, ADCREGZ. 

WR 

CLKIN 

v,. 

'HOLD' 089 (MSB) 

*TIMING SHOWN FOR t0 GREATER THAN 12ns 

Figure 6. ADC Conversion Start Timing 

Track-and-Hold 
The track-and-hold (T/H) amplifiers on the analog input(s) of 
the AD7776/AD7777/AD7778 allow the ADC to accurately con
vert an input sine wave of 2 V peak-peak amplitude up to a fre
quency of 189 kHz, the Nyquist frequency ofthe ADC when 
operated at its maximum throughput rate of 378 kHz. This 
maximum rate of conversion includes conversion time and time 
between conversions. Because the input bandwidth of the track
and-hold is much greater than 189 kHz, the input signal should 
be band limited to avoid folding .unwanted signals into the band 
of interest. 

Power-Down 
The AD7776/AD7777/AD7778 can be placed in a power-down 
mode simply by writing a logic high to location CR8 of the con
trol register. The following changes are effected immediately on 
writing a "l" to location CR8: 

• Any conversion that is in progress is terminated. 

• If a conversion is in progress, then the leading edge of WR 
immediately drives the BUSY/INT output high. 

• All the linear circuitry is turned off. 

• The REFOUT output stops being driven and is pulled weakly 
(S kO) to analog ground. 
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Control inputs CS, WR and RD retain their purpose while the 
AD7776/AD7777/AD7778 is in power-down. If no conversions 
are in progress when the AD7776/AD7777/AD7778 is placed 
into the power-down modes, the contents of the ADC registers, 
ADCREG 1 and ADCREGZ, are retained during power-down 
and can be read as normal. On returning to normal operating 
mode a new conversion (or conversions, dependent on CR6) is 
automatically started. On completion, the invalid conversion 
results are loaded in~o the. ADC registers losing the previous 
valid results. 

In order to achieve the lowest possible power consumption in 
the power-down mode special attention must be paid to the state 
of the digital and analog inputs and outputs: 

• Because each analog input channel sees a resistive divider to 
AGND, the input resistance of which does not change 
between normal and power-down modes, driving the analog 
input signals to 0 V or as close as possible to 0 V will mini
mize the power dissipated in the input signal conditioning 
circuitry. 

• Similarly, the REFIN input sees a resistive divider to AGND, 
the input resistance of which does not change between normal 
and power-down modes. If an external reference is being 
used, then driving this reference input to 0 V or as close as 
possible to 0 V will minimize the power dissipated in the 
input signal conditioning circuitry. 

• Since the REFOUT pin is pulled to AGND via, typically, a 
S kn resistor, any voltage above 0 V that this output may be 
pulled to by external circuitry will dissipate unnecessary 
power. 

• Digital inputs CS, WR & RD should all be held at V cc or as 
close as possible. CLKIN should be held as close as possible 
to either 0 V or V cc· 

• Since the BUSY/INT output is actively driven to a logic high, 
any loading on this pin to 0 V will dissipate power. 

The AD7776/AD7777/AD7778 comes out of the power-down 
mode when a Logic "O" is written to location CR8 of the control 
register. Note that the contents of the other locations in the con
trol register are retained when the device is placed in power
down and are valid when power is restored. However coming 
out of power-down provides an opportunity to reload the com
plete contents of the control register without any extra 
instructions. 
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Microprocessor Interfacing Circuits 
The AD7776/AD7777/AD7778 family of ADCs is intended to 
interface to DSP machines such as the ADSP-2101, ADSP-2105, 
the TMS320 family and microcontrollers such as the 80Cl96 
family. 

Figure 7 shows the AD7776/AD7777/AD7778 interfaced to the 
TMS320Cl0 @ 20.5 MHz and the TMS320Cl4 @ 25 MHz. 
Figure 8 shows the interface with the TMS320C25 @ 40 MHz. 
Note that one wait state is required with this interface. The 
ADSP-2101-50 and the ADSP-2105-40 interface is shown in Fig
ure 9. One wait state is required with either of these machines. 

TMS320C10-20.5 

TMS320C14·25 Cs 
AD7776/7/8* 

we 1--------..-i Viii 

(C10) OEN} 1--------- RD 
(C14) REN 

DB9-DBO 
...----1 

015-00 DATA BUS 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 7. A07776/AD7777/A07778 to TMS320C10 and 
TMS320C14 Interface 

A15-AO ADDRESS BUS 

iS 
READY 

Cs 
AD7776/7/8* 

STAB 
WR 

R/W 

RD 

TMS320C25-40 
DB9-0BO 

015-00 DATA BUS 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 8. AD7776/AD7777/AD7778 to TMS320C25 Interface 
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AD7776/AD7777/AD7778 
Figure 10 shows the interface with the 80Cl96KB@ 12 MHz 
and the 80Cl96KC@ 16 MHz. One wait state is required with 
the 16 MHz machine. The 80Cl96 is configured to operate with 
a 16-bit multiplexed address/data bus. 

Table I gives a truth table for the AD7776/AD7777/AD7778 and 
summarizes their microprocessor interfacing features. Note that 
a read instruction to any of the devices while a conversation is in 
progress will immediately stop that conversion and return unre
liable data over the data bus. 

Cs 
AD7776/7/8* 

WR 1--------..-i WR 

RD RD 

ADSP-2101 ·50 

ADSP-2105-40 
...----1 DB9-DBO 

023-06 DATA BUS 1-------------' 
* ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 9. AD7776/AD7777/AD7778 to ADSP-2101 and 
ADSP-2105 Interface 

AD15-AD6 
(PORT4) 

ALE 

80C196KB-12 

BOC196KC-16 

WR 

RD 

AD7776/7 /8* 

1-------iiNR 
1------~RD 

DATA BUS (10) DB9-DBO 

~~6Fi~~~ 1-----------1 
'---""'"---'-' ~---~ 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 10. AD7776/AD7777/AD7778 to 80C196 Interface 
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A07776/AD7777 /AD7778 
Table I. AD7776/AD7777/AD7778 Truth Table for Microprocessor Interfacing 

cs RD WR DBO-DB9 Function/Comments 

Data Port High Impedance 
0 
0 

X* X* 

I 1.f 
li I 

HighZ 
CR Data 
ADC Data 

Load control register (CR) data to control register and start a conversion. 
ADC data placed on data bus. Depending upon location CR6 of the control register, one or two 
Read instructions will be required. 

If <:;R6 is low, i.e., single channel conversion selected, a read instruction returns the contents of 
ADCREGl. Succeeding read instructions continue to return the contents ofADCREGl. 
If CR6 is high, i.e., simultaneous sampling (double conversion) selected, the first read instruction 
returns the contents of ADCREG 1 while the second read instruction returns the contents of 
ADCREG2. A third read instruction returns ADCREGI again, the fourth AD<:REG2, etc. 

*X = Don't Care 

DESIGN INFORMATION 
Layout Hints 
Ensure that the layout for the printed circuit board has the digi
tal and analog grounds separated as much as possible. Take care 
not to run any digital track alongside an analog signal track. 
Guard (screen) the .. analog input(s) with RTN. 

Establish a single point analog ground separate from the logic 
system ground and as close as possible to the AD7776/AD7777/ 
AD7778. Both.the RTN and AGND pins on the AD7776/ 
AD7777 / AD7778 and a1J other signal grounds should be 
connected to this single point analog ground. In turn, this star 
ground should be connected to th~ digital ground at one point 
only-preferably at the low impedaiice power supply itself. 

Low impedance analog and digital power supply common 
returns are important for correct operation of the devices, so 
make the foil width for these tracks as wide as possible. 

In order to ensure a low impedance +5 V power supply at the 
actual vex:. pin, it will be neeessary to . employ bypass capacitors 
from the pin itself to DGND. A 4. 7 µF tantalum capacitor in 
parallel with a 0.1 µF ceramic capacitor is sufficient. 

ADC Corruption 
Executing a read instruction to the AD7776/AD7777/AD7778 
while a conversion is in progress will immediately halt the con
version and return invalid data over the. data bus. The BUSY/ 
INT output pin should be monitored closely and all read 
instructions to the AD7776/AD7777/AD7778 prevented while 
this output shows that a conversion is in progress. 

Executing a write instruction to the AD7776/AD7777/AD7778 
while a conversion is in progress immediately halts the conver
sion, the falling edge of WR driving the BUSY/INT output 
high. The analog input(s) is sampled as normal and a new con
version sequence (dependent upon CR6) is started. 

ADC Conversion Time 
Although each conversion takes only 14 CLKIN cycles, it can 
take between 4.5 to 5.5 CLKIN cycles to acquire the analog 
input(s) after the WR input goes high and before any conver
sions start. 
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TERMINOLOGY 
Relative Accuracy 
For the AD7776, AD7777 and AD7778, relative accuracy or 
endpoint nonlinearity is the maximum deviation, in LSBs, of 
the ADC's actual code transition points from a straight line 
drawn between the endpoints of the ADC transfer function. 

Differential. Nonlinearity 
Differential nonlinearity is the difference between the measured 
change and the ideal 1 LSB change between any two adjacent 
codes. A specified maximum differential nonlinearity of ± 1 LSB 
ensures no missed codes. 

Bias Offset Error 
For an ideal 10-bit ADC, the output code for an input voltage 
equal to V BIAS should be midscale. The bias offset error is the· 
difference between the actual midpoint voltage for midscale code 
and V BIAS• expressed in LSBs. 

Bias Offset Error Match 
This is a measure of how closely the bias offset errors of all 
channels track eaCh other. The bias offset error match of any 
channel must be no further away than 10 LSBs from the bias 
offset error of any other channel, regardless of whether the 
channels are independently' sampled or simultaneously sampled. 

Plus and Minus Full-Scale Error 
The input channels of the ADC can be considered as having 
bipolar (positive and negative) input ranges, but which are 
referred to VBiAs (or REFIN) instead of AGND. Positive full
scale error for the ADC is the difference between the actual 
input voltage required to produce the plus full-scale code transi
tion and the ideal input voltage CVBiAs + V swiNG -1.5 LSB), 
expressed in LSBs. Minus full-scale error is similarly specified 
for the minus full-scale code transition, relative to the ideal 
input voltage for this transition (VBiAs - VswiNG + 0.5 LSB). 
Note that the full-scale errors for the ADC input channels are 
measured after their respective bias offset errors have been 
adjusted out. 

Plus and Minus Full-Scale Error Match 
This is a measure of how closely the full-scale errors of all chan
nels track each other. The full-scale error match of any channel 
must be no further away than 10 LSBs from the respective full
scale error of any other channel, regardless of whether the chan· 
nels are independently sampled or simultaneously sampled. 
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Short Circuit Current 
This is defined as the maximum current which will flow either 
into or out of the REFOUT pin if this pin is shorted to any 
potential between 0 V and V cc· This condition can be allowed 
for up to 10 seconds provided that the power dissipation of the 
package is not exceeded. 

Signal-to-Noise and Distortion Ratio, S/(N+D) 
Signal-to-noise and distortion ratio, S/(N + D), is the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the Nyquist frequency, includ
ing harmonics but excluding de. The value for S/(N + D) is 
given in decibels. 

Total Harmonic Distortion, THD 
Total harmonic distortion is the ratio of the rms sum of the first 
five harmonic components to the rms value of a full-scale input 
signal and is expressed in decibels. For the AD7776/AD7777/ 
AD7778, Total harmonic distortion (THD) is defined as: 

iv22 + v32 + v42 + V52 + v621112 

20 log = Vi 

where V 1 is the rms amplitude of the fundamental and V2, V3, 
V4, VS and V6 are therms amplitudes of the individual 
harmonics. 

Intermodulation Distortion, IMD 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
P.roducts, of order (m + n), at sum and difference frequencies 
of rnfa + nfb, where m, n = 0, 1, 2, 3. Intermodulation terms 
are those for which m or n is not equal to zero. For example, 
the secorid order terms include (fa + fb) and (fa - fb) and the 
third order terms include (2 fa + fb ), (2 fa - fb ), (fa + 2 fb) 
and (fa - 2 fb). 

Channel-to-Channel Isolation 
Channel-to-channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full
scale 100 kHz sine wave signal to any one of the input channels 
and monitoring the remaining channels. The figure given is the 
worst case across all channels. 

DIGITAL SIGNAL PROCESSING APPLICATIONS 
In digital signal processing (DSP) application areas like voice 
recognition, echo cancellation and adaptive filtering, the 
dynamic characteristics S/(N + D), THD & IMD of the ADC are 
critical. The AD7776/AD7777/AD7778 are specified dynamically 
as well as with standard de specifications. Because the track/hold 
amplifier has a wide bandwidth, an antialiasing filter should be 
placed on the analog inputs to avoid aliasing of high frequency 
noise back into the bands of interest. 

The dynamic performance of the ADC is evaluated by applying 
a sine wave signal of very low distortion to a single analog input 
which is sampled at a 380.95 kHz sampling rate. A fast Fourier 
transform (FFT) plot or histogram plot is then generated from 
which the signal to noise and distortion, harmonic distortion and 
dynamic differential nonlinearity data can be obtained. Simi
larly, for intermodulation distortion, an input signal consisting 
of two pure sine waves at different frequencies is applied to the 
AD7776/ AD7777/ AD7778. 

REV.O 

AD7776/AD7777/AD7778 
Figure 11 shows a 2048 point FFT plot for a single channel of 
the AD7778 with an input signal of 99.88 kHz. The SNR is 
58. 71 dB. It can be seen that most of the harmonics are buried 
in the noise floor. It should be noted that the harmonics are 
taken into account when calculating the S/(N + D). 

m-20 .., 
I 

~ 
:::> 

INPUT FREQUENCY = 
99.88kHz 

SAMPLE FREQUENCY = 380.95 kHz __,,__ _______ _, 

SNR = 58.7dB 
TA= +25°C 

5 -40 t---------lt----------1 
a. 
~ 

~ - 1---------lt----------1 
iii 

99.88 
FREQUENCY - kHz 

Figure 11. ADC FFT Plot 

The relationship between S/(N + D) and resolution (n) is 
expressed by the following equation: 

Sl(N+D) = (6.02n + 1.76) dB 

This is for an ideal part with no differential or integral linearity 
errors. These errors will cause a degradation in S/(N + D). By 
working backwards from the above equation, it is possible to get 
a measure of ADC performance expressed in effective number of 
bits (n). 

. S!(N+D) (dB) - 1.76 
n(effective) = 6_02 

The effective number of bits plotted vs. frequency for a single 
channel of the AD7778 is shown in Figure 12. The effective 
number of bits is typically 9.5. 

"' 9.5 l,....~~~~::1:~:::t::::--i~:'.::::~~--l--..l 
iii 
l5 
ffi 9 
m 
::& 
:::> z 
~ 8.5 t--+--+-~:~~~!·~REQUENCV = 378.4 kHz---j--------' 

t; 
~ 
w 8 t--+--+--+---+--+--+---i---1 

7.5 ~---~-~-~-----~-~ 
0 189.2 

INPUT FREQUENCY - kHz 

Figure 12. Effective Number of Bits vs. Frequency 
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FEATURES 
4- or 8-Analog Input Channels 
Built-In Track/Hold Function 
10kHz Signal Handling on Each Channel 
Fast Microprocessor Interface 
Single + 5V Supply 
Low Power: 50mW 
Fast Conversion Rate, 2.5µs/Channel 
Tight Error Specification: 1/2LSB 

GENERAL DESCRIPTION 
The AD7824 and AD7828 are high-speed, multichannel, 8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.5µ.s per channel and the parts have a built-in 
track/hold function capable of digitizing full-scale signals of 
IOkHz (157mV/µ.s slew rate) on all channels. The AD7824 and 
AD7828 operate from a single + SV supply and have an analog 
input range of 0 to + sv' using an external + sv reference. 

Microprocessor interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
clock signal for the ADC. The AD7844 and AD7828 can be 
interfaced easily to most popular microprocessors. 

The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC2MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin "skinny" DIP, while the AD7828 
is available in a 0.6" wide, 28-pin DIP and in 28-terminal surface 
mount packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at I-800·446-6212. 
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LC2MOS High Speed 
4- & 8-Channel 8-Bit ADCs 

AD7824/AD7828 I 
FUNCTIONAL BLOCK DIAGRAM 

•AD7824 - 4·CHANNEL MUX 
AD7828 - 8-CHANNEL MUX 

**A2..., AD7828 ONLY 

PRODUCT HIGHLIGHTS 
I. 4- or 8-channel input multiplexer gives cost-effective space

saving multichannel ADC system. 

2. Fast conversion rate of 2.5µ.s/channel features a per channel 
sampling frequency of lOOkHz for the AD7824 or SOkHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channels 
up to lOkHz bandwidth (157mV/µ.s slew rate). 

4. Tight total unadjusted error spec and channel-to-channel 
matching eliminate the need for u~r trims. 

5. Single + SV supply simplifies system power requirements. 

6. Fast, easy-to-use digital interface allows connection to most 
popular microprocessors with minimal external components. 
No clock signal is required for the ADC. 
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SPECIFICATIONS (Y00 = +5Y, YREF(+) = +5Y, YREF(-) = GND =DY unless otherwise 
noted. All specifications T min to T max unless otherwise noted. Specifications apply for Mode 0.) 

Parameter 

ACCURACY 
Resolution 
Total Unadjusted Error2 

Minimum Resolution for which 
No Missing Codes are guaranteed 

Channel to Channel Mismatch 

REFERENCE INPUT 
Input Resistance 
VREF( +)Input Voltage Range 

VREF ( - ) Input Voltage Range 

ANALOG INPUT 
Input Voltage Range 

Input Leakage Current 
Input Capacitance' 

LOGIC INPUTS 
RD, CS, AO, Al &A2 

YtNH 
V1NL 
ltNH 
ItNL 
Input Capacitance' 

LOGIC OUTPUTS 
DBOCDB7 & INT 

VoH 
VoL 
louT (DBO-DB7) 

Output Capacitance' 
RDY 

VoL4 

Io UT 

Output Capacitance 

SLEW RA TE, TRACKING' 

POWER SUPPLY 
Yoo 

Ioo5 

Power Dissipation 

Power Supply Sensitivity 

NOTES 
'Temperature Ranges are as follows: 

K, L Versions; 0 to + 70°C 
B,CVersions; -40°Cto +85°C 
T, UVersions; -SS'Cto + 125'C 

K Version' LVersion 

8 8 
±1 ± 112 

8 8 
± 114 ± 114 

1.0/4.0 1.0/4.0 
VREF(-)/ VREF(-)/ 
Yoo Yoo 
GND/ GND/ 
VREF( +) VREF( +) 

VREF(- )/ VREF(- )/ 
VREFC +) VREF( +) 
±3 ±3 
45 45 

2.4 2.4 
0.8 0.8 
1 1 
-1 -1 
8 8 

4.0 4.0 
0.4 0.4 
±3 :d 
8 8 

0.4 0.4 
±3 ±3 
8 8 

0.7 0.7 
0.157 0.157 

5 5 

16 16 
50 50 
80 80 
± 1/4 ±114 

2Total Unadjusted Error includes offset, full-scale and linearity errors. 
'Sample tested at 25'C by Product Assurance to ensure compliance. 
4RDY is an qpen drain output. 
'See Typical Performance Characteristics. 
Specifications subject to change without notice. 

B, TVersions C, UVersions 

8 8 
±1 ±1/2 

8 8 
± 114 ± 114 

1.0/4.0 1.0/4.0 
VREF(- )/ ,VREF(- )/ 
Yoo Voo 
GND/ GND/ 
VREF( +) VREF( +) 

VREF< - )/ VREF(- )/ 
VREF( +) VREF( +) 
±3 ±3 
45 45 

2.4 2.4 
0.8 0.8 
1 1 
-1 -1 
8 8 

4.0 4.0 
0.4 0.4 
±3 ±3 
8 8 

0.4 0.4 
±3 ±3 
8 8 

0.7 0.7 
0.157 0.157 

5 5 

20 20 
50 50 
100 100 
±114 ± 1/4 

Units 

Bits 
LSBmax 

Bits 
LSBmax 

kO min/kO max 
Vmin/Vmax 

Vmin/Vmax 

Vmin/Vmax 

µ.Amax 
pFtyp 

Vmin 
Vmax 
µ.Amax 
µ.Amax 
pFmax 

Vmin 
Vmax 
µ.Amax 
pFmax 

Vmax 
µ.Amax 
pFmax 

V/µ.s typ 
V/µ.smax 

Volts 

mAmax 
mWtyp 
mW max 
LSBmax 

AD7824/AD7828 

Conditions/Comments 

Analog Input Any Channel 
Oto +5V 

Typically 5pF 

lsoURCE = 360µ.A 
ls1NK = l.6mA 
Floating State Leakage 
Typically 5pF 

lstNK = 2.6mA 
Floating State Leakage 
Typically 5pF 

± 5% for Specified 
Performance 
CS=RD=2.4V 

± l/16LSB typ 
Voo=5V ±5% 

REV. B DATA ACQUISITION SUBSYSTEMS 5-65 

II 



AD7824/AD7828 

TIMING CHARACTERISTICS1 (V00= +5V;VRfJ(+l= +5V;Vm(-)=GND=DVunlessotherwisestated) 

Limitat Limitat 
Limit at 25°C Tmin,Tmax Tmin,Tmax 

Parameter (All Grades) (K, L, B, C Grades) (T, U Grades) Units Conditions/Comments 

less 0 0 0 nsmin CS to RD Setup Time 

lcSH 0 0 0 nsmin CS to RD Hold Time 

tAs 0 0 0 nsmin Multiplexer Address Setup Time 

tAH 30 35 40 nsmin Multiplexer Address Hold Time 

tRDY2 40 60 60 nsmax CS toRDY Delay. Pull-Up 
Resistor Sk!l. 

lcRD 2.0 2.4 2.8 µsmax Conversion Time, Mode 0 

tACCJ 3 85 110 120 nsmax Data Access Time after RD 

tACC2 3 so 60 70 nsmax Data Access Time after INT , Mode 0 

trNTH2 40 65 70 nstyp RD to INT Delay 
75 100 100 nsmax 

tott4 60 70 70 nsmax Data Hold Time 
tp 500 500 600 nsmin Delay Time between Conversions 

tRD 60 80 80 nsmin Read Pulse Width, Mode I 
600 500 400 nsmax 

NOTES 
'Sample tested aJ 25°C to ensure compliance. All input control signals are specified with tr~tf~20ns (10% to 90% of +SV) and timed from a 
voltage level of l.6V. 

2C,_ ~ SOpF. 
~Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 
4Defined as rhe time required for the data lines to change O.SV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

AD7824 AD7828 CHANNEL 
Al AO Al Al AO 
0 0 0 0 0 AINI 
0 l 0 0 l AIN2 
l 0 0 l 0 AIN3 
l l 0 l l AIN4 

l 0 0 AINS 
l 0 l AIN6 
l l 0 AIN7 
l l l AIN8 

Table I. Truth Table for Input Channel Selection 

""1( h~ 
--------------------f~~i.----_-_--.. -~--....... 

ANALOG +.,...,.~f--------~AD~D~R~-------""l._,-..,..r-,~f-~~ 

~~~~~:~;i,..1~'--.. ... ----V~A~LI~D:,.. ______ _,~°".1...1....r.J 

RDY+---..... ...i 
tAH 

J toNTH INT .._ ____ ..... ___ ..,. ___ -. ~ 

l-tc•o--"4---...... 
••ccz I!: .j }: toH 

HIGHIMPEDANCE ( DATA 
DATA ---------------- VALID >--------

Figure 1. ModeO Timing Diagram 
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ABSOLUTE MAXIMUM RATINGS* 
(TA= +25°Cunlessotberwisenotcd) 

Yoo ............ . 
Digital Input Voltage to GND 

(RD, CS, AO, Al & A2) . 
Digital Output Voltage to GND 

(DBO, DB7, RDY & INT) 
VREF(+) to GND 
VREF(-)toGND ..... 
Analog Input (Any Channel) 
Operating Temperature Range 

Commercial (K, L Versions) 

CAUTION 

...... ov, +7V 

-0.3V, Yoo +0.3V 

-0.3V, V0 o +0.3V 
VREF(-), Yoo +0.3V 

. ... OV, VREF(+) 
-0.3V, V00 +0.3V 

..... o to +10°c 

AD7824/AD7828 
Industrial (B, C Versions) 
Extended (T, U Versions) 

Storage Temperature Range • 
Lead Temperature (Soldering, lOsecs) 
Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by . . . . . . . . . . 

- 25°C to + 85°C 
- ss·c co + 12S°C 
-6s0c to + ISO°C 

+300°C 
450mW 

6mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operacional sections of this specification is not 
implied. Exposure 10 absoluce maximum racing conditions for extended 
periods may affecl device rcliabilily. 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! c:J 
~~EDEVICE 

PIN CONFIGURATIONS 

DIP 

GNO 

NC = NO CONNECT 

NC= NOCONNECT 
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PLCC 

AD7828 
TOP VIEW 

(Not to Scale) 

NC = NO CONNECT 

AO 

A1 

A2. 

087 

OBS 

085 

084 

AIN7 

AINB 

Voo 

AO 

A1 

A2 

087 

OBS 

085 

084 

ROY 

AIN2 5 

AIN1 6 

NC 7 

DBO 8 

081 9 

082 10 

083,, 

~ 

~ 

z 
ii 

• 
.. 
~ 
3 

LCCC .. .. ~ m 

~ z z i!! ii ii .. 
2 1 28 27 
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AD7828 
TOP VIEW 

(Not to Scale) 

> 
26 .,..... 

< 
< 

~ 
~ 
l 
~ 

25 AO 

24 A1 

23 A2 

22 DB7 

21 DB& 

20 DBS 

19 084 

12 13 14 15 16 17 18 NC = NO CONNECT 

lil~~l~§lrl 
J :1 

ORDERING GUIDE 

Total 
Temperature Unadjusted 

Model Range Error(LSBs) 

AD7824KN Oto +70°C ±1 
AD7824LN Oto +70°C ± 1/2 
AD7824KR Oto +70°C ±1 
AD7824BQ - 40"C to + 85°C ±1 
AD7824CQ -40°Cto +8s0c ±1/2 
AD7824TQ2 - ss·c to + 12s0c ±1 
AD7824UQ2 - ss•c to + 12s·c ± 1/2 

AD7828KN Oto +70°C ±1 
AD7828LN Oto +70°C ±1/2 
AD7828KP Oto +70"C ±1 
AD7828LP Oto +10°c ± 1/2 
AD7828BQ -40°Cto +85°C ±1 
AD7828CQ -40°C to + 85°C ± 1/2 
AD7828TQ2 - ss·c to + 12s0c ±1 
AD7828UQ2 - ss·c to + 12s0c ±1/2 
AD7828TE2 - ss·c to + 12s0c ±1 
AD7828UE2 - ss·c to + 12s0c ± 1/2 

NOTES 

Package 
Option1 

N-24 
N-24 
R-24 
Q-24 
Q-24 
Q-24 
Q-24 

N-28 
N-28 
P-28A 
P-28A 
Q-28 
Q-28 
Q-28 
Q-28 
E-28A 
E-28A 

1N = PlasticDIP;Q = HermeticDIP,R =SmaJIOutlineIC;P =Plastic 
LeadcdCbipCarrier;E = LeadlessCeramicChipCarrier. For outline 
information see Package Information section. 

2 Available to /883B proce&&ing only. Contact our local sales office for military 
data sheet. For U.S. Standard Military Drawing(SMD) see DESC Drawing 
#5692-88764. 
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LC2MOS 
Complete, 12-Bit Analog 110 System 

I 
FEATURES 
Complete 12-Bit 1/0 System, Comprising: 

12-Bit ~DC With Track/Hold Amplifier 
83 kHz, Throughput Rate 
72 dB SNR 

12-Btt DAC with Output Amplifier 
3 fLS Settling Time 
72 dB S~!i .. 

On-Chip Vplt8ge Reference 
· pp&rates tro'11 ±5. V Supplies 

/low Power - 1.30 mWtyp 
. Small 0.3" Wid. DIP 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7868 is a complete 12-bit 110 system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold amplifier having a combined throughput rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 3 µs to 12 bits. Temperature compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 

Interfacing to both the DAC .and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow serial interlacing to most DSP machines. Asyn
chrono1,1s ADC conversion control and DAC updating is made 
possible with the CONVST and LDAC logic inputs. 

The AD7868 operates from ± S V power supplies, the analog 
input/output range of the. ADC/DAC is ±3 V. The part i~ fully 
specified for dynamic plµ'llllleters such as signal-to-noise ratio . 
and harmonic distortion· as well as traditional de specifications. 

The part is available iii a 24-pin, 0.3" wide, plastic or hermetic 
dual-in-line package (DIP) and in a 28-pin, plastic SOI~ 
package. · 

This is an abridged !!ala sheet. To obtain the most recent venion or 
complete c1a1a shHt, ..u our tax retrieval system at l-soo-446-6212. 
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AD78&B I 
FUNCTIONAL BLOCK DIAGRAM 

RCLK l ,_ ___ ___, 

DRU------<-~~--' 

CU< 

CDNV~C?-----.1,...._:_::::___J 

AD7868 

DGND 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit 1/0 System. 

TRACK/HOLD 

AGND 

The AD7868 contains a 12:bit ADC. with a track-and-hold 
amplifier and a 12-bit DAC with output amplifier. Also in- . 
eluded are separate on-chip voltage references for the DAC 
and the ADC. 

2. Dynamic Specifications for DSP Users. 
In addition to traditional de specifications, the AD7868 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These i>arameters along with important 
timing parameters are tested on every device. 

3. Small Package. 
The AD7868 is. available in a 24-pin DIP and a 28-pin SOIC 
package. 
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SPECIFICATIONS AD7868 

ADC SECTION CVoo = +5 Y ± 5'.", Yss = -5 Y ± 5%, AGND = DGND = 0 V, fcLK = 2.0 MHz external. All specifications Ymin to 
T mu unless otherwise noted.) . 

A B T 
Parameter Version' Version' Version' Units Test Conditions/Comments 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio" 4 (SNR) @ + 25'C 70 72 70 dB min VIN = 10 kHz Sine Wave, fsAMPLE = 83 kHz 

T..mtoT,... 70 71 70 dB min Typically 71.5 dB for O<VIN<41.5 kHz 
Total Harmonic Distortion (THD) -78 -78 -76 dB max VIN = IO kHz Sine Wave, fsAMPLE = 83 kHz 

Typically -84 dB for O<V1N<41.5 kHz 
Peak Harmonic or Spurious Noise -78 -78 -76 dB max VIN = 10 kHz Sine Wave, fsAMPLE = 83 kHz 

Typically -84 dB for O<V1N<41.5 kHz 
Intermodulation Distortion (IMD) 

Second Order Terms -78 -78 -76 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 
Third Order Terms -80 -80 -78 dB max fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 50 kHz 

Track/Hold Acquisition Time 2 2 2 IJ.S max 

DC ACCURACY 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 12 12 12 Bits 
Integral Nonlinearity ±112 ±112 ±112 LSB typ 
Integral Nonlinearity ±I ±I LSB max 
Differential Nonlinearity ±0.9 ±0.9 ±0.9 LSB max 
Bipolar Zero Error ±5 ±5 ±5 LSB max 
Positive Gain Error ±5 ±5 ±5 LSB max 
Negative Gain Error ±5 ±5 ±5 LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 ±3 Volts 
Input Current ±I ±I ±I mAmax 

REFERENCE OUTPtJ'f" 
RO ADC @ + 25'C 2.99/3.01 2.99/3.01 2.99/3.01 Vmin/Vmax 
RO ADC TC ±25 ±25 ±25 ppm/'C typ 
RO ADC TC ±40 ±50 ppm/'C max 
Reference Load Sensitivity (.:1RO ADC vs . .:11) -1.5 -1.5 -1.5 mVmax 

LOGIC INPUTS 
(CONVST, CLK, CONTROL) 

Input High Voltage, v JNH 2.4 2.4 2.4 Vmin 
Input Low Voltage, VJNL 0.8 0.8 0.8 Vmax 
Input Current, IIN ±10 ±10 ±10 1J.Amax 
Input Current7 (CONTROL Input Only) ±10 ±10 ±10 IJ.Amax 
Input Capacitance, CJN 8 10 10 10 pFmax 

LOGIC OUTPUTS 
DR, RFS Outputs 

Output Low Voltage, VoL 0.4 0.4 0.4 Vmax 
RCLKOutput 
Ou~ Low Voltage, VoL 0.4 0.4 0.4 Vmax 

DR, RFS, RCLK Outputs 
Floating-State Leakage Current ±10 ±10 ±10 !LA max 
Floating-State Output Capacitance• 15 15 15 pFmax 

CONVERSION TIME 
External Clock 10 10 10 IJ.Smax 
Internal Clock 10 10 10 IJ.Smax 

POWER REQUIREMENTS 
Yoo +5 +5 +5 Vnom 
Vss -5 -5 -5 Vnom 

loo 22 22 25 mAmax 

lss 12 12 13 mAmax 
Total Power Dissipation 170 170 190 mW max 

NOTES 
1Temperature ranges are as follows: A/B Versions; -40'C to +8S'C; T Version, -SS'C to + 125'C. 
VIN= :t:3V •. 
'SNR calculation includes distortion and noise components. 
4SNR degradation due to asynchronous DAC updating during conversion is 0.1 dB typ. 
'Measured with respect to internal reference. · 
'For capacitive loads pester than SO pF a series resistor is required (see INTERNAL REFERENCE section). 

Reference Load Current Change (0-500 IJ.A), 
Reference Load Should Not Be Changed 
During Conversion 

V00 = 5 V ± 5% 
Voo = 5 V ± 5%. 
VIN= OVtov0 ;, 

VIN= Vss to DGND 

lslNK = 1.6 mA, Pull-Up Resistor = 4. 7 kO 

lslNK = 2.6 mA, Pull-Up Resistor = 2 kO 

The Internal Clock Has a Nominal Value of2.0 MHz 

For Both DAC and ADC 
± 5% for Specified Performance 
± 5% for Specified Performance 
Cumulative Current from the Two V00 Pins 
Cumulative Current from the Two V ss Pins 
Typically 130 mW 

7Tyins the CONTROL input to V DD places the device in a factory test mode where normal operation is not exhibited. 
8Sample tested @ + 2S'C to ensure compliance. 
Specifications subject to change without notice. 
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AD7868 
(V00 = +5 V ± 5%, V55 = -5 V ± 5%, AGND = DGND = 0 V, RI DAC = +3 Vand decoupled as shown in 

DAC SECTION Figure 2, Your Load to AGND; RL = 2 kO, CL = 100 pf. All specifications T,.10 to lmax unless otherwise noted.) 

A B T 
Parameter Version' Version' Version' 

DYNAMIC PERFORMANCE2 

Signal to Noise Ratio3 (SNR) @ + 25°C 70 72 70 
T.un to T,... 70 71 70 

Total Harmonic Distortion (THD) -78 -78 -76 

Peak Harmonic or Spurious Noise -78 -78 -76 

DC ACCURACY 
Resolution 12 12 12 
Integral Nonlinearity ±112 ±112 ±112 
Integral Nonlinearity ±I ±I 
Differential Nonlinearity ±0.9 ±0.9 ±0.9 
Bipolar Zero Error ±5 ±5 ±5 
Positive Full-Scale Error' ±5 ±5 ±5 
Negative Full-Scale Error' ±5 ±5 ±5 

REFERENCEOUTPUT 6 

RO DAC@ +25°C 2.99/3.01 2.99/3.01 2.99/3.01 
RODACTC ±25 ±25 ±25 
RODACTC ±40 ±50 
Reference Load Change 

(ARO DAC vs. Al) -1.5 -1.5 - 1.5 

REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 2.85/3.15 2.85/3.15 
Input Current I 1 I 

LOGIC INPUTS 
(LDAC, TFS, TCLK, DT) 

Input High Voltage, V INH 2.4 2.4 2.4 
Input Low Voltage, v!NL 0.8 0:8 0.8 
Input Current, IIN ±10 ±10 ±10 
Input Capacitance, clN 7 10 10 10 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 ±3 
de Output Impedance 0.3 0.3 0.3 
Shon-Circuit Current 20 20 20 

AC CHARACTERISTICS7 

Voltage Output Settling-Time 
Positive Full-Scale Change 3 3 3 
Negative Full-Scale Change 3 3 3 

Digital-to-Analog Glitch Impulse 10 10 10 
Digital Feedthrough 2 2 2 
VIN to V oUT Isolation 100 100 JOO 

POWER REQUIREMENTS As per ADC Section 

NOTES 
1Temperature ranges are as follows: NB Versions, -40°C to +85°C; T Version, 
-55'C to + 125'C. 

2V OUT (pk-pk) = :!: 3 V · 
3SNR calculation includeS distonion and noise components. 
4Using external sample and hold. 
'Measured with respect to RI DAC and includes bipolar offset error. 
6For capacitive loads greater than 50 pF a series resistor is required (see INTER· 
NAL REFERENCE section). 

'Sample tested @ + 25°C to ensure compliance. 
Specifications subject to notice without notice. 
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Units Test Conditions/Comments 

dB min V ouT = I kHz Sine Wave, fsAMPLE = 83 kHz 
dB min Typically 71.5 dB at +25°C for 0 <VouT<20 kHz4 

dBmax VouT = I kHz Sine Wave, fsAMPLE = 83 kHz 
Typically -84 dB at + 25°C for 0 <VouT<20 kHz4 

dBmax VouT = I kHz, fsAMPLE = 83 kHz 
Typically -84 dB at +25°C for o <V0 =<20 kHz4 

Bits 
LSB typ 
LSB max 
LSB max Guaranteed Monotonic 
LSB max 
LSB max 
LSB max 

V min/V max 
ppm/"C typ 
ppm/"C max 

mVmax Reference Load Current Change ((}...500 µA) 

Vmin/Vmax 3 v ± 5% 
µAmax 

Vmin V00 = 5 V ± 5% 
Vmax Voo = 5 V ± 5% 
µAmax VIN= OVtoV00 

pFmax 

Vnom 
(} typ 
mAtyp 

Settling Time to Within ± 112 LSB of Final Value 
µs max Typically 2 µs 
µsmax Typically 2.5. µs 
nV secs typ DAC Code Change All ls to All Os 
nV secs typ 
dB typ V1N = ±3 V, 41.5 kHz Sine Wave 

ORDERING GUIDE 

Signal-
Temperature to-Noise Relative Package 

Model Range Ratio Accuracy Option* 

AD7868AN -40°c to +8s0c 70 dB ±112 LSB typ N-24 
AD7868AQ -40°C to +8S°C 70 dB ±112 LSB typ Q-24 
AD7868BN -40°c to +8s0c 72 dB ±I LSB max N-24 
AD7868BQ -40°C to +8s0c 72 dB ±I LSB max Q-24 
AD7868AR -40°C to +8S°C 70 dB ±112 LSB typ R-28 
AD7868BR -40°C to +8S°C 72 dB ±I LSB max R-28 

*N = Plastic DIP; Q = Cerdip; R = SOIC (Small Outline IC). For outline 
information see Package Information section. 
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AD7868 
' 1 2 TIMING CHARACTERISTICS ' (V00 = +5 V ± 5%, V55 = -5 V ± 5%, AGND = DGND = D V) 

Limit at T mm• T"'"" Limit at T min> T max 

Parameter (A, B Versions) (T Version) Units Conditions.IComments 

ADC TIMING 
t1 50 50 nsmin CONVST Pulse Width 
t/ 440 440 nsmin RCLK Cycle Time, Internal Clock 
t3 100 100 nsmin RFS to RCLK Falling Edge Setup Time 

t.. 20 20 nsmin RCLK Rising Edge to RPS 
100 100 nsmax 

ts4 155 155 nsmax RCLK to Valid Data Delay, CL= 35 pF 
~ 4 4 nsmin Bus Relinquish Time ·after RCLK 

100 100 nsmax 
t1/ 2 RCLK + 200 to 2 RCLK + 200 to ns typ CONVST to RPS Delay 

3 RCLK + 200 3 RCLK + 200 

DACTIMING 
t1 50 50 ns min TFS to TCLK Falling Edge 
ts 75 100 nsmin TCLK Falling Edge to TFS 
~6 150 200 nsmin TCLK Cycle Time 

t10 30 40 nsmin Data Valid to TCLK Setup Time 
tu 75 100 nsmin Data Valid to TCLK Hold Time 
t12 40 40 nsmin LDAC Pulse Width 

NOTES 
'Timing specifications are sample tested at + 2S'C to ensure compliance. All input signals are specified with tr = tf = S ns (10% to 90% of S V) and timed from 
a voltage level of 1.6 V. 

'Serial timing is measured with a 4.7 k!l pull-up resistor on DR and RPS and a 2 kn pull-up resistor on RCLK. The capacitance on all three outputs is 35 pF. 
'When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. For external clock, RCLK mark/space 
ratio = external clock mark/space ratio. 

4DR will drive higher capacitance loads but this will add tot, since it increases the external RC time constant (4.7 k!l//CL) and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion start to ADC clock synchronization. 
"TCLK mark/space ratio is 40/60 to 60/40. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 2S'C unless otherwise noted) 

PIN CONFIGURATIONS 

Vnn to AGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to Vnn+0.3 V 
VoUT to AGND ....................... Vss to Vnn 
VIN to AGND .............. V88 -0.3 V to Vnn+0.3 V 
RO ADC to AGND ............. -0.3 V to Vnn+0.3 V 
RO DAC to AGND ............. -0.3 V to Vnn+0.3 V 
RI DAC to AGND .............. -0.3 V to Vnn+0.3 V 
Digital Inputs to DGND .......... -0.3 V to Vnn+0.3 V 
Digital Outputs to DGND ......... -0.3 V to Vnn+0.3 V 

· Operating Temperature Range 
A, B Versions .................... -40"C to +85°C 
T Version ...................... -55°C to + 125"C 

Storage Temperature Range ....•..•... -65°C to + 150"C 
Lead Temperature (Soldering, 10 secs) ........... +300"C 
Power Dissipation (Any Package) to +75°C ....... 450 mW 
Derates above +75°C by .................. 10 mW/"C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions fot extended periods may affect device 
reliability. 

DIP SOIC 

NC = NO CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic dischargC) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

WARNING! d 
~f~tCJt,ICE 
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WDEVICES 

LC2MOS 
Complete, 14-Bit Analog 1/0 System 

FEATURES 
Complete 14-Bit 110 System, Comprising 

14-Bit ADC with Track/Hold Amplifier 
83 kHz Throughput Rate 

14-Bit DAC with Output Amplifier 
3.5 µs Settling Time 

On-Chip Voltage Reference 
Operates from :t5 V Supplies 
Low Power - 130 mW typ 
Small 0.3" Wide DIP 

APPLICATIONS 
Digital Signal Processing 
Speech Recognition and Synthesis 
Spectrum Analysis 
High Speed Modems 
DSP Servo Control 

GENERAL DESCRIPTION 
The AD7869 is a complete 14-bit 110 system containing a DAC 
and an ADC. The ADC is a successive approximation type with 
a track-and-hold amplifier having a combined throughput rate of 
83 kHz. The DAC has an output buffer amplifier with a settling 
time of 4 µs to 14 bits. Temperature compensated 3 V buried 
Zener references provide precision references for the DAC and 
ADC. 

Interfacing to both the DAC and ADC is serial, minimizing pin 
count and giving a small 24-pin package size. Standard control 
signals allow. serial interfacing to most DSP machines. 

Asynchronous ADC conversion control and DAC updating is 
made possible with the CONVST and LDAC logic inputs. 

The AD7869 operates form ± 5 V power supplies, the analog 
input/output range of the ADC/DAC is ±3 V. The part is fully 
specified for dynamic parameters such as signal-to-noise ratio 
and harmonic distortion as well as traditional de specifications. 

The part is available in a 24-pin, 0.3 inch wide, plastic or her
metic dual-in-line package (DIP) and in a 28-pin, plastic SOIC 
package. 

AD7869 I 
FUNCTIONAL BLOCK DIAGRAM 

RODAC 

CONTROLf'I-------~ 
iiFS ()...----r---'-----, 

RO ADC 

CLK 

CONVST Q------<Ool__::=.__J 
AD7869 TRACK/HOLD 

DGND v,, AGND 

PRODUCT HIGHLIGHTS 
I. Complete 14-Bit 1/0 System. 

The AD7869 contains a 14-bit ADC with a track-and-hold 
amplifier and a 14-bit DAC with output amplifier. Also in
cluded are separate on-chip voltage references for the DAC 
and the ADC. 

2. Dynamic Specifications for DSP Users. 
In addition to traditional de specifications, the AD7869 is 
specified for ac parameters including signal-to-noise ratio and 
harmonic distortion. These parameters along with important 
timing parameters are tested on every device. 

3. Small Package. 
The AD7869 is available in a 24-pin DIP and a 28-pin SOIC 
package. 

PIN CONFIGURATIONS 

DIP 

NC= NO CONNECT 

This is an abridged. data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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SOIC 

NC= NO CONNECT 
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SPECIFICATIONS AD7869 
ADC SECTION (V00 = +5 V ± 5%, Yss = -5 V ±5%, AGND = DGND = 0 V, fctK = 2.0 MHz external. 

All specifications T min to T max unless otherwise noted.) 

Parameter J Version1 A Version' Units 

DYNAMIC PERFORMANCE' 
Signal-to-Noise Ratio3• 4 (SNR) @ + 2S°C 78 78 dB min 

Tmin to TmD.l( 78 77 dB min 
Total Harmonic Distortion (THD) -86 -86 dB typ 
Peak Harmonic or Spurious Noise -86 -86 dB typ 
Intermodulation Distortion (IMD) 

Second Order Terms -86 -86 dB typ 
Third Order Terms -88 -88 dB typ 

Track/Hold Acquisition Time 2 2 µsmax 

DC ACCURACY 
Resolution 14 14 Bits 
Minimum Resolution for Which 
No Missing Codes Are Guaranteed 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSB max 
Differential Nonlinearity ±1 ±1 LSB max 
Bipolar Zero Error ±20 ±20 LSB max 
Positive Gain Error' ±20 ±20 LSB max 
Negative Gain Error5 ±20 ±20 LSB max 

ANALOG INPUT 
Input Voltage Range ±3 ±3 Volts 
Input Current ±1 ±1 mAmax 

REFERENCE OUTPUT6 

RO ADC @ + 2S°C 2.99/3.01 2.99/3.01 V min/ V max 
RO ADC TC ±2S ±2S ppmfC typ 

±40 ±ppm/°C max 
Reference Load Sensitivity 

(JiRO ADC vs. iii) -1.S -1.S mVmax 

LOGIC INPUTS 
(CONVST, CLK, CONTROL) 

Input High Voltage, VrNH 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 Vmax 
Input Current, 11N ±10 ±IO µAmax 
Input Current7 (CONTROL & CLK) ±IO ±IO µAmax 
Input Capacitance, CIN 8 IO 10 pFmax 

LOGIC OUTPUTS 
DR, RFS Outputs 

Output Low Voltage, V 0L 0.4 0.4 Vmax 
RCLK Output 
Ou~ Low Voltage, V0L 0.4 0.4 Vmax 

DR, RFS, RCLK Outputs 
Floating-State Leakage Current ±10 ±10 µAmax 
Floating-State Output Capacitance• lS lS pFmax 

CONVERSION TIME 
External Clock 10 IO µsmax 
Internal Clock IO IO µsmax 

POWER REQUIREMENTS 
Vnn +s +s Vnom 
Vss -s -S Vnom 
Inn 22 22 mAmax 
lss 12 12 mAmax 
Total Power Dissipation 170 170 mW max 

NOTES 
1Temperature ranges are as follows: J Version, 0°C to +70°C; A Version, -40°C to +85°C. 
2ylN = ±3 V. 
3SNR calculation includes distortion and noise components. 
4SNR degradation due to asynchronous DAC updating during conversion is 0.1 dB typ. 
5Measur~ with respect to internal reference. 
6For capacitive loads greater than 50 pF a series resistor is required (see Internal Reference section). 

Test Conditions/Comments 

VIN= IO kHz Sine Wave, fsAMPLE = 83 kHz 

v,N = IO kHz Sine Wave, fsAMPLE = 83 kHz 
v,N = 10 kHz Sine Wave, fsAMPLE = 83 kHz 

fa = 9 kHz, fb = 9.S kHz, fsAMPLE = so kHz 
fa = 9 kHz, fb = 9.S kHz, fsAMPLE = so kHz 

Reference Load Current Change (0-SOO µA), 
Reference Load Should Not Be Changed 
During Conversion 

Vnn = S V ± So/o 
Vnn = S V ± So/o 
VIN = 0 V to Vnn 
VrN = Vss to DGND 

lsINK = 1.6 mA, Pull-Up Resistor = 4. 7 k!l 

lsINK = 2.6 mA, Pull-Up Resistor = 2 k!l 

The Internal Clock Has a Nominal Value of2.0 MHz 

For Both DAC and ADC 
±So/o for Specified Performance 
± So/o for Specified Performance 
Cumulative Current from the Two Vnn Pins 
Cumulative Current from the Two V ss Pins 
Typically 130 mW 

7Tying the CONTROL input to Vno places the device in a factory test mode where normal operation is not exhibited. 
8Sample tested @ + 25°C to ensure compliance. 
Specifications subject to change without notice. 
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AD7869 
(Y00 = +5 Y ± 5%, Yss = -5 Y ± 5%, AGND = DGND = 0 Y, RI DAC = +3 Y and decoupled as shown in Fig

DAC SECTION ure 2, Your Load to AGND; = 2 kfi, CL = 100 pf. All specifications Tmin to Tm•• unless otherwise noted.) 
Parameter J Version' A Version' Units 

DYNAMIC PERFORMANCE2 

Signal-to-Noise Ratio3 (SNR)@ +25°C 78 78 dBmin 
Tmin to Tmax 78 77 dBmin 

Total Harmonic Distortion (THD) -86 -86 dB typ 

Peak Harmonic or Spurious Noise -86 -86 dB typ 

DC ACCURACY 
Resolution 14 14 Bits 
Integral Nonlinearity ±2 ±2 LSB max 
Differential Nonlinearity ±I ±I LSB max 
Bipolar Zero Error ±IO ±10 LSB max 
Positive Full-Scale Error5 ±IO ±IO LSB max 
Negative Full-Scale Error5 ±IO ±IO LSB max 

REFERENCE OUTPUT 6 

RO DAC @ + 25°C 2.99/3.01 2.99/3.01 V min/V max 
RODACTC ±25 ±25 ppml°C typ 

±40 ppmi°C max 
Reference Load Change 

(ilRO DAC vs. al) -1.5 -1.5 mVmax 

REFERENCE INPUT 
RI DAC Input Range 2.85/3.15 2.85/3.15 V min/V max 
Input Current I I µAmax 

t.OGIC INPUTS 
(LDAC, TFS, TCLK, DT) 

Input High Voltage, ViNH 2.4 2.4 Vmin 
Input Low Voltage, VINL 0.8 0.8 Vmax 
Input Current, IIN ±10 ±IO µAmax 
Input Capacitance, CIN 7 IO IO pFmax 

ANALOG OUTPUT 
Output Voltage Range ±3 ±3 Vnom 
DC Output Impedance 0.3 0.3 11 typ 
Short-Circuit Current 20 20 mAtyp 

AC CHARACTERISTICS7 

Voltage Output Settling-Time 
Positive Full-Scale Change 4 4 µs max 
Negative Full-Scale Change 4 4 µs max 

Digital-to-Analog Glitch Impulse IO IO nV secs typ 
Digital Feedthrough 2 2 nV secs typ 
v,N to VouT Isolation 100 IOO dB typ 

POWER REQUIREMENTS As per ADC Section 

NOTES 
1Temperature ranges are as follows: J Version, 0°C to +70°C; A Version, -40°C to +85°C. 
'VouT (p-p) = ±3 V. 
3SNR calculation includes distortion and noise components. 
4Using external sample and hold, see Figures 13 to IS. 
'Measured with respect to REF IN and includes bipolar offset error. 

Test Conditions/Comments 

VouT = l kHz Sine Wave, fsAMPLE = 83 kHz 
Typically 82 dB at + 25°C for 0 <VouT<20 kHz4 

VoUT = l kHz Sine Wave, fsAMPLE = 83 kHz 
Typically -84 dB at +25°C for 0 <V0UT<20 kHz4 

VouT = l kHz, fsAMPLE = 83 kHz 
Typically -84 dB at + 25°C for 0 <V 0UT<20 kHz4 

Guaranteed Monotonic 

Reference Load Current Change (0-500 µA) 

3 v ±5% 

V00 = 5 V ±5% 
V00 = 5 V ±5% 
VIN= 0 V toVoo 

Settling Time to Within ± 1/2 LSB of Final Value 
Typically 3 µs 
Typically 3.5 µs 
DAC Code Change All ls to All Os 

V1N = ±3 V, 41.5 kHz Sine Wave 

6For capacitive loads greater than SO pF a series resistor is required (see Internal Reference section). 
7 Sample tested @ + 25°C to ensure compliance. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTICS1• 2 (V00 = +5 V ± 5%, Yss = -5 V ±5%, AGND = DGND = 0 V) AD7869 
Limit at T mm• T max 

Parameter (All Versions) Units Conditions/Comments 

ADC TIMING 
t, 50 ns min CONVST Pulse Width 
t/ 440 nsmin RCLK Cycle Time, Internal Clock 
t, 100 nsmin RPS to RCLK Falling Edge Setup Time 
t4 20 nsmin RCLK Rising Edge to RPS 

100 nsmax 
t 4 

5 155 nsmax RCLK to Valid Data Delay, CL= 35 pF 
t6 4 nsmin Bus Relinquish Time after RCLK 

100 nsmax 
l135 2 RCLK +200 to ns typ CONVST to RPS Delay 

3 RCLK + 200 

DACTIMING 
t7 so ns min TFS to TCLK Falling Edge 
ts 75 ns min TCLK Falling Edge to TFS 
r.,• 150 ns min TCLK Cycle Time 
t10 30 nsmin Data Valid to TCLK Setup Time 
tu 75 ns min Data Valid to TCLK Hold Time 
t,, 40 ns min LDAC Pulse Width 

NOTES 
'Timing specifications are sample tested at + 2S'C to ensure compliance. All input signals are specified with tr = tf = S ns (10% to 90% of S V) and timed from 
a voltage level of 1.6 V. 

2Serial timing is measured with a 4. 7 k!l pull-up resistor on DR and RFS and a 2 k!l pull-up resistor on RCLK. The capacitance on all three outputs is 35 pF. 
'When using internal clock, RCLK mark/space ratio (measured form a voltage level of 1.6 V) range is 40/60 to 60/40. For external clock, RCLK mark/space 
ratio = external clock mark/space ratio. 

4DR will drive higher capacitance loads but this will add tot, since it increases the external RC time constant (4.7 kW/CL) and hence the time to reach 2.4 V. 
'Time 2 RCLK to 3 RCLK depends on conversion stan to ADC clock synchronization. 
'TCLK mark/space ratio is 40/60 to 60/40. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 2S'C unless otherwise noted) 

V00 to AGND .................... -0.3 V to +7 V 
Vss to AGND ..................... +0.3 V to -7 V 
AGND to DGND .............. -0.3 V to V00+0.3 V 
VouT to AGND ....................... Vss to V00 

V1N to AGND .............. Vss -0.3 V to V00+0.3 V 
RO ADC to AGND ............. -0.3 V to V00+0.3 V 
RO DAC to AGND ............. -0.3 V to V00+0.3 V 
RI DAC to AGND .............. -0.3 V to V00+0.3 V 
Digital Inputs to DGND .......... -0.3 V to V00+0.3 V 
Digital Outputs to DGND ........ -0.3 V to V00+0.3 V 

Operating Temperature Range 
J Version ......................... 0°C to + 70°C 
A Version ...................... -40°C to +8S°C 

Storage Temperature Range ............ -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Power Dissipation (Any Package) to +7S°C ....... 1000 mW 
Derates above +75°C by .................. 10 mWl°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

ORDERING GUIDE 

Signal-
Temperature to-Noise Relative 

Model Range Ratio (SNR) Accuracy 

AD7869JN 0°c to +70°c 78 dB ±2 LSB max 
AD7869JR 0°c to +70°c 78 dB ±2 LSB max 
AD7869AQ -40°C to +8S°C 77 dB ±2 LSB max 

Package 
Option* 

N-24 
R-28 
Q-24 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information 
see Package Information section. 
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FEATURES 
Fast 12-Bit ADC with 5.9 11s Conversion Time 
Eight Single-Ended Analog Input Channels 
Selection of Input Ranges 

±10 V for AD7890-10 
0 V to +4.096 V for AD7890-4 
0 V to +2.5 V for AD7890-2 

Allows Separate Access to Multiplexer and ADC 
On-Chip Track/Hold Amplifier 
On-Chip Reference 
High Speed, Flexible, Serial Interface 
Single Supply, Low Power Operation (50 mW maxi 
Power-Down Mode (75 11W typ) 

GENERAL DESCRIPTION 
The AD7890 is an eight-channel 12-bit data acquisition system. 
The part contains an input multiplexer, an on-chip track/hold 
amplifier, a high-speed 12-bit ADC, a +2.5 V reference and a 
high speed, serial interface. The part operates from a single 
+5 V supply and accepts an analog input range of± 10 V 
(AD7890-10), Oto +4.096 V (AD7890-4) and 0 to +2.5 V 
(AD7890-2). 

The iµultiplexer on the part is independently accessible. This 
allows the user to insert an antialiasing filter or signal condition
ing, if required, between the multiplexer and the ADC. This 
means that one antialiasing filter can be used for all eight chan
nels. Connection of an external capacitor allows the user to 
adjust the time given to the multiplexer settling to include any 
external delays in the filter or signal conditioning circuitry. 

Output data from the AD7890 is provided via a high speed bidi
rectional serial interface port. The part contains an on-chip con
trol register, allowing control of channel selection, conversion 
start and power-down via the serial port. Versatile, high speed 
logic ensures easy interfacing to serial ports on microcontrollers 
and digital signal processors. 

In addition to the traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the AD7890 is also speci
fied for dynamic performance parameters including harmonic 
distortion and signal-to-noise ratio. 

This is an abridged data sheet. To obtain the most recent version or 
complete·data sheet, call our fax retrieval system at 1-800-446-6212. 
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LC2MOS 8-Channel, 12-Bit 
Serial, Data Acquisition System 

AD7890 I 
FUNCTIONAL BLOCK DIAGRAM 

MUX SHA REF OUT/ 
OUT IN REFIN 

VIN1 

VIN2 

VIN3 
CEXT 

VIN4 

v.,, 
VIN& 

CONvST 

VIN7 

V1Na 

AGND AGND DGND CLK SCLK TFS RFs DATA DATA SMODE 
IN OUT IN 

'NO SCALING ON AD7890-2 

Power dissipation in normal mode is low at 30 mW typ and the 
part can be placed in a standby (power-down) mode if it is not 
required to perform conversions. The AD7890 is fabricated in 
Analog Devices' Linear Compatible CMOS (LC2MOS) process, 
a mixed technology process that, combines precision bipolar cir
cuits with low power CMOS logic. The part is available in a 
24-pin, 0.3" wide, plastic or hermetic dual-in-line package or in 
a 24-pin small outline package (SOIC). 

PRODUCT HIGHLIGHTS 
1. Complete 12-Bit Data Acquisition System on a Chip 

The AD7890 is a complete monolithic ADC combining an 
eight-channel multiplexer, 12-bit ADC, +2.5 V reference and 
a track/hold amplifier on a single chip. 

2. Separate Access to Multiplexer and ADC 
The AD7890 provides access to the output of the multiplexer 
allowing one antialiasing filter for eight channels-a consider
able saving over the eight antialiasing filters required if the 
multiplexer was internally connected to the ADC. 

3. High Speed Serial Interface 
The part provides a high speed serial interface for easy 
connection to serial ports of microcontrollers and DSP 
processors. 
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SPECIFICATIONS (V00 = +5 V, AGND = DGND = 0 V, REF IN= +2.5 V, fcLK IN= 2.5 MHz AD7890 
external, MUX OUT connect to SHA IN. All specifications TMiN to TMAx unless otherwise noted.) 

Parameter A Versions' B Versions S Version Units Test Conditions/Comments 

DYNAMIC PERFORMANCE Using External CONVST. Any Channel 
Signal to (Noise + Distortion) Ratio2 70 70 70 dB min f1N = 10 kHz Sine Wave, fsAMPLE = IOO kHz3 

Total Harmonic Distortion (THD)2 -78 -78 -78 dB max f1N = 10 kHz Sine Wave, fsAMPLE = JOO kHz3 

Peak Harmonic or Spurious Noise2 -79 -79 -79 dB max frN = 10 kHz Sine Wave, fsAMPLE = 100 kHz3 

Intermodulation Distortion fa= 9 kHz, fb = 9.5 kHz, fsAMPLE = JOO kHz3 

2nd Order Terms -80 -80 -80 dB typ 
3rd Order Terms -80 -80 -80 dB typ 

Channel-to-Channel Isolation2 -80 -80 -80 dB max frN = I kHz Sine Wave 

DC ACCURACY Any Channel 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes are Guaranteed 12 12 12 Bits 
Relative Accuracy' ±1 ±0.5 ±1 LSB max 
Differential N onlinearity2 ±1 ±1 ±I LSB max 

II 
Positive Full-Scale Error2 ±2.5 ±2.5 +2.5 LSB max 
Full-Scale Error Match4 2 2 2 LSB max 
AD7890-2, AD7890-4 

Unipolar Offset Error2 ±2 ±2 ±2 LSB max 
Unipolar Offset Error Match 2 2 2 LSB max 

AD7890-IO Only 
Negative Full-Scale Error2 ±2 ±2 ±2 LSB max 
Bipolar Zero Error2 ±4 ±4 ±4 LSB max 
Bipolar Zero Error Match 2 2 2 LSB max 

ANALOG INPUTS 
AD7890-IO 

Input Voltage Range ±10 ±10 ±IO Volts 
Input Resistance 20 20 20 knmin 

AD7890-4 
Input Voltage Range 0 to +4.096 0 to +4.096 0 to +4.096 Volts 
Input Resistance 11 11 11 knmin 

AD7890-2 
Input Voltage Range 0 to +2.5 Oto +2.5 0 to +2.5 Volts 
Input Current 50 50 200 nA max 

MUX OUT OUTPUT 
Output Voltage Range 0 to +2.5 0 to +2.5 0 to +2.5 Volts 
Output Resistance 

(AD7890-10, AD7890-4) 3/5 3/5 3/5 kn min/kn max 
(AD7890-2) 2 2 2 kn max Assuming VrN Is Driven from Low Impedance 

SHAIN INPUT 
Input Voltage Range 0 to +2.5 0 to +2.5 0 to +2.5 Volts 
Input Current ±50 ±50 ±50 nA max 

REFERENCE OUTPUT/INPUT 
REF IN Input Voltage Range 2.375/2.625 2.375/2.625 2.375/2.625 V min/V max 2.5 v ± 5% 
Input Impedance 1.6 1.6 1.6 knmin Resistor Connected to Internal Reference Node 
Input Capacitance5 IO IO IO pF max 
REF OUT Output Voltage 2.5 2.5 2.5 Vnom 
REF OUT Error@ +25°C ±IO ±10 ±IO mVmax 

TMrN to TMAX ±20 ±20 ±25 mVmax 
REF OUT Temperature Coefficient 25 25 25 ppm/°C typ 
REF OUT Output Impedance 2 2 2 knnom 

LOGIC INPUTS 
Input High Voltage, VrNH 2.4 2.4 2.4 Vmin Vnn = 5 V ± 5% 
Input Low Voltage, VrNL 0.8 0.8 0.8 Vmax Vnn = 5 V ± 5% 
Input Current, IIN ±10 ±10 ±IO µ,A max VrN = 0 V to Vnn 
Input Capacitance, CIN 5 10 10 10 pFmax 
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AD7890-SPECIFICATIONS 
Parameter A Versions' B Versions S Version Units 

LOGIC OUTPUTS 
Output High Voltage, V0 H 4.0 4.0 4.0 Vmin 
Output Low Voltage, V0 L 0.4 0.4 0.4 Vmax 
Serial Data Output Coding 

AD7890·10 2s Complement 
AD7890·4 Straight (Natural) Binary 
AD7890·2 Straight (Natural) Binary 

CONVERSION RA TE 
Conversion Time 5.9 5.9 5.9 µsmax 

Track/Hold Acquisition Time2• 5 2 2 2 µsmax 

POWER REQUIREMENTS 
Von +5 +5 +5 Vnom 
100 (Normal Mode) 10 10 10 mAmax 
100 (Standby Mode)6 @ + 25°C 15 15 15 µA typ 
Power Dissipation 

Normal Mode 50 50 50 mW max 
Standby Mode @ + 25°C 75 75 75 µWtyp 

NOTES 
1Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to + 125°C. 
2See Terminology. 
3This sample rate is only achievable when using the part in external clocking mode. 

Test Conditions/Comments 

IsouRcE = 200 µA 
IsINK = 1.6 mA 

fcLK IN = 2.5 MHz, MUX OUT 
Connected to SHA IN 

±5% for Specified Performance 
Logic Inputs = 0 V or V 00 

Logiclnputs = 0 V or V 00 

Typically 30 mW 

4Full·scale error match applies to positive full scale for the AD7890·2 and AD7890·4. It applies to both positive and negative full scale for the AD7890-JO: 
'Sample tested @: + 25'C to ensure compliance. 
6Analog inputs on AD7890-10 must be at 0 V to achieve correct power-down current. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C unless otherwise noted) 

V00 to AGND .................... -0.3 V to +7 V 
V00 to DGND .................... -0.3 V to +7 V 
Analog Input Voltage to AGND 

AD7890·10, AD7890-4 .................... ±17 V 
AD7890-2 ........................ -5 V, + 10 V 

Reference Input Voltage to AGND .. -0.3 V to V00 + 0.3 V 
Digital Input Voltage to DGND .... -0.3 V to V00 + 0.3 V 
Digital Output Voltage to DGND ... -0.3 V to V00 + 0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ........... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 
Storage Temperature Range .......... -65°C to + 150°C 

Junction Temperature ...................... + 150'C 
Plastic DIP Package, Power Dissipation .......... 450 mW 

01A Thermal Impedance .................. 105°C/W 
Lead Temperature (Soldering, 10 sec) .......... +260'C 

Cerdip Package, Power Dissipation ............. 450 mW 
01A Thermal Impedance ................... 70°C/W 
Lead Temperature (Soldering, 10 sec) .......... + 300°C 

SOIC Package, Power Dissipation .............. 450 mW 
01A Thermal Impedance ................... 75°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... + 215°C 
Infrared (15 sec) ...................... + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended· periods may affect device 
reliability. 

ORDERING GUIDE 

Temperature Linearity Package 
Model Range Error(LSB) Option* 

AD7890AN·2 -40°C to +85°C ±1 LSB N-24 
AD7890BN·2 -40°C to +85°C ±1/2 LSB N-24 
AD7890AR-2 -40°C to +85°C ±1 LSB R-24 
AD7890BR-2 -40°C to +85°C ±1/2 LSB R-24 
AD7890SQ·2 -55°C to + 125°C ±1 LSB Q-24 
AD7890AN-4 -40°C to +85°C ±1 LSB N-24 
AD7890BN-4 -40°C to +85°C ±1/2 LSB N-24 
AD7890AR-4 -40°C to +85°C ±1 LSB R-24 
AD7890BR-4 -40°C to +85°C ±1/2 LSB R-24 
AD7890SQ-4 -55°C to + 125°C ±1 LSB Q-24 
AD7890AN-10 -40°C to +85°C ±1 LSB N-24 
AD7890BN-10 -40°C to +85°C ±112 LSB N-24 
AD7890AR-10 -40°C to +85°C ±1 LSB R-24 
AD7890BR-10 -40°C to +85°C ±1/2 LSB R-24 
AD7890SQ-10 -55°C to + 125°C ±1 LSB Q-24 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see 
Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~-,-
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although WARNING! QJ 
the AD7890 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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AD7890 

TIMING CHARACTERISTlcsl, 2 (Yoo= +5 V ± 5%, AGND = DGND = 0 V, REF IN= +2.5 V, fcLK IN= 2.5 MHz external, 
MUX OUT connected to SHA IN.) 

Limit at T MIN• T MAX 
Parameter (A, B, S Versions) Units Conditions/Comments 

fcLKIN 
3 100 kHz min Master Clock Frequency. For Specified Performance 

2.5 MHz max 
tcLK IN LO 0.3 X tcLK IN ns min Master Clock Input Low Time 
lcLKINHI 0.3 X tcLK IN ns min Master Clock Input High Time 
tr4 25 ns max Digital Output Rise Time. Typically 10 ns 
tf' 25 ns max Digital Output Fall Time. Typically 10 ns 
lcoNVERT 5.9 µs max Conversion Time 
lcsT 100 ns min CONVST Pulse Width 
Self-Clocking Mode 

t1 tcLK IN HI +50 ns max RFS Low to SCLK Falling Edge 
t s 
2 25 ns max RFS Low to Data Valid Delay 

t, lcLKINHI ns nom SCLK High Pulse Width 
t. lcLK IN LO ns nom SCLK Low Pulse Width 
tss 20 ns max SCLK Rising Edge to Data Valid Delay 
t6 40 nsmax SCLK Rising Edge to RFS Delay 
t 6 
7 50 ns max Bus Relinquish Time after Rising Edge of SCLK 

ts 0 ns min TFS Low to SCLK Falling Edge 
lcLK IN+ 50 nsmax 

t,, 0 ns min Data Valid to TFS Falling Edge Setup Time (A2 Address Bit) 
t10 20 ns min Data Valid to SCLK Falling Edge Setup Time 
t11 10 nsmin Data Valid to SCLK Falling Edge Hold Time 
t12 20 ns min TFS to SCLK Falling Edge Hold Time 

External-Clocking Mode 
t13 20 nsmin RFS Low to SCLK Falling Edge Setup Time 
t145 40 ns max RFS Low to Data Valid Delay 
tis 50 ns min SCLK High Pulse Width 
t16 50 nsmin SCLK Low Pulse Width 
t1/ 35 ns max SCLK Rising Edge to Data Valid Delay 
t18 20 ns min RFS to SCLK Falling Edge Hold Time 
t196 50 ns max Bus Relinquish Time after Rising Edge of RFS 
t19A6 90 ns max Bus Relinquish Time after Rising Edge of SCLK 
tzo 20 ns min TFS Low to SCLK Falling Edge Setup Time 
t,, 10 ns min Data Valid to SCLK Falling Edge Setup Time 
t,, 15 ns min Data Valid to SCLK Falling Edge Hold Time 
t,, 40 ns min TFS to SCLK Falling Edge Hold Time 

NOTES 
'Sample tested at + 25°C to ensure compliance. All input signals are specified with tr = tf = 5 ns (10% to 90% of 5 V) and timed from a voltage level of 1.6 V. 
'See Figures 8 to 11. 
'The AD7890 is production tested with fcLKIN at 2.5 MHz. It is guaranteed by characterization to operate at 100 kHz. 
'Specified using 10% and 90% points on waveform of interest. 
'These numbers are measured with the load circuit of Figure 1 and defined as the time required for the output to cross 0.8 V or 2.4 V. 
'These numbers are derived from the measured time taken by the data output to change 0.5 V when loaded with the circuit of Figure I. The measured number 
is then extrapolated back to remove effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are 
the true bus relinquish times of the part and as such are independent of external bus loading capacitances. 

+2.1V 

SOpF* 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 
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AD7890 

Pin 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 
16 

Mnemonic 

AGND 

SMODE 

DGND 

CEXT 

CO NV ST 

CLKIN 

SCLK 

DATA OUT 

DATA IN 

Von 
MUXOUT 

SHAIN 

AGND 

VIN! 

PIN FUNCTION DESCRIPTION 

Description 

Analog Ground. Ground reference for track/hold, comparator and DAC. 

Control Input. Determines whether the part operates in its External Clocking (slave) or Self-Clocking 
(master) serial mode. With SMODE at a logic low, the part is in its Self-Clocking serial mode with 
RFS and SCLK as outputs. This Self-Clocking mode is useful for connection to shift registers or to 
serial ports of DSP processors. With SMODE at a logic high, the part is in its External Clocking 
serial mode with SCLK and RFS as inputs. This External Clocking mode is useful for connection to 
the serial port of microcontrollers such as the 8XC5 l and the 68HCXX and for connection to the 
serial ports of DSP processors. 
Digital Ground. Ground reference for digital circuitry. 
External Capacitor. An external capacitor is connected to this pin to determine the length of the 
internal pulse (see CONVST input and Control Register section). Larger capacitances on this pin 
extend the pulse to allow for settling time delays through an external antialiasing filter or signal 
conditioning circuitry. 
Convert Start. Edge-triggered logic input. A low to high transition on this input puts the track/hold 
into hold and initiates conversion provided that the internal pulse has timed out (see Control Register 
section). If the internal pulse is active when the CONVST goes high, the track/hold will not go into 
hold until the pulse times out. If the internal pulse has timed out when CONVST goes high, the 
rising edge of CONVST drives the track/hold into hold and initiates conversion. 
Clock Input. An external TTL-compatible clock is applied to this input pin to provide the clock 
source for the conversion sequence. In the Self-Clocking serial mode, the SCLK output is derived 
from this CLK IN pin. 
Serial Clock Input. In the External Clocking (slave) mode (see Serial Interface section) this is an 
externally applied serial clock which is used to load serial data to the control register and to access 
data from the output register. In the Self-Clocking (master) mode, the internal serial clock, which is 
derived from the clock input (CLK IN), appears on this pin. Once again, it is used to load. serial data 
to the control register and to access data from the output register. 
Transmit Frame Synchronization Pulse. Active low logic input with serial data expected after the 
falling edge of this signal. 
Receive Frame Synchronization Pulse. In the External Clocking mode, this pin is an active low logic 
input with RFS provided externally as a strobe or framing pulse to access serial data from the output 
register. In the Self-Clocking mode, it is an active low output which is internally generated and 
provides a strobe or framing pulse for serial data from the output register. For applications which 
require that data be transmitted and received at the same time, RFS and TFS should be connected 
together. 
Serial Data Output. Sixteen bits of serial data are provided with one leading zero, preceding the three 
address bits of the Control register and the 12 bits of conversion data. Serial data is valid on the 
falling edge of SCLK for sixteen edges after RFS goes low. Output coding from the ADC is 2s 
complement for the AD7890-10 and straight binary for the AD7890-4 and AD7890-2. 
Serial Data Input. Serial data to be loaded to the control register is provided at this input. The first 
five bits of serial data are loaded to the control register on the first five falling edges of SCLK after 
TFS goes low. Serial data on subsequent SCLK edges is ignored while TFS remains low. 

Positive supply voltage, +5 V ± 5%. 
Multiplexer Output. The output of the multiplexer appears at this pin. The output voltage range 
from this output is 0 V to +2.5 V for the nominal analog input range to the selected channel. The 
output impedance of this output is nominally 3.5 kfl. If no external antialiasing filter is required, 
MUX OUT should be connected to SHA IN. 
Track/Hold Input. The input to the on-chip track/hold is applied to this pin. It is a high impedance 
input and the input voltage range is 0 V to +2.5 V. 
Analog Ground. Ground reference for track/hold, comparator and DAC. 
Analog Input Channel 1. Single-ended analog input. The analog input range on is ± 10 V 
(AD7890-10), O V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be 
converted is selected using the AO, Al and A2 bits in the control register. The multiplexer has 
guaranteed break-before-make operation. 
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Pin Mnemonic 

17 VIN2 

18 VIN3 

19 VIN4 

20 VINS 

21 VIN6 

22 VIN7 

23 VIN8 

24 REF OUT/REF IN 
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AD7890 
Description 

Analog Input Channel 2. Single-ended analog input. The analog input range on is ± 10 V 
(AD7890-10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be 
converted is selected using the AO, Al and A2 bits in the control register. The multiplexer has 
guaranteed break-before-make operation. 
Analog Input Channel 3. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control-register. The multiplexer has guaranteed 
break-before-make operation. 

Analog Input Channel 4. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to + 2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 

Analog Input Channel 5. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 
Analog Input Channel 6. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 
Analog Input Channel 7. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 

Analog Input Channel 8. Single-ended analog input. The analog input range on is ± 10 V(AD7890-
10), 0 V to +4.096 V (AD7890-4) and 0 V to +2.5 V (AD7890-2). The channel to be converted is 
selected using the AO, Al and A2 bits in the control register. The multiplexer has guaranteed 
break-before-make operation. 
Voltage Reference Output/Input. The part can be used with either its own internal reference or with 
an external reference source. The on-chip + 2.5 V reference voltage is provided at this pin. When 
using this internal reference as the reference source for the part, REF OUT should decoupled to 
AGND with a 0.1 µF disc ceramic capacitor. The output impedance of this reference squrce is 
typically 2 kfl. When using an external reference source as the reference voltage for the part, the 
reference source should be connected to this pin. This overdrives the internal reference and provides 
the reference source for the part. The REF IN input is buffered on-chip. The nominal reference 
voltage for correct operation of the AD7890 is +2.5 V. 

PIN CONFIGURATION 

DIP and SOIC 

AGNO REF OUT/REF IN 

DATA OUT 

DATA IN 

Yoo 

VIN8 

VIN7 

VIN8 

VIN5 

VIN4 

VIN3 

VIN2 

V1N1 

AGND 

SHAIN 

MUXOUT 
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AD7890 
TERMINOLOGY 
Signal to (Noise + Distortion) Ratio 
This is the measured ratio of signal to (noise + distortion) at the 
output of the AID converter. The signal is the rms amplitude of 
the fundamental. Noise is the rms sum of all nonfundamental 
signals up to half the sampling frequency (fs/2), excluding de. 
The ratio is dependent upon the number of quantization levels 
in the digitization process; the more levels, the smaller the 
quantization noise. The theoretical signal to (noise + distortion) 
ratio for an ideal N-bit converter with a sine wave input is given 
by: 

Signal to (Noise + Distortion) = (6.02N + 1.76) dB 

Thus for a 12-bit converter, this is 74 dB. 

Total Harmonic Distortion 
Total harmonic distortion (THb) is the ratio of the rms sum of 
harmonics to the fundamental. For the AD7890, it is defined as: 

vvi + V2 + vi +vi + vi 
THD (dB) = 20 log i 3 4 5 6 

Vi 

where V 1 is the rms amplitude of the fundamental and Vi' V 3, 

V 4 , V 5 and V 6 are the rms amplitudes of the second through the 
sixth harmonics. 

Peak Harmonic or Spurious Noise 
Peak harmonic or spurious noise is defined as the ratio of the 
rms value of the next largest component in the ADC output 
spectrum (up to f5/2 and excluding de) to the rms value of the 
fundamental. Normally, the value of this specification is deter
mined by the largest harmonic in the spectrum, but for parts 
where the harmonics are buried in the noise floor, it will be a 
noise peak. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fa and 
fb, any active device with nonlinearities will create distortion 
products at sum and difference frequencies of mfa ± nfb where 
m, n = 0, l, 2, 3, etc. Intermodulation terms are those for 
which neither m or n are equal to zero. For example, the second 
order terms include (fa + fb) and (fa - fb), while the third 
order terms include (2fa + fb), (2fa - fb), (fa + 2fb) and (fa -
2fb). 

The AD7890 is tested using the CCIF standard where two input 
frequencies near the top end of the input bandwidth are used. 
In this case, the second and third order terms are of different 
significance. The second order terms are usually distanced in 
frequency from the original sine waves while the third order 
terms are usually at a frequency dose to the input frequencies. 
As a result, the second and third order terms are specified sepa
rately. The calculation of the intermodulation distortion is as per 
the THD specification where it is the ratio of the rms sum of 
the individual distortion products to the rms amplitude of the 
fundamental expressed in dBs. 
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Channel-to-Channel Isolation 
Channel-to-channel isolation is a measure of the level of 
crosstalk between channels. It is measured by applying a full
scale 1 kHz signal to any one of the other seven inputs and 
determining how much that signal is attenuated in the channel 
of interest. The figure given is the worst case across all eight 
channels. 

Relative Accuracy 
Relative accuracy or endpoint nonlinearity is the maximum devi
ation from a straight line passing through the endpoints of the 
ADC transfer function. 

Differential Nonlinearity 
This is the difference between the measured and the ideal 1 
LSB change between any two adjacent codes in the ADC. 

Positive Full-Scale Error (AD7890-10) 
This is the deviation of the last code transition (0 l ... 110 to 
01 ... lll) from the ideal (4 x REF IN - l LSB) after the 
Bipolar Zero Error has been adjusted out. 

Positive Full-Scale Error (AD7890·4) 
This is the deviation of the last code transition (ll ... llO to 
ll ... ll l) from the ideal (1.638 x REF IN - l LSB) after 
the Unipolar Offset Error has been adjusted out. 

Positive Full-Scale Error (AD7890·2) 
This is the deviation of the last code transition ( ll . . . ll 0 to 
ll ... lll) from the ideal (REF IN - l LSB) after the Unipo
lar Offset Error has been adjusted out. 

Bipolar Zero Error (AD7890· 10) 
This is the deviation of the midscale transition (all Os to all ls) 
from the ideal 0 V (AGND). 

Unipolar Offset Error (AD7890·2, AD7890-4) 
This is the deviation of the first code transition (00 ... 000 to 
00 ... 001) from the ideal 0 V (AGND). 

Negative Full-Scale Error (AD7890· 10) 
This is the deviation of the first code transition (10 ... 000 to 
10 ... 001) from the ideal (-4 x REF IN+ l LSB) after 
Bipolar Zero E.rror has been adjusted out. 

Track/Hold Acquisition Time 
Track/Hold acquisition time is the time required for the output 
of the track/hold amplifier to reach its final value, within 
± 112 LSB, after the end of conversion (the point at which the 
track/hold returns to track mode). It also applies to situations 
where a change in the selected input channel takes place or 
where there is a step input change on the input voltage applied 
to the selected V1N input of the AD7890. It means that the user 
must wait for the duration of the track/hold acquisition time 
after the end of conversion or after a channel change/step input 
change to VIN before starting another conversion, to ensure that 
the part operates to specification. 
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CONTROL REGISTER 
The Control Register for the AD7890 contains 5 bits of informa
tion as described below. Six serial clock pulses must be provided 
to the part in order to write data to the Control Register (seven 
if the write is required to put the part in Standby Mode). If 
TFS returns high before six serial clock cycles then no data 
transfer takes place to the Control Register and the write cycle 
will have to be restarted to write the data to the Control Regis
ter. If, however, the CONV bit of the register (see below) is set 
to a Logic 1, then a conversion will be initiated whenever a 
Control Register write takes place regardless of how many serial 
clock cycles the TFS remains low for. The default (power-on) 
condition of all bits in the Control Register is 0. 

MSB 

Al AO CONV STBY I 

A2 Address Input. This input is the most significant 
address input for multiplexer channel selection. 

Al Address Input. This is the 2nd most significant 
address input for multiplexer channel selection. 

AO 

CONV 

STBY 
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Address Input. Least significant address input for 
multiplexer channel selection. When the address is 
written to the control register, an internal pulse is 
initiated, the pulse width of which is determined by 
the value of capacitance on the CExT pin. When 
this pulse is active, it ensures the conversion process 
cannot be activated. This allows for the multiplexer 
settling time and track/hold acquisition time before 
the track/hold goes into hold and conversion is initi
ated. In applications where there is an antialiasing 
filter between MUX OUT and SHA IN, the filter 
settling time can be taken into account before the 
input at SHA IN is sampled. When the internal 
pulse times out, the track/hold goes into hold and 
conversion is initiated. 
Conversion Start. Writing a l to this bit initiates a 
conversion in a similar manner to the CONVST 
input. Continuous conversion starts do not take 
place when there is a I in this location. The internal 
pulse and the conversion process are initiated after 
the sixth serial clock cycle of the write operation if a 
1 is written to this bit. With a l in this bit, the 
hardware conversion start i.e., the CONVST input, 
is disabled. Writing a 0 to this bit enables the hard
ware CONVST input. 
Standby Mode Input. Writing a l to this bit places 
the device in its standby or power-down mode. 
Writing a 0 to this bit places the device in its nor
mal operating mode. The part does not enter its 
standby mode until the seventh falling edge of 
SCLK in a write operation. Therefore, the part 
requires seven serial clock pulses in its serial write 
operation if it is required to put the part into 
standby 

AD7890 
CONVERTER DETAILS 
The AD7890 is an eight-channel, 12-bit, single supply, serial 
data acquisition system. It provides the user with signal scaling, 
multiplexer, track/hold, reference, AID converter and versatile 
serial logic functions on a single chip. The signal scaling allows 
the part to handle ± 10 V input signals (AD7890- IO) and 0 V to 
+4.096 V input signals (AD7890-4) while operating from a sin
gle +5 V supply. The AD7890-2 contains no signal scaling and 
accepts an analog input range of 0 V to + 2.5 V. The part oper
ates from a + 2.5 V reference which can be provided from the 
part's own internal reference or from an external reference 
source. 

Unlike other single chip data acquisition solutions, the AD7890 
provides the user with separate access to the multiplexer and the 
AID converter. This means that the flexibility of separate multi
plexer and ADC solutions is not sacrificed with the one-chip 
solution. With access to the multiplexer output, the user can 
implement external signal conditioning between the multiplexer 
and the track/hold. It means that one antialiasing filter can be 
used on the output of the multiplexer to provide the antialiasing 
function for all eight channels. 

Conversion is initiated on the AD7890 either by pulsing the 
CONVST input or by writing a Logic 1 to the CONV bit of the 
Control Register. When using the hardware CONVST input, on 
the rising edge of the CONVST signal, the on-chip track/hold 
goes from track to hold mode and the conversion sequence is 
started provided the internal pulse has timed out. This internal 
pulse (which appears at the CExT pin) is initiated whenever the 
multiplexer address is loaded to the AD7890 Control Register. 
This pulse goes from high to low when a serial write to the part 
is initiated. It starts to discharge on the sixth falling clock edge 
of SCLK in a serial write operation to the part. The track/hold 
cannot go into hold and conversion cartnot be initiated until the 
CExT pin has crossed its trigger point of 2.5 V. The discharge 
time of the voltage on CExT depends upon the value of capaci
tor connected to the CExT pin (see CExT Functioning section). 
The fact that the pulse is initiated every time a write to the con' 
trol register takes place means that the software conversion start 
and track/hold signal is always delayed by the internal pulse. 

The conversion clock for the part is generated from the clock 
signal applied to the CLK IN pin of the part. Conversion time 
for the AD7890 is 5. 9 µs from the rising edge of the hardware 
CONVST signal and the track/hold acquisition time is 2 µs. To 
obtain optimum performance from the part, the data read opera
tion or Control Register write operation should not occur during 
the conversion or during 500 ns prior to the next conversion. 
This allows the part to operate at throughput rates up to 
117 kHz in the external clocking mode and achieve data sheet 
specifications. The part can operate at slightly higher through
put rates (up to 127 kHz), again in external clocking mode with 
degraded performance (see Timing and Control section). The 
throughput rate for self clocking mode is limited by the serial 
clock rate to 78 kHz. 

All unused inputs should be connected to a voltage within the 
nominal analog input range to avoid noise pickup. On the 
AD7890-10, if any one of the input channels which are not 
being converted goes more negative than -12 V, it can interfere 
with the conversion on the selected channel. 
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AD7890 
CIRCUIT DESCRIPTION 
Analog Input Section 
The AD7890 is offered as three part types, the AD7890-10 
which handles a ±10 V input voltage range, the AD7890-4 
which handles a 0 to +4.096 V input range and the AD7890-2 
which handles a 0 to + 2.5 V input voltage range. 

AD7890-IO 
Figure 2 shows the analog input section for the AD7890-10. The 
analog input range for each of the analog inputs is ± 10 V into 
an input resistance of typically 33 kn. This input is benign with 
no dynamic charging currents with the resistor attenuator stage 
followed by the multiplexer and in cases where MUX OUT is 
connected to SHA IN this is followed by the high input imped
ance stage of the track/hold amplifier. The designed code transi
tions occur on successive integer LSB values (i.e,, 1 LSB, 
2 LSBs, 3 LSBs ... ). Output coding is Zs complement binary 
with 1 LSB = FS/4096 = 20 V/4096 = 4.88 mV. The ideal 
input/output transfer function is shown in Table I. 

AGND 

MUXOUT 

TO ADC 
REFERENCE 
CIRCUITRY 

AD7890-10 

•EQUIVALENT ON-RESISTANCE OF MULTIPLEXER 

Figure 2. AD7890-10 Analog Input Structure 

Table I. Ideal Input/Output Code Table for the AD7890-10 

Analog Input1 

Digital Output 
Code Transition 

+FSR/2 - 1 LSB2 (9.995117 V) 011 ... 110 to 011 ... 111 
+ FSR/2 - 2 LSBs (9.990234 V) Oll ... 101 to 011 ... 110 
+FSR/2 - 3 LSBs (9.985352 V) 011 ... 100 to 011 ... 101 

AGND + 1 LSB (0.004883 V) 000 ... 000 to 000 ... 001 
AGND (0.000000 V) lll ... 111 to 000 ... 000 
AGND - 1 LSB (-0.004883 V) 111 ... llO to 111 ... 111 

-FSR/2 + 3 LSBs (-9.985352 V) 100 ... 010 to 100 ... 011 
-FSR/2 + 2 LSBs ( ~9.990234 V) 100 ... 001 to 100 ... 010 
-FSR/2 + 1 LSB (-9.995117 V) 100 ... 000 to 100 ... 001 

NOTES 
1FSR is full-scale range and is 20 V with REF IN = +2.5 V. 
21 LSB = FSR/4096 = 4.883 mV with REF IN = +2.5 V. 

AD7890-4 
Figure 3 shows the analog input section for the AD7890-4. The 
analog input range for each of the analog inputs is ± 10 V into 
an input resistance of typically 15 kn. This input is benign with 
no dynamic charging currents with the resistor attenuator stage 
followed by the multiplexer and in cases where MUX OUT is 
connected to SHA IN this is followed by the high input imped
ance stage of the track/hold amplifier. The designed code transi
tions occur on successive integer LSB values (i.e., 1 LSB, 
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2 LSBs, 3 LSBs ... ). Output coding is straight (natural) 
binary with 1 LSB = FS/4096 = 4.096 V/4096 = 1 mV. The 
ideal input/output transfer function is shown in Table II. 

MUXOUT 

TO ADC 
REFERENCE 
CIRCUITRY 

•EQUIVALENT ON-RESISTANCE OF MULTIPLEXER 

Figure 3. AD7890-4 Analog Input Structure 

Table II. Ideal Input/Output Code Table for the AD7890-4 

Analog Input1 

+FSR - .1 LSB2 (4.095 V) 
+ FSR - 2 LSBs ( 4.094 V) 
+ FSR - 3 LSBs ( 4.093 V) 

AGND + 3 LSBs (0.003 V) 
AGND + 2 LSBs (0.002 V) 
AGND + 1 LSB (0.001 V) 

NOTES 

Digital Output 
Code Transition 

111 ... 110 to 111 ... lll 
111 ... IOI to lll ... llO 
lll ... 100 to lll ... 101 

000 ... 010 to 000 ... Oll 
000 ... 001 to 000 ... 010 
000 ... 000 to 000 ... 001 

1FSR is full-scale range and is 4.096 V with REF IN= +2.5 V. 
2 1 LSB = FSR/4096 = I mV with REF IN = +2.5 V. 

AD7890-2 
The analog input section for the AD7890-2 contains no biasing 
resistors and the selected analog input connects to the multi
plexer and in cases where MUX OUT is connected to SHA IN 
this is followed by the high input impedance stage of the track/ 
hold amplifier. The analog input range is, therefore, 0 V to + 2.5 V 
into a high impedance stage with an input current of less than 
SO nA. The designed code transitions occur on successive integer 
LSB values (i.e., I LSB, 2 LSBs, 3 LSBs ... FS-1 LSBs). Out
put coding is straight (natural) binary with I LSB = FS/4096 = 
2.5 V/4096 = 0.61 mV. The ideal input/output transfer function 
is shown in Table III. 

Table· III. Ideal Input/Output Code Table for the AD7890-2 

Analog lnput1 

+ FSR - 1 LSB2 (2.499390 V) 
+FSR - 2 LSBs (2.498779 V) 
+FSR - 3 LSBs (2.498169 V) 

AGND + 3 LSBs (0.001831 V) 
AGND + 2 LSBs (0.001221 V) 
AGND + I LSB (0.000610 V) 

NOTES 

Digital Output 
Code Transition 

lll ... 110 to 111 ... Ill 
lll ... 101 to lll ... 110 
111 ... 100 to Ill ... 101 

000 ... 010 to 010 ... Oll 
000 ... 001 to 001 ... 010 
000 ... 000 to 000 ... 001 

1FSR is full-scale range and is 2.5 V with REF IN = + 2.5 V. 
2 1 LSB = FSR/4096 = 0.61 mV with REF IN = +2.5 V. 
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Track/Hold Section 
The SHA IN input on the AD7890 connects directly to the 
input stage of the track/hold amplifier. This is a high impedance 
input with input leakage currents of less than 50 nA. Connect
ing the MUX OUT pin directly to the SHA IN pin connects the 
multiplexer output directly to the track/hold amplifier. The 
input voltage range for this input is 0 to +2.5 V. If external cir
cuitry is connected between MUX OUT and SHA IN, then the 
user must ensure that the input voltage range to the SHA IN 
input is 0 to + 2. 5 V to ensure that the full dynamic range of the 
converter is utilized. 

The track/hold amplifier on the AD7890 allows the ADC to 
accurately convert an input sine wave of full-scale amplitude to 
12-bit accuracy. The input bandwidth of the track/hold is 
greater than the Nyquist rate of the ADC even when the ADC 
is operated at its maximum throughput rate of 117 kHz (i.e., 
the track/hold can handle input frequencies in excess of 
58 kHz). 

The track/hold amplifier acquires an input signal to 12-bit accu
racy in less than 2 µs. The operation of the track/hold is essen
tially transparent to the user. The track/hold amplifier goes from 
its tracking mode to its hold mode at the start of conversion. 
The start of conversion is the rising edge of CONVST (assum
ing the internal pulse has timed out) for hardware conversion 
starts and for software conversion starts is the point where the 
internal pulse is timed out. The aperture time for the track/hold 
(i.e., the delay time between the external CONVST signal and 
the track/hold actually going into hold) is typically 15 ns. For 
software conversion starts, the time depends on the internal 
pulse widths. Therefore, for software conversion starts, the sam
pling instant is not very well defined. For sampling systems 
which require well defined, equidistant sampling, it may not be 
possible to achieve optimum performance from the part using 
the software conversion start. At the end of conversion, the part 
returns to its tracking mode. The acquisition time of the track/ 
hold amplifier begins at this point. 

Reference Section 
The AD7890 contains a single reference pin, labelled 
REF OUT/REF IN, which either provides access to the part's 
own + 2. 5 V reference or to which an external + 2. 5 V reference 
can be connected to provide the reference source for the part. 
The part is specified with a +2.5 V reference voltage. Errors in 
the reference source will result in gain errors in the AD7890' s 
transfer function and will add to the specified full-scale errors 
on the part. On the AD7893-10, it will also result in an offset 
error injected in the attenuator stage. 

The AD7890 contains an on-chip +2.5 V reference. To use this 
reference as the reference source for the AD7890, simply con
nect a 0.1 µF disc ceramic capacitor from the REF OUT/ 
REF IN pin to AGND. The voltage which ~ppears at this pin is 
internally buffered before being applied to the ADC. If this ref
erence is required for use external to the AD7890, it should be 
buffered as the source impedance of this output is 2 kn nomi
nal. The tolerance on the internal reference is ± 10 mV at 25°C 
with a typical temperature coefficient of 25 ppmf'C and a maxi
mum error over temperature of ± 25 m V. 
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AD7890 
If the application requires a reference with a tighter tolerance or 
the AD7890 needs to be used with a system reference, then the 
user has the option of connecting an external reference to this 
REF OUT/REF IN pin. The external reference will effectively 
overdrive the internal reference and thus provide the reference 
source for the ADC. The reference input is buffered but has a 
nominal 2 kn resistor connected to the AD7890's internal refer
ence. Suitable reference sources for the AD7890 include the 
AD680, AD780 and REF-43 precision +2.5 V references. 

Timing and Control Section 
The AD7890 is capable of two interface modes, selected by the 
SMODE input. The first of these is a self-clocking mode where 
the part provides the frame sync, serial clock and serial data at 
the end of conversion. In this mode the serial clock rate is deter
mined by the master clock rate of the part (at CLK IN input). 
The second mode is an external clocking mode where the user 
provides the frame sync and serial clock signals to obtain the 
serial data from the part. In this second mode, the user has con
trol of the serial clock rate up to a maximum of 10 MHz. The 
two modes are discussed in more detail in the Serial Interface 
section. 

The part also provides hardware and software conversion start 
features. The former provides a well-defined sampling instant 
with the track/hold going into hold on the rising edge of the 
CONVST signal. For the software conversion start, a write to 
the CONV bit to the Control Register initiates the conversion 
sequence. However, for the software conversion start an internal 
pulse has to time out before the input signal is sampled. This 
pulse, plus the difficult in maintaining exactly equal delays 
between each software conversion start command, means that 
the dynamic performance of the AD7890 may have difficulty 
meeting spec when used in software conversion start mode. 

The AD7890 provides separate channel select and conversion 
start control. This allows the user to optimize the throughput 
rate of the system. Once the track/hold has gone into hold 
mode, the input channel can be updated and the input voltage 
can settle to the new value while the present conversion is in 
progress. 

Assuming the internal pulse has timed out before the CONVST 
pulse is exercised, the conversion will consist of 14.5 master 
clock cycles. In the self-clocking mode, the conversion time is 
defined as the time from the rising edge of CONVST to the fall
ing edge of RFS (i.e., when the device starts to transmit its con
version result). This time includes the 14.5 master clock cycles 
plus the updating of the output register and delay time in out
putting the RFS signal, resulting in a total conversion time of 
5.9 µs maximum. Figure 4 shows the conversion timing for the 
AD7890 when used in the Self-Clocking (Master) Mode with 
hardware CONVST. The timing diagram assumes that the inter
nal pulse is not active when the CONVST signal goes high. To 
ensure this, the channel address to be converted should be 
selected by writing to the Control Register prior to the 
CONVST pulse. Sufficient setup time should be allowed 
between the Control Register write and the CONVST to ensure 
that the internal pulse has timed out. The duration of the inter
nal pulse (and hence the duration of setup time) depends on the 
value of CExT· 
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AD7890 
CONVST(I) -u.--_--T-R-A-CK/_H_O_L_D-----S)-------------

\.. GOES INTO HOLD 

tcoNYERT -------~ 

RFS(O) 

SCLK(O) 

THREE·STATE 
DATAOUT(O) ------------------------., 

NOTE 
(I) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. PULL,UP RESISTOR ON SCLK. 

Figure 4 .. Self-Clocking (Master) Mode Conversion Sequence 

When using the device in the External-Clocking Mode, the out
put register can be read at any time and the most up-to-date 
conversion result will be obtained. However, reading data from 
the output register or writing data to the Control Register dur
ing conversion or during the 500 ns prior to the next CONVST 
will result in reduced performance from the part. A read opera
tion to the output register has most effect on performance with 
the signal-to-noise ratio likely to degrade especially when higher 
serial clock rates are used while the code flicker from the part 
will also increase (see AD7890 Performance section). 

Figure 5 shows the timing and control sequence required to 
obtain optimum performance from the part in the external 
clocking mode. In the sequence shown, conversion is initiated 
on the rising edge of CONVST and new data is available in the 
output register of the AD7890 5. 9 µs later. Once the read oper' 
ation has taken place, a further 500 ns should be allowed before 

CONVST 

SCLK 

RFS 

TFS 

~)) 

)) 

)) 

----+---)) 

------» 

CONVERSION IS 
INITIATED AND 

TRACK/HOLD GOES 
INTO HOLD 

CONVERSION 
ENDS5.9µs 

LATER 

the next rising edge of CONVST to optimize the settling of the 
track/hold before the next conversion is initiated. The diagram 
shows the read operation and the write operation taking place in 
parallel. On the sixth falling edge of SCLK in the write 
sequence the internal pulse will be initiated. Assuming MUX 
OUT is connected to SHA IN, 2 µs are required.between this 
sixth falling edge of SCLK and the rising edge of CONVST to 
allow for the full acquisition time of the track/hold amplifier. 
With the .serial clock rate at its maximum of 10 MHz, the 
achievable throughput rate for the part is 5. 9 µs (conversion 
time) plus 0.6 µs (six serial clock pulses before internal pulse is 
initiated) plus 2 µs (acquisition time). This results in a mini
mum throughput time of 8.5 µs (equivalent to a throughput rate 
of 117 kHz). If the part is operated with a slower. serial clock, it 
will impact the achievable throughput rate for optimum 
performance. 

1 
SERIAL.READ 

&.WRITE 
OPERATIONS 

~-·-
READ&WRITE 

OPERATIONS SHOULD END 
500ns PRIOR TO NEXT 

RISING EDGE OF CONVST 

NEXT 
CONVERSION 

START COMMAND 

Figure 5. External Clocking (Slave) Mode Timing Sequence for Optimum Performance 
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SCLK 

CONVERSION IS 
INmATEDAND 

TRACK/HOLD GOES 
INTO HOLD 

CONVERSION µP INT 
ENDS 5.9µa SERVICE OR 

LATER POLLING 
ROUTINE 

SERIAL READ 
&WRITE 

OPERATIONS 

AD7890 

~500naMIN 
READ & WRIT£ NEXT CONVST 

OPERATIONS SHOULD RISING EDGE 
END 500na PRIOR TO 

NEXT RISING EDGE OF 
CONVST 

Figure 6. CONVST Used as Status Signal in External Clocking Mode 

In the Self-Clocking Mode, the AD7890 indicates when conver
sion is complete by bringing the RFS line low and initiating a 
serial data transfer. In the external clocking mode, there is no 
indication of when conversion is complete. In many applica
tions, this will not be a problem as the data can be read from 
the part during conversion or after conversion. However, appli
cations which want to achieve optimum performance from the 
AD7890 will have to ensure that the data read does not occur 
during conversion or during SOO ns prior to the rising edge of 
CONVST. This can be achieved in either of two ways. The first 
is to ensure in software that the read operation is not initiated 
until S.9 µs after the rising edge of CONVST. This will only be 
possible if the software knows when the CONVST command is 
issued. The second scheme would be to use the CONVST signal 
as both the conversion start signal and an interrupt signal. The 
simplest way to do this would be to generate a square wave sig
nal for CONVST with high and low times of S.9 µs (see Figure 
6). Conversion is initiated on the rising edge ofCONVST. The 
falling edge of CONVST occurs S.9 µslater and can be used as 
either an active low or falling edge-triggered interrupt signal to 
tell the processor to read the data from the AD7890. Provided 
the read operation is completed SOO ns before the rising edge of 
CONVST, the AD7890 will operate to specification. 

This scheme limits the throughput rate to 11.8 µs minimum. 
However, depending Upon the response time of the microproces
sor to the interrupt signal and the time taken by the processor 
to read the· dara, this may the fastest which the system could 
have operated. In any case, the CONVST signal does not have 
to have a SO: SO duty cycle. This can be tailored to optimize the 
throughput rate of the part for a given system. 

Alternatively, the CONVST signal can be used as a normal nar
row pulse width. The rising edge of CONVST can be used as an 
active high or rising edge-triigered interrupt. A software delay 
of S.9 µscan then be implemented before data is read from the 
part. 
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CEXT FUNCTIONING 
The CEXT input on the AD7890 provides a means of 
determining how long after a new channel address is written to 
the part that a conversion can take place. The reason behind 
this is two-fold. Firstly, when the input channel to the.AD7890 
is changed, the input voltage on this new channel is likely to be 
very different from the previous channel voltage. Therefore, the 
part's track/hold has to acquire the new voltage before an 
accurate conversion can take place. An internal pulse delays any 
conversion start command (as well as the signal to send the 
track/hold into hold) until after this pulse has timed out. 
The second reason is to allow the user to connect external anti
aliasing or signal conditioning circuitry between MUX OUT and 
SHA IN. This external circuitry will introduce extra settling 
time into the system. The CEXT pin provides a means for the 
user to extend the internal pulse to take this extra settling time 
into account. Basically, varying the value of the capacitor on the 
CExT pin varies the duration of the internal pulse. Figure 7 
shows the relationship between the value of the CExT capacitor 
and the internal delay. 

561----i--+--+--+--+--+ 
l 
I 48 1----i--+---+---+--..... 

~ 40 l---+--1---+--l---+--.... ~ioo'!'---i 
w 
~ 32l----i--+--t--+--:2lllf'So" .. 
~ 241----i--+--t-:ill"!!if"''--t--"t--r--i 
~ i 16 

Bl---::l'll'-'-+--1--+--+---+--+--I 

250 500 750 1000 12!50 1500 1750 2000 

Cur CAPACITANCE - pF 

Figure 7. Internal Pulse Width vs. CexT 
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AD7890 
The duration of the internal pulse can be seen on the CEXT pin. 
The CriT pin goes from a low to a high when a serial write to 
the part is initiated (on the falling edge of TFS). It starts to dis
charge on the sixth falling edge of SCLK in the serial write 
operation. Once the CEXT pin has disch!ll'8ed to crossing its 
nominal trigger point ot 2. 5 V, the internal pulse is timed oµt. 

The internal pulse is initiated each time a write operation to the 
Control Register takes place. As a result, the pulse is initiated 
and the conversion process delayed for all software conversion 
start commands. For hardware conversion start, it is possible to 
separate the conversion start command from the internal pulse. 

If the multiplexer output (MUX OUT) is connected directly to 
the track/hold input (SHA IN), then no external settling has to 
be taken into account by the internal pulse width. In applica
tions where the multiplexer is switched and conversion is not 
initiated until more than 2 µs after the channel is changed (as is 
possible with a hardware conversion start), the user does not 
have to worry about connecting any capacitance to the CExT 
pin. The 2 µs equates to the track/hold acquisition time of the 
AD7890. In applications where the ihultiplexer is switched and 
conversion is initiated at the same time (such as with a software 
conversion start), a 120 pF capacitor should ·be connected to 
CmtT to allow for the acquisition time of the track/hold before 
conversion is initiated. 

If external circuitry is .connected between MUX OUT and SHA 
IN, then the extra settling time introduced by this circuitry will 
have to be taken into· account. In the case where the multiplexer 
change command and the conversion.start cominand are sepa
rated, they need to be separated by greater than the acquisition 
time of the. AD7890 plus the settling time of the external cir
cuitry if the user does not have to worry about the CExT capaci
tance. In applications where the multiplexer .is switched and 
conversionjs initiated at the same time (such as with a software 
conversion start), the capacitor on CEXT needs to allow for the 
acquisition time of the track/hold plus· the settling-time of the 
external circuitry before conversion .is initiated. 

RFS(O) 

SCU<(O) 

DATAOUT(O) 
3'6TATE LEADING 

ZERO 

NOTE . 

SERIAL INTERFACE 
The AD7890's serial communications port provides a flexible 
arrangement to allow easy interfacing to industry-standard 
microprocessors, tnicrocontrollers· and digital signal processors. 
A serial read to the AD7890. accesses data from the output regis
ter via the; DATA OUT line. A serial write to the AD7890 
writes data to the Control Register via the DATA IN line. 

Two different modes of operation are available, optimized for 
different types of interface- where the AD7890 can act either as 
master in the system (it provides the serial clock and data fram
ing signal) or acts as slave (an external serial clock and framing 
signal can be provided to the AD7890). These two modes, 
labelled Self-Clocking Mode and External Clocking Mode, are 
discussed in detail in the following sections. 

Self-Clocking Mode 
The AD7890 is configured fot its Self-Clocking Mode by tying 
the SMODE pin of the device to a logic low. In this mode, the 
AD7890 provides the serial clock. signal and the serial data fram
ing signal used for the transfer ·of data from the AD7890. This 
Self-Clocking Mode can be used with processors which allow an 
external device to clock their serial port including most digital 
signal processors. 

Read Operation 
Figure 8 shows a timing diagram for.reading from the AD7890 
in the Self-Clocking mode. At the end of conversion, RFS goes 
low and the serial clock (SCLK) and serial data (DATA OUT) 
outputs become active. Sixteen bits of data are transmitted ·with 
one leading zero, followed by the three address bits of the Con
trol Register,. followed by the 12-bit conversion result star.ting 
with the MSB. Serial data is clocked out of the. device on the 
rising edge of SCLK and is valid on the falling edge of SCLK. 
The RFS output remains low for the duration of the sixteen 
clock cydes. On the sixteenth rising edge of SCLK, the RFS 
output is driven high and DATA OUT is disabled. 

0) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. PULL-UP RESISTOR ON SCU<. 

Figure 8. Self-Clocking (Master) Mode Output Register Read 
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SCLK(O) ))fl__Sl-

DATAINP) 

NOTE 
p) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT. PULL-UP RESISTOR ON SCLK. 

Figure 9. Self-Clocking (Master) Mode Control Register Write 

Write Operation 
Figure 9 shows a write operation to the Control Register of the 
AD7890. The TFS input is taken low to indicate to the part 
that a serial write is about to occur. TFS going low initiates the 
SCLK output and this is used to clock data out of the proces
sors serial port and into the Control Register of the AD7890. 
The AD7890 Control Register requires only five bits of data. 
These are loaded on the first five clock cycles of the serial clock 
with data on all subsequent clock cycles being ignored. How
ever, the part requires six serial clock cycles to load data to the 
Control Register. Serial data to be written to the AD7890 must 
be valid on the falling edge of SCLK. 

External-Clocking Mode 
The AD7890 is configured for its external-clocking mode by 
eying the SMODE pin of the device to a logic high. In this 
mode, SCLK and RFS of the AD7890 are configured as inputs. 
This external-clocking mode is designed for direct interface to 
systems which provide a serial clock output which is synchro
nized to the serial data output including microcontrollers such as 
the 80C51, 87C51, 68HC11 and 68HC05 and most digital signal 
processors. 

Read Operation 
Figure 10 shows the timing diagram for reading from the 
AD789o in the external-clocking mode. RFS goes low to access 
data from the AD7890. The serial clock inpu~ does not have to 
be ciintinuous. The serial data can be accessed in a number of 
bytes. However, RFS must remain low for the duration of the 
data transfer operation. Once again, sixteen bits of data are 

R(I) 

SCLKP) 

transmitted with one leading zero, followed by the three address 
bits in the Control Register, followed by the 12-bit conversion 
result starting with the MSB. If RFS goes low during the high 
time of SCLK, the leading zero is clocked out from the falling 
edge ofRFS (as per Figure 10). If RFS goes low during the low 
time ofSCLK, the leading zero is clocked out on the next rising 
edge of SCLK. This ensures that, regardless of whether RFS 
goes low during a high time or low time of SCLK, the leading 
zero is valid on the first falling edge of SCLK after RFS goes 
low, provided t14 andt17 are adhered to. Serial data is clocked 
out of the device on the rising edge of SCLK and is valid on the 
falling edge of SCLK. At the end of the read operation, the 
DATA OUT line is three-stated by a rising edge on either the 
SCLK or RFS inputs, whichever occurs .first. If a serial read 
from the output register is in progress when conversion is com
plete, the updating of the output register is deferred until the 
serial data read is complete and RFS returns high. 

Write Operation 
Figure 11 shows a write operation to the Control Register ·of the 
AD7890. As with the Self-Clocking mode, the TFS input goes 
. low to indicate to the part that a serial write is about to occur. 
As before, the AD7890 Control Register requires only five bits 
of data. These are loaded on the first five clock cycles of the 
serial clock with data on all subsequent clock cycles being 
ignored. However, the part requires six serial clocks to load data 
to the Control Register. Serial data to be written to the AD7890 
must be valid on the falling edge of SCLK. 
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NOTE 
(I) SIGNIFIES AN INPUT; (0) SIGNIFIES AN OUTPUT 

Figure 10. External Clocking (Slave) Mode Output Register Read 
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Figure 11. External Clocking (Slave) Mode Control Register Write 

SIMPLIFYING THE INTERFACE 
To minimize the number of interconnect lines to the AD7890, 
the user can connect the RFS ·and TFS lines of the AD7890 
together and read and write from the part simultaneously. In 
this case, new control register data should be provided on the 
DATA IN line selecting the input channel and possibly provid
ing a conver.;ion start command while the part provides the result 
from the conversion just completed on the DATA OUT line. 

In the self-clocking mode, this means that the part provides all 
the signals for the serial interface. It does require that the 
microprocessor has the data to be written to the Control Regis
ter available in its output register when the part brings the TFS 
line low. In the external clocking mode, it means that the user 
only has to supply a single frame synchronization signal to con
trol both the read and write operations. 

Care must be taken with this scheme that the read operation is 
completed before the next conversion starts if the user wants to 
obtain optimum performance from the part. In the case of the 
software conversion start, the conversion command is written to 
the Control Register on the sixth serial clock edge. However, 
the read operation continues for another 10 serial clock cycles. 
To avoid reading during the sampling instant or during conver
sion, the user should ensure that the internal pulse width is suf
ficiently long (by choosing CExT) so that the read operation is 
completed before the next conversion sequence begins. Failure 
to do this will result in significantly degraded performance from 
the part, both in terms of signal-to-noise ratio and de parame
ters. In the case of a hardware conversion start, the user should 
ensure that the delay between the sixth falling edge of the serial 
clock in the write operation and the next rising edge of CON
VST is greater than the internal pulse width. 

MICROPROCESSOR/MICROCONTROLLER INTERFACE 
The AD7890's flexible serial interface allows for easy connection 
to the serial ports of DSP processors and microcontrollers. Fig
ures 12 through 15 show the AD7890 interfaced to a number of 
different microcontrollers and DSP processors. In some of the 
interfaces shown, the AD7890 is configured as the master in the 
system, providing the serial clock and frame sync for the read 
operation while in others it acts as a slave with these signals pro
vided by the microprocessor. 

AD7890--8051 Interface 
Figure 12 shows an interface between the AD7890 and the 
SXCS l microcontroller. The AD7890 is configured for its exter· 
nal clocking mode while the 8XCS l is configured for its Mode 0 
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serial interface mode. The diagram shown in Figure 12 makes 
no provisions for monitoring when conversion is complete on 
the AD7890 (assuming hardware conversion start is used). To 
monitor the conversion time on the AD7890 a scheme such as 
outlined previously with CONVST can be used. This can be 
implemented in two ways. One is to connect the CONVST line 
to another parallel port bit which is configured as an input. This 
port bit can then be polled to determine when conversion is 
complete. An alternative is to use an interrupt driven system in 
which case the CONVST line should be connected to the INTI 
input of the 8XCS 1. 

Since the 8XCS 1 contains only one serial data line, the 
DATA OUT and DATA IN lines of the AD7890 must be con
nected together. This means that the 8XCS l cannot communi
cate with the output register and Control Register of the 
AD7890 at the same time. The 8XCS l outputs the LSB first in 
a write operation so care should be taken in arranging the data 
which is to be transmitted to the AD7890. Similarly, the 
AD7890 outputs the MSB first during a read operation while 
the 8XCS l expects the LSB first. Therefore, the data that is to 
be read into the serial port needs to be rearranged before 
the correct data word from the AD7890 is available in the 
microcontroller. 

The serial clock rate from the SXCS l is limited to significantly 
less than the allowable input serial clock frequency with which 
the AD7890 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7890 cannot run at its maximum 
throughput rate when used with the 8XCS 1. 

SMODE 

P1.0 RFS 

P1.1 TFS AD7890 
8XC51 

DATAOllT 

P3.0 DATA IN 

P3.1 SCLK 

Figure 12. AD7890 to 8XC51 lnterface 
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AD7890-68HC11 Interface 
An interface circuit between the AD7890 and the 68HC11 
microcontroller is shown in Figure 13. For the interface shown, 
the AD7890 is configured for its external clocking mode while 
the 68HC11 's SPI port is used and the 68HC11 is configured in 
its single-chip mode. The 68HC11 is configured in the master 
mode with its CPOL bit set to a logic zero and its CPHA bit set 
to a logic one. 

As with the previous interface, there are no provisions for moni
toring when conversion is complete on the AD7890. To monitor 
the conversion time on the AD7890 a scheme, such as outlined 
in the previous interface with CONVST, can be used. This can 
be implemented in two ways. One is to connect the CONVST 
line to another parallel port bit which is configured as an input. 
This port bit can then be polled to determine when conversion 
is complete. An alternative is to use an interrupt driven system 
in which case the CONVST line should be connected to the 
IRQ input of the 68HC11. 

iii SllODE 

PCO iiFS 

PC1 TFS 
68HC11 AD7890 

SCK SCLK 

MISO DATA OUT 

MOS! DATA IN 

Figure 13. AD7890 to 68HC11 Interface 

The serial clock rate from the 68HC11 is limited to significantly 
less than the allowable input serial clock frequency with which 
the AD7890 can operate. As a result, the time to read data from 
the part will actually be longer than the conversion time of the 
part. This means that the AD7890 cannot run at its maximum 
throughput rate when used with the 68HC11. 

AD7890-ADSP·2101 Interface 
An interface circuit between the AD7890 and the ADSP-2101 
DSP processor is shown in Figure 14. The AD7890 is config
ured for its external clocking mode with the ADSP-2101 provid
ing the serial clock and frame synchronization signals. The 
RFSl and TFS! inputs are outputs are configured for active low 
operation. 

ov •• 

SMODE 

RFS1 RFS 

TFS1 TFS 
ADSP-2101 AD7890 

SCLK1 SCLK 

DR1 DATA OUT 

DTI DATA IN 

Figure 14. AD7890 to ADSP-2101 Interface 
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AD7890 
In the scheme shown, the maximum serial clock frequency 
which the ADSP-2101 can provide is 6.25 MHz. This allows the 
AD7890 to be operated at a sample rate of 111 kHz. If it is 
desirable to operate the AD7890 at its maximum throughput 
rate of 117 kHz, an external serial clock of 10 MHz can be pro
vided to drive the serial clock input of both the AD7890 and the 
ADSP-2101. 

To monitor the conversion time on the AD7890 a scheme, such 
as outlined in previous interfaces with CONVST, can be used. 
This can be implemented by connecting the CONVST line 
directly to the IRQ2 input of the ADSP-2101. An alternative to 
this, where the user does not have to worry about monitoring 
the conversion status, is to operate the AD7890 in its Self
Clocking Mode. In this scheme, the actual interface connections 
would remain the same as in Figure 14 but now the AD7890 
provides the serial clock and receive frame synchronization sig
nals. Using the AD7890 in its Self-Clocking Mode, limits the 
throughput rate of the system as the serial clock rate is limited 
to 2.5 MHz. 

AD7890-DSP56000 Interface 
Figure 15 shows an interface circuit between the AD7890 and 
the DSP56000 DSP processor. The AD7890 is configured for its 
external clocking mode. The DSP56000 is configured for normal 
mode, synchronous operation with continuous clock. It is also 
set up for a 16-bit word with SCK and SC2 as outputs. The 
FSL bit of the DSP56000 should be set to 0. 

The RFS and TFS inputs of the AD7890 are conneCted together 
so data is transmitted to and from the AD7890 at the same time. 
With the DSP56000 in synchronous mode, it provides a com
mon frame synchronization pulse for read and write operations 
on its SC2 output. This is inverted before being applied to the 
RPS and TFS inputs of the AD7890. 

To monitor the oonversion time on the AD7890 a scheme, such 
as outlined in previous interface examples with CONVST, can 
be used. This can be implemented by• connecting the CONVST 
line directly to the IRQA input of the DSP56000. 

DYoo 

SMODE 

SC2 RFS 

DSP56000 
TFS 

AD7890 

SCK SCLK 

SRD DATA OUT 

STD DATA IN 

Figure 15. AD7890 to DSP56000 Interface 
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1'11111111 ANALOG 
WDEVICES 

LC2MOS 8-Channel, 12-Bit 
High Speed Data Acquisition System 

FEATURES 
Fast 12-Bit ADC with 1.6 µs Conversion Time 
Eight Single-Ended Analog Input Channels 
Selection of Input Ranges: 

±5 V, ±10 V for AD7891-1 
O V to +2.5 V, O to +5 V ±2.5 V for AD7891-2 

Parallel and Serial Interface· 
Allows Separate Access to Mux ancl ADC 
On-Chip Track/Hold Amplifier 
On-Chip Reference 
Single Supply; Low Power Operation (75 mW maxi 
Power-Down Mode (75 µW·typl 
Overvoltage Protection on Analog Inputs 

GENERAL DESCRIPTION 
The AD789l is· an eight-channel 12-bit data acquisition system 
with a ·choice of either parallel or serial interface structure. 
part contains an input multiplexer, an on-chip track/hold 
fler, a high speed 12~bit ADC, a +2.5 V reference 
speed interface~ The part operatesfrom a single +5 
and accepts a variety of analog input ranges across tw 
the AD78<.il-1 (±5 V and± lOV) and the AD7891-2 (0 V to 
+2.5 V, 0 V to +5 V and ±2.5 V). 

The multiplexer 1m the part is independently accessible. As a re
sult, an antlaliasing filter or signal conditioning can be inserted, 
if required, l:letween the multiplexer and the ADC. This allows 
one antialiasing filter to be used for all eight channels .. The value 
of an external capacitor determines the time given to the multi
plexer settling to allow for any external delays in the filter or sig
nal conditioning circuitry. 

The AD7891 provides the option of either a parallel interface or 
serial interface structure determined by the MODE pin. The 
part has standard control inputs and fast data access times for 
both the serial and parallel interfaces which ensures easy inter
facing to modem microprocessors, microcontrollers and digital 
signal processors. 

In addition to the· traditional de accuracy specifications such as 
linearity, full-scale and offset errors, the part is also specified for 
dynamic performance parameters including harmonic distortion 
and signal-to-noise ratio. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

AD789l I 
FUNCTIONAL BLOCK DIAGJ{AM 

AD7891 

'---oil"\ DATA/ 
CONTROL 

L..:==:.Jv----------,'H LINES 

al mode is 60 mW typical while in the 
uced to 75 µW typ. The AD7891 is fab
s' Linear Compatible CMOS 

mixed technology process that combines 
circuits with low power CMOS logic. The part 

is a n a 44-pin plastic quad flatpack (PQFP) and a 44-
lead plastic leaded chip carrier (PLCC). 

PRODUCT HIGHLIGHTS 
1. Th_e AD789 l is a complete monolithic 12-bit data acquisi

tion system combining an eight-channel multiplexer, 12-bii 
ADC, +2.5 V reference and track/hold amplifier on a single 
chip. 

2. The part provides separate access to the multiplexer and the 
ADC, thus retaining all the fleXibility of separate multiplexer 
and ADC solutions. 

3. The part offers high speed pa~allelor serial interlace options 
for easy connection to microprocessors, microcontrollers and 
digital signal processors. · 

This information applies to a product under development. Its characteristics and specification's are subject tci change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPEC I Fl CATI 0 NS (V00 = +5 V, AGND = DGND = 0 V, REF IN = +2.5 V, MUX OUT connected lo SHA IN. 
AD7891 All specifications T MIN to T MAX unless otherwise noted,) 

A B s 
Parameter Versions1 Versions Version Units Test Conditions/Comments 

DYNAMIC PERFORMANCE' Any Channel 
Signal to (Noise+Distortion) Ratio3 

@25°C 70 72 70 dBmin fsAMPLE = 500 kHz4 

TMIN to TMAX 70 70 70 dBmin 
Total Harmonic Distortion3 -78 -78 -78 dB max fsAMPLE = 500 kHz4 

Peak Harmonic or Spurious Noise3 -79 -79 -79 dB max fsAMPLE = 500 kHz' 
Intermodulation Distortion3 fa = 9 kHz, fb = 9.5 kHz, fsAMPLE = 500 kHz' 

2nd Order Terms -80 -80 -80 dB typ 
3rd Order Terms -80 -80 -80 dB typ 

Channel-to-Channel Isolation3 -80 -80 -80 dB max f1N = I kHz Sine Wave 

DC ACCURACY Any Channel 
Resolution 12 12 12 Bits 
Minimum Resolution for Which 

No Missing Codes are Guaranteed 12 12 12 Bits 
Relative Accuracy3 ±1 ±112 ±1 LSB max 
Differential Nonlinearity3 ±1 ±1 ±1 LSBmax 
Positive Full-Scale Error3 ±1 ±1 ±I LSB max 
Full-Scale Error Match1 I I 1 LSB max 
Unipolar Offset Error ±1 ±I ±1 LSBmax Input Ranges of 0 V to +2.5 V, 0 V to +5 V 
Unipolar Offset Error Match I I I LSBmax Input Ranges of 0 V to +2.5 V, 0 V to +5 V 
Negative Full-Scale Error3 ±I Input Ranges of±2.5 V, ±5 V, ±10 V 
Bipolar Zero Error ±I Input Ranges of±2.5 V, ±5 V, ±10 V 
Bipolar Zero Error Match I Input Ranges of±2.5 V, ±5 V, ±10 V 

ANALOG INPUTS 
AD7891-I Input Voltage Range ±5 Input Applied to Both VINxA and V1NXB 

±10 Input Applied to V1NXA' V1NxB = AGND 
AD7891-l VINXA Input Resistance 10 Input Range of± 5 V 
AD7891-l V1NxA Input Resistance 20 Input Range of± JO V 
AD7891-2 Input Voltage Range 

Input Applied to Both V1NXA and VrNXB 
0 to +5 Input Applied to V1NXA' V1NXB = AGND 
±2.5 Input Applied to V1NXA, ViNXB =' REF IN6 

AD7891-2 VrNXA Input Resistance I Input Ranges of±2.5 V and 0 V to +5 V 
AD7891-2 ViNXA Input Current ±50 Input Range of 0 V io +2.5 V 

MUX OUT OUTPUT. 
Output Voltage Range Oto +2.5 0 to +2.5 0 to +2.5 Volts 
Output Resistance 

AD7891-1 317 3/7 3/7 kQ min/kn max 
AD7891-2 0.5/2.5 0.5/2.5 0.5/2.5 kQ min/kn max 

SHAIN INPUT 
Input Voltage Range 0 to +2.5 Oto +2.5 0 to +2.5 Volts 
Input Current ±50 ±50 ±50 nAmax 

REFERENCE INPUT/OUTPUT 
REF IN Input Voltage Range 2.375/2.625 2.375/2.625 2.375/2.625 VminNmax 2.5 v ± 5% 
Input Impedance 1.6 1.6 1.6 kQmin Resistor Connected to Internal Reference Node 
Input Capacitance' JO 10 10 pFmax 
REF OUT Output Voltage 2.5 2.5 2.5 Vnom 
REF OUT Error @ +25°C ±10 ±10 ±10 mVmax 

TMIN toTMAx ±20 ±20 ±25 mVmax 
REF OUT Temperature Coefficient 25 25 25 ppm/'C typ 
REF OUT. Output Impedance 2 2 2 kOnom See REF IN Input Impedance 

LOGIC INPtJTS 
Input High Voltage, V1NH 2.0 2.0 2.0 Vmin Vnn = 5 V± 5% 
Input Low Voltage, VrNL 0.8 0.8 0.8 Vmax Vnn = 5 V± 5% 
Input Current, I1N ±10 ±10 ±10 µAmax VrN=OVtoVnn 
Input Capacitance, Crn 4 10 10 10 pFmax 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7891-SPECIFICATIONS 
A B s 

Parameter Versions1 Versions Version Units Test Conditions/Comments 

LOGIC OUTPUTS 
Output High Voltage, VoH 4.0 4.0 4.0 Vmin lsoURCE = 200 µA 
Output Low Voltage, VoL 0.4 0.4 0.4 Vmax lsrNK = 1.6 mA 
DBll-DBO 

Floating-State Leakage Current ±10 ±10 ±10 µAmax 
Floating-State Capacitance5 15 15 15 pFmax 

Output Coding 
Straight (Natural) Binary Data Format Bit of Control Register= 0 

2s Complement Data Format Bit of Control Register = 1 

CONVERSION RATE 
Conversion Time 1.6 1.6 1.6 µs max MUX OUT Connected to SHA IN 
Track/Hold Acquisition Time 0.4 0.4 0.4 µs max 

POWER REQUIREMENTS 
Yoo +5 +5 +5 Vnom ±5% for Specified Performance 
!00 (Normal Mode) 15 15 15 mAmax 
loo (Standby Mode) 25 25 25 µAmax Logic Inputs = 0 V or V00 

Power Dissipation (Normal Mode) 75 75 75 mW max Typically 60 mW 
Power Dissipation (Standby Mode) 125 125 125 µWmax Typically 75 µW 

NOTES 
1Temperature ranges are as follows: A, B Versions: -40°C to +85°C; S Version: -55°C to+ 125°C. 
2AD7891-l's dynamic performance is measured with an input frequency of 10 kHz while the AD7891-2's dynami ance is measured with an input frequency 
of 100 kHz. 

3See Terminology. 
4This sample rate can only be achieved when the part is operated in the parallel interface mode. ghput rate in the serial interface mode is 
385 kHz. 

5Sample tested @ +25°C to ensure compliance. 
6REF IN must be buffered before being applied to V INXB

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = +25°C unless otherwise noted) 

VDD to AGND .......................... -0.3 V to + 
VDD to DGND .......................... -0.3 V to +7 
Analog Input Voltage to AGND 

AD7891-l .................................. ±17V 
AD7891-2 ................................... ±5 V 

Reference Input Voltage to AGND .... -0.3 V to VDD + 0.3 V 
Digital Input Voltage to DGND ...... -0.3 V to VDD + 0.3 V 
Digital Output Voltage to DGND ..... -0.3 V to VDD + 0.3 V 
Operating Temperature Range 

Commercial (A, B Versions) ............ -40°C to +85°C 
Extended (S Version). . ............... -55°C to + 125°C 

Storage Temperature Range ............. -65°C to+ 150°C 
Junction Temperature ......................... +150°C 

issipation .............. 450 mW 
ance ...................... 95°C/W 

re, Soldering 
hase (60 sec) ...................... +215°C 

d (15 sec) .......................... +220°C 
PLCC Package, Power Dissipation .............. 500 mW 

eJA Thermal Impedance ...................... 55°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infared (15 sec) .......................... +220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD789 l features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~d 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

5-94 DA TA ACQUISITION SUBSYSTEMS REV.O 



TIMING CHARACTERISTICS1· 2 (Yoo= +5 V, AGND DGND 

Parameter 

t/ 
t/ 
tcoNv 
Parallel Interface 
t1 
t2 
t3 
t4 
ts 
t6 

t1 

ts 
t9 4 

t105 

Serial Interface 
tll 
t12 4 

t13 

t14 
t154 
t16 4 

t175 
t1ss 

NOTES 

A,B 
Versions 

20 
50 
2 

0 
35 
25 
5 
0 
35 
100 
35 
25 
5 
30 

30 
20 
25 
25 
5 
15 
20 
0 
30 
0 
30 
20 
t13 
15 
10 
25 

s 
Version 

20 
50 
2 

0 
45 
30 
5 
0 
45 
100 
45 
35 
5 
40 

30 
25 
25 

t13 
20 
10 
30 

Units 

ns max 
ns max 
µs max 

ns min 
ns min 
ns min 
nsmin 
nsmin 
ns min 
ns min 
ns min 
nsmin 
ns max 
ns max 

ns min 
ns max 
ns min 
nsmin 

ns mirl;;,. 
1!1§~~;\ 

:c'sr '"~s;::thin 
:!t,'~"~'ns max, 

ns~ .. ·C 
nsmax 
nsmin 
nsmin 
ns min 

AD7891 
0 V, REF IN +2.5 V, MUX OUT connected to SHA IN) 

Test Conditions/Comments 

Digital Output Rise Time, Typically 10 ns 
Digital Output Fall Time, Typically 10 ns 
Conversion Time 

CS to RD/WR Setup Time 
Write Pulse Width 
Data Valid to Write Setup Time 
Data Valid to Write Hold Time 
CS to RD/WR Setup Time 
CONVST Pulse Width 
EOC Pulse Width 
Read Pulse Width 
Data Access Time After Falling Edge of RD 
Bus Relinquish Time After Rising Edge of RD 

RF.S,pq~ to SCLK Falling Edge Setup Time 
.. ~:t,ow'.to Data Valid Delay 

~'. 'SQt:.K High Pulse Width 
·fsc~K·£ow Pulse Width 
.,,,~.c:/!S~1 Rjsing Edge to Data Valid Hold Time 

11 i~ SCI::K'~sing Edge to Data Valid Delay 
1;1.'11::Rt1S to SCLK Falling Edge Hold Time 

.,. ~v.s Relinquish Time after Rising Edge of RFS 
" ;~<s~1fi'1k 

•· 11~;.Bus Relinquish Time After Rising Edge of SCLK 

TFS Low to SCLK Falling Edge Setup Time 

Data Valid to SCLK Falling Edge Setup Time 
Data Valid to SCLK Falling Edge Hold Time 
TFS Low to SCLK Falling Edge Setup Time 

'Sample tested at +25°C to ensure compliance. All input signals are measured with tr= tf = 1 ns (10% to 90% of +5 V) and timed from a voltage level of+ 1.6 V. 
2See Figures 2 and 3. 
3Specified using 10% and 90% points on the waveform of interest. 
4Measured with the load circuit of Figure l and defined as the time required for an output to cross 0.8 V or 2.0 V. 
5These times are derived from the measured time taken by the data outputs to change 0.5 V when loaded with the circuit of Figure 1. The measured number is then 
extrapolated back to remove the effects of charging or discharging the 50 pF capacitor. This means that the times quoted in the timing characteristics are the true bus 
relinquish times of the part and as such are independent of external bus loading capacitances. 

Specifications subject to change without notice. 

TO 
OUTPUT n--- +1.6V 

PIN 

Figure 1. Load Circuit for Access Time and Bus Relinquish Time 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7891 

Mnemonic 

AGND 

DGND 

STANDBY 

MUXOUT 

SHAIN 

REF OUT/REF IN 

CONVST 

MODE 

PIN DESCRIPTION 

Description 

Analog Input Channels. The AD789 I contains eight pairs of analog input channels. Each channel contains 
two input pins to allow a number of different.input ranges to be used with the AD7891. There are two pos
sible input voltage ranges on the AD789 l-l. The ±5 V input range is selected by connecting the input volt
age to both V1NXA and ViNXB, while the ±I 0 V input range is selected by applying the input voltage to V1NxA 
and connecting VINxB to AGND. The AD7891-2 has three possible input ranges. The 0 V to +2.5 V input 
range is selected by connecting the analog input voltage to both VINxA and VINxB; the 0 V to +5 V input 
range is selected by applying the input voltage to ViNXA and connecting VINxB to AGND; while the ±2.5 V 
input range is selected by connecting the analog input voltage to V1NxA and connecting V1NxB to REF IN 
(provided· this REF IN voltage comes from a low impedance source). 

The channel to be converted is selected by the A2, Al and AO bits of the Control Register. In the parallel in
terface mode, these bits are available as three data input lines (DB3 to DBS) in a parallel write operation, 
while in the serial interface mode, these three bits are accessed via the DATA IN line in a serial write opera
tion. The multiplexer has guaranteed break~before-make operation. 

Positive supply voltage, +5 V ± 5%. 

Analog Ground. Ground reference for track/hold, comparator and DA 

Digital Ground. Ground reference for digital circuitry. 

Standby Mode Input. TTL-compatible input which i 
mode. The STANDBY input is high for normal 

Multiplexer Output. The output of the mu 
output is 0 V to +2.5 V for the nom· 
of this output is nominally 7.5 
filter or signal conditioning~j't 

1g@lr"o 

Track/Hold Input. The inp~Jto 
and the input voltage range is 0 V to 

vice into the power save or standby 
dby operation. 

he output voltage range from this 
cted channel. The output impedance 

the AD789 l-2. If no external antialiasing 
cted to SHA IN. 

to this pin. It is a high impedance input 

External capacitor. An external capacitor is con ed to this pin to determine the length of the internal 
pulse (see CExT FUNCTIONING section). Larger capacitances on this pin extend the pulse to allow for 
settling-time delays through an external antialiasing filter. 

Voltage Reference Output/Input. The part can either be used with its own internal reference or with an ex
ternal reference source. The on-chip +2.5 V reference voltage is provided at this pin. When using this in
ternal reference as the reference source for the part, REF OUT should be decoupled to AGND with a 
0.1 µF disc ceramic capacitor. The output impedance of the reference source is typically 2 kn. When using 
an external reference source as the reference voltage for the part, the reference source should be connected 
to this pin. This overdrives the internal reference and provides the reference source for the part. The refer
ence pin is buffered on-chip but must be able to sink or source current through this 2 kQ resistor to the out
put of the on-chip reference. The nominal reference voltage for correct operation of the AD7891 is +2.5 V. 

Convert Start. Edge-triggered logic input. A low to high transition on this input puts the track/hold 
into hold and initiates conversion. This CONVST signal is not gated with the internal pulse (see CExT 
FUNCTIONING section) and so the conversion is initiated from the rising edge of CONVST regardless 
of whether the internal pulse has timed out or not. 

End-of-Conversion. Active low logic output indicating converter status. The end of conversion is signified 
by a low going pulse on this line. The duration of this EOC pulse is nominally 120 ns. 

Interface Mode. Control input which determines the interface mode for the part. With this pin at a logic 
low, the AD7891 is in its serial interface mode; with this pin at a logic high, the device is in its parallel 
interface mode. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Mnemonic 

cs 

RD 

WR 

Data 1/0 Lines 

AD7891 
PARALLEL INTERFACE MODE FUNCTIONS 

Description 

Chip Select. Active low logic input which is used in conjunction with RD to enable the data outputs and with WR 
to allow input data to be written to the part. 

Read. Active low logic input which is used in conjunction with CS low to enable the data outputs. 

Write Input. Active low, logic input used in conjunction with CS to latch the multiplexer address. The rising edge 
of this input also initiates an internal pulse, the width of which is determined by the value of capacitance on the 
CExT pin. When this pulse is active, it gates off the software conversion start until the pulse has timed out. This 
allows an external antialiasing filter (the output of which is applied to SHA IN) to settle when a channel address is 
changed before the track/hold goes into hold and conversion is initiated. If the SW CON bit of the Control Register 
is set to I, when this pulse times out, the track/hold then goes into hold and conversion is initiated. If the SWCON 
bit of the Control Register is set to 0, the track/hold and conversion sequence are unaffected by the WR operation. 

There are twelve data input/output lines on the AD7891. When the part is configured for parallel mode (MODE= I), the output 
data from the part is provided at these 12 pins during a read operation. For a write operation in parallel mode, these lines provide ac
cess to the part's Control Register. 

Parallel Read Operation 
During a parallel read operation the 12 lines become the 12 data bit containing the cc1nv~l'sion result from the AD789 l. These data 
bits are labelled Data Bit 0 (LSB) to Data Bit 11 (MSB). They are three-state '].:T~l)i!\l;rlP~tible outputs. Output data coding is 2s 
complement when the DATA FORMAT Bit of the Control Register is I ~nd stf~igfu l:iinary when the DATA FORMAT Bit of the 
Control Register is 0. '.''""' "' , , , 

Mnemonic Description 

DBO-DBll Data Bit 0 (LSB) to Data Bit 11 
RD inputs. 

Parallel Write Operation "'m(' 
During a parallel write operation the following functi~nl\if 

Mnemonic 

AO 

Al 

A2 

SW CON 

SWSTBY 

FORMAT 

Description 

Address Input. The status of this input during a parallel write operation is latched to the AO bit of the Control 
Register (see Control Register section). 

Address Input. The status of this input during a parallel write operation is latched to the Al bit of the Control 
Register (see Control Register section). 

Address Input. The status of this input during a parallel write operation is latched to the A2 bit of the Control 
Register (see Control Register section). 

Software Conversion Start. The status of this input during a parallel write operation is latched to the SW CO NV 
bit of the Control Register (see Control Register section). 

Software Standby Control. The status of this input during a parallel write operation is latched to the SWSTBY bit 
of the Control Register (see Control Register section). 

Data Format Selection. The status of this input during a parallel write operation is latched to the FORMAT bit of 
the Control Register (see Control Register section). 

SERIAL INTERFACE MODE FUNCTIONS 

When the part is configured for serial mode (MODE= 0), five of the twelve data input/output lines provide serial interface func
tions. These functions are outlined below. 

Mnemonic 

SCLK 

Description 

Serial Clock Input. This is an externally applied serial clock which is used to load serial data to the Control Regis
ter and to access data from the output register. 

Transmit Frame Synchronization Pulse. Active low logic input with serial data expected after the falling edge of 
this signal. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7891 

DATA OUT 

DATA IN 

MUXOUT 

SHAIN 

REF OUT/REF IN 

Yoo 

AGND 

MODE 

DB111TEST 

0810/TEST 

DB91TFS 

DBBIRFS 

087/DATA IN 

Model 

AD7891AS-l 
AD7891BS-l 
AD7891AP-l 
AD7891BP-l 

AD7891AS-2 
AD7891BS-2 
AD7891AP-2 
AD7891BP-2 

Receive Frame Synchronization Pulse. This is an active low logic input with RFS provided externally as a strobe 
or framing pulse to access serial data from the output register. For applications which require that data be trans
mitted and received at the same time, RFS and TFS should be connected together. 

Serial Data Output. Sixteen bits of serial data are provided with the DATA FORMAT bit and the three address 
bits of the Control Register preceding the 12 bits of conversion data. Serial data is valid on the falling edge of 
SCLK for sixteen edges after RFS goes low. Output conversion data coding is 2s complement when the DATA 
FORMAT Bit of the Control Register is 1 and straight binary when the DATA FORMAT Bit of the Control Reg
ister is 0. 

Serial Data Input. Serial data to be loaded to the Control Register is provided at this input. The first six bits of 
serial data are loaded to the Control Register on the first six falling edges of SCLK after TFS goes low. Serial data 
on subsequent SCLK edges is ignored while TFS remains low. 

PIN CONFIGURATIONS 

PQFP 

AD7891 PQFP 
TOP VIEW 

(Not to Scale) 

ORDERING GUIDE 

Input Ranges Relative Accuracy 

±5Vor±l0V ±1 LSB 
±5 Vor±lO V ±112 LSB 
±5 Vor±lO V ±1 LSB 
±5 Vor±lO V ±112 LSB 

0 V to +2.5 V, 0 V to +5 V or ±2.5 V ±1 LSB 
0 V to +2.5 V, 0 V to +5 V or ±2.5 V ±112 LSB 
0 V to +2.5 V, 0 V to +5 V or ±2.5 V ±1 LSB 
0 V to +2.5 V, 0 V to +5 V or ±2.5 V ±112 LSB 

PLCC 

VIN6A 

VIN6B 

VIN7A 

VIN7B 

AD7891 PLCC VINSA 

TOP VIEW VIN8B 
(Not to Scale) AGND 

EOC 

CEXT 

CONVST 

cs 

,_ 
~ 

> 
" m 
0 

,_ 
< m <J) 

!;( Q 

== !/! 
Q iii "' 1il 

Q 

m 
Q 

Temperature Range Package Option* 

-40°C to +85°C S-44 
-40°C to +85°C S-44 
-40°C to +85°C P-44A 
-40°C to +85°C P-44A 

-40°C to +85°C S-44 
--40°C to +85°C S-44 
-40°C to +85°C P-44A 
-40°C to +85°C P-44A 

*S =Plastic Quad Flatpack (PQFP); P = Plastic Leaded Chip Carrier (PLCC). For outline information see Package Information section. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7891 
CONTROL REGISTER 

The Control Register for the AD7891 contains 6 bits of information as described below. These 6 bits can be written to the Control 
Register either in a parallel mode write operation or via a serial mode write operation. The default (power-on) condition of all bits in 
the Control Register is 0. 

MSB 

A2 Al AO SWCONV SWSTBY FORMAT 

A2 

Al 

AO 

Address Input. This input is the most significant address input for multiplexer channel selection. 

Address Input. This is the 2nd most significant address input for multiplexer channel selection. 

Address Input. Least significant address input for multiplexer channel selection. When the address is written to 
the control register, an internal pulse is initiated, the pulse width of which is determined by the value of capaci- • 
tance on the CExT pin. SWCON will not sample the input signal or initiate a conversion until this pulse has timed 
out. This allows for the multiplexer settling time and track/hold acquisition time before the track/hold goes into 
hold and conversion is initiated. In applications where there is an antialiasing filter between MUX OUT and 
SHA IN, the filter settling time can be taken into account before the input at SHA IN is sampled. When the inter
nal pulse times out, the track/hold goes into hold and conversion is initiated. 

SWCONV Conversion Start. Writing a 1 to this bit initiates a conversion in a simjJar manner to the CONVST input. Con
tinuous conversion starts do not take place when there is a 1 in .thi~'f6(5ation. The internal pulse and the conver
sion process are initiated when a 1 is written to this bit. WiJ;l;i. a l; it1 this bit, the hardware conversion start, i.e., the 
CONVST input, is disabled. Writing a 0 to this bit e~bles·l:b~liardware CONVST input. 

Standby Mode Input. Writing a 1 to this bit,p .. ~.device iri::~ts~ViIJ;dby or power-down mode. Writing a Oto 
this bit places the device in its normal ()pet\t • e. "'·· ::! ··• • ·;.;) ,.. ''"' 

SWSTBY 

Data Format. Writing a 0 to th. ~J~~i . 'i;.l')i'tvetsion data output format is straight (natural) binary. 
This data format is general~ ''nipolaf:\n . ges.1 ,Writing a 1 to this bit determines that the conver-

FORMAT 

sion data output format is''!;!~ib p e~~nt;l'.fli.is"'()utput dl!.!'ll f<l~tri'~t is generally used for bipolar input ranges. 

CIRCUIT DESCRIPTION 
The AD789 I is an eight-channel, high speed, 12-bit data acqui
sition system. It provides the user with signal scaling, multi
plexer, track/hold, reference, ND converter and high speed 
parallel and serial interface logic functions on a single chip. The 
signal conditioning on the AD789 l-l allows the part to accept 
analog input ranges of± 5 V or ± 10 V when operating from a 
single supply. The input circuitry on the AD7891-2 allows the 
part to handle input signal ranges of 0 V to +2.5 V, 0 V to +5 V 
and ±2.5 V again while operating from a single +5 V supply. 
The part requires a +2.5 V reference which can be provided 
from the part's own internal reference or from an external refer
ence source. 

Unlike other single chip solutions, the AD789 l provides the 
user with separate access to the mu.ltiplexer and the ND con
verter. This means that the flexibility of separate multiplexer 
and ADC solutions is not sacrificed with the one-chip solution. 
With access to the multiplexer output, the user can implement 
external signal conditioning between the multiplexer and the 
track/hold. It means that one antialiasing filter can be used on 
the output of the multiplexer to provide the antialiasing function 
for all eight channels. The extra settling time introduced into 
the circuit by the external circuitry can be allowed for by the 
AD789 l by connecting a single capacitor to the CExT pin. If no 
external signal conditioning is required, the multiplexer output 
(MUX OUT) can simply be connected directly to the track/hold 
input (SHA IN). 

::. ~~hv~rsion is initiated on the AD7891 either by pulsing the 
· CONVST input or by writing a logic 1 to the SWCONV bit of 

the Control Register. When using the hardware CONVST in
put, the on-chip track/hold goes from track to hold mode and 
the conversion sequence is started on the rising edge of the 
CONVST signal. When a software conversion start is initiated, 
an internal pulse is generated which delays the track/hold acqui
sition point and the conversion start sequence until the pulse is 
timed out. This internal pulse is initiated (goes from low to 
high) whenever a write to the AD789 l Control Register takes 
place with a 1 in the SWCONV bit. It then starts to discharge 
and the track/hold cannot go into hold and conversion cannot 
be initiated until the CExT pin has crossed its trigger point of 
2.5 V. The discharge time of the voltage on CExT depends upon 
the value of capacitor connected to the CExT pin. 

The conversion clock for the part is internally generated and 
conversion time for the AD7891 is 1.6 µs from the rising edge of 
the hardware CONVST signal, and the track/hold acquisition 
time for the part is 400 ns. To obtain optimum performance 
from the part, the data read operation should not occur during 
the conversion or during 200 ns prior to the next conversion. 
This allows the part to operate at throughput rates up to 
500 ksps in the parallel mode and achieve data sheet specifica
tions. In the serial mode, the maximum achievable throughput 
rate for the part is 385 ksps (assuming a 20 MHz serial clock). 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD7891 
INTERFACE INFORMATION 
The AD7891 provides two interface options, a 12-bit parallel 
interface and a high speed serial interface. The required mter
face mode is selected via the MODE pin. The two interface 
modes are discussed in the following sections. 

Parallel Interface Mode 
The parallel interface mode is selected by tying the MODE in
put to a logic high. Figure 2 shows a timing diagram illustrating 
the operational sequence of the AD789 l in parallel mode for a 
hardware conversion start. The multiplexer address is written to 
the AD789 l on the rising edge of the WR input. The on-chip 
track/hold goes into hold mode on the rising edge of CONVST, 
and conversion is also initiated at this point. When conversion 
is complete, the end of conversion line (EOC) pulses low to in
dicate that new data is available in the AD789 l's output regis
ter. This EOC line can be used to drive an edge"triggered 
interrupt of a microprocessor. CS and RD going low accesses 
the 12-bit conversion result. In systems where the part is inter
faced to a gate array or ASIC, this EOC pulse can be applied to 
the CS and RD inputs to latch data out of the AD7891 and into 
the gate array or ASIC. This means that the gate array or ASIC 
does not need any conversion status recognition logic, and it 
also eliminates the logic required in the gate array or ASIC to 
generate the read signal for the AD789 l. 

+: 17 ~ 
EOC (0) -------......___.,,__ ;,.---'---__,,, 

+tcoNv-+! 

CS(I)~ 
-.-..: :+ --..: ~·ts 

--..+1,+:,------<1--~~~-+-~+-~-"-
Wfi (I) ~ .' .. ~ 

RD (I) , , \______) 

+: ~_..,.: .... .._t4 lg...: :..--+' ... ..t10 

DB0-0811~~ 
(llO)~~ 

Figure 2. Parallel Mode Timing Diagram 

Serial Interface Mode 
The serial interface mode is selected by tying the MODE input 
to a logic low. In this case, five ofthe data/control inputs of the 
parallel mode. assume serial interface functions. The serial in
terface on the AD789 l is a five-wire interface with read and 
write capabilities, with data being read from the output register 
via the DATA OUT line and data being written to the Control 
Register via the DATA IN line. The part operates in a slave or 
external clocking mode and requires an externally applied serial 
clock to the SCLK input to access data from the data register or 
write data to the control register. There are separate framing 
signals for the read (RFS) and write (TFS) operations. 

Read Operation 
Figure 3 shows the timing diagram for reading from the AD7891 
in serial mode. RFS goes low to access data from the AD7891. 
The serial clock input does not have to be continuous. The se
rial data can be accessed in a number of bytes. However, RFS 
must remain low for the duration of the data transfer operation. 
Sixteen bits of data are transmitted in serial mode with the data 
FORMAT bit, followed by the three address bits in the Control 
Register, followed by the 12-bit conversion result starting with 
the MSB. Serial data is clocked out of the device on the rising 
edge of SCLK and is valid on the falling edge of SCLK. At the 
end of the read operation, the DATA OUT line is three-stated 
by a rising edge on either the SCLK or RFS inputs, whichever 
occurs first. 

RFS(I) 

SCLK(I) 

DATA 
OUT 
(0) 

SCLK(I) 

DATA IN(I) 

n to the Control Register of the 
·goes low to indicate to the part that a 

cur. The AD7891 Control Register re
ta. These are loaded on the first six 
clock with data on alf subsequent clock 

Serialdata to be written to the AD789 l 
n the falling edge of SCLK. 

'--~~~~~~~~~~s----r----· 

t19 +: :.-

Figure 4. Serial Mode Write Operation 

Simplifying the Serial Interface 
To minimize the number of interconnect lines to the AD789 l in 
serial mode, the user can connect the RFS and TFS lines of the 
AD7891 together and read and write from the part simulta
neously. In this case, new Control Register data line selecting the 
input channel and providing a conversion start command should 
be provided on the DAT A IN while the part provides the result 
from the conversion just completed on the DATA OUT line. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes .no obligation regarding future manufacture unless otherwise agreed to in writing. 
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CExT FUNCTIONING 
The CExT input on the AD7891 provides a means of deter
mining how long after a new channel address is written to 
the part that a conversion can take place. The reason behind 
this is twofold. First, when the input channel to the AD7 891 
is changed, the input voltage on this new channel is likely to 
be very different from the previous channel voltage. There
fore, the part's track/hold has to acquire the new voltage be
fore an accurate conversion can take place. An internal pulse 
delays any software conversion start command (as well as 
the signal to send the track/hold into hold) until after this 
pulse has timed out. 

The second reason is to allow the user to connect external 
antialiasing or signal conditioning circuitry between 
MUX OUT and SHA IN. This external circuitry will intro
duce extra settling time into the system. The CExT pin pro
vides a means for the user to extend the internal pulse to 
take this extra settling time into account. Basically, varying 
the value of the capacitor on the CExT pin varies the dura
tion ofthe internal pulse. 

AD7891 
The duration of the internal pulse can be seen on the CExT pin. 
The CExT pin goes from a low to a high when a software conver
sion start is written to the part. Once the CExT pin has dis
charged to crossing its nominal trigger point of 2 .5 V, the 
internal pulse is timed out. With no capacitor on the CExT pin, 
the internal pulse duration is 600 ns. 

If the multiplexer output (MUX OUT) is connected directly to 
the track/hold input (SHA IN), then external settling need not 
be taken into account by the internal pulse width. In this case, 
the 600 ns internal pulse duration with no CExT is sufficient to 
cater for the 400 ns acquisition time. If external circuitry is con
nected between MUX OUT and SHA IN, then the extra set
tling time introduced by this circuitry will have to be taken into 
account by placing a larger value of capacitance on the CExT 
pin. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
2 p.s ADC with T/H 
4-Channel MUX 
AD899 Compatible 
+5 Volt Operation 
On-Chip Reference 
4 p.s Voltage Output DAC 
Fast Bus Access Time-75 ns 

APPLICATIONS 
Servo Controls 
Digitally Controlled Calibration 
Process Control Equipment 

GENERAL DESCRIPTION 
The AD8401 is a complete data acquisition and control system 
containing ADC, DAC, 4-channel MUX, and internal voltage 
reference. Built using CBCMOS, this monolithic circuit offers 
the user a complete system with very high package density and 
reliability. 

The converter is a successive approximation ADC with T/H, 
and is capable of operating with conversion times as short as 
2 µ.s. Analog input bandwidth is 200 kHz, and DAC output 
voltage settling time is less than 4 µ.s, making the AD8401 capa
ble of controlling servo loops with speed and precision. 

The 8-bit data interface provides both read and write operation 
for parallel bus interfaces to microcontrollers and DSP proces
sors. An external 5 MHz clock sets the 2 µ.s conversion rate. 
Slower clocks reduce the conversion time and the internal power 
dissipation. The standard control lines: Reset, Busy, Interrupt, 
Read and Write complete the handshaking signals for micro
processor communication. A start trigger ST input allows pre
cise sampling intervals in synchronous sampling applications. 
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8-Bit, 4-Channel Data 
Acquisition System 

AD8401 I 
FUNCTIONAL BLOCK DIAGRAM 

All A1 

DGND iiii CLK WA DATAVO 
(8 BITS) 

The input multiplexer addressing is designed for direct interface 
to the AD899 hard-diSk drive, read-channel device with no extra 

hardware or special software. Analog input range levels are like
wise compatible with the AD899. 

The AD8401 is designed to operate from a single +5 volt sup
ply, which will give an ADC input range ofO V to 3.0 V, and 
DAC output range ofO V to 2.5 V. 

The AD8401 is offered in the SOIC-28 surface mount package, 
and is guaranteed to operate over the extended industrial tem· 
perature range of -40°C to +85°C. 
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SPECIFICATIONS 
ADC ELECTRICAL CHARACTERISTICS (@ V00 = +5.0 V :!: 5%, AGDAc = A~Aoc = 0.0 V; fell( = 5 MHz; 

-40°C s TA s +85°C, unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max 

STATIC PERFORMANCE 
Resolution N 8 
Total Unadjusted Error TUE ±3 
Relative Accuracy INL -1 +l 
Differential N onlineatity DNL -1 +l 
Offset Error VosE TA= +25°c -4 +4 

TA = Full Temp Range -6 +6 
Full-Scale Error AE TA= +25°c -4 +4 

TA= Full Temp Range -6 +6 
liFull-Scale/li V 00 TA= +25°c 1 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio SNR 44 
Total Harmonic Distortion THD 48 
Intermodulation Distortion IMD 60 
Frequency Response 0 to 200 kHz 0.1 
Track/Hold Acquisition Time tAQ 200 

ANALOG INPUTS (Applies to Inputs A, B, C, D) 
Unipolar Input Range VIN 0 3 
Input Current IrN -500 +500 
Input Capacitance CrN 10 

LOGIC INPUTS 
Clock Input Current Low lcKL VIN= ov 1.6 
Clock Input Current High ICKH VrN =Yoo 40 
Input Leakage Current IL CS, RD, RS, ST 10 

LOGIC OUTPUTS (Applies to Outputs DBO-DB7, INT, BUSY) 
Logic Output Low Voltage VoL loL = l.6mA 0.4 
Logic Output High Voltage VoH 10 H = 200 µA 4.0 
Output Leakage Current loz CS = 1 (Except INT & BUSY) 10 
Output Capacitance Coz CS = 1 (Except INT & BUSY) 10 

CONVERSION TIME 

tc External Clock 2 

Specifications subject to change without notice. 

Table I. Multiplexer Address Input Decode 

Al AO Input Selected 

0 0 VINA 
0 VINB 

0 VINC 
1 VIND 

AD8401 

Units 

Bits 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 
LSB 

dB 
dB 
dB 
dB 
ns 

v 
II-A 
pF 

mA 
µA 
µA 

v 
v 
µA 
pF 

µ.s 
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A08401 

DAC ELECTRICAL CHARACTERIST .. ICS (@Yoo= +5.0 V ± 5%, AGoAc = AGAoc =.0.0 V; RL = 2 kO, CL= 100 pf to 
AGoAc: -40°C ::s TA ::s +85°C, unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

STA TIC PERFORMANCE 
Resolution N 8 Bits 
Total Unadjusted Error TUE ±2 LSB 
Relative Accuracy INL -I +l LSB 
Differential Nonlinearity DNL -1 +l LSB 
Offset Error VosE TA= +25°C -2 +2 LSB 

TA= Full Temp Range -2.5 +2.5 LSB 
Full-Scale Error AE TA= +2S°C -3 +3 LSB 

TA = Full Temp Range -4 +4 LSB 
ilFull-Scale/ Ll V 00 TA= +25°C -0.5 +o.s LSB 
Load Regulation at Full-Scale -0.2 +0.2 LSB 

DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio SNR 44 dB 
Total Harmonic Distortion THD 48 dB 

ANALOG OUTPUT 
Output Voltage Range OVR 0 +2.5 v 

LOGIC INPUTS (Applies to DBO - DB7, CS, WR, RD, RS) 
Logic Input Low Voltage VIL 0.8 v 
Logic Input High Voltage VIH 2.4 v 
Input Leakage Current IL -10 10 µA 
Input Capacitance CIL 10 pF 

AC CHARACTERISTICS 
Voltage Output Settling Time ts To ± 112 LSB of Final Value 2 4 µs 
Positive Full-Scale Change tpos 10% to.90% 1 2 µs 
Negative Full-Scale Change tNEG 90% to 10% 2 4 µs 
DAC Glitch Impulse 15 nV s 
Digital Feedthrough 1 nV s 
VIN to VouT Isolation f =SO kHz 60 dB 

POWER REQUIREMENTS 
Positive Supply Current loo No Load 13 mA 

Specifications. subject to change without notice. 
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TIMING ELECTRICAL SPECIFICA'TIQNS C@ Yoo = +5.0 V ± 5%, AGoAc = A~Aoc = 0.0 V; fcLK = 5 MHz; 
" -40°C :5 TA :5 + 85°C, unless otherwise noted) 

Parameter'· 2 ' 3 Symbol Condition Min Typ 

DAC TIMING (See Figure 8 Timing Diagram) 
WR Pulse Width t1 50 
CS to WR Setup Time t, 0 
CS to WR Hold Time t, 0 
Data Setup Time t4 60 
Data Hold Time ts 0 

ADC TIMING (See Figures 6 and 7 Timing Diagrams) 
ST Pulse Width t6 40 
ST to BUSY Delay t, 
BUSY to INT Delay ts 
BUSY to CS Delay t. 0 
CS to RD Semp Time t10 0 
RD Pulse Width4 tu 75 
CS to RD Hold Time t12 0 
Data Access after RD t13 CL= 20 pF 10 
Data Access after RD t13 CL= 100 pF 10 
Bus Relinquish after RD t14 10 
RD to INT Delay tis 
RD to BUSY Delay t16 
Data Valid after BUSY t17 CL= 20pF 
Data Valid after BUSY t17 CL= 100 pF 

NOTES 
1All input control signals are specified with tR = tp = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 
2t13 and t17 are measured with the load circuits of Figure I and defined as the time required for an output to cross either 0.8 V or 2.4 V. 
3t14 is defined as the time required for the data line to change 0.5 V when loaded with the circuit of Figure 2. 
4t 11 is determined by t 13 • 

DBN[f 
3kD TCL 

DGNDV 

DBNCT 
3kD TtOpF 

DGNDV 

Max 

110 
30 

75 
135 
70 
85 
110 
90 
135 

a. High Z to V0 H b. High Z to V0 L a. V0 H to High Z b. V0 L to High Z 

AD8401 

Units 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Figure 1. Load Circuits for Data Access Time Test Figure 2. Load Circuits for Bus Relinquish Time Test 

ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage (V00) .....•..............•.. +8 V 
Input Voltages ...........••... -0.3 V to V00 + 0.3 V 
Output Short-Circuit Duration ............... Indefinite 
Package Power Dissipation ............. (T1 max-T,J/61A 

Thermal Resistance OJA 
28-Lead SOIC (R) .................•..... 53°C/W 

Storage Temperature Range ........... -65°C to + 150°C 
Operating Temperamre Range ........... -40°C to +85°C 
Junction Temperamre Range (T1 max) .... -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent daniage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

REV.O 

ORDERING GUIDE 

Temperature Package Package 
Model1 Range Description Option2 

AD8401AR -40°C to +85°C 28-Lead SOIC SOL-28 
AD8401Chips +25°c Die 

NOTES 
1The AD8401 contains 1257 transistors. 
2For outline information see Package Information section. 
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AD8401 

Pin# 

2 

3 
4 
5 
6 

7-12, 14, 15 

13 

16 

17 
18 

19 

20 

21 

22 
23 

27-24 
28 

PIN CONFIGURATION 

AO 

v.,e 

v.,c 

v.,o 

CLK 

iN'f 

BUSY 

oe4 1iT 

083 Ro 

082 Cs 

OGNO WR 

081 080 

DICE CHARACTERISTICS 

NC = NO CONNECT Die Size 91 X 121 mil = 11,011 sq mil 

Name 

VDD 

AGDAC 

VouT 
NC 
Al 
RESET(RS) 

DB7 to DBO 

PIN DESCRIPTIONS 

Description 

Positive Supply. Nominal value +5 volts. This pad requires 2 bonds for die assembly. The 
substrate is common with V DD· 
Analog Ground for the DAC. There is a separate analog ground for the ADC. 
Voltage Output from the DAC. 

No Connect. 
Address Input that controls multiplexer. See Table I for address decode. 

Active Low Digital Input that clears the DAC register to zero, setting the DAC to minimum scale. 
It also asynchronously clears the INT line of the ADC. 
Digital I/O Lines. DB7 (7) is the Most Significant Bit (MSB), for both the ADC and the DAC, 
and DBO (15) is the Least Significant Bit (LSB). 

DGND Digital Ground. 
WR Rising Edge Triggered Write Input. Used to load data into the DAC register. 

CS Chip Select. Active Low Input 
RD Active Low Read Input. When this input is active, ADC data can be read from the part. RD going 

low starts the ADC conversion. 
ST Falling Edge Triggered Start Input. Used for applications requiring precise sample timing. The 

falling edge of ST starts the conversion and sets the BUSY low. The ST is not gated by CS. 
BUSY ADC Active Low, Status Output. When the ADC is performing a conversion, the BUSY output is 

low. 
INT Active Low Output. The Interrupt output notifies the system that the ADC has completed its 

conversion. INT goes high on the rising edge ofCS or RD. It will also be forced high when 
RESET is asserted. 

CLK External Clock Input Pin. Accepts a TTL or 5 V CMOS input logic levels. 

AGADC Analog ADC Ground 
VINA, B, C, D Four Analog Inputs 
AO Address input that controls multiplexer. See Table I for address decode. 
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OPERATION 
The AD8401 is a complete data acquisition and control system. 
It contains the DAC, a four channel input multiplexer, a track/ 
hold, an ADC, as well as an internal bandgap reference. It inter
faces to the microcontroller via an 8-bit digital 1/0 port. 

DIA CONVERTER SECTION 
The DAC is an 8-bit voltage mode DAC with an output that 
swings from AGoAc to the 1.25 volt bandgap voltage. It uses an 
R-2R ladder fed by PNP current sources which allow the output 
to swing to ground so that the DAC operates in a unipolar 
mode. 

AMPLIFIER SECTION 
The DAC's output is buffered by an internal high speed op 
amp. The.op amps output range is set at 0 V to 2.5 V. The op 
amp has a 500 ns typical settling time to 0.2% for positive slew
ing signals. There are differences in settling time for negative 
slewing signals. Signals going to zero volts will settle slightly 
slower to ground than is seen in the positive direction. 

Figure 3. Equivalent Amplifier Output Stage 

Current sinking capability is also limited near zero volts in sin
gle supply operation. Figure 3 provides an equivalent amplifier 
output stage schematic. 

INTERNAL REFERENCE 
An on-chip bandgap is provided as a voltage reference to both 
the DAC and the ADC. This reference is internal to the 
AD840 I and is not accessible to the user. It is laser trimmed for 
both absolute accuracy and temperature coefficients. The refer
ence is internally buffered by a separate control amplifier for 
both the DAC and ADC to improve isolation between the 
converters. 

DIGITALl/O 
The 8-bit parallel data 1/0 port on the AD840l provides access 
to both the DAC and the ADC. This port is TTL/CMOS com
patible with three-state outputs that are ESD protected. 

The data format is binary. This data coding applies to both the 
DAC and the ADC. See the applications information section. 

ADC SECTION 
A fast successive approximation ADC is used to attain a conver
sion time of 2 microseconds. Start of conversion is initiated by 
CS and RD. Following a Start command the BUSY signal will 
become active and another Start command should not be given 
until the conversion is complete. 

The RESET (RS) input does not affect ND conversion, but the 
INT (Interrupt or conversion complete) which normally goes 
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AD8401 
active low at the end of a conversion will be forced high by 
RESET asynchronously. 

Figure 4 shows the wave forms for a conversion cycle. The track 
and hold begins holding the input voltage VIN approximately 
50 ns after the falling edge of the Start command. The MSB 
decision is made approximately 50 ns after tile second falling 
edge of the CLK. If tx is greater than 50 ns, then the falling 
edge of the CLK will be seen as the first falling dock edge. If 
tx is less than 50 ns, the first MSB conversion will not occur 
until one dock cycle later. The following bits will each be con
verted in a similar manner 50 ns after each CLK edge until all 
eight bits have been converted. After the end of conversion the 
contents of the ADC SAR register are transferred to the output 
data latch, the track and hold is returned to the track mode, 
INT goes low and the SAR is reset. 

cs' Ri5 
OR ST 

v,. 

CLK 

MSB DECISION 
DB7 

Figure 4. Operating Waveforms Using the External Clock 

ANALOG INPUT 
The analog inputs of the AD8401 are fed into resistor voltage
divider networks with a typical value of 8.5 kn. The amplifiers 
driving these inputs must have an output resistance low enough 
to drive these nodes without losing accuracy. Taps from the 
voltage dividers are connected to the track and hold amplifier by 
the multiplexer switches. 

v,NA~SkQ ~ 
• 3.57kQ 

• MUX • T/H . . 

Figure 5. Equivalent Analog Input Circuit 

TRACK-AND-HOLD AMPLIFIER 
Following the resistive divider at the input of the AD8401 is a 
track-and-hold amplifier that captures input signals accurately 
up to the 200 kHz Nyquist frequency of the ADC. To attain 
this performance the T /H amplifier must have a much greater 
bandwidth than the signal of interest. Because of this the user 
must be careful to band limit the input signal to avoid aliasing 
high frequency components and noise into the passband. 

The track-and-hold amplifier is internally controlled by the 
Start command and is not directly available to the user. After 
the Start command signal the track-and-hold is placed into the 
hold mode; it returns to the track mode after the conversion is 
complete. 
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AD8401 
CLOCK 
The AD8401 uses an external clock that is TIL or 5 V CMOS 
compatible. The external clock speed is 5 MHz and the duty 
cycle may vary from 30% to 70%. The external clock can be 
continuously operated between conversions. 

DIGITAL INTERFACE: ADC TIMING AND CONTROL 
Two basic ADC operating modes are aVailable with the 
AD8401. The first mode uses the Start (ST) pin to trigger a 
synchronized AID conversion. As soon as the ST pin is asserted, 
the T/H switches from tracking to the hold mode capturing the 
present analog input-voltage sample. With the T/H holding the 
analog sample the successive-approximation analog-to-digital 
conversion is completed on that sample value. At the end of 
conversion the T/H returns to the tracking mode. This mode of 
conversion is ideal for digital signal processing applications 
where precise interval sampling is necessary to minimize errors 
due to sampling uncertainty or jitter. A precise clock source can 
be used to drive the ST input. · 

The second mode of conversion is ·started by the RD and CS 
inputs going low, after which the BUSY line puts the micro
processor into a WAIT state until end of conversion. Mode 2 is 
asserted by connecting the ST pin to logic high. The major 
advantage of this interface is that a single Read Instruction will 
start and complete a new analog-to-digital conversion without 
the need for carefully tailored software delays that often are not 
portable when software routines are taken to a different proces
sor running at a different clock speed. 

Figure 6. Mode 1, AOC Interface Timing 

Mode 1 Interface 
As shown in Figure 6, the falling edge of the ST pulse initiates 
a conversion and puts the T/H amplifier into the hold mode. 
The BUSY signal goes low during the whole AID conversion 
time and returns high signaling end of conversion. The INT line 
can be used t-0 interrupt the microprocessor. When the micro
processor performs a READ to access the AD8401 data, the ris
ing edges of CS or RD will reset the INT output to high after 
the t15 timing specification. INT can also be used to externally 
trigger a pulse that activates the CS and RD and places the new 
data into a buffer or First In First Put FIFO memory. The 
microprocessor can then load a series of readings from this 
buffer memory at a convenient time. Care must be taken not to 
have the ST input high when RD is brought low; otherwise, the 
AD8401 will not operate properly. Also triggering the ST line a . 
second time before conversion is complete will cause erroneous 
readings •. 
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Figure 7. Mode 2, ADC Interface Timing 

Mode 2 Interface 

1,. 

This interface mode can be used with microprocessors that can 
be put into a WAIT state for at least 2 microseconds. The ST 
pin must be tied to logic high for proper operation. The micro
processor begins a conversion by executing a READ instruction 
that asserts the CS and RD pins at the AD840l's decoded 
address. The AD84Ql BUSY output then goes low, forcing the 
microprocessor's READY (or WAIT) line into a WAIT state. 
The analog input signal is captured by the T/H on the falling 
edge of RD. When the conversion is complete (8 clocks later), 
the BUSY line returns high, and then the µP completes its 
READ of the new data now on the digital output pbrt of the 
AD8401. Note that while conversion is in progress the ADC 
places the results from the last conversion (Old Data) on the 
data bus. The Figure 7 timing diagram details the applicable 
timing specification requirements. 

DIGITAL INTERFACE: DAC TIMING AND CONTROL 
Table II shows the truth table for DAC operation. The internal 
8~bit DAC register contents are loaded from the data bus when 
both WR and CS are asserted. The DAC register determines the 
DIA converter analog-output voltage. The WR input is a posi
tive edge triggered input that loads the bus data into the DAC 
register subject to the data setup and data hold tinting require
ments. When CS and WR are low, the DAC register contents 
will not change with changing data bus values. Figure 8 pro
vides the detail timing diagram for write cycle operation. 

Table II. DAC Register Logic 

cs WR RS DAC Function 

H H H No Effect 
L L H No Effect 
L /\ H DAC Register Updated 
/\ L H DAC Register Updated 
x x L DAC Register Loaded with all Zeros 

-----'-'~ {-: 1,-i~! 
DA:_· ---~,:-.... ---~~~~V~ALl-~~DA~~l:-A_-~ .... -·~ ~ 

Figure 8. Write Cycle Timing 
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An active low pulse, at any time, on the RESET pin asynchro
nously forces all DAC register bits to zero. The DAC output 
voltage becomes zero volts and stays at that value until a new 
data word is loaded into the DAC register with a new WR com
mand. The equivalent input logic for the DAC register loading 
is shown in Figure 9. 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.0 

m o.s 
~ 
I 

a: 
0 a: 
a: 
w 

~ 
~ 
~ -0.5 

-0.1 

~ 

.! J V00 =+5V _ 

TA= +25°C 

J. ... :~ ~ ~ 

64 128 192 

DIGITAL INPUT CODE - DECIMAL 

256 

Figure 10. ADC Linearity Error vs. Digital Code 

1.0 

m o.s 
~ 
I 

~ 
a: w 

~ 
~ 
~ --0.5 

-0.1 

.! J 
Voo=+SV -
TA= +25°C 

...w. 

64 128 192 
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Figure 11. DAC Linearity Error vs. Digital Code 

REV.O 

AD8401 

TO DAC LADDER 

INPUT DATA 

Figure 9. Equivalent DAC Register Control Logic 
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Figure 12. ADC Fu/I-Scale Error Histogram 
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Figure 13. ADC Full-Scale Error vs. Temperature 
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Figure 14. DAG Fu/I-Scale Error Histogram 
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Figure 15. DAG Full-Scale Error vs. Temperature 
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Figure 17. DAG Output Swing vs. Load Resistance 
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Figure 20. DAC Output Swing with Capacitive Load 
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Figure 21. Supply Current vs. Temperature 
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Figure 22. Power Supply Rejection Ratio vs. Frequency 
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AD8401 
APPLICATIONS INFORMATION 
The software programming needs to format data as defined by 
the transfer equations and Code Tables that follow. 
DAC Transfer Equation 

D 255 
VoUT = 2.500 x 256 = 2.500 x 256 for a 2.50 V full scale 

where D is the decimal value 0 through 255 of the 8-bit data 
word. 

Table III. DAC Unipolar Code 

DAC RegiJter Contents 
Nominal 

General Transfer Analog 

Decimal Binary Equation Output VouT 

255 Ill I llll 
255 

2.500 x 256 2.490 v 

129 1000 0001 2.500 
129 

x-
256 

1.260 

128 
128 1000 0000 2.500 x 256 l.250 

127 Olli llll 2.500 
127 

x-
256 

l.240 

1 0000 0001 
1 

2.500 x 256 0.010 

0 0000 0000 
0 

2.500 x 256 0.000 
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The nominal output voltages listed in the Code Table are sub
ject to the static performance specifications. The INL, Zero
Scale and Full-Scale errors describe the total specified variation 
that will be encountered from part to part. One LSB of error for 
the 2.5 V FS range is 9.766 millivolts(= 2.50/256). 

Although separate AGNDs exist for both the DAC and ADC to 
minimize crosstalk, writing data to the DAC while the ADC is 
performing a conversion may result in an incorrect conversion 
from the ADC due to signal interaction between the DAC and 
ADC. Therefore, to ensure correct operation of the ADC, 
the DAC register should not be updated while the ADC is 
converting. 

The AD8401 is configured for an input range of + 3.0 volts Full 
Scale. The nominal transfer characteristic for this range is plot
ted in Figure 23. The output coding is natural binary with one 
LSB equal to 11. 72 millivolts. Note that the first code transition 
between 0 and I LSB occurs at 5.8 mV, one half of the 11.72 
m V LSB step size. The last code transition occurs at Full Scale 

minus l.S LSBs, which is a 2.982 V input. 

The AD8401 is easily interfaced to most microprocessors by 
using either address bits or address decode to select the appro
priate multiplexer channel. Figure 24 shows how easily the 
AD8401 interfaces to the AD899. No additional hardware is 
required. 

OUTPUT 
CODE 

11111111 

11111110 

11111101 

00000011 

00000010 

00000001 

FULL SCALE 

"~ 
; I 

; I 
,, ; I 

; 1LSB=FS 
; I 2s6 

I 

~FS-1LSB 
I 

00000000~-t---i~+-~~~~~~+-~I-;_.. 
FS 

V1N INPUT VOLTAGE- LSBs 

Figure 23. ADC 0 V to +3 V Input Transfer Characteristic 

REV.O 



REV.O 

A1 AO 

AD899 

A1----~~-1 

Bl-----""~-l 

c 1-----'"'"'-*-l 

01-------1 

DGND 

AD8401 

DATA 1/0 AGDAC AGADC 
(8 BITS) 

Figure 24. AD8401 Interface to the AD899 Read-Channel Hard Disk Drive Circuit 
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Selection Guide-Sample/Track-Hold Amplifiers 
Acquisition Aperture Aperture Droop 

Specified Time Time Jitter Rate 
Accuracy fl.S ns ns µV/µs Package Temp 

Model % max typ typ max Options1 Ranges2 Comments Page3 

ADU54 0.00076 5.0 80 0.15 0.1 D C, I Low Cost 16-Bit Accurate, High Speed Amplifier CII 4-69 
AD9100 0.01 0.023 0.8 <0.001 6000 D,J C,I,M Ultrahigh Speed Monolithic T/H, Low Distortion 6-22 
AD783 0.01 0.375 15 0.01 1 Q,R C, I, Ml Complete 375 ns Sample-and-Hold Amplifier 6-14 
AD781 0.01 0.7 25 0.05 1 N,Q C,I,M Complete 700 ns Sample-and·Hold Amplifier 6-11 
AD684 0.01 1.0 20 0.1 1 Q C,I,M/ Quad, Monolithic 1 µs SHA 6-8 
AD585 0.01 3.0 35 0.5 1 E,P,Q C, I, Min High Speed, Precision, On-Board Hold Cap 6-5 
SMPlO 0.01 3.5 50 1 0.02 Q C,M/0 Low Droop Rate, High Sample/Hold Current Ratio CII 4-109 
SMPU 0.01 3.5 so 1 0.2 N,Q c, I, M/DJ Low Droop Rate, Fast Hold Mode Settling Time CII 4-109 
SMP18 0.01 3.5 - - 0.04 N,Q,R I Fast SMP08 6-34 
SMP04 0.01 7.0 - - 0.025 N,Q,R I,M CMOS, Quad Sample-and-Hold Amplifier, Low Cost 6-28 
SMP81 0.045 3.5 50 1 2.0 Q I High Accuracy, Fast Acquisition for PCM Encodes D 
AD582 0.1 6.0 200 15 D,M C,MI Low Cost, 15 µs CII 4-29 
SMP08 0.1 7.0 - - 0.02 M,Q,R I,M Octal, Sample-and-Hold with Multiplexed Input 6-31 
AD9101 0.1 0.007 0.5 <0.001 9000 E,R C,I,M 100 MSPS Track-and-Hold Samplifier'" 6-25 

'Package Options: D =Hermetic DIP, Ceramic or Metal; E =Ceramic Lead.less Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C =Commercial, O"C to +70"C; I= Industrial, -40°C to +85°C (Some older products -2S"C to +85°C); M = Military, -55°C to+ 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

'CII =Data Convemr Reference Manual, Volume II; D = Data Sheet. All other eotries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
Samplifier is a trademark of Analog Devices, Inc. 
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l"lllANALOG 
WDEVICES 

FEATURES 
3.0µs Acquisition Time to ±0.01% max 
Low Droop Rate: 1.0mV/ms max 
Sample/Hold Offset Step: 3mV max 
Aperture Jitter: 0.5ns 
Extended Temperature Range: -55°C to + 125°C 
Internal Hold Capacitor 
Internal Application Resistors 
± 12V or ± 15V Operation 
Available in Surface Mount 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD585 is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultralow leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 

The performance of the ADS85 makes it ideal for high speed 
10- and 12-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
AD585 can acquire a signal to ±0.01% in 3µs maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than lmVlms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 

The high-speed analog switch used in the ADS85 exhibits aperture 
jitter of O.Sns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 

The AD585 can be used with any user-defined feedback network 
to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of + 1, - 1, or 
+ 2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation AID converter. 
However, the output is protected against damage from accidental 
short circuits. 

The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com
patible with all logic families, if a suitable reference level is 
provided. An on-chip TTL reference level is provided for TTL 
compatibility. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 
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LOGIC 

High Speed, Precision 
Sample-and-Hold Amplifier 

AD585 I 
DIP LCC/PLCC PACKAGE 

HOLD REF HOLD +Vs 

The AD585 is available in three performance grades. The JP 
grade is specified for the 0 to + 70°C commercial temperature 
range and packaged in a 20-pin PLCC. The AQ grade is specified 
for the - 25°C to + 85°C industrial temperature range and is 
packaged in a 14-pin cerdip. The SQ and SE grades are specified 
for the - SS°C to + 125°C military temperature range and are 
packaged in a 14-pin cerdip and 20-pin LCC. 

PRODUCT HIGHLIGHTS 
1. The fast acquisition time (3µs) and low aperture jitter (O.Sns) 

make it the first choice for very high speed data acquisition 
systems. 

2. The droop rate is only I.Om Vims so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

3. The low charge transfer of the analog switch keeps sample-to
hold offset below 3mV with the on-chip lOOpF hold capacitor, 
eliminating the trade-off between acquisition time and SIH 
offset required with other SHAs. 

4. The AD585 has internal pretrimmed application resistors for 
applications versatility. 

5. The AD585 is complete with an internal hold capacitor for 
ease of use. Capacitance can be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 

6. The ADS85 is recommended for use with 10- and 12-bit 
successive-approximation AID converters such as AD573, 
AD574A, AD674A, AD7572 and AD7672. 

7. The AD585 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD5851883B data sheet for detailed specifications. 
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AD585 -SPEC1f.ICAJIONS (typical@ +25°C and Vs= ±12Vor ±15V, and C8 =Internal, A= +1, 
HOLD active unless otherwise specified) 

AD585J 
.Model Min .·· Typ 

SAMPLE/HOLD CHARACTERISTICS 
Acquisition Time, lOVStepto0.01% 

20VStepto0.01% 
Aperture Time, 20V p-p Input, 

HOLDOV 35 
Aperture Jitter, 20V p-p Input, 

HOLDOV 0.5 
Settling Time, 20V p-p Input, 

HOLDOV,to0.01% 0.5 
Droop Rate 
Droop Rate T min to T max Doubles Every I0°C 
Charge Transfer 

Sample-to-Hold Offset -3 
Feedthrough 

20V p-p, IOkHz Input 0.5 

TRANSFER CHARACTERISTICS' 
Open Loop Gain 

VouT = 20Vp-p,RL = 2k 200,000 
Application Resistor Mismatch 
Common Mode Rejection 

VCM= ±IOV 80 
Small Signal Gain Bandwidth 

VoUT = IOOmVp-p 2.0 
Full Power Bandwidth 

V OUT = 20V p-p 160 
Slew Rate 

VoUT = 20Vp-p IO 
Output Resistance (Sample Mode) 

loUT = ±IOmA 
Output Short Circuit Current 50 
Output Short Circuit Duration Indefinite 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, T mm to T max 

Bias Current 
Bias Current T mm to T max 
Input Capacitance, f = I MHz IO 
Input Resistance, Sample or Hold 

20V p-p Input, A = + I IO" 

DIGITAL INPUT CHARACTERISTICS 
TTL Reference Output 1.2 1.4 
Logic Input High Voltage 

TmintoTmax 2.0 
Logic Input Low Voltage 

TmintoTmax 
Logic Input Current (Either Input) 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range +5, -10.8 
Supply Current, RL = oo 6 
Power Supply Rejection, Sample Mode 70 

TEMPERATURE RANGE 
Specified Performance 0 

PACKAGE OPTIONS"4 

Cerdip(Q-14) 
LCC(E-20A) 
PLCC (P-20A) AD585JP 

NOTES 
1 Maximum input signal is the minimum supply minus a headroom voltage 
of 2.SV. 

2Not tested at - SS"C. 

Max 

3 
5 

l 

0.3 
3 

0.3 

0.05 

s 
6 
2 
5 

1.6 

0.8 
so 

±18 
10 

+70 

3E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. 
For outline information see Package Information section. 

4For AD585/883B specifications, refer to Analog Devices Military- Prod~cts Databook. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD585A AD58SS 
Min Typ Max Min Typ Max 

3 3 
5 5 

35 3S 

0.5 0.5 

0.5 0.5 

I l 
Doubles Every I 0°C Doubles Every I 0°C 

0.3 0.3 
-3 3 -3 3 

0.5 0.5 

200,000 200,000 
0.3 0.3 

80 80 

2.0 2.0 

160 160 

IO IO 

o.os 0.05 
50 50 

Indefinite Indefinite 

2 2 
3 3 
2 2 
5 20 so' 

10 10 

1012 IO" 

1.2 1.4 1.6 1.2 1.4 1.6 

2.0 2.0 

0.8 0.7 

so so 

+5, -I0.8 ±18 +S, -10.8 ±18 
6 10 6 10 
70 70 

-25 +85 c-55 .+125 

AP585AQ AD585SQ 
AD585SE 

Units 

µ.s 
µ.s 

ns 

ns 

µ.s 
mV/ms 

pC 
mV 

mV 

VN 
% 

dB 

MHz 

kHz 

V/µ.s 

n 
mA 

mV 
mV 
nA 
nA 
pF 

n 

v 

v 

v 
µ.A 

v 
mA 
dB 

"C 

REV.A 



ABSOLUTE MAXIMUM RATINGS 

Supplies (+Vs, -Vs) 
Logic Inputs 
Analog Inputs . . . . 
R1N. RFB Pins . . . . 
Storage Temperature 
Lead Temperature (Soldering) 
Output Short Circuit to Ground 
TTL Logic Reference Short 

Circuit to Ground 

CHANQEIN 
SAMPl.E·TO..ffOLD 

OFFSET 

:t 18V 
:tVs 

. ·:tVs 

. :tVs 
-65°C to + 1so0 c 

.. 300°C 
Indefinite 
Indefinite 

Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 

/ 
100pf 1nF 10nf 

HOlD CAPACITANCE 

Figure 2. Acquisition Time vs. Hold Capacitance 
(10V Step to 0.01%) 

llGNAl 
INPUT 

SIGNAL 
INPUT 

AD585 

Figure 3. Large Signal Response, Sample Mode 

Figure 4. Sample-to-Hold Settling Time (HOLD Active) 

AD585 

Figure 5. DIP Pin Configuration 

7 
CH 
I 

J_oPTIONAL 
-r HOLD 

L~~":~~J 

SIGNAL Siff 
SJHCOMMAND INPUT OUTPUT 

Figure 6. Connection Diagram, 
Gain = + 1, "HOl:i5 Active 

Figure 7. Connection Diagram, 
Gain = + 2, HOLD Active 

Figure 8. Connection Diagram, 
Gain = - 1, HOLD Active 
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FEATURES 
Four Matched Sample~and-Hold Amplifiers 
Independent Inputs, Outputs and Control Pins 
500ns Hold Mode Settling 
1µs Maximum Acquisition Time to 0.01% 
Low Droop Rate: 0.01µV/µs 
Internal Hold Capacitors 
75ps Maximum Aperture Jitter 
Low Power Dissipation: 430mW 
0.3" Skinny DIP Package 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD684 is a monolithic quad sample-and-hold amplifier 
(SHA). It features four complete sampling channels, each con
trolled by an independent hold command. Each SHA is com
plete with an internal hold capacitor. The high accuracy SHA 
channels are self-contained and require no external components 
or adjustments. The AD684 is manufactured on a BiMOS 
process which provides a merger of high performance bipolar 
circuitry and low power CMOS logic. 

The AD684 is ideal for high performance, multichannel data 
acquisition systems. Each SHA channel can acquire a signal in 
less than 1 µs and retain the held value with a droop rate of less 
than O.OlµV/µs. Excellent linearity and ac performance make 
the AD684 an ideal front end for high speed 12- and 14-bit 
ADCs. 

The AD684 has a self-correcting architecture that minimizes 
hold mode errors and insures accuracy over temperature. Each 
channel of the AD684 is capable of sourcing SmA and incorpo
rates output short circuit protection. 

The AD684 is specified for three temperature ranges. The J 
grade device is specified for operation from 0 to 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 12s0 c. 

*Protected by U.S. Patent Number 4,962,325. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800·446·6212. 
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Four-Channel 
Sample-and-Hold Amplifier 

AD684* I 
FUNCTIONAL BLOCK DIAGRAM 

AD684 

PRODUCT HIGHLIGHTS 
1. Fast acquisition time (lµs) and low aperture jitter (75ps) 

make the AD684 the best choice for multiple channel data 
acquisition systems. 

2. Monolithic construction insures excellent interchannel 
matching in terms of timing and accuracy, as well as high 
reliability. 

3. Independent inputs, outputs and sample-and-hold controls 
allow user flexibility in system architecture. 

4. Low droop (O.OlµV/µs) and internally compensated hold 
mode error results in superior system accuracy. 

5. The AD684's fast settling time and low output impedance 
make it ideal for driving high speed analog to digital convert
ers such as the AD578, AD674, AD7572 and the AD7672. 

6. The AD684 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD684/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS CTmin toTmaxwith Ycc=+12V ± 10%, VEE=-12V ± 10%, unless otherwise specified) 

AD684J AD684A AD684S 
Parameter Min Typ Max Min Typ Max Min Typ Max 

SAMPLING CHARACTERISTICS 
Acquisition Time 

lOV Step to 0.01% 0.75 1.0 0.75 1.0 0.75 1.0 
lOV Step to 0.1% 0.5 0.6 0.5 0.6 0.5 0.6 

Small Signal Bandwidth 4 4 4 
Full Power Bandwidth l l l 

HOLD CHARACTERISTICS 
Effective Aperture Delay -35 -25 -15 -35 -25 -15 -35 -25 -15 
Aperture Jitter 50 75 50 75 50 75 
Hold Settling Time (to lmV) 250 500 250 500 250 500 
Droop Rate1 0.01 l 0.01 1 0.01 1 
Feedthrough 

(VIN= ±5V, lOOkHz) -90 -90 -90 

ACCURACY CHARACTERISTICS' 
Hold Mode Offset -4 -1 +3 -4 -1 +3 -4 -1 +3 
Hold Mode Offset Drift 10 10 10 
Sample Mode Offset 50 200 50 200 50 200 
Nonlinearity ±0.002 ±0.003 ±0.002 ±0.003 ±0.003 ±0.005 
Gain Error ±0.03 ±0.05 ±0.03 ±0.05 ±0.03 ±0.05 

INTERCHANNEL CHARACTERISTICS 
Interchannel Isolation 

(VIN= ±5V, lOOkHz) 80 86 80 86 80 86 
Interchannel Aperture Offset 150 300 150 300 150 300 
Interchannel Offset 0.4 1.5 0.4 2.0 0.4 2.0 

OUTPUT CHARACTERISTICS 
Output Drive Current' -5 +5 -5 +5 -5 +5 
Output Resistance, de 0.3 0.5 0.3 0.5 0.3 0.5 
Total Output Noise 

(de to 5MHz) 150 150 150 
Sampled de Uncertainty 85 85 85 
Hold Mode Noise 

(dcto5MHz) 125 125 125 
Short Circuit Current' 

Source 20 20 20 
Sink 10 10 10 

INPUT CHARACTERISTICS 
Input Voltage Range -5 +5 -5 +5 -5 +5 
Bias Current• 100 250 100 250 100 250 

400 500 500 
Input Impedance 50 50 50 
Input Capacitance 2 2 2 

DIGITAL CHARACTERISTICS 
Input Voltage Low 0.8 0.8 0.8 
Input Voltage High 2.0 2.0 2.0 
Input Current (VIN = 5V) 2 10 2 10 2 10 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range (V cc' VEE) ±10.8 ±12 ±13.2 ±10.8 ±12 ±13.2 ±10.8 ±12 ±13.2 
Supply Current 18 25 18 25 18 26 
+ PSRR 65 70 65 70 65 70 
-PSRR 60 65 60 65 60 65 
Power Consumption 430 600 430 600 430 625 

TEMPERATURE RANGE 
Specified Performance 0 +70 -40 +85 -55 +125 

PACKAGE OPTIONS 
16-Pin Cerdip (Q) AD684JQ AD684AQ AD684SQ 

NOTES 
'Specified and tested over an input range of ±5V. 
2Maximum current the AD684 can source (or sink). Testing guarantees that the accuracy of the held signal remains within 2.5mV of its initial value. 
3The oucput is protected for a short circuit to common, V cc and VEE· 
4V cc and VEE at nominal voltage levels. 

AD684 
Units 

µs 
µs 
MHz 
MHz 

ns 
ps 
ns 
µV/µs 

dB 

mV 
µVf'C 
mV 
% FS 
% FS 

dB 
ps 
mV 

mA 
n 

µVrms 
µVrms 

µVrms 

mA 
mA 

v 
nA 
nA 
M!l 
pF 

v 
v 
µA 

v 
mA 
dB 
dB 
mW 

'C 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
AU .min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
Specifications subject to change without notice. 
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AD684 
ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION 

With 
Spec Respect to Min Max Unit 

Vee Common -0.3 +15 v 
VEE Common -15 +0.3 v 
Control Inputs Common -0.5 +7 v 
Analog Inputs Common -12 +12 v 
Output Short Circuit to 

Ground, V cc• or VEE Indefinite 
Max Junction 

Temperature +175 ·c 
Storage -65 + 150 ·c 
Lead Temperature 

(!Osec max) +300 ·c 
Power Dissipation 640 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

NC = NO CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~-
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

ORDERING GUIDE 

Package 
Model1 Temperature Range Option2 

AD684JQ o to +10°c Q-16 
AD684AQ -40°C to +85°C Q-16 
AD684SQ -55°C to + 125°c Q-16 

NOTES 
1 For details on grade and package offerings screened in 
accordance with MIL-STD-883, refer to the Analog 
Devices Military Products Databook or current AD684/883B 
data sheet. 

2Q = Cerdip. For outline information see Package Information 
section. 
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FEATURES 
Acquisition Time to 0.01%: 700 ns Maximum 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.01 µVfµs 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -80 dB Maximum 
Aperture Jitter: 75 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and Plastic Package 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD781 is a high speed monolithic sample-and-hold ampli
fier (SHA). The AD781 guarantees a maximum acquisition time 
of 700 ns to 0.01 % over temperature. The AD781 is specified 
and tested for hold mode total harmonic distortion and hold 
mode signal-to-noise and distortion. The AD781 is configured as 
a unity gain amplifier and uses a self-correcting architecture that 
minimizes hold mode errors and insures accuracy over tempera
ture. The AD78 l is self-contained and requires no external com
ponents or adjustments. 

The low power dissipation, 8-pin mini-DIP package and com
pleteness make the AD78 l ideal for highly compact board 
layouts. The AD781 will acquire a full-scale input in less 
than 700 ns and retain the held value with a droop rate of 
0.01 µV/µs. Excellent linearity and hold mode de and dynamic 
performance make the AD78 l ideal for 12- and 14-bit high 
speed analog-to-digital converters. 

The AD781 is manufactured on Analog Devices' BiMOS process 
which merges high performance, low noise bipolar circuitry with 
low power CMOS to provide an accurate, high speed, low power 
SHA. 

The AD78 l is specified for three temperature ranges. The J 
grade device is specified for operation from 0°C to 70°C, the A 
grade from -40°C to +85°C and the S grade from -55°C to 
+ 125°C. The J and A grades are available in 8-pin plastic DIP 
packages. The S grade is available in an 8-pin cerdip package. 

*Protected by U.S. Patent No. 4,962,325. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Complete 700 ns 
Sample-and-Hold Amplifier 

AD781* I 
FUNCTIONAL BLOCK DIAGRAM 

Vee 

IN 

COMMON 

NC 

PRODUCT HIGHLIGHTS 

OUT 

S/H 

NC 

Vee 

l. Fast acquisition time (700 ns), low aperture jitter (75 ps) and 
fully specified hold mode distortion make the AD78 l an ideal 
SHA for sampling systems. 

2. Low droop (0.01 µV/µs) and internally compensated hold 
mode error results in superior system accuracy. 

3. Low power (95 mW typical), complete functionality and 
small size make the AD78 l an ideal choice for a variety of 
high performance, low power applications. 

4. The AD781 requires no external components or adjustments. 

5. Excellent choice as a front-end SHA for high speed analog
to-digital converters such as the AD671, AD7586, AD674B, 
AD774B, AD7572 and AD7672. 

6. Fully specified and tested hold mode distortion guarantees 
the performance of the SHA in sampled data systems. 

7. The AD781 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD78 l/883B data sheet for detailed 
specifications. 
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AD78l-SPECIFICATIONS 
DC SPECIFICATIONS Clmin to lmax with Yee= +12 V :!: 10%, VEE= -12 V :!: 10%, CL= 20 pf, unless otherwise specifi(ld) 

Parameter 

SAMPLING CHARACTERISTICS 
Acquisition Time 

10 V Step to 0.01% 
10 V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 

HOLD CHARACTERISTICS 
Effective Aperture Delay (25°C) 
Aperture Jitter (25°C) 
Hold Settling (to I mV, 25°C) 
Droop Rate 
Feedthrough (25°C) 

(V1N = ±5 V, 100 kHz) 

ACCURACY CHARACTERISTICS1 

Hold Mode Offset 
Hold Mode Offset Drift 
Sample Mode Offset 
Nonlinearity 
Gain Error 

OUTPUT CHARACTERISTICS 
Output Drive Current 
Output Resistance, DC 
Total Output Noise (DC to 5 MHz) 
Sampled DC Uncertainty 
Hold Mode Noise (DC to 5 MHz) 
Short Circuit Current 

Source 
Sink 

INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current 
Input Impedance 
Input Capacitance 

DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage High 
Input Current High (VIN = 5 V) 

POWER SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current 
+PSRR (+12 V ± 10%) 
-PSRR (-12 V ± 10%) 
Power Consumption 

TEMPERATURE RANGE 
Specified Performance 

NOTE 
1Specified and tested over an input range of ±5 V. 

Specifications subject to change without notice. 

AD781J 
Min Typ Max Min 

600 700 
500 600 
4 
I 

-35 -25 -15 -35 
50 75 
250 500 
0.01 1 

-86 

-4 -1 +3 -4 
10 
50 200 
±0.002 ±0.003 
±0.01 ±0.025 

-5 +5 -5 
0.3 0.5 
150 
85 
125 

20 
10 

-5 +5 -5 
50 250 
50 
2 

0.8 
2.0 2.0 

2 10 

±10.8 ±12 ±13.2 ±10.8 
4 6.5 

70 80 70 
65 75 65 

95 175 

0 +70 -40 

-
AD781A AD781S 
Typ Max Min Typ Max Units 

600 700 600 700 ns 
500 600 500 600 ns 
4 4 MHz 
I 1. MHz 

-25 -15 -35 -25 -15 ns 
50 75 50 75 ps 
250 500 250 500 ns 
0.01 1 0.01 1 µV/µs 

-86 -86 dB 

-1 +3 -4 -1 +3 mV 
10 10 µV/°C 
50 200 50 200 mV 
±0.002 ±0.003 ±0.003 ±0.005 %FS 
±0.01 ±0.025 ±0.01 ±0.025 %FS 

+5 -5 +5 mA 
0.3 0.5 0.3 0.5 n 
150 150 µVrms 
85 85 µVrms 
125 125 µVrms 

20 20 mA 
10 10 mA 

+5 -5 +5 v 
50 250 50 250 nA 
50 50 MO 
2 2 pF 

0.8 0.8 v 
2.0 v 

2 10 2 10 µA 

±12. ±13.2 ±10.8 ±12 ±13.2 v 
4 6.5 4 7 mA 
80 70 80 dB 
75 65 75 dB 
95 175 95 185 mW 

+85 -55 +125 oc 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 
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AD781 

HOLD MODE Ac SPECIFICATIONS <Tmin to lmax• Yee= +12 V ±10%, VEE= -12 V ±10%, CL= 20 pf, 
unless otherwise specified)1 

AD781J AD781A AD781S 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

TOTAL HARMONIC DISTORTION 
FIN= 10 kHz -90 -80 -90 -80 -90 -80 dB 
F1N =SO kHz -73 -73 -73 dB 
F1N = 100 kHz -68 -68 -68 dB 

SIGNAL-TO-NOISE AND DISTORTION 
F1N = 10 kHz 72 78 72 78 72 78 dB 
FIN= SO kHz 73 73 73 dB 
FIN= 100 kHz 67 67 67 dB 

INTERMODULATION DISTORTION 
F1N 1 = 49 kHz, F1N 2 = SO kHz 

2nd Order Products -77 -77 -77 dB 
3rd Order Products -78 -78 -78 dB 

NOTE 
'FIN amplitude ~ 0 dB and FsAMPLE ~ 500 kHz unless otherwise indicated. 

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed although only those shown in boldface are tested. 

ABSOLUTE MAXIMUM RATINGS* 

With 
Spec Respect to Min Max Unit 

Vee Common -0.3 +lS v 
VEE Common -lS +0.3 v 
Control Input Common -0.S +7 v 
Analog Input Common -12 +12 v 
Output Short Circuit to 

Ground, Vee. or VEE Indefinite 
Maximum Junction 

Temperature +17S oc 
Storage -6S +lSO oc 
Lead Temperature 

(10 sec max) +300 oc 
Power Dissipation 19S mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

PIN CONFIGURATION 

Vee 

IN 

OUT 

S/H 

COMMON NC 

NC lfEE 

ORDERING GUIDE 

Temperature 
Model1 Range Description 

AD781JN 0°C to +70°C 8-Pin Plastic DIP 
AD781AN -40°C to +8S°C 8-Pin Plastic DIP 
AD781SQ -SS°C to + 12S°C 8-Pin Cerdip 

NOTES 

Package 
Options2 

N-8 
N-8 
Q-8 

1For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook or 
current AD781/883B data sheet. 

'N ~ Plastic DIP; Q ~ Cerdip. For outline information see Package 
Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

WARNING! g 
~~EDEVICE 
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FEATURES 
Acquisition Time to 0.01%: 250 ns Typical 
Low Power Dissipation: 95 mW 
Low Droop Rate: 0.02 µV/p.s 
Fully Specified and Tested Hold Mode Distortion 
Total Harmonic Distortion: -85 dB 
Aperture Jitter: 50 ps Maximum 
Internal Hold Capacitor 
Self-Correcting Architecture 
8-Pin Mini Cerdip and SOIC Packages 

PRODUCT DESCRIPTION 
The AD783 is a high speed, monolithic sample-and-hold ampli
fier (SHA). The AD783 offers a typical acquisition time of 
250 ns to 0.01 %. The AD783 is specified and tested for hold 
mode total harmonic distortion with input frequencies up to 
100 kHz. Thci AD783 is configured as a unity gain amplifier 
and uses a patented self-correcting architecture that minimizes 
hold mode errors and ensures accuracy over temperature. The 
AD783 is self-contained and requires no external components or 
adjustments. 

The AD783 retains the held value with a droop rate of0.02 µV/ 
µs. Excellent linearity and hold mode de and dynamic perfor
mance make the AD783 ideal for high speed 12- and 14-bit 
analog-to-digital converters. 

The AD783 is manufactured on Analog Devices' ABCMOS pro· 
cess which merges high performance, low noise bipolar ciJ'cuitry 
with low power CMOS to provide an accurate, high speed, low 
power SHA. , 

The J grade device is specified for operation from o•c to + 70"C 
and the A grade from -40°C to +85°C. The J and A grades are 
available in 8-pin cerdip and SOIC packages. The military tem~ 
perature range version is specified for operation from -ss•c to 
+ 12S°C and is available in an 8-pin cerdip package. For details 
refer to the Analog Devices M ilitmy Producu Databook or· 
AD783/883B data sheet. 

*Protected by U.S. Patent Number 4,962,325. ·· 
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Complete Very High Speed 
Sample--and-Hold Amplifi·er 

AD783* I 
FUNCTIONAL BLOCK DIAGRAM 

Vee 

IN 

COMMON 

NC = NO CONNECT 

PRODUCT IDGHLIGHTS . 

OUT. 

S/H 

NC 

1. Fast acquisition time (2SO ns), low aperture jitter (20 ps) and. 
fully specified hold mode distortfon make the AD783 an ideal. 
SHA for sampIIDg systems~· · · 

2. Low dioop (0.02 µV/µs) and internally compensated hold 
mode error resl!it in superior system accuracy. . 

3. 0Low power (95. mW typical), complete functionality and· 
small size make the AD783 an ideal choice for a v~c:ty of 
high performance applications. · · 

4. The AD783 requires no external components or adjustments. 

S. The AD783 is an excellent choice as a front-end SHA for 
high speed analog-to-digital converters such as the AD671, 
AD7586, AD674B, AD774B, AD7572 and AD7672.. ' . 

6. Fully specified and tested hold mode distortion gwu:J1,ntees · 
the performance of the SHA in sampled data systems. 
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SPECIFICATIONS AD783 
DC SPECIFICATIONS CTM•• to TMAX with Yee = +5 Y ± 5%, YEE = -5 Y ± 5%, CL = 50 pf, unless otherwise noted) 

Parameter 

SAMPLING CHARACTERISTICS 
Acquisition Time 
S V Step to 0.01% 
S V Step to 0.1% 
Small Signal Bandwidth 
Full Power Bandwidth 

HOLD CHARACTERISTICS 
Effective Aperture Delay ( + 2S0C) 
Aperture Jitter ( + 2S°C) 
Hold Settling (to l mV, +2S0C) 
Droop Rate 
Feedthrough ( + 2S0C) 

(V1N = ±2.S V, SOO kHz) 

ACCURACY CHARACTERISTICS1 

Hold Mode Offset 
Hold Mode Offset Drift 
Sample Mode Offset 
Nonlinearity 
Gain Error 

OUTPUT CHARACTERISTICS 
Output Drive Current 
Output Resistance, DC 
Total Ourput Noise (DC to S MHz) 
Sampled DC Uncertainty 
Hold Mode Noise (DC to S MHz) 
Short Circuit Current 

Source 
Sink 

INPUT CHARACTERISTICS 
Input Voltage Range 
Bias Current 
Input Impedance 
Input Capacitance 

DIGITAL CHARACTERISTICS 
Input Voltage Low 
Input Voltage IJigh 
Input Current High (VIN= i V) 

POWER .SUPPLY CHARACTERISTICS 
Operating Voltage Range 
Supply Current 
+PSRR (+S V ± So/o) 
-PSRR (-S V ± So/o) 
Power Consumption 

TEMPERATURE RANGE 
Specified Performance (J) 

(A) 

NOTE 
'Specified and tested over an input range of ±2.5 V .. 
Specifications subject to cbange without notice. 

REV.A 

Min 

-30 

-s 

-s 

-2.S 

2.0 

±4.7S 

4S 
4S 

0 
-40 

AD783J/A 
Typ Max Units 

2SO 37S ns 
200 3SO ns 
lS MHz 
2 MHz 

15 30 ns 
20 so ps 
ISO 200 ns 
0.02 I µV/µs 

-80 dB 

0 +s mV 
10 µvrc 
so 200 mV 
±0.00S o/oFS 
±0.03 ±0.l o/oFS 

+5 mA 
0.3 .0.6 n 
lSO µVrms 
8S µVrms 
12S µVrms 

20 niA 
13 ' niA 

+2.S v 
100 2SO nA 
10 MO 
2 pF 

0.8 v 
v 

2 10 µA 

±S ±5.2S v 
9.5 17 niA 
6S dB 
6S dB 
9S 17S mW 

+70 °C 
+8S ·c 
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AD783 
0 MODE Ac SPEC C (TMIN to TMAX with Vee = +5 V ± 5%, 

H LO . lfl ATIONS VEE = -5 V ± 5%, CL = 50 pf, unless otherwise noted)1 

Parameter Min 

TOTAL HARMONIC DISTORTION 
fIN = 100 kHz 
f1N = 500 kHz 

SIGNAL-TO-NOISE AND DISTORTION 
fIN = 100 kHz 
fIN = 500 kHz 

INTERMODULATION DISTORTION 
(Fl = 99 kHz, F2 = 100 kHz) 
Second Order Products 
Third Order Products 

NOTE 
1f1N amplitude= 0 dB and fsAMPLE = 300 kHz unless otherwise indicated. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 

With 
Spec Respect to Min Max Units 

Vee COM -0.5 +6.5 v 
VEE COM -6.5 +0.5 v 
Analog Input COM -6.5 +6.5 v 
Digital Input COM -0.5 +6.5 v 
Output Short Circuit to 

Ground, V cc• or VEE Indefinite 
Maximum Junction 

Temperature +175 oc 
Storage -65 +150 oc 
Lead Temperature 

(10 sec max) +300 oc 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

AD783J/A 
Typ Max 

-85 -80 
-72 

77 
70 

-80 
--'85 

PIN CONFIGURATION 

Vee 

IN 

COMMON 

NC 

NC = NO CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Units 

dB 
dB 

dB 
dB 

dB 
dB 

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. 

WARNING! g 
~~EOEVICE 

ORDERING GUIDE 

Temperature Package 
Model1 Range Description Options2 

AD783JQ 0°C to +70°C 8-Pin Cerdip Q-8 
AD783AQ -40°C to +85°C 8-Pin Cerdip Q-8 
AD783JR 0°C to +70°C 8-Pin SOIC R-8 
AD783AR -40°C to +85°C 8-Pin SOIC R-8 

NOTES 
1For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current AD783/883B data sheet. 

'Q = Cerdip, R = SOIC. For outline information see Package Information 
section. 
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Typical Characteristics-AD783 
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AD783 
DEFINITIONS OF SPECIFICATIONS 
Acquisition Time-The length of time that the SHA must 
remain in the sample mode in order to acquire a full-scale input 
step to a given level of accuracy. 

Small Signal Bandwidth.-The frequency at which the held out
put amplitude is 3 dB below the input .amplitude, under an 
input condition of a 100 mV p-p sine wave. 

Full Power Bandwidth-The frequency at which the held out
put amplitude is 3 dB below the input amplitude, under an 
input condition of a 5 V p-p sine wave. 

Effective Aperture Delay-The difference between the switch 
delay and the analog delay of.the SHA channel. A negative 
number indicates that the analog portion of the overall delay is 
greater than the switch portion. This effective delay represents 
the point in time, relative to the hold command, that the input 
signal will be sampled. · 

Aperture Jitter-The variations in aperture delay for successive 
samples. Aperture jitter puts an upper limit on the maximum 
frequency that can be accurately sampled. 

Hold Settling Time-The time required for the output to settle 
to within a specified level of accuracy of its final held value after 
the hold command has been given. 

Droop Rate-The drift in output voltage while in the hold 
mode. 

Feedthrough.,-The attenuated version of a changing input sig
nal that appears at the output when the SHA is in the hold 
mode. 

Hold Mode Offset-The difference between the input signal 
and the held output. This offset term applies only in the hold 
mode and includes the error caused by charge injection and all 
other internal offsets. It is specified for an input of 0 V. 

Sample Mode Offset-The difference between the input and 
output signals when the SHA is in the sample mode. 

Nonlinearity-The deviation from a straight line on a plot of 
input vs. (held) output as referenced to a straight line drawn 
between endpoints, over an input range of -2.5 V and +2.5 V. 

Gain Error-Deviation from a gain of + 1 on the transfer func
tion of input vs. held output. 

Power Supply Rejection Ratio-A measure of change in the 
held output voltage for a specified change in the. positive or neg
ative supply. 

Sampled DC Uncertainty-The internal rms SHA noise that is 
sampled onto the hold capacitor. 

Hold Mode Noise-The rms noise at the output of the SHA 
while in the hold mode, specified over a given bandwidth. 

Total Output Noise-The total rms noise that is seen at the 
output of the SHA while in the hold mode. It is the rms sum
mation of the sampled de uncertainty and the hold mode noise. 

6'-18 SAMPLE/TRACK-HOLD AMPLIFIERS 

Output Drive Current-The maximum current the SHA can 
source (or sink) while maintaining a change in hold mode offset 
of less than 2.5 mV. 

Signal-To•Noise and Distortion (S/N+D) Ratio-S/N+D is 
the ratio of the rms value of the measured input signal to the 
rms sum of all other spectral components below the Nyquist 
frequency, including harmonics but excluding de. The value for 
SIN+ D is expressed in decibels. 

Total Harmonic Distortion (THD)-THD is the ratio of the 
rms sum of the first six harmonic components fo the rms value 
of the measured input signal and is expressed in decibels. 

Intermodulation Distortion (IMD)-With inputs consisting of 
sine waves at two frequencies, fa and fb, any device with 
nonlinearities will create distortion products, of order (m+n), at 
sum and difference frequency of mfa±nfb, where m, n = 0, 1, 2, 
3 .... Intermodulation terms.are those for which morn is not 
equal to zero. For example, the second order terms are (fa+fb) 
and (fa-fb), and the third order terms are (2fa+fb), (2fa-fb), 
(fa+2fb) and (fa-2fb). The IMD products are expressed as the 
decibel ratio of the rms sum of the measured input signals to the 
rms sum of the distortion terms. The two signals are of equal 
amplitude, and peak value of their sums is -0.5 dB from full 
scale. The IMD products are normalized to a 0 dB input signal. 

FUNCTIONAL DESCRIPTION 
The AD783 is a complete, high speed sample-and-hold amplifier 
that provides high speed sampling to 12-bit accuracy in 250 ns. 

The AD783 is completely self-contained, including an on-chip 
hold capacitor, and requires no external components or adjust
ments to perform the sampling function. Both input and output 
are treated as a single-ended signal, referred to common. 

The AD783 utilizes a proprietary circuit design which'includes a 
self-correcting architecture. This sample-and-hold circuit cor
rects for internal errors after the hold command has been given, 
by compensating for amplifier gain and offset errors, and charge 
injection errors. Due to the nature of the design, the SHA out" 
put in the sample mode is not intended to provide an accurate 
representation of the input. However, in hold mode, the internal 
circuitry is reconfigured to produce an accurately held version of 
the input signal. Below is a block diagram of the AD783. 

Vee OUT 

NC VEE 

NC = NO CONNECT 

Functional Block Diagram 
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DYNAMIC PERFORMANCE 
The AD783 is compatible with 12-bit A-to-D converters in 
terms of both accuracy and speed. The fast acquisition time, fast 
hold settling time and good output drive capability allow the 
AD783 to be used with high speed, high resolution A-to-D con
verters like the AD671 and AD7586. The AD783's fast acquisi
tion time provides high throughput rates for multichannel data 
acquisition systems. Typically, the AD783 can acquire a 5 V 
step in less than 250 ns. Figure 1 shows the settling accuracy as 
a function of acquisition time. 

Figure 1. Vour Settling vs. Acquisition Time 

The hold settling determines the required time, after the hold 
command is given, for the output to settle to its final specified 
accuracy. The typical settling behavior of the AD783 is 150 ns. 
The settling time of the AD783 is sufficiently fast to allow the 
SHA, in most cases, to directly drive an A-to-D converter with
out. the need for an added "start convert" delay. 

HOLD MODE OFFSET 
The de accuracy of the AD783 is determined primarily by the 
hold mode offset. The hold mode offset refers to the difference 
between the final held output voltage and the input signal at the 
time the hold command is given. The hold mode offset arises 
from a voltage error introduced onto the hold capacitor by 
charge injection of the internal switches. The nominal hold 
mode offset· is specified for a 0 V input condition. Over the 
input range of -2.5 V to +2.5 V, the AD783 is also character
ized for an effective gain error and nonlinearity of the held 
value, as shown in Figure 2. As indicated by the AD783 specifi
cations, the hold mode offset is very stable over temperature. 
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AD783 

<VouT HOLD-v,.), mV 

+1 

V1N, VOLTS 

-2.5 +2.5 

NONLINEARITY 

!-- - - - - __ \_ - -HOLDMODEOFFSET 

GAIN ERROR T -1j"..._----~.::... 

Figure 2. Hold Mode Offset, Gain Error and Nonlinearity 

For applications where it is important to obtain zero offset, the 
hold mode offset may be nulled externally at the input to the 
A-to-D converter. Adjustment of the offset may be accom
plished through the A-to-D itself or by an external amplifier 
with offset nulling capability (e.g., AD711). The offset wi!J 
change less than 0.5 mV over the specified temperature range. 

SUPPLY DECOUPLING AND GROUNDING 
CONSIDERATIONS 
As with any high speed, high resolution data acquisition system, 
the power supplies should be well regulated and free from exces
sive high frequency noise (ripple). The supply connectiOn to the 
AD783 should also be capable of delivering transient currents to 
the device. To achieve the specified accuracy and dynamic per
formance; decoupling capacitors must be placed directly at both 
the positive and negative supply pins to common. Ceramic type 
0.1 µF capacitors should be connected from Vee and VEE to 
common. 

ANALOG 
P.S. 

DIGITAL 
P.S. 

DIGITAL 
DATA 
OUTPUT 

Figure 3. Basic Grounding and Decoupling Diagram 
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AD783 
The AD783 does not provide separate analog and digital ground 
leads as is·the case with most A-to-D converters. The common 
pin is the single ground terminal for the device. It is the refer
ence point for the sampled input voltage and the held output 
voltage and also the digital grQund renm;i path. The common 
pin should be connected to the reference (analog) ground of the 
A-to-D converter with a separate ground lead. Since the analog 
and digital grounds in the AD783 are connected internally, the 
common pin shol!id also be connected to the digital ground, 
which is usually tied to analog common at the A-to-D converter. 
Figure 3 illustrates the recommended decoupling and grounding 
practice. 

NOISE CHARACTERISTICS 
Designers of data conversion circuits must also consider the 
effect of noise sources on the accuracy of the data acquisition 
system. A sample-and-hold amplifier that precedes the A-to-D 
converter introduces some noise and represents another source 
of uncertainty in the conversion process. The noise from the 
AD783 is specified as the total output noise, which includes 
both the sampled .wideband noise of the. SHA in addition to the 
band limited output noise. The total output noise is Jhe rms 
sum of the sampled de uncertainty and the hold. mode noise. A 
plot of the total .output noise vs. the equivalent input bandwidth 
of the converter being used is given in Figure 4. 

300 .--..-,....,.,..,..,---,__,_..,...._,.....,....,....TT"""_ ...... ..,.....,.. 
I I· 

~ 
~ 200 l--l--ll-4-14-4--1-4-+l--4-~-l-l-l-4--l-+-14 

I 
w 
·~ 
z 
1-roo 

o.__ ........ ._._._.__.....,1._,_.....__,__,__._...__,__,_.._... 
1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 4. RMS Noise vs. Input Bandwidth of ADC 

DRMNG THE ANALOG INPUTS 
For best performance, it is important to drive the AD783 analog 
input from a llJW impedance signal source. This enhances the 
sampling accuracy by minimizing the analog and digital 
crosstalk. SignSls which come from higher impedance sources 
(e.g., over S kn) will have a relatively higher level of crosstalk. 
For applications where signals have high source impedance, an 
operational amplifier buffer in front of the AD783 is required. 
The.AD7ll (precision BiFET op amp) is recommended for 
these applications; 

HIGH FREQUENCY SAMPLING 
Aperture jitter and distortion are the primary factors which limit 
frequency domain performance of a sample-and-hold amplifier. 
Aperture jitter modulates the phase of the hold command and 
produces an effective noise on the sampled analog input. The 
magnitude of the jitter induced noise is directly related to the 
frequency of the input signal. 
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A graph showing the magnitude of the jitter induced error vs. 
frequency of the input signal is given in Figure 5. · 

The accuracy in sampling high frequency signals is also con
strained by the distortion and noise. created by the smµple-and
hold. The level of distortion increases with frequency and 
reduces the "effective number of bits" of the conversion. 

Measurements of Figures 6 and 7 were made using a 14-bit 
AID converter .with VIN = S V p-p and a sample frequency of. 
100 ksps. 

1% 

1/2BIT@ 
BBITS'-.,.. 

1/2 BIT@ 0.1% 
10BITS"' 

1/2 BIT@ 
12BITS"' 

0.01% 

APERTURE JITTER TYPICAL AT 20p8 

J.oo"" ~ 

j;iii' 
~ 

J.-1 
1/2BIT@.........._. 

14BITS ,..,_ 

J.oo"" i....-
1k 10k 100k 

FREQUENCY - Hz 

Figure 5. Error Magnitude vs. Frequency 
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Figure 6. Total Harmonic Distortipn vs. Frequency 
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AD783 TO AD670 INTERFACE 
The 15 MHz small signal bandwidth of the AD783 makes it a 
good choice for undersampling applications. Figure 8 shows the 
interface between the AD783 and the AD670 ADC, where the 
AD783 samples the incoming IF signal. For this particular 
application, the IF carrier was 10. 7 MHz and the information 
signal was a S kHz FSK-modulated tone. The sample-and-hold 
signal is applied to the 8-bit AD670 ADC and then digitally pro
cessed for analysis. 

The CLKIN signal is connected directly to the S/H pin of the 
AD783 and must comply with the acquisition and settling 
requirements of the SHA. A delayed version of CLKIN is 
applied to the RiW input of the AD670 in order to accom
modate the hold-mode settling requirements of the AD783. The 
lO µs conversion speed of the AD670 combined with the 150 ns 
hold-mode settling time of the AD783 result in a total system 
throughput of 10.15 µs. 

By keeping the 10.7 MHz IF input to the AD783 at a low 
amplitude, 255 m V p-p, the resultant distortion and jitter
induced noise result in approximately 45 dB of dynamic range. 
The AD670 can be conveniently configured such that its full
scale input range is 255 mV in order to retain the full 8-bit 
dynamic range of the converter. The maximum sample rate of 
the AD670 is lO µs; therefore, to comply with the Nyquist cri
teria the maximum information bandwidth is 50 kHz. 

10.7MHz 

255mVp-p 

ANALOG 
INPUT 

=W/IJ 

CLKIN 

Figure 8. AD783 to AD670 Interface 

AD783 to AD671 (12-Bit, 500 ns ADC) Interface 
The AD783 to AD671 interface requires an op amp, a dual flip
flop, and a monostable multivibrator or "one-shot." The op amp 
amplifies the ±2.5 V output of the AD783 to the full-scale input 
of the AD671. Appropriate op amps include the AD841 and 
AD845 (see the AD671 data sheet for additional information). 
The flip-flops and one-shot are used to generate the AD671 
ENCODE pulse and the appropriately timed AD783 S/H pulse. 

REV.A 

AD783 
A master sampling dock is tied to the clock input of flip~flop 1 
and the input of the one-shot. The Dl input of flip-flopl should 
be tied high and the one-shot should be configured to generate a 
pulse on a rising edge of the sampling clock. The rising edge of 
the sampling clock causes the Ql output of the flip-flop to go , 
low placing the AD783 into hold mode. Simultaneously, a low 
going pulse is generated at the one-shot output. The length of 
this pulse would usually be made long enough to allow the out
put of the AD783 to settle (hold-mode settling time), but 
because of the error-correcting ability of the AD671, the length 
of this pulse may be reduced to approximately 200 ns. 

The low-going one-shot output is connected to the clock input 
of flip-flop2. The D2 input of flip-flop2 is tied high. The rising 
edge of the low-going pulse toggles the Q2 output of flip-flop2 
to a high state. This output, which is tied to the ENCODE 
input of the AD671, initiates a conversion of the buffered out
put signal of the AD783. The AD671 issues the signal DAV 
when the conversion is complete. The DAV signal is tied to the 
asynchronous CLRl and CLR2 inputs of both flip-flops. When 
DAV goes low, the Ql output goes high returning the AD783 to 
the sample or acquisition mode. The Q2 output (ENCODE) 
returns low until it is again triggered by the rising edge of the 
one-shot output. 

VIN 

Figure 9. AD783 to AD671 Interface 
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FEATURES 
Excellent Hold Mode Distortion into 250 fl 

-88 dB @ 30 MSPS (2.3 MHz V1N) 

-83 dB@ 30 MSPS (12.1 MHz v,N) 
-74 dB@ 30 MSPS (19.7 MHz V1N) 

16 ns Acquisition Time to 0.01% 
< 1 ps Aperture Jitter 
250 MHz Tracking Bandwidth 
83 dB Feedthrough Rejection @ 20 MHz 
3.3 nV/VHz Spectral Noise Density 
MIL-STD-Compliant Versions Available 

APPLICATIONS 
A/D Conversion 
Direct IF Sampling 
Imaging/FUR Systems 
Peak Detectors 
Radar/EW/ECM 
Spectrum Analysis 
CCD ATE 

GENERAL DESCRIPTION 
The AD9100 is a monolithic track-and-hold amplifier which sets 
a new standard for high speed and high dynamic range applica
tions. It is fabricated in a mature high speed complementary 
bipolar process. In addition to innovative design topologies, a 
custom package is utilized to minimize parasitics and optimize 
dynamic performance. 

Acquisition time (hold to track) is 13 ns to 0.1 % accuracy, and 
16 ns to 0.01 %. The AD9100 boasts superlative hold-mode fre
quency domain performance; when sampling at 30 MSPS hold 
mode distortion is less than -83 dBfs for analog frequencies up 
to 12 MHz; and -74 dBfs at 20 MHz. The AD9100 can also 
drive capacitive loads up to 100 pF with little degradation in 
acquisition time; it is therefore well suited to drive 8- and 10-bit 
flash converters at clock speeds to SO MSPS. With a spectral 
noise density of 3.3 nV/yHz and feedthrough rejection of 83 dB 
at 20 MHz, the AD9100 is well suited to enhance the dynamic 
range of many 8- to 16.-bit systems. 

Ultrahigh Speed 
Monolithic Track-and-Hold 

AD9100* I 
BLOCK DIAGRAM 

CLK CLK 

The AD9 l 00 is "user friendly" and easy to apply: (1) it requires 
+5 V/-5.2 V power supplies; (2) the hold capacitor and switch 
power supply decoupling capacitors are built into the DIP 
package; (3) the encode clock is differential ECL to minimize 
clock jitter; (4) the input resistance is typically 800 kO; (5) the 
analog input is internally clamped to prevent damage from volt
age transients. 

The AD9100 is available in a 20-lead side-brazed "skinny DIP" 
package and a 28-lead LCC package. Commercial, industrial, 
and military temperature grade parts are available. Consult the 
factory for information about the availability of 883-qualified 
devices. 

PRODUCT HIGHLIGHTS 
1. Hold Mode Distortion is guaranteed. 

2. Monolithic construction. 

3. Analog input is internally clamped to protect against over-
voltage transients and ensure fast recovery. 

4. Output is short circuit protected. 

5. Drives capacitive loads to 100 pF. 

6. Differential ECL clock inputs. 

PIN DESIGNATIONS 

BYPASS 

GND 

*Patent pending. 

DIP 

CLK 

CLK 

GND 

+Vs 

BYPASS 

+Vs 

GND 

GND 

GND 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800446-6212. 
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SPECIFICATIONS AD9100 
ABSOLUTE MAXIMUM RATINGS' AD9100AD/AE ................... -25°C to +85°C 
Supply Voltages (±Vs) ....................... ±6 V AD9100SD/SE .................. -55°C to + 125°C 
Continuous Output Current ................... 70 mA Junction Temperature ...................... + l 75°C 
Analog Input Voltage2 ••••.•••••••••••••••••• ±5 V Storage Temperature ................ -65°C to + 150°C 
Operating Temperature Range (Case) Lead Soldering Temperature (IO sec) ............ + 300°C 

AD9100JD ........................ O'C to +70°C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, +Vs= +5 V; -Vs= -5.2 V; RLOAD = 100 !l; R1N = 50 rn 
Test AD9100AE/SE/JD/ AD/SD3 

Parameter Conditions Temp Level Min Typ Max Units 

DC ACCURACY 
Gain LI.VIN= 2 V Full VI 0.989 0.994 VN 
Offset VIN= 0 v Full VI -5 ±1 +5 mV 
Output Resistance 25°C v 0.4 n 
Output Drive Capability Full VI ±40 ±60 mA 
PSRR LI.Vs= 0.5 V p-p Full VI 48 55 dB 
Pedestal Sensitivity to Supply LI.Vs= 0.5 V p-p Full VI 0.9 3 mVN DI 

ANALOG INPUT/OUTPUT 
Output Voltage Range Full VI +2 ±2.2 -2 v 
Input Bias Current 25°C VI -8 ±3 +8 µA 

Full VI -16 + 16 µA 
Input Overdrive Current4 VIN = ±4 V; RIN = 5o n 25°C v ±22 mA 
Input Capacitance 25°C v 1.2 pF 
Input Resistance 25°C, TMAX VI 350 800 kfi 

TMIN VI 200 kn 

CLOCK/CLOCK INPUTS 
Input Bias Current CL/CL = -1.0 V Full VI 4 5 mA 
Input Low Voltage (V,L) Full VI -1.8 -1.5 v 
Input High Voltage (Vrn) Full VI -1.0 -0.8 v 

TRACK MODE DYNAMICS 
Bandwidth ( - 3 dB) VouT :s:0.4 V p-p Full IV 150 250 MHz 
Slew Rate 4 V Step 25°C IV 550 850 V/µs 

4 V Step Full IV 500 V/µs 
Overdrive Recovery Time4 (to 0.1%) VIN = ±4 V to 0 V 25°C v 21 ns 
2nd Harm. Dist. (20 MHz, 2 V p-p) Full v -65 dBc 
3rd Harm. Dist. (20 MHz, 2 V p-p) Full v -75 dBc 
Integrated Output Noise (1-200 MHz) 25°C v 45 µV 
RMS Spectral Noise@ 10 MHz 25°C v 3.3 nV/yHz 

HOLD MODE DYNAMICS 
Worst Harmonic (2.3 MHz, 30 MSPS) VouT = 2 V p-p 25°C v -83 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VouT = 2 V p-p 25°C IV -80 -72 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VouT = 2 V p-p TMAX IV -70 dBfs 
Worst Harmonic (12.1 MHz, 30 MSPS) VouT = 2 V p-p TMIN IV -77 -68 dBfs 
Worst Harmonic (19.7 MHz, 30 MSPS) VouT = 2 V p-p 25°C v -74 dBfs 
Hold Noise5 25°C v 300 X tH Vis rms 
Droop Rate6 VIN= 0 v 25°C VI 1 6 ±mV/µs 

TMIN VI 7 40 ±mV/µs 
TMAX VI 5 30 ±mV/µs 

Feedthrough Rejection (20 MHz) VIN= 2 v P-P Full v 83 dB 

TRACK-TO-HOLD SWITCHING 
Aperture Delay 25°C v +800 ps 
Aperture Jitter 25°C v <l ps 
Pedestal Offset VIN= 0 v 25°C VI -5 ±1 +5 mV 

Full VI -10 +10 mV 
Transient Amplitude VIN= 0 V Full v ±6 mV 
Settling Time to 1 m V Full IV 7 10 ns 
Glitch Product VIN= 0 v 25°C v 15 pV-s 
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AD91 DO-SPEC I Fl CATIONS 
Test AD9100AE/SE/JD/AD/SD3 

Parameter Conditions Temp Level Min 'Typ Max Units 

HOLD-TO-TRACK SWITCHING 
Acquisition Time to 0.1 % 2 V Step 25°C v 13 ns 
Acquisition Time to 0.01 % 2 V Step Full IV 16 23 ns 
Acquisition Time to 0.01 % 4 V Step 25°C v 20 ns 

POWER SUPPLY 
Power Dissipation Full VI I.OS 1.25 w 
+Vs Current Full VI 96 118 mA 
-Vs Current Full VI 116 . 132 mA 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

2 Analog input voltage should not exceed ±Vs. 
3AD9100JD: 0°C to +70°C. AD9100AD: -40°C to +8S°C. AD9100SD: -SS°C to + 125°C. DIP e1A = 38°C/W; this is valid with the device mounted flush to a 
grounded 2 oz copper clad board with 16 sq inches of surface area and.no air flow. LCC 01A = 48°C/W. 

4The input to the AD9100 is internally clamped at ±2.3 V. The internal input series resistance is nominally SO fl. 
'Hold mode noise is proportional to the length of time a signal is held. For example, if the hold time (tH) is 20 ns, the accumulated noise is typically 6 µ V 
(300 Vis x 20 ns). This value must be combined with the track mode noise to obtain total noise. 

6Min and max droop rates are based on the military temperature range (-55°C to + 125°C). Refer to the "Droop Rate vs Temperature" chart for minimax limits 
over the commercial and industrial ranges. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Periodically sample tested. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 

DIP PIN DESCRIPTIONS/CONNECTIONS 

Pin No. Description Connection 

1 -Vs -5.2 V Power Supply 
2 GND Common Ground Plane 
3 GND Common Ground Plane 
4 VIN Analog Input Signal 
5 -Vs -5.2 V Power Supply 
6 BYPASS 0.1 µF to Ground 
7 -Vs -5.2 V Power Supply 
8 GND Common Ground Plane 
9 VouT Track-and-Hold Output 
JO GND Common Ground Plane 
11 GND Common Ground Plane 
12 GND Common Ground Plane 
13 GND Common Ground Plane 
14 +Vs +5 V, Power Supply 
15 BYPASS 0.1 µF to Ground 
16 +Vs +5 V, Power Supply 
17 GND Common Ground Plane 
18 CLK Complement ECL Clock 
19 CLK "True" ECL Clock 
20 +Vs +S V Power Supply 
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Temperature Package Package 
Model' Range Description Option2 

AD9100JD 0°c to +70°C Ceramic DIP D-28 
AD9100AD -40°C to +8S°C Ceramic DIP D-28 
AD9100AE -40°C to +8S°C Ceramic LCC E-28A 
AD9100SD -ss0 c to + 125°C Ceramic DIP D-28 
AD9100SE -ss0 c to + 125°C Ceramic LCC E-28A 

NOTES 
1Consult factory about availability of parts screened to MIL-STD-883. 
2For outline information see Package Information section. 

LCC PIN DESCRIPTIONS/CONNECTIONS 

Pin No. Description Connection 

1 GND Common Ground Plane 
2 GND Common Ground Plane 
3 NC None 
4 -Vs -5.2 V Power Supply 
5 -Vs -5.2 V Power Supply 
6 NC None 
7 VIN Analog Input Signal 
8 -Vs -5.2 V Power Supply 
9 -Vs -5.2 V Power Supply 
10 NC None 
11 -Vs -5.2 V Power Supply 
12 -Vs -5.2 V Power Supply 
13 -Vs -5.2 V Power Supply 
14 BYPASS 0.1 µF to Pin 16 
15 VouT Track-and-Hold Output 
16 BYPASS 0.1 µF to Pin 14 
17 +Vs +5 V Power Supply 
18 +Vs +5 V Power Supply 
19 +Vs + 5 V Power Supply 
20 HOLDCAP External Hold Capacitor 
21 HOLDCAP External Hold Capacitor 
22 +Vs + 5 V Power Supply 
23 +Vs + 5 V Power Supply 
24 GND Common Ground Plane 
25 +Vs +5 V Power Supply 
26 +Vs +5 V Power Supply 
27 CLOCK Complement EGL Clock 
28 CLOCK "True" ECL Clock 
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W.ANALOG 
Li.Ill DEVICES 

FEATURES 
350 MHz Sampling Bandwidth 
125 MHz Sampling Rate 
Excellent Hold Mode Distortion 

- 75 dB @ 50 MSPS (25 MHz V1N) 

-57 dB @ 125 MSPS (50 MHz v,N) 
7 ns Acquisition Time to 0.1 °lo 
<1 ps Aperture Jitter 
66 dB Feedthrough Rejection @ 50 MHz 
3.3 nV/VHz Spectral Noise Density 

APPLICATIONS 
Direct IF Sampling 
Digital Sampling Oscilloscopes 
HDTV Cameras 
Peak Detectors 
Radar/EW/ECM 
Spectrum Analysis 
Test Equipment/CCD Testers 
DDS DAC Deglitcher 

GENERAL DESCRIPTION 
The AD9101 is an extremely accurate, general purpose, high 
speed sampling amplifier. Its fast and accurate acquisition speed 
allows for a wide range of frequency vs. resolution performance. 
The AD9101 is capable of 8 to 12 bits of accuracy at clock rates 
of 125 MSPS or 50 MSPS, respectively. This level of perfor
mance makes it an ideal driver for almost all 8- to 12-bit AID 
encoders on the market today. 

In effect, the AD9101 is a track-and-hold with a post amplifier. 
This configuration allows the front end sampler to operate at 
relatively low signal amplitudes. This results in dramatic 
improvement in both track and hold mode distortion while 
keeping power low. 

The gain-of-four output amplifier has been optimized for fast 
and accurate large signal step settling characteristics even when 
heavily loaded. This amplifier's fast Settling Time Linearity 
(STL) characteristic causes the amplifier to be transparent to the 
low signal level distortion of the sampler. When sampled, out
put distortion levels reflect only the distortion performance of 
the sampler. 

Dramatic SNR and distortion improvements can be realized 
when using the AD9101 with high speed flash converters. Flash 
converters generally have excellent linearity at de and low fre
quencies. However, as signal slew rate increases, their perfor
mance degrades due to the internal comparators' aperture delay 
variations and finite gain bandwidth product. 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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125 MSPS Monolithic 
Sampling Amplifier 

AD9101 I 
FUNCTIONAL BLOCK DIAGRAM 

3R 

R 

CLOCK CLOCK RTN 

The benefits of using a track-and-hold ahead of a flash converter 
have been well known for many years. However, before the 
AD9101, there was no track-and-hold amplifier with sufficient 
bandwidth and linearity to markedly increase the dynamic per
formance of such flashes as the AD9002, AD9012, AD9020, and 
AD9060. 

A new application made possible by the AD9101 is direct IF
to-digital conversion. Utilizing the Nyquist principle, the IF 
frequency can be rejected, and the baseband signal can be recov
ered. As an example, a 40 MHz IF is modulated by a 10 MHz 
bandwidth signal. By sampling at 25 MSPS, the signal of inter
est is detected. 

The AD9101 is offered in commercial and military temperature 
ranges. Commercial versions include the AD9101AR in plastic 
SOIC and AD9101AE in ceramic LCC. Military devices are 
available in ceramic LCC. Contact the factory for availability of 
versions in DIP and/or military versions. 

PRODUCT HIGHLIGHTS 
I. Guaranteed Hold-Mode Distortion 

2. 125 MHz Sampling Rate to 8 Bits; 50 MHz to 12 Bits 

3. 350 MHz Sampling Bandwidth 

4. Super-Nyquist Sampling Capability 

5. Output Offset Adjustable 
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AD9101-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, +Vs= +5 V, -Vs= -5.2 V, RLDAD = 100 n, R1N = 50 fi) 

Test AD9101 
Parameter Conditions Temp Level Min Typ Max Units 

DC ACCURACY 
Gain AVIN = o.s v 2s 0c I 3.93 4 4.07 VN 

AVIN = o.s v Full VI 3.9 4.1 VN 
Offset VIN= 0 v 2S°C I ±3 ±10 mV 

VIN= 0 v Full VI ±IS mV 
Output Resistance 2S°C v 0.4 n 
Output Drive Capability Full VI ±60 ±70 mA 
PSRR AVs = O.S V p-p 2s 0c VI 37 43 dB 
Pedestal Sensitivity to Positive Supply AV5 = O.S V p-p Full v 4 mVN 
Pedestal Sensitivity to Negative Supply AV5 = O.S V p-p Full v 8 mVN 

ANALOG INPUT/OUTPUT 
Output Voltage Range Full VI ±2.4 ±2.7 v 
Input Bias Current 25°C I ±S ±15 µA 

Full VI ±20 µA 
Input Capacitance 2S°C v 2 pF 
Input Resistance 2S°C-TMAX VI 30 12S kO 

TMIN VI 2S kO 

CLOCK/CLOCK INPUTS 
Input Bias Current CL/CL = -1.0 V Full VI 3 3.6 mA 
Input Low Voltage (V1L) 1 VIN = o.s v p-p Full VI -1.8 -1.S v 
Input High Voltage (Vm)1 VIN = o.s v p-p Full VI -1.0 -0.8 v 

TRACK MODE DYNAMICS 
Bandwidth ( - 3 dB) VouT = IV p-p Full IV 160 2SO MHz 
Slew Rate 4 Volt Output Step Full IV 1300 1800 V/µs 
Overdrive Recovery Time2 (to 0.1%) VIN= ±I VtoOV 2s0c v SS ns 
Integrated Output Noise (S MHz-200 MHz) 2S°C v 210 µV 
Input RMS Spectral Noise @ 10 MHz 2s 0c v 3.3 nV/yHz 

HOLD MODE DYNAMICS 
Worst Harmonic (23 MHz, SO MSPS) VouT = 2 V p-p 25°C v -75 dBFS 
Worst Harmonic (48 MHz, 100 MSPS) VouT = 2 V p-p 25°C IV -62 -57 dBFS 
Worst Harmonic (48 MHz, 100 MSPS) V0 uy=2Vp-p Full (Ind.) IV -53 dBFS 
Worst Harmonic (48 MHz, 100 MSPS) VouT = 2 Vp-p Full(Mil.) IV -51 dBFS 
Worst Harmonic (48 MHz, 125 MSPS) VouT = 2 V p-p 25°C v -57 dBFS 
Sampling Bandwidth ( - 3 dB)3 VIN = 0.5 v p-p 25°C v 350 MHz 
Hold Noise4 (RMS) Full v 150 X tH mV/s 
Droop Rate 25°C I ±5 ±18 mV/µs 

Full VI ±40 mV/µs 
Feedthrough Rejection (50 MHz) VouT = 2 V p-p Full v -66 dB 

TRACK-TO-HOLD SWITCHING 
Aperture Delay 25°C v -250 ps 
Aperture Jitter 25°C v <I ps rms 
Pedestal Offset VIN= 0 v 25°C I ±5 ±20 mV 

VIN= 0 v Full VI ±35 mV 
Transient Amplitude VIN= 0 v Full v 8 mV 
Settling Time to 4 m V VIN= 0 v Full v 4 ns 
Glitch Product5 VIN= 0 v 25°C v 20 pV-s 

HOLD-TO-TRACK SWITCHING 
Acquisition Time to 0.1% 2 V Output Step 25°C v 7 ns 
Acquisition Time to 0.01% 2 V Output Step 25°C IV 11 14 ns 

2 V Output Step Full IV 16 ns 

POWER SUPPLY 
+Vs Current Full VI 55 70 mA 
-Vs Current Full VI 59 73 mA 
Power Dissipation Full VI 570 715 mW 
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AD9101 
NOTES 
1If the analog input exceeds ± 300 m V, the clock levels should be shifted as shown in the Theory of Operation section entitled "Driving the Encode Clock." 
2Time to recover within rated error band from 160% overdrive. 
3Sampling bandwidth is defined as the -3 dB frequency response of the input sampler to the hold capacitor when operating in the sampling mode. It is greater 
than tracking bandwidth because it does not include the bandwidth of the output amplifier. 

4Hold mode noise is proportional to the length of time a signal is held. For example, if the hold time (tH) is 20 ns, the accumulated noise is typically 3 µ V 
(150 mV/s x 20 ns). This value must be combined with the track mode noise to obtain total noise. 

5Total energy of worst case track-to-hold or hold-to-track glitch. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ( + V sl . . . . . . . . . . -0.5 V to +6 V 
Supply Voltage (-Vs) . . . . . . . . . . . . -6 V.to +0.5 V 
Analog Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . ± 5 V 
CLOCK/CLOCK Input .............. , -5 V to +0.5 V 
Continuous Output Current4 •••.•••••••••••••• 70 mA 
Storage Temperature ................ -65°C to + 150°C 
Operating Temperature Range 

AE, AR ........................ -40°C to +85°C 
SE .......................... -55°C to + 125°C 

Junction Temperature (Ceramic)2 + l 75°C 
Junction Temperature (Plastic)2 + 150°C 
Soldering Temperature (I minute)3 +220°C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability· of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

2Typical thermal impedances (no air flow, soldered to PC board) are as follows: 
Ceramic LCC: eJA = 48°C/W; eJC = 9.9°C/W; Plastic sore: eJA = 54°C/W; 
01c = 7.3°C/W. 

3For surface mount devices, mounted by vapor phase soldering. Prior to vapor 
phase soldering, plastic units should receive a minimum eight hour bakeout at 
ll0°C to drive off any moisture absorbed in plastic during shipping or storage. 
Through-hole devices can be soldered at + 300°C for 10 seconds. 

40utput is short circuit protected to ground. Continuous short circuit may affect 
device reliability. 

Pin Description 

Pin Description Connection 

1 RTN Gain Set Resistor Return* 
2 RTN Gain Set Resistor Return* 
3 Cs+ Bootstrap Capacitor (Positive Bias) 
4 +Vs +5 V Power Supply (Analog) 
5 +Vs +5 V Power Supply (Analog) 
6 GND Hold Capacitor Ground 
7 GND Hold Capacitor Ground 
8 +Vs +5 V Power Supply (Digital) 
9 +Vs + 5 V Power Supply (Digital) 

10 CLK True ECL T/H Clock 
11 CLK Complement ECL T/H Clock 
12 -Vs -5.2 V Power Supply (Digital) 
13 -Vs -5.2 V Power Supply (Digital) 
14 N/C No Connection 
15 VIN Analog Signal Input 
16 GND Ground (Signal Return) 
17 -Vs -5.2 V Power Supply (Analog) 
18 -Vs -5.2 V Power Supply (Analog) 
19 Cs- Bootstrap Capacitor (Negative Bias) 
20 VouT Analog Signal Output 

*See "Matching the AD9101 to ND Encoders" in complete data sheet. Both 
pins should either be grounded or connected to voltage source for offset. 

REV.O 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Periodically sample tested. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 

ORDERING INFORMATION 

Temperature Package Package 
Model Range Description Option* 

AD9101AR -40°C to +85°C Plastic SOIC R-20 
AD9101AE -40°C to +85°C LCC E-20A 
AD9101SE -55°C to + 125°C LCC E-20A 

*For outline information see Package Information section. 

PIN CONFIGURATIONS 

20-Pin SOIC 20-PIN LCC PACKAGE 
(E-20A) 

RTN I-

cii ::>Z z + 
0 I- I- CD 

RTN Ce. u > a: a: u 

Ce+ -Vs 

+Vs -Vs -Vs +Vs 

+Vs 
-Vs +Vs 

GND GND GND 
GND VIN GND 

GND N/C N/C +Vs 

+Vs -Vs 

(/) (/) ':::£ 
:.: >"' 

+Vs -Vs ::;- ::;- ~ ..J u + 

Ci]( 
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NANALOG 
WDEVICES 

FEATURES 

• Four Independent Sample-and-Holds 
• Internal Hold Capacitors 
• High Accuracy-12-Bit 
• Very Low Droop Rate (2mV/s Typ) 
• Output Buffers Stable for CL ~ SOOpF 
• TTUCMOS Compatible Logic Inputs 
• Single or Dual Supply Applications 
• Monolithic Low Power CMOS Design 

APPLICATIONS 

• Signal Processing Systems 
• Multichannel Data Acquisition Systems 
• Automatic Test Equipment 
• Medical and Analytical Instrumentation 
• Event Analysis 
• DAC Deglitchlng 

ORDERING INFORMATION 1 

PACKAGE 

PLASTIC 
16-PIN 

SMP04EP 
SMP04EStt 

Consult factory for 883 data sheet. 

CERDIP 
16-PIN 

SMP04AQ/883• 
SMP04EO 

OPERATING 
TEMPERATURE 

RANGE 

Mil 
XIND 
XIND 

Burn-in is available on extended industrial temperature range parts in CerDIP 
and plastic DIP packages. 

tt For availability and burn-in information on SO packages, contact your local 
sales office. 

PIN CONNECTIONS 

VouT2 Voo 

VouTa 

VouT4 

Vss 
V1N4 

16-PIN CERDIP 
(Q-Sufflx) 

16-PIN PLASTIC DIP 
(P-Sufflx) 

16-PIN SO 
(S-Sufflx) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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CMOS Quad 
Sample-and-Hold Amplifier 

SMP04 I 
GENERAL DESCRIPTION 

The SMP-04 is a monolithic quad sample-and-hold; it has four 
internal precision buffer amplifiers and internal hold capacitors. 
It is manufactured in PMl's advanced oxide isolated CMOS 
technology to obtain high accuracy, low droop rate and fast ac
quisition time required by data acquisition and signal processing 
systems. The device can acquire an 8-bit inputsignalto±1/2 LSB 
in less than seven microseconds. The SMP-04 can operate from 
single or dual power supplies with TTL/CMOS logic compatibil· 
ity. Its output swing includes the negative supply. 

The SMP-04 is ideally suited for a wide variety of sample-and
hold applications including amplifier offset or VCA gain adjust
ments. One or more can be used with a single or multiple DACs 
to provide multiple set points within a system. 

The SMP-04 offers significant cost and size reduction over 
equivalent module or discrete designs. It is available in a 16-pin 
hermetic or plastic DIP and surface mount SOIC packages. It is 
specified over the extended industrial temperature range of 
-40°Cto+85°C. See SMP-04/883 data sheetfor-55°Cto+ 12s0c 
specifications. 

FUNCTIONAL DIAGRAM 

Yoo 

16 

V1N 1 o--+----<7· . <>--+--1 

SA-I, 

V1N20-.::+-----<:r" <>--+---! 

SA-12 

V1N 3 o-:..:+---c~ <>--+--1 

SA-13 

VtN4 0-'-=-1----<1" <>--+--1 

$Ai4 

8 13 

DGND Vss 
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ABSOLUTE MAXIMUM RATINGS (TA= +25°C unless other

wise noted) 

V DD to DGND ........................................................... -0.3V, 17V 

VDD to Vss ............................................................... -0.7V, 17V 

VloGic to DGND ....................................................... -0.3V, VDD 

~~u~ot~g~~o·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~::: ~~~ 
Analog Output Current .................................................. ±20mA 

(Not short-circuit protected) 

Digital Input Voltage to DGND ...................... -0.3V, VDD +0.3V 
"Operating Temperature Range 

EQ, EP, ES .................................................... -40°C to +85°C 

AQ ............................................................... -55°C to + 125°C 

Junction Temperature .................................................. + 150°C 

Storage Temperature .................................... -65°C to+ 150°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

SMP04 

PACKAGE TYPE e1A (Note 1) ejC UNITS 

16-Pin CerDIP (0) 94 12 °C/W 

16-Pin Plastic DIP (P) 76 33 °C/W 

16·Pin SO (S) 92 27 °C/W 

NOTE: 
1. eiA is specified for worst case mounting conditions, i.e., e.A is specified for device 

in sockf>t for CerDIP and P-DIP packages; e,A is specified for device soldered 
to pnnted circwt board for SO package. 

CAUTION: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. This is a stress rating only and function 
operation at or above this specification is not implied. Exposure to the above 
maximum rating conditions for extended periods may affect device reliability. 

2. Digital inputs and outputs are protected; however, permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep units in 
conductive foam or packaging at ail times until ready to use. Use proper anti· 
static handling procedures. • 

3. Remove power before inserting or removing units from their sockets. 1 

ELECTRICAL CHARACTERISTICS at VDD= +12.0V, Vss= DGND = OV, Al= No Load, TA= Operating Temperature Range 

specified in Absolute Maximum Ratings, unless otherwise specified. 

SMP-04 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error (J.01 % 

Buffer Offset Voltage Vos V1N = 6V -10 ±2.5 +10 mV 

Hold Step VHS V1N =6V ±4 mV 

Droop Rate t!.Vlt!.t v,N = 6V, TA = +25°C 2 25 mV/s 

Output Source Current 1soURCE V1N = 6V (Note 1) 1.2 mA 

Output Sink Current ISINK V 1N = 6V (Note 1) 0.5 mA 

Output Voltage Range OVR 
R, = 20kQ 0.06 10.0 

v 
R, = 10kQ 0.06 9.5 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 v 

logic Input Low Voltage VINL 0.8 v 

Logic Input Current IJN 0.5 µA 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time tA TA= +25°C, 0 to 10V step to 0.1% 7 µs 

Acquisition Time IA TA= +25°C. 0 to 10V step to 0.01% µs 

Hold Mode Settling Time '" To 1mV 

Slew Rate SR R, = 20kQ (Note 3) 

Capacitive Load Stability c, <30% Overshoot 

Analog Crosstalk Oto 10Vstep 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR 10.8$ V00 $13.2V 

Supply Current 100 

Power Dissipation pDtS 

NOTES: 
1. Outputs are capable of sinking and sourcing over 20mA but linearity and offset 

are guaranteed at specified load levels. 
2. All input control signals are specified with tr =If= 5ns (10% to 90% of +5V) and 

timed from a voltage level of 1.6V. 

REV.B 

µs 

4 V/µs 

500 pF 

-80 dB 

60 75 dB 

4 7 mA 

84 mW 

3. Slew rate is measured in the sample mode with a Oto 1 O volt step from 20 to 
80%. 
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SMP04 
ELECTRICAL CHARACTERISTICS atV00-+5.0V, V 88--5.0V, DGND = p.oV, RL •No Load, TA -Operating Temperature Range 
specified in Absolute Maximum Ratings, unless otherwise specified. 

SMP-04 
PARAMETER SYMBOL CONDITlot,IS MIN TYP MAX UNITS 

Linearity Error .01 % 

Buffer Offset Voltage Vos V1N =OV -10 ±2.5 +10 ml/ 

Hold Step VHS VIN mOV -1 ±4 mV 

Droop Rate l!NIAI v,N -ov,TA =+25°C 2 25 mV/s 

Output Resistance ROUT a 
Output Source Current 1soURCE v,N = ov (Note 11 1.2 mA 

Output Sink Current ISINK V1N = OV (Nole 1) 0.5 mA 

Output Voltage Range OVA AL=20kn -3.0 +3.0 v 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 v 

Logic Input Low Voltage VINL 0.8 v 

Logic Input Current llN 0.5 µA 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time IA -310 +3V steplD0.1% 7 11.8 

Acquisition Time IA -3 to +3V step ID 0.01 % 9 11.8 

Hold Mode Settling Time IH To 1mV 11.8 

Slew Rate SR ~. 20kn (Note 3) 3 V/1L9 

Capacitive Load Stability CL <30% Overshoot 500 pF 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR ±5SVooS±6V 60 .75 dB 

Supply Current 100 3.5 5.5 mA 

Power Dissipation. POIS 55 mW 

NOTES: 
1. Outputs are capable of sinking and sourcing over 20mA but linearity and offset 3. Slew rate Is measured in the sample mode with a -3 to +3 volt step from 20 ID 

are guaranteed ·at specified load levels. 80%. 
2. All Input control signals are specified with Ir =tr = 5ns (10% ID 90% of +SV) and 

timed from a voltage level of 1 .6V. 
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FEATURES 

• Internal Hold Capacitors 
• Low Droop Rate 
• TTLJCMOS Compatible Logic Inputs 
• Single or Dual Supply Operation 
• Break-Before-Make Channel Addressing 
• Compatible With CD4051 Plnout 
• LowCost 

APPLICATIONS 

• Multiple Path Timing Deskew for A.T.E. 
• Memory Programmers 
• Mass Flow/Process Control Systems 
• Multichannel Data Acquisition Systems 
• Robotics and Control Systems 
• Medical and Analytical Instrumentation 
• Event Analysis 
• Stage Lighting Control 

ORDERING INFORMATION 1 

PACKAGE: 18-PIN DIP/SO 

CERDIP 
16-PIN 

TBA• 
SMPOSFQ 

PLASTIC 
16-PIN 

SMPOSFP 
SMPOSFS 

Consult factory for 883 data sheet. 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 

t Burn-in is available on industrial temperature range parts in CerDIP and plas
tic DIP packages. 

PIN CONNECTIONS 

Yoo 16-PIN CERDIP 
(Q-Sufflx) 

INPUT • 

CfliOUT • 16-PIN EPOXY DIP 
CHo;OUT s 12 CH3 0UT (P-Sufflx) 

11 ACONTROL 
10 BCONTROL 16-PIN SO 
1 CCONTROL (S-Suffix) 

GENERAL DESCRIPTION 

The SMP-08 is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 

Manufactured under lhe following U.S. palenl:4,739,281 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-8011-446-6212. 

REV. B 

Octal Sample-and-Hold 
with Multiplexed Input 

SMPOB I 
fast acquisition time. The SMP-08 has a typical linearity error of 
only 0.01 o/o and can accurately acquire a 10-bit input signal to 
±112 LSB in less than seven microseconds. The SMP-08's out
put swing includes the negative supply in both single and dual 
supply operation. 

The SMP-08 was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration makes the SMP-08 ideal 
for calibration requirements that have previously required an 
ASIC, or high cost multiple DIA converters. 

The SMP-08 is also ideally suited for a wide variety of sample
and-hold applications including amplifier offset or VCA gain ad
justments. One or more SMP-08s can be used with single or 
multiple DACs to provide multiple set points within a system. 

The SMP-08 offers significant cost and size reduction over 
discrete designs. It is available in a 16-pin hermetic or plastic 
DIP, or surface mount SOIC package. 

FUNCTIONAL DIAGRAM 

(LSB) (MSB) 
INPUT A B C INH 

1------<l DGND 

1-----"'-<l Voo 

CHoOUT 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

v00 to DGND ............................................................ --0.3V, 17V 

V 00 to Vss •...••••••••••.•••••.•.•.•••••••••...••••••.........•.••••..•.•• --0.3V, 17V 

VLOGlc'to DGND ••••••.•••••••.•••••••••.•••..•..•............••••...... --0.3V, VDD 

VIN to DGND ·••·•••·•·······•••••••·•••·······•·····•··••••••••········•·•••• v ss• VDD 
Vour to DGND .••••••••..........••••.••.••..••••••••••••••••.......•••••••• Vss, V 00 
Analog Output Current ......••.•.•••.•..••••.•..•••••.•.....•..•••••••••. ±20mA 

(Not short-circuit protected) 

Operating Temperature Range 

FP. FS ••.•...•••......•..•.•••.•.•.•..•........•.........•........ -40°c to +ss•c 

Junction Temperature •••••••.•..•....••...........•..................... +1so•c 

Storage Temperature •••••••.•.......................... -65°C to+ 1so0 c 

Lead Temperature (Soldering, 60 sec) •.......•••.............. +300°C 

PACKAGE TYPE 8JA {Note2) eJC UNITS 

16-Pin Hermetic DIP (0) 94 12 •CJW 

16-Pin Plastic DIP {P) 76 33 •c1w 
16-Pin SO (S) 92 27 •CJW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. e1Aisspecifiedforworstcasemountingconditions,i.e.,e1Aisspecifiedfordevice 

in socketfor CerDIP and P-DIP packages; eJA is specified for device soldered 
to printed circuit board for SO package. 

CAUTION: 
1. Stresses above those listed under -Absolute Maximum Ratings• may cause 

permanent damage to the device. This is a stress rating only and functional 
operation at or above this specification is not implied. Exposure to the above 
maximum rating conditions for extended periods may affect device reliability. 

2. Digital inputs and outputs are protected; however, permanent damage may 
occur on unprotected units from high-energy electrostatic fields. Keep units in 
conductive foam or packaging at all times until ready to use. Use proper anti
static handling procedures. 

3. Remove power before inserting or removing units from their sockets. 

ELECTRICAL CHARACTERISTICS at V 00 = +5V, V ss = -5V, DGND = OV, AL= No Load, TA= -40°C to +85°C for SMP-OBF, 

unless otherwise noted. 

SMP-OBF 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error -3V s V1N S +3V 0.01 % 

Vos 
TA •+25°C 2.5 10 

mV Buffer Offset Voltage 
-40°C s TA s +85°C 3.5 20 

Hold Step VHS V1N=OV 4 mV 

Droop Rate 6V0 H/6t TA. +25°C, VIN= ov 2 20 mV!s 

Output Source Current 1soUACE VIN = ov (Note 1) 1.2 mA 

Output Sink Current ISINK V1N = OV (Note 1) 0.5 mA 

Output Voltage Range RL =20k0 -3.0 +3.0 v 
LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 v 
Logic Input Low voltage VINL 0.8 v 
Logic Input Current llN V1N=2.4V 0.5 µA 

DYNAMIC PERFORMANCE (Note 2) 

Acquisition Time !AO TA. +25°C, -3V to +3V to 0. 1% 7 µs 

Hold Mode Setding Time !H To±1mVof Final Value "" 
Channel Select Time 1cH 90 ns 

Channel Deselect Time locs 
45 ns 

Inhibit Recovery Time \A 90 ns 

Slew Rate SR 3 Viµs 

Capacitive Load Stability <30% Overshoot 500 pF 

Analog Crosstalk -3V to +3V Step -72 dB 
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SMP08 
ELECTRICAL CHARACTERISTICS at VDD = +5V, V 85 --5V, DGND- OV, AL• No Load, TA z -40°C to +85°C for SMP-OBF, 
unless otherwise noted. Continu9d 

PARAMETER SYMBOL CONDITIONS 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR V5 =±5Vto:lfiV 

Supply Current 100 
TA=+25°C 
-40"C ST AS +85"C 

NOTES: 
1. Outputs are capable of sinking and sourcing over 20mA but offset is guaran· 

teed at specified load levels. 

SMP-08F 
MIN TYP MAX UNITS 

60 75 dB 

5.5 7.5 
mA 

7.5 9.5 

2. All input control signals are specified with ~ - ~ - 5ns ( 10% to 90% of +5V) and 
timed from a voltage level of 1.6V. 

ELECTRICALCHARACTERISTICSatV00 -+12V, Vss·OV, DGND-OV, AL -No load, TA =-40°Cto+85°CforSMP-08F, unless 
otherwise noted. 

SMP-OBF 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Linearity Error 60mVSV1NS10V 0.01 % 

Buller Offset Voltage Vos 
TA=+25°C 2.5 10 

mV 
-40°C s TA s +85°C 3.5 20 

HOid Step VHS V1N=6V 4 mV 

Droop Rate AV CH/At TA= +25°C, V1N • 6V 2 20 mV/s 

Output Source Current I SOURCE v,N = 6V (Note 1) 1.2 mA 

Output Sink Current ISINK v,N = 6V (Note 1) 0.5 mA 

RL =20k0 0.06 10.0 
v Output Voltage Range 

RL • 10kn 0.06 9.5 

LOGIC CHARACTERISTICS 

Logic Input High Voltage VINH 2.4 v 

Logic Input Low voltage VINL 0.8 v 

Logic Input Current llN V1N=2.4V 0.5 µA 

DYNAMIC PERFORMANCE (Nola 2) 

Acquisition Time !AO TA= +25°C, Oto 10Vto0.1% 9 115 

Hold Mode Set~ing Time IH To± 1 mV of Final Value 115 

Channel Select Time 1cH 90 ns 

Channel Deselect Time 'ocs 45 . ns 

Inhibit Recovery Time ~A 90 ns 

Slew Rate SR RL = 20kQ (Note 3) 3 4 V/115 

Capacitive Load Stability <30% Overshoot 500 pF 

Analog Crosstalk 0to10V Step -72 dB 

SUPPLY CHARACTERISTICS 

Power Supply Rejection Ratio PSRR 10.8V sV00 S13.2V 60 75 dB 

TA=+25°C 6.0 8.0 
mA Supply Current 100 -40°C ST A S +85"C 8.0 10.0 

NOTES: 
1. Outputs are capable ol sinking and sourcing over 20mA but offset is guaran-

teed at specified load levels. 
2. All input control signals are specified with ~ • ~ = 5ns ( 10% to 90% of +SV) and 

timed from a voltage level of 1.6V. 
3. Slew rate Is measured in the sample mode with a O to 1 OV step from 20% to 

80%. 
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WDEVICES 

FEATURES 
High Speed Version of SMP-08 
Internal Hold Capacitors 
Low Droop Rate 
TTL/CMOS Compatible Logic Inputs 
Single or Dual Supply Operation 
Break-Before-Make Channel Addressing 
Compatible With CD4051 Pinout 
Low Cost 

APPLICATIONS 
Multiple Path Timing Deskew for A.T.E. 
Memory Programmers 
Mass Flow/Process Control Systems 
Multichannel Data Acquisition Systems 
Robotics and Control Systems 
Medical and Analytical Instrumentation 
Event Analysis 
Stage Lighting Control 

GENERAL DESCRIPTION 
The SMP-18 is a monolithic octal sample-and-hold; it has eight 
internal buffer amplifiers, input multiplexer, and internal hold 
capacitors. It is manufactured in an advanced oxide isolated 
CMOS technology to obtain high accuracy, low droop rate, and 
fast acquisition time. The SMP-18 has a typical linearity error of 
only 0.01 % and can accurately acquire a 10-bit input signal to 
± 112 LSB in less than 2.5 microseconds. The SMP-18's output 
swing includes the negative supply in both single and dual sup
ply operation. 

The SM.P-18 was specifically designed for systems that use a 
calibration cycle to adjust a multiple of system parameters. The 
low cost and high level of integration make the SMP-18 ideal for 
calibration requirements that have previously required an ASIC, 
or high cost multiple DI A converters. 

The SMP-18 is also ideally suited for a wide variety of sample
and-hold applications including amplifier offset or VCA gain 
adjustments. One or more SMP-18s can be used with single or 
multiple DACs to provide multiple set points within a system. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SMP18 I 
FUNCTIONAL BLOCK DIAGRAM 

(LSB) 
INPUT A B 

(MSB) 
c INH 

The SMP-18 offers significant cost and size reduction over dis
crete designs. It is available in a 16-pin hermetic, plastic DIP or 
narrow body S0-16 surface-mount SOIC package. The SMP-18 
is a higher speed direct replacement for the SMP-08. 
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SPECIFICATIONS SMP18 

ELECTRICAL CHARACTERISTICS (@ Y00 = +5 Y, Yss = -5 Y, OGND = 0 Y, Rt = No Load, TA = -40°C to +85°C for 
SMP-1 BF, unless otherwise noted) 

Parameter Symbol Conditions Min 

Linearity Error -3 v :s VIN :s +3 v 
Buffer Offset Voltage Vos TA= +25°C, VIN= o V 

-40°C :s TA :s +85°C, VIN= o V 
Hold Step VHS VIN= 0 v 
Droop Rate f,, V eH/f,,t TA= +25°C, v,N = o v 
Output Source Current lsouReE v,N = o v 1 1.2 
Output Sink Current !SINK v,N = o v 1 0.5 
Output Voltage Range RL = 20 kO -3.0 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VrNH 2.4 
Logic Input Low Voltage VINL 
Logic Input Current IIN VIN= 2.4 V 

DYNAMIC PERFORMANCE2 

Acquisition Time tAQ TA= +25°C, -3 V to +3 V to 0.1% 
Hold Mode Settling Time tH To ±1 mV of Final Value 
Channel Select Time teH 
Channel Deselect Time toes 
Inhibit Recovery Time tIR 
Slew Rate SR 
Capacitive Load Stability <30% Overshoot 
Analog Crosstalk -3Vto+3VStep 

SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio PSRR Vss = ±5 V to ±6 V 60 
Supply Current Inn TA= +25°C 

-40°C :s TA :s +85°C 

NOTES 
10utputs are capable of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
2All input control signals are specified with t, =tr= S ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V. 

Specifications subject to change without notice. 

Typ Max Units 

0.01 % 
2.5 10 mV 
3.5 20 mV 
4 6 mV 
2 40 mV/s 

mA 
mA 

+3.0 v 

v 
0.8 v 

0.5 1 µ.A 

3.5 µ.s 
1 µ.s 
90 ns 
45 ns 
90 ns 
6 V/µ.s 
500 pF 
-72 dB 

75 dB 
5.5 7.5 mA 
7.5 9.5 mA 

ELECTRICAL CHARACTERISTICS (@ Y00 = + 12 Y, Yss '."' 0 Y, DGND = 0 Y, Rt = No Load, TA = -40°C to +85°C for 
SMP-1 BF, unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

Linearity Error 60 mV :S VrN :S 10 V 0.01 % 
Buffer Offset Voltage Vos TA= +25°C, VIN= 6 V 2.5 10 mV 

-40°C :s TA :s +85°C, VIN= 6 V 3.5 20 mV 
Hold Step VHS VIN= 6 V 4 6 mV 
Droop Rate f,, V eH/b.t TA= +25°C, VIN= 6 v 2 40 mV/s 
Output Source Current lsouReE v,N = 6 v' 1.2 mA 
Output Sink Current ls INK v,N = 6 v 1 0.5 mA 
Output Voltage Range RL = 20 kO 0.06 10.0 v 

RL = 10 kO 0.06 9.5 v 

LOGIC CHARACTERISTICS 
Logic Input High Voltage VrNH 2.4 v 
Logic Input Low Voltage VrNL 0.8 v 
Logic Input Current IrN VIN= 2.4 V 0.5 · l µ.A 

DYNAMIC PERFORMANCE2 

Acquisition Time tAQ TA= +25°C, o to 10 V to 0.1% 2.5 µ.s 
Hold Mode Settling Time tH To ±1 mVofFinal Value 1 µ.s 
Channel Select Time lcH 90 ns 
Channel Deselect Time toes 45 ns 
Inhibit Recovery Time trR 90 ns 
Slew Rate3 SR 7 V/µ.s 
Capacitive Load Stability <30% Overshoot 500 pF 
Analog Crosstalk 0 to 10 V Step -72 dB 
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SMP18 
Parameter Symbol Conditions Min. 

SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio PSRR 10.8 V :s V00 :s 13.2 V 60· 
Supply Current loo TA= +25°C 

-40°C :s TA :s +8S°C 

NOTES 
'Outputs are capable of sinking and sourcing over 10 mA but offset is guaranteed at specified load levels. 
'All input control signals are specified with t, = tr= S ns (10% to 90% of +S V) and timed from a voltage level of 1.6 V. 
3Slew rate is measured in the sample mode with a 0 to 10 V step from 20% to 80%. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
V00 to DGND ...................... -0.3 V, 17 V 
V00 to Vss ........................ -0.3 V, 17 V 
VLomc to DGND .................... -0.3 V, V00 

V1N to DGND ......................... Vss' V00 

Package Type 

16-Pin Hermetic DIP (Q) 
16, Pin Plastic DIP (P) 
16-Pin SOIC (S) 

VouT to DGND ........................ Vss, V00 NOTES 

Typ Max Units 

75 dB 
6.0 8.0 mA 
8.0 10.0 mA 

OJA 2 
81c Units 

94 12 oc/W 
76 33 oc/W 
92 27 oc/W 

Analog Output Current .................... ±20 mA 
(Not short-circuit protected) 

Operating Temperature Range 

'Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

FQ, FP, FS ..................... -40°C to +8S°C 
Junction Temperature ...................... + 150°C 

261A is specified for worst case mounting conditions, i.e., 01A is specified for 
device in socket for cerdip and plastic DIP packages; 01A is specified for 
device soldered to printed circuit board for SO!C package. 

Storage Temperature ................ -65°C to + IS0°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

!. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional operation at or above this specification is not 
implied. Exposure to the above maximum rating conditions for extended periods may affect 
device reliability. 

2. Digital inputs and outputs are protected; however, permanent damage may occur on unprotected 
units from high-energy electrostatic fields. Keep units in conductive foam or packaging at all 
times until ready to use. Use proper antistatic handling procedures. 

3. Remove power before inserting or removing units from their sockets. 

PIN CONNECTIONS ORDERING GUIDE 

Temperature Package 

CH40UT Voo 
Model' Range Description 

CHsOUT CH20UT SMP18FQ -40°C to +8S°C Cerdip 
SMP18FP -40°C to +85°C Plastic DIP 

INPUT CH10UT SMP18FS -40°C to +8S°C S0-16 
CH70UT CHoOUT 

NOTES 
CH50UT CH30UT 'Consult factory for 883 data sheet. 

2For outline information see Package Information section. 
INH A CONTROL 

Vss BCONTROL 

DGND CCONTROL 
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Q-16 
N'l6 
R-16A 
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OVERVOLTAGE 
PROTECTED 

J-FET 

4SPST 

SW06 (LF 11333 Pinout) 

• ADGxxx/xxx/xxx = 4 Normally closed/ 4 Normally open/ 
2 Normally open/2 Normally closed 

ANALOG SWITCHES 

DIELECTRICALLY 
ISOLATED CMOS 

Low Power 
±15 V + +5 V Rails 

4SPST 

ADG431/432/433 (27 Q) 
ADG411/412/413 (35 Q) 
ADG444 (100 Q) 

lSPDT 

ADG419 

Low Power ±15 V 

4SPST 

ADG441/442 

+3 VRail 

ADG511/512/513 (50 Q) 

CMOS SWITCHES 
±15 V, +5 V RAILS 

4SPST 

ADG201A/202A (90 Q) 
ADG211A/212A (115 Q) 
ADG201HS (50 Q) 

AUDIO 
"CLICKLESS" 

SSM240.2 (2 SPST) 
SSM2404 (4 SPST) 
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OVERVOLTAGE 
PROTECTED 

J-FET 

Single Ended 

MUX08 (&Ch, 300 Q) 
MUX16 (16 Ch, 380 Q) 

Differential 

MUX24 (4 Ch, 300 Q) 
MUX28 (8 Ch, 380 Q) 

CMOS 

Single Ended 

ADG508F (8 Ch, 300 Q) 

Single Ended Latched 

ADG528F (8 Ch, 300 Q) 

ANALOG 
MULTIPLEXERS 

Differential 

ADG509F (4 Ch, 300 Q) 

Differential Latched 

ADG529F (4 Ch, 300 Q) 

CMOS 

Single Ended 

ADG408 (8 Ch, 100 Q) 
ADG508A (8 Ch, 300 Q) 
ADG406 (16 Ch, 100 Q) 

Differential 

ADG409 (4 Ch, 100 Q) 
ADG509A (4 Ch, 300 Q) 
ADG407 (8 Ch, 100 Q) 

VIDEO 

AD9300 (4 Ch) 
AD810* 
AD813** 

I 

Single Ended Latched 

ADG428 (8 Ch, 100 Q) 
ADG426 (16 Ch, 100 Q) 

Differential Latched 

ADG429 (4 Ch, 100 Q) 

* Single Op Amp with Disable Function 
**Triple Op Amp with Disable Function 
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~ CMOS Switches (::j 

rn Leakage RoN 
Current Ohms Package Temp 

):. Model Function nAmax max Latched Options1 Ranges2 Comments Page3 
~ 
0 ADG411 QuadSPST 0.25 35 N,Q,R I, M Second Source to DG411, Dielectrically Isolated 7-36 
:s:: ADG412 Quad SPST 0.25 35 N,Q,R I,M Second Source to DG412, Dielectrically Isolated 7-36 c: ,.... ADG413 DualSPDT 0.25 35 N,R I SPDT Logic Version 7-36 
:::! ADG511 Quad SPST 0.25 50 N,Q,R I,M Specified at 3 V /5 V Supplies 7-78 ;!! 
~ 

ADG512 Quad SPST 0.25 50 N,Q,R I,M Specified at 3 V/5 V Supplies 7-78 
ADG513 DualSPDT 0.25 50 N,R I SPDT Logic Version 7-78 

SJ ADG441 QuadSPST 0.25 85 N,Q,R I,M Second Source to DG441, Upgrade for DG201A/ADG201A, 7-64 
C/) 

Dielectrically Isolated 
ADG442 QuadSPST 0.25 85 N,Q,R I,M Second Source to DG442, Upgrade for DG202A/ADG201A, 7-64 

Dielectrically Isolated 
ADG444 Quad SPST 0.5 80 N,Q,R I,M Superior Second Source to DG444, Dielectrically Isolated, 7-64 

Upgrade for ADG211A 
ADG419 SPDT 0.25 35 N,Q,R I,M Mini-DIP SPDT Switch 7-44 
ADG431 QuadSPST 0.25 24 N,Q,R I,M Improved Replacement for DG411 7-56 
ADG432 QuadSPST 0.25 24 N,Q,R I,M Improved Replacement for DG412 7-56 
ADG433 DualSPDT 0.25 24 N,R I SPDT Logic Version 7-56 
ADG201HS QuadSPST 1 50 E, N, P,Q, R C, I, M/0 High Speed Quad Switch, 44 V Supply Maximum Ratings 7-14 
ADG201A QuadSPST 1-2 90 E, N, P, Q, R C, I, Ml 44 V Supply Maximum Ratings 7-10 
ADG202A QuadSPST 1-2 90 E,N,P,Q,R C, I, Ml 44 V Supply Maximum Ratings 7-10 
ADG221 Quad SPST 1-2 90 x E,N,P,Q,R C,I,M/ Latched Input, 44 V Supply Maximum Ratings CII 5-65 
ADG222 Quad SPST 1-2 90 x N,P,Q,R C, I, Ml Latched Input, 44 V Supply Maximum Ratings CII 5-65 
AD7510DI Quad SPST 5-10 100 N,P,Q,R C,Mlo DiCMOS, Dielectrically Isolated CII 5-17 
AD7511DI Quad SPST 5-10 100 N,P,Q,R C,Mlo DiCMOS, Dielectrically Isolated CII 5-17 
AD7590DI Quad SPST 5 90 x N,P,Q,R C, I, M/0 DiCMOS, Latched Input, Dielectrically Isolated CII 5-25 
AD7591DI QuadSPST 5 90 x N,P,Q,R C, I, Ml DiCMOS, Latched Input, Dielectrically Isolated CII 5-25 
SSM2404 QuadSPST 20 45 N,R I "Clickless" Quad Audio Switch (CBCMOS) 14-37 
ADG211A Quad SPST 5 115 N,P,R c Low Cost, 44 V Supply Maximum Ratings 7-18 
ADG212A Quad SPST 5 115 N,P,R c Low Cost, 44 V Supply Maximum Ratings 7-18 
AD7512DI Dual SPDT 5-10 100 E,N,P,Q C,Mlo DiCMOS, Dielectrically Isolated CH 5-17 
AD7592DI Dual SPDT 5 90 x E,N,P,Q C,M/ DiCMOS, Latched Input, Dielectrically Isolated en S-25 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = }-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N =Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, o•c to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. 

3CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Bipolar JFET Switches 
Leakage RoN 
Current Ohms Package Temp 

Model Function nAmax max Options1 Ranges2 Comments Page' 

SW06 Quad SPST 2.0 80 E, N, P, Q I,M/0 Improved LF11333/13333, Configures to 2X SPDT & DPDT 7-93 
SW201 Quad SPST 10.0 150 N,R I, Ml Improved Low Cost DG201 CII 5-161 
SW202 Quad SPST 10.0 150 N,R I Improved Low Cost DG202 en 5-161 
SSM2402 Dual SPST 10.0 85 N,R I "Clickless" Bilateral Audio Switch 14-37 
SSM2412 DualSPST 10.0 85 N,R I Fast, Dual Audio Switch 14-34 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

'CU = Data Converw Reference Manual, Volunw II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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CMOS Multiplexers 
Leakage Current iloNOhms Package Temp 

Model Function nAmax max Latched Options' Rangesz Comments Page3 

AD75019 16:16 IO 300 x p e 16 x 16 Analog Crosspoint, Serial Interface en S-39 
ADG406 16:1 0.5 80 N,P I Superior Second Source to DG406 7-22 
ADG426 16:1 0.5 80 x N,RS I Plug·ln Upgrade for DG526 7-22 
ADG428 16:1 0.5 100 x N,P,Q I,M Superior Second Source to DG428 7-48 
ADGS06A 16:1 1 280 E,N,P,Q,R e, I, M/0 Superior Second Source to DG506A en 5-79 
ADG526A 16:1 1 280 x E,N,P,Q,R e, I, M/0 Superior Second Source to DG526A CII 5-95 
ADG407 Diff. 8:1 0.5 80 N,P I Superior Second Source to DG407 7-22 
ADG429 Diff. 8:1 0.5 100 x N,P,Q I,M Superior Second Source to DG429 7-48 
ADG507A Diff. 8:1 1 280 E,N,P,Q,R e, I, M/0 Superior Second Source to DG507 A CII 5-79 
ADG527A Diff. 8:1 1 280 x E,N,P,Q,R e, I, M/0 Superior Second Source to DG527 A en 5-95 
ADG408 8:1 0.5 100 E,N,Q C,I,M Superior Second Source to DG408 7-28 
ADG508A 8:1 1 300 E,N,P,Q,R C, I, M/0 Superior Second Source to DGS08A 7-70 
ADG508F 8:1 0.5 300 N,P,Q,R I,M Fault Protected 7-74 
ADGS28F '·8:1 0.5 300 x N,P,Q I,M Fault Protected 7-74 
ADG528A 8:1 1 300 x E,N,P,Q, e, I, M/0 Superior Second Source to DG528A en S-103 
ADG409 Diff. 4:1 0.5 100 N,Q,R C,I,M Superior Second Source to DG409 7-28 
ADGS09A Diff. 4:1 1 300 E,N,P,Q,R C, I, M/0 Superior Second Source to DG509A 7-70 
ADG509F Diff. 4:1 0.5 300 x N,P,Q,R I,M Fault Protected 7-74 
ADGS29F Diff. 4:1 0.5 300 x N,P,Q I,M Fault Protected 7-74 
ADG529A Diff. 4:1 1 300 x E,N,P,Q e, I, M/0 Superior Second Source to DG529A en S-103 

Bipolar JFET Multiplexers 
Leakage Current , RoN Ohms Package Temp 

Model- Function · nA· max max Options' Ranges2 Comments Page3 

MUX08 8:1 1.0 300 E,N,Q,R C,l,MJ0 Improved DG508 7.,;.g7 
MUX16 16:1 1.0 380 E,N,P,Q I,M/0 Improved DG506 7-90 
MUX24 Diff. 4:1 1.0 300 E,N,Q,R C,I,M/0 Improved DG509 7-87 
MUX28 Diff. 8:1 1.0 380 E,N,P,Q I,M/ Improved, DG507 7-90 

Video Multiplexer 
Model Function Full Power BW MHz min Crosstalk Rejection F = 10 MHz dB 

75 

Package.Options' Temp Ranges2 Comments Page3 

AD9300 4:1 30 E,Q C, Ml Wideband Video Mux· 7-7 

1Package Options: D =Hermetic DIP, Ceramic or Metal; E. =Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J =]-Leaded Ceramic Package; 
M = Hermetic Afi!tal Can DIP; N, = l'lastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack;· ST ;.,, Tblli Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Cetamic/Glass DIP; Y = Single-In-Line "SIP'' Package; Z = Ceramic Leaded Chip Carrier. 

•Temperature Ranges: C = Commercial, O"C to +70"C; I = Industrial, -::40'C to +85"C (Some older products -::_25"C to +85"C); M = Military, -SS"C to + 12S"C. If a device bas military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, n for SMD, and 8 for SPBCC level. 

'CIT = Data C""'18rUr &femu:e Manual, Volume II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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FEATURES 
34MHz Full Power Bandwidth 
±0.1dB Gain Flatness to SMHz 
72dB Crosstalk Rejection@ 10MHz 
0.03°/0.01% Differential Phase/Gain 
Cascadable for Switch. Matrices 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Video Routing 
Medical Imaging 
Electro-Optics 
ECM Systems 
Radar Systems 
Data Acquisition 

GENERAL DESCRIPTION 
The AD9300 is a monolithic high-speed video signal multiplexer 
useable in a wide variety of applications. 

Its four channels of video input signals can be randomly switched 
at megahertz rates to the single output. In addition, multiple 
devices can be configured in either parallel or cascade arrangements 
to form switch matrices. This flexibility in using the AD9300 is 
possible because the output of the device is in a high-impedance 
state when the chip is not enabled; when the chip is enabled, 
the unit acts as a buffer with a high input impedance and low 
output impedance. 

An advanced bipolar process provides fast, wideband switching 
capabilities while maintaining crosstalk rejection of 72dB at 
lOMHz. Full power bandwidth is a minimum 27MHz. The 
device can be operated from ± lOV to ± 15V power supplies. 

4 x 1 Wideband 
Video Multiplexer 

AD9300 I 
FUNCTIONAL BLOCK DIAGRAM 

(Based on Cerdip) 

BYPASS 

~ ····· 
The AD9300K is available in a 16-pin ceramic DIP and a 20-pin 
PLCC and is designed to operate over the commercial temperature 
range of 0 to + 70"C. The AD9300TQ is a hermetic 16-pin 
ceramic DIP for military temperature· range ( - 55"C to + 125"C) 
applications. This part is also available processed to MIL-STD-
883. The AD9300 is available in a 20-pin LCC as the mOdel 
AD9300TE, which operates over a temperature range of - 55°C 
to + 125°C. 

The AD9300 Video Multiplexer is available in versions compliant 
with MIL-STD-883. Refer to the Analog Devices Military Products 
Darabook or current AD9300/883B data sheet for detailed 
specifications. 

PIN DESIGNATIONS 

DIP 

OUTPUT 

BYPASS 

+Vs 

GROUND RETURN 

ENABLE 

Ao 

A, 

This is an abridged data sheet. To obtain the moat recent version or 
complete data sheet, call our.fu retrieval system at 1-800446-6212. 

REV.A 

GROUND 4 

IN2 5 

GROUND 6 

GROUND 7 

INa 8 

LCCandPLCC 
Q Q .... <ll z z ::> f ::> ::> .. 
51 51 .... 

~ ::> 1ii " " 0 
3 2 1 20 19 

'' lJ 18 +Vs 

AD9300 
17 GROUNDRETURN 

TOPV1EW 16GROUND 

(Not to Scale) 15 ENABLE 

14 Ao 

9 10 11 12 13 

~ i ~ ..: c 
i i I 

" " (PLCC PINOUTS SAME AS LCC) 
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AD9300-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (±Ys = ±12Y ± 5%;C.. =1~F;Ri. = 2kfi,unlessolhetwisenotad) 

COMMERCIAL 
o•cto +10-c 

Test AD9300KQ/KP 
Parameter (Conditions) Temp Level Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Offset Voltage +25°C I 3 10 rnV 
Input Offset Voltage Full VI 14 rnV 
Input Offset Voltage Drift2 Full v 75 µVi°C 
Input Bias Current +25°C I 15 37 µA 
Input Bias Current Full VI 55 µA 
Input Resistance +25°c v 3.0 MO 
Input Capacitance +25°C v 2 pF 
Input Noise Voltage (de to 8MHz) +25°C v 16 µVnns 

TRANSFER CHARACTERISTICS 
Voltage Gain3 +25°C I 0.990 0.994 vrv 
Voltage Gain3 Full VI 0.985 vrv 
DC Linearity4 +25°C v 0.01 % 
Gain Tolerance (VIN = ± 1 V) 

dcto5MHz +2S°C I 0.05 0.1 dB 
5MHzto8MHz +25°C I 0.1 0.3 dB 

Small-Signal Bandwidth +25°C v 350 MHz 
(VIN= lOOrnVp-p) 

Full Power Bandwidth5 +25°C I 27 34 MHz 
(VIN= 2Vp-p) 

Output Swing Full VI ±2 v 
Output Current (Sinking@ = 25°C) +25°C v 5 mA 
Output Resistance +25°C IV,V 9 15 n 

DYNAMIC CHARACTERISTICS 
SlewRate6 +25°C I 170 215 V/µs 
Settling Time 
(to0.1%on ±2VOutput) +25°C IV 70 100 ns 

Overshoot 
ToT-Step7 +25°C v <0.1 % 
ToPulse8 +25°C v <10 % 

Differential Phase9 +2S°C IV 0.03 0.1 0 

Differential Gain9 +25°C IV 0.01 0.1 % 
Crosstalk Rejection 
Three Channels10 +25°C IV 68 72 dB 
One Channel 11 +25°C IV 70 76 dB 

SWITCHING CHARACTERISTICS 12 

Ax Input to Channel HIGH Time13 +zs0 c I 40 50 ns 
(!HIGH) 

Ax Input to Channel LOW Time14 +25°C I 35 45 ns 
(tww) 

Enable to Channel ON Time15 +25°C I 35 45 ns 
(toN) 

Enable to Channel OFF Time16 +25°C I 35 45 ns 
((opp) 

Switching Transient17 +is·c v 60 mV 

EXPLANATION OFTEST LEVELS 

Test Level I - 1()()0.4> production tested. 
Test Level II - 100% production tested at + 2S°C, and sample tested at specified temperatures. 
Test Level Ill - Sample tested only. 
Test Level IV - Parameter is guaranteed by design and characterization testing. 
Test Level V - Parameter is a typical value only. 
Test Level VI - All devices are 100% production tested at + 25°C. 100% production tested at temperature extremes for 

military temperature devices; sam:ple tested at temperature extremes for commercial/industrial 
devices. 
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COMMERCIAL 
0°Cto +1o•c 

Test AD9300KQ/KP 

Parameter(Conditions) Temp Level Min Typ Max 

DIGITAL INPUTS 
Logic "l" Voltage Full VI 2 
Logic "O" Voltage Full VI 0.8 
Logic "l" Current Full VI 5 
Logic "O" Current Full VI 1 

POWER SUPPLY 
Positive Supply Current ( + 12V) +25°c I 13 16 
Positive Supply Current ( + 12V) Full VI 13 16 
Negative Supply Current ( - 12V) +25°c I 12.5 15 
Negative Supply Current ( - 12V) Full VI 12.5 16 
Power Supply Rejection Ratio Full VI 67 75 

(±Vs= ±12V±5%) 
Power Dissipation ( ± 12V)18 +25°c v 306 

NOTES 
1Permanent damage may occur if any one absolute maximum raring is exceeded. Functional operation is not implied, 
and device reliability may be impaired by exposure to higher-than-recommended voltages for extended periods of rime. 

2Measured at extremes of temperature range. 
3Measured as slope of VouT versus VIN with V1N = ±IV. 
4Measured as worst deviation from end-point fit with VIN = ±IV. 
'Full Power Bandwith (FPBW) based on Slew Rate (SR). FPBW ~ SR/2,,v PEAK 

6Measured between 20% and 80% transition points of ±IV output. 
7T-Step = Sin2X Step, when Step between OV and +700mV points has 10%-to-90% risetime = 125ns. 
8Measured with a pulse input having slew rate >250V/µs. 
9Measured at output between 0.28Vdc and l.OVdc with VrN ~ 284mV p-p at 3.58MHz and 4.43MHz. 

AD9300 

Units 

v 
v 
µ.A 
µ.A 

mA 
mA 
mA 
mA 
dB 

mW 

'°This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and lOMHz 2V p-p signal 
applied to remaining three channels. If selected channel is grounded through 750, value is approximately 6dB higher. 

11This specification is critically dependent on circuit layout. Value shown is measured with selected channel grounded and lOMHz 2V p-p signal 
applied to one other channel. If selected channel is grounded through 75!1, value is approximately 6dB higher. Minimum specification in ( ) applies to DIPs. 

12Consult system timing diagram. 
13Measured from address change to 90% point of -2V to +2V output LOW-to-HIGH transition. 
14Measured from address chaoge to 90% point of + 2V to -2V output HIGH-to-LOW traosition. 
15Measured from 50% transition point of ENABLE input to 90% transition of OV to - 2V and OV to + 2V output. 
16Measured from 50% transition point of ENABLE input to 10% transition of + 2V to OV and -2V to OV output. 
17 Measured while switching between two grounded channels. 
18Maximum power dissipation is a package-dependent parameter related to the following typical thermal impedances: 

16-Pin Ceramic e1A ~ 87°C/W; e1c ~ 25°C/W 
20-Pin LCC 01A ~ 74°C/W; 01c ~ l0°C/W 
20-Pin PLCC 01A ~ 71°C/W; 0ic ~ 26°C/W 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RA TINGS1 

Supply Voltages ( ± V 8) . • . . • 

Analog Input Voltage Each Input 
(IN 1 thru IN 4) • • • • • • • • 

Differential Voltage Between Any Two 
Inputs (IN 1 thru IN4) • • • • • • • 

Digital Input Voltages (A0, Ai. ENABLE) 

±16V 

±3.5V 

. ....... 5V 
-0.SV to +5.SV 

Output Current 
Sinking ......... . 
Sourcing ...... . 

Operating Temperature Range 
AD9300KQ/KP ..... 

Storage Temperature Range 
Junction Temperature . 
Lead Soldering (I Osec) 

ORDERING GUIDE 

Temperature 
Device Range Description 

AD9300KQ Oto +70°c 16-Pin Cerdip, Commercial 
AD9300TE/883B2 -55°Cto + 125°C 20-Pin LCC, Military Temperature 
AD9300TQ/883B2 - 55•c ro + 12s0c 16-Pin Cerdip, Military Temperature 
AD9300KP Oto +10°c 20-Pin PLCC, Commercial 

NOTES 
1E = CeramicLeadlessChipCarrier;P = PlasticLeadedChipCarrier;Q = Cerdip. Foroutline 
information see Package Information section. 

2For specifications, refer to Analog Devices Military Products Databook. 

Package 
Option1 

Q-16 
E-20A 
Q-16 
P-20A 

6.0mA 
6.0mA 

O°C to +10°c 
-65°C to + 150°c 

+ 175°C 
+300°c 
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FEATURES 
44V Supply Maximum Rating 
:t 15V Analog Sig!la! R11nge 
Low RQN (&Ofi) 
Low Leakage (0.5nAI .. , 
Break Before Make ~ching 
Extended Plastic Temperature Range 

(-40°C to +85°CI 
Low Power Dissipation (33mW) 
Available in 16-Lead DIP/ SOIC and 

20-Lead PLCC/LCCC Packages 
Superior Second Source: 

ADG201A Replaces DG201A, Hl-201 
ADG202A Replaces DG202 . 

GENERAL DESCRIPTION 
The ADG201A and ADG202A are monolithic CMOS devices. 
comprising four jndependently selectable switches •. They are . 
designed on an enhanced LC2MOS process which gives an in•. 
creased signal handling capability of± lSV. These switches· also · 
feature high switching speeds and low RoN· · 
The ADG201A and ADG202A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. ·All · 
devices exhibit break before make switcbint! action. Inherent in 
the design is low charge injection for minllnum transients when 
switching the digital inputs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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LC2MOS 
Quad SPST Switches 

ADG201A/ADG202A I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG201A ADGzcizA 

SI SI 

IN! IN! 

DI 01··, 

sz Sz 
INZ INZ 

DZ :oz. 
S3 S3 

IN3 IN3 

D3 03 

S4 S4 
IN4 IN4 

D4 04. 

SWITCHES SHOWN FOR A LoGIC •1• INPUT 

, 'L' 

PRODUCT HIGlll.IGHTs 
1. :&tended Signal Range: . . 

These.switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increasj:d' analog 
signal range of± lSV; . . . 

2. Single Supply Operation: 
· ·. For applications where the analog signal is unipolar (OV to 

lSV), the switches can be operatCd from a sjngle + lSV 
suj,ply. · · · 

3. Low Leakage: . 
Leakage currents in the: range of SOOpA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minllnum. 
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SPECIFICATIONS 
!V00 = +15Y, Yss = -15Y, unless otherwise specffledl 

KVersion 

ParaJDetei' .25"C 

ANALOG SWITCH 
Analog Signal Range ±IS 

RoN 60 
90 

RoNvs. Vo(Vs) 20 
RoNDrift 0.5 
RoNMatch 5 

ls(OFF) 0.5 
OFF Input Leakage 2 

lo(OFF) 0.5 
OFF Output Leakage 2 

10 (0N) 0.5 
ON Channel Leakage 2 

DIGIT AL CONTROL 
V1NH, Input High Voltage 
V1NL• Input Low Voltage 
11NLorl1Nu 

DYNAMIC CHARACTERISTICS 

loPEN 30 

loN1 300 
loFF 

I 2SO 
OFF Isolation 80 

Channel-to-Channel Crosstalk 80 
Cs(OFF) 5 
C0 (0FF) s 
Co,Cs(ON) 16 
C1N Disital Input Capacitance s 
Q1NJ Charge Injection 20 

POWER SUPPLY 
loo 0.6 
loo 
lss 0.1 
lss 

Power Dissipation 

NOTES , 
1Sample tested at 2S°C ro ensure compliance. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RA TINGS* 
(TA= + 25°C unless otherwise stated) 

Voo to Vss . 
VootoGND . 
Vss toGND ..• 
Analog lnputs1 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current Sor D 

lms Duration, 10% Duty Cycle 
Digital Inputs 1 · 

-40"Cto 
+85"C 

±15 

14S 

100 

100 

200 

2.4 
0.8 
I 

2 

0.2 
33 

BVersion 

25"C 

±15 
60 
90 

20 
0.5 
s 
o.s 
2 

o.s 
2 

o.s 
2 

30 
300 
2SO 
80 

80 
s 
5 
16 
5 
20 

0.6 

0.1 

-40"Cto 
+85"C 

±15 

145 

100 

100 

200 

2.4 
0.8 
I 

2 

0.2 
33 . 

. 44V 

. 2SV 
-2SV 

Vss -0.3V to 
Voo +0.3V 

30mA 

70mA 

Voltage at IN .•• , .. Vss -2V to 
Voo +2Vor 

20mA, Whichever Occurs First 

ADG201 A/ADG202A 

TVersion 
-SS"Cto 

25"C +125"C Units Test Conditions 

±IS ±IS Volts 
60 !ltyp -1ov .. vs"' + 1ov 
90 14S !lmax Ins= t.OniA 

Test Circuit I 
20 %typ 
0.5 %/'Ctyp 
5 %typ Vs=OV,lns= lmA 

0.5 nAtyp V0 = ±14V;Vs+l4V;TestCircuit2 
I 100 nAmax 

0.5 nAtYP Vo= ±14V;Vs=+l4V;TestCircuit2 
I 100 nAmax 

o.s nAtyp V0 = ±14V;TestCircuit3 
I 200 nAmax 

2.4 Vmin 
0.8 Vmax 
I µAmax 

30 nstyp 
300 nsmax Test Circuit 4 
250 n:smax TestCircuit4 
80 dBtyp Vs= IOV(p-p);f= IOOkHz 

RL = 75!1; Test Circuit 6 
80 dBtyp Test Circuit 7 
5 pFtyp 
s pFtyp 
16 pFtyp 
s pFtyp 
20 pCtyp Rs=O!l;CL=IOOOpF;Vs=OV 

Test Circuit S 

0.6 mAtyp Digital Inputs= V INL or V INH 
2 mAmax 

0.1 mAtyp 
0.2 mAmax 
33 mW max 

Power Dissipation (Any Package) 
Up to +75°C ...... . 

Derates above + 75°C by 
Operating Temperature 

Commercial (K Version) 
Industrial (B Version) . . 
Extended (T Version) .. 

Storage Temperature Range . 
Lead Temperature (Soldering lOsec) 

NOTE . 

470mW 
6mWl°C 

-40°C to +8S°C 
-40°C io +8S°C 

- SS°C to + 12s0 c 
-6S°C to + 1so0c 
..... +300°c 

10vervoltage at IN, Sor D will be clalnped by diodes. Current should be 
limited to the Maximum ~ting above. 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of" the device at these or any other conditions above those indicated in the, operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may be applied at 
any one time. 
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ADG201 A/ADG202A 
CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be discharged to the destination socket before devices are removed. 

WARNING! ~ 

~~EDEVICE 
ORDERING GUIDE 

Temperature 
Model1 Range 

ADG201AKN -40°Cto +85°C 
ADG201AKR - 40°C to + 85°C 
ADG201AKP -40°Cto +85°C 
ADG201ABQ - 40°C to + 85°C 
ADG201ATQ - 55°C to + 125°C 
ADG201ATE -55°Cto +125°C 

ADG202AKN -40°Cto +8S°C 
ADG202AKR -40°Cto +85°C 
ADG202AKP -40°Cto +85°C 
ADG202ABQ -40°Cto +85°C 
ADG202ATQ -55°Cto + 125°C 
ADG202ATE - SS°C to + 12s0c · · 

Package 
Option2 

N-16 
R-16A 
P-20A 
Q-16 
Q-16 
E-20A 

N-16 
R-16A 
P-20A 
Q-16 
Q-16 
E-20A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add /883B to T grade pan 
numbers. See Analog Devices Military Products Databook (1990) for 
military data sheet. 

2N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); P = Plastic Leaded 
Chip Carrier (PLCC); Q = Cerdip; E = Leadless Ceramic Chip Carrier 
(LCCC). For outline information see Package Information section. 

PIN CONFIGURATIONS 

DIP, SOIC LCCC 

i u 
31! 2 

IN2 I 20 

02 
SI 4 

52 

Vss 5 ADG201A 
Voo ADG202A 

NC 6 TOP VIEW 
NC 

GNO 7 (Not to Scale) 

S4 8 

03 

9 10 11 12 

2! ~ !;! ii 
NC ~ NO CONNECT NC = NO CONNECT 

ADG201A/ADG202A FUNCTIONAL DIAGRAM 

+15V 

IN 

GNO 

-ISV 
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s 
19 

18 S2 

17 VoD 

16 NC 

15 NC 

14 S3 

13 

a 

PLCC 

0 i u 
31! 2 

ADG201A 
ADG202A 
TOP VIEW 

(Not to Scale) 

2! ~ u ii 2 
NC = NO CONNECT 

s 

a 

52 

Yoo 

NC 

NC 

53 

TO LEVEL 
SHIFTER 

Figure 1. Typica/DigitallnputCel/ 
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Typical Performance Characteristics ADG201 A/ADG202A 
The switches are guaranteed functional with reduced single or dual supplies down to 4.SV. 

<: .. t--+----+-~t---+---1..+---+----+----I 

' 
J 

o~-~-~-~~-~-~-~---+---' 
-20 -15 -10 -5 +5 +10 +16 +20 
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RoN as a Function of V0 fVs): Dual Supply Voltage 
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VDD= +16.SV 
Vss= -16.SV 

~ 
10 

' 
~ 

~ t 
~ 
~ 
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Leakage Current as a Function of Temperature (Note: 
Leakage Currents Reduce as the Supply Voltages Reduce) 
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TA=+25"C 

400 

~ 
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J 
"---r-. 
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Switching Time vs. Supply Voltage (Dual Supply) 
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0.5 t-----+----+-----+----+----< 

o~---+----~----+---~--~ 
5 11 
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Trigger Level vs. Power Supply Voltage: Dual or Single 
Supply Voltage 
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100 

t-- '°'' 
+5 +7 +9 +11 +13 +15 

SUPPLY VOLTAGE-Volta 

Switching Time vs. Supply Voltage (Single Supply) 
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11111111 ANALOG 
WDEVICES 

FEATURES 
50ns max Switching Time Over Full Temperature 

Range ' 
Low RoN (300 typ) 
Single Supply Specifications for + 10.SV to 

+ 16.SV Operation 
Extended Plastic Temperature Range 

I - 40•c to + ss0 c1 
Break-Before-Make Switching 
Low Leakage (100pA typ) 
44V Supply max Rating 
Available in 16-Lead DIP/SOIC and 

20-Lead LCCC/PLCC Packages 
ADG201HS (K, B, Tl Replaces Hl-201HS 
ADG201HS (J, A, S) Replaces DG271 

GENERAL DESCRIPTION 
The ADG20lHS is a monolithic CMOS device comprising four 
independently selectable SPST switches. It is designed on an 
enhanced LC2MOS process which gives very fast switching 
speeds and low RoN. 

The switches also feature break-before-make switching action 
for use in multiplexer applications and low charge injection .for 
minimum transients on the output when switching the digital 
inputs. 

ORDERING GUIDE 

Temperature Package 
Model' Range Option2 

ADG201HSJN -40°c to + ss·c N-16 
ADG201HSKN - 40°c to + ss·c N-16 
ADG201HSKR -40°Cto+ss0c R-16 
ADG201HSAQ - 40°C to + ss·c Q-16 
ADG201HSBQ - 40°c to + ss·c Q-16 
ADG201HSJP - 40°C to + ss0c P-20A 
ADG201HSKP -40°Cto +ss·c P-20A 
ADG201HSSQ - ss·c ro + 12s·c Q-16 
ADG201HSTQ3 - ss0c to + 12s0c Q-16 
ADG201HSTE3 - ss·c to + 12s0c E-20A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add 
/883B to T grade part numbers. See the Analog Devices 
MiUtary Products. Databook (1994) for military data sheet. 

2E = Leadless Ceramic Chip Carrier; N = Narrow Plastic 
PIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; 
R = 0.15" Small Outline IC (SOIC). For outline 
information see Package Inf9rmation section. 

'Standard Military Drawing (SMD) approved by DESC. 
SMD numbers are 

5962-86716012X (ADG201HSTE/883B) 
5962-8671601EX (ADG201HSTQ/883B) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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LC2MOS 
High Speed, Quad SPST Switch 

ADG201HS I 
FUNCTIONAL BLOCK DIAGRAM 

IN1 

IN2 

IN3 

IN4 

PRODUCT HIGHLIGHTS 
I. SOns max toN and toFF: 

S1 

01 

S2 

D2 

S3 

03 

S4 

04 

The ADG201HS top grades (K, B, T) have guaranteed SOns 
max turn-on and turn-off times over the full operating tem
perature range. The lower grades (J ,A,S) have guaranteed 
7Sns switching times over the full operating temperature 
range. 

2. Single Supply Specifications: 
The ADG201HS is fully specified for applications which 
require a single positive power supply in the + 10.S:V to 
+ 16.S:V range. 

3. Low Leakage: 
Leakage currents in the range of IOOpA make these switches 
suitable for high precision circuits. The added feature of 
break-before-make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leak;ige 
errors to a minimum. 

Switch 
IN Condition 

0 ON 
1 OFF 

Truth Table 
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SPECIFICATIONS ADG201HS 

. (V00 = + 13.5V to + 16.5V, = -13.5V to -16.5V, GND = DY, . 
DUAL SUPPLY V1N 3V [Logic High Level] or 0.8 V [Logic Low Levell unless otherwise noted) 

Parameter Version +2s0c Tmm-Tmu 1 Units Comments 

ANALOG SWITCH 
Analog Signal Range All Vss Vss Vmin 

All Yoo Yoo Vmax 

RoN All 30 lltyp - lOV.;;V s.;; + lOV, 10 s = lmA; Test Circuit I 
All 50 75 llmax 

RoNDrift All 0.5 %/"Ctyp - lOV.;;Vs.;; + IOV,los= lmA 
RoNMatch All 3 o/otyp - lOV.;;Vs.;; + IOV,108 = lmA 

Is (OFF), Off Input Leakage2 All 0.1 nAtyp V0 = :!: 14V;Vs= +14V;TestCircuit2 
J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

10 (OFF), Off Output Leakage2 All 0.1 nAtyp Vo=:!: 14V; Vs= +14V; TestCircuit2 
J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

10 (ON), On Channel Leakage2 All 0.1 nAtyp V0 =Vs= :!:l4V;TestCircuit3 II J,K,A,B I 20 nAmax 
S,T I 60 nAmax 

DIGITAL CONTROL 
V1NH, Input High Voltage All 2.4 2.4 Vmin 
VtNL• Input Low Voltage All 0.8 0.8 Vmax 
I[NLOr!INH All I I µ.Amax 
CIN All 8 8 pFmax 

DYNAMIC CHARACTERISTICS 

loN K,B,T 50 50 nsmax TestCfrcuit4 
J,A,S 75 75 nsmax 

loFFI K,B,T 50 50 nsmax TestCircuit4 
J,A,S 75 75 nsmax 

loFF2 All 150 nstyp Test Circuit 4 
loPEN All 5 nstyp to,.-topp1;TestCircuit4 
Output SettlingTimeto0.1% All 180 nstyp VIN =3VtoOV;TestCircuit4 
OFF Isolation All 72 dBtyp Vs= 3V rms, f = IOOkHz, RL = lkll; 

Cc= lOpF; Test Circuit 5 
Channel-to-Channel Crosstalk All 86 dBtyp Vs=3Vrms,f= IOOkHz,RL = lkll; 

CL= lOpF; TestCircuit6 
Q1NJ, Charge Injection All 10 pCtyp Rs =011, Vs=OV; Test Circuit 7 
Cs(OFF) All JO pFtyp 
Co(OFF) All 10 pFtyp 
Co,Cs(ON) All 30 pFtyp 
Cos(OFF) All 0.5 pFtyp 

POWER SUPPLY 
loo All 10 10 mAmax 
lss All 6 6 mAmax 

Power Dissipation All 240 240 mW max V00 = + 15V, Vss = -15V 

NOTES 
1Temperaturerangesareasfollows: ADG201HSJ,K; -40'Cto +85"C 

ADG201HSA,B; -40"Cto +85°C 
ADG201HSS, T; -55'Cto + 125"C 

2Leakage specifications apply with a VD (Vs) of ± 14V or with a V 0 (Vs) of O.SV within the supply voltages (V 00, V ss), whichever is the minimum. 

Specifications subject to change without notice. 
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ADG201HS 
SINGLE SUPPLY <Y111 = + 10.BV 111 + 16.SY, Yss = GND = OY, v. = 3Y [tap:- LMI] or o.av ll.o&lc Low LMI] unless olh8IWisi nolld) 

Parameter Venion +25°C T--T- Units Comments 
ANALOG SWITCH 

Analog Sipa!Range All Vss Vss Vmin 
All Voo Voo Vmax 

RoN All 65 Otyp OV"°'V s"°' + lOV, los = lmA; Test Circuit 1 
All 90 120 Omax 

RoNDrift All 0.5 %/"Ctyp OV"°'Vs"°'+ lOV,108 = lmA 
RoNMatch All 3 %typ OVs;;Vs.;; + lOV,Ios= lmA 

Is (OFF), Off Input Leakage' All 0.1 nAtyp Vo=+ lOV/+0.SV;Vs= +0.SV/+ 10V;TcstCircuit2 
J,K,A,B 1 20 nAmax 
S,T 1 60 nAmax 

lo(OFF), Off Output Leakage' All 0.1 nAtyp Vo=+ 10V/+0.SV;V8 = +O.SV/+10V;TestCircuit2 
J,K,A,B 1 20 nAmax 
S,T 1 60 nAmax 

10 (0N), On Channel Leakage' All 0.1 nAtyp V0 =Vs= + 10V/+O.SV;TcstCircuit3 
J,K,A,B 1 20 nAmax 
S,.T I 60 nAmax 

DIGITAL CONTROL 
VINH, Input High Voltage All 2.4 2.4 Vmin 
V1NL• Input Low Voltage All 0.8 0.8 Vmax 
llNLorlINH All 1 1 jLAmax 
CIN All 8 8 pFmax 

DYNAMIC CHARACTERISTICS 
loN K,B,T so 70 nsmax Test Circuit 4 

J,A,S 75 90 nsmax 
loFFI K,B,T so 70 nsmax TestCircuit4 

J,A,S 75 90 nsmax 
loPFz All ISO nstyp Test Circuit 4 
loPEN All s s nstyp tOtrloFF1; TestCircuit4 
OutputScttlingTimeto0.1% All 180 nstyp V1N =3VtoOV;TestCircuit4 
OFF Isolation All 72 dBtyp Vs= 3V rms, f = lOOkHz, RL = lkO; 

CL= lOpF;Test Circuit S · 
Channel-to-Channel Crosstalk All 86 dBtyp V8 =3Vrms,f= lOOkHz,RL = lkO; 

CL= lOpF; TestCircuit6 
Qm1, Charge Injection All 10 pCtyp Rs=OO, Vs=OV;TcstCircuit7 
Cs(OFF) All 10 pFtyp 
Co(OFF) All 10 pFtyp 
Co,Cs(ON) All 30 pFtyp 
Cos(OFF) All 0.5 pFtyp 

POWER SUPPLY 
loo All 10 10 mAmax 

Power Dissipation All 150 150 mW max Voo= +lSV 

NOTE 
1Thc leakage specifications degrademuginally (typicdly lnA at 25"C) with Vo (Vs) = V ss· 

Specifications subject to change without notice: 

7-16 SWITCHES AND MULTIPLEXERS REV.B 



ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

Voo to Vss . 
Voo to GND 
Vss to GND 1 

Analog lnputs2 

Voltage at S, D 

Continuous Current, S or D 
Pulsed Current S or D 

. .... 44V 

. -0.3V, 25V 
+0.3V, -2SV 

· ........ Vss -2V to 
V00 +2Vor 

20mA, Whichever Occurs First 
.......... 20mA 

!ms Duration, 10% Duty Cycle . . . . . . . 70mA 
Digital Inputs2 

Voltage at IN .................. Vss -4Vto 
Voo +4Vor 

20mA, Whichever Occurs First 

Power Dissipation (Any Package) 
Up to +7S°C ..... . 
Derates above + 75°C by 

Operating Temperature 
Commerical (J, K Version) 
Industrial (A, B Version) 
Extended (S, T Version) . 

Storage Temperature Range . 
Lead Temperature (Soldering lOsec) 

NOTES 

ADG201HS 

470mW 
6mW/°C 

- 40°C to + 85°C 
- 40°C to + 8S°C 

- 55°C to + 12S°C 
-6S°Cto +IS0°C 

+300°C 

1IfV ss is open circuited with V DD and GND applied, the V ss pin will be pulled 
positive, exceeding the Absolute Maximum Ratings. If this possibility exists, 
a Schottky diode from V ss to GND (cathode end to GND) ensures that the 
Absolute Maximum Ratings will be observed. 

20vervoltage at IN, Sor D, will be clamped by diodes. Current 
should be limited to the maximum rating above. 

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

CAUTION: 
ESD (electrostatic discharge) sensitive devke. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices are inserted. 

PIN CONFIGURATIONS 

DIP,SOIC LCCC 

E i 0 .. .. z ii!; c 
IN1 IN2 3 2 1 20 19 

01 02 

S1 S2 S1 4 18 52 

Yss Yoo 
Vss 5 17 Voo Yss 

NC 6 16 NC NC 
GNO NC 

GNO 7 15 NC 
S4 S3 S4 8 14 S3 S4 
04 03 

IN4 IN3 9 10 11 12 13 .. .. 0 .. 8 c ii!; z ii!; 

NC = NO CONNECT NC = NO CONNECT 

WARNING! QJ 
~~EDEVICE 

PLCC 

Q i 0 ~ s z 

52 

Yoo 

NC 

NC 

S3 

.. .. 0 .. 8 c ii!; z ii!; 

NC = NO CONNECT 
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1"111 ANALOG 
WDEVICES 

FEATURES 
44V Supply Maximum Rating 
± 15V Analog Signal Range 
Low RoN (1150 max) 
Low Leakage (0.5nA typ) 
Break Before Make Switching 
Single Supply Operation Possible 
Extended Plastic Temperature Range 

I - 40•c to + ss·c1 
TTL/CMOS Compatible 
Available in 16-Lead DIP/SOIC and 

20-Lead PLCC Packages 
Superior Second Source: 

ADG211A Replaces DG211 
ADG212A Replaces DG212 

GENERAL DESCRIPTION 
The ADG211A and ADG2l2A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in
creased signal handling capability of ± lSV. These switches also 
feature high switching speeds and low RoN· 
The ADG211A and ADG212A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. In 
multiplexer applications, all switches exhibit break-before-make 
switching action when driven simultaneously. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-SOD-446-6212. 

7-18 SWITCHES AND MULTIPLEXERS 

LC2MOS 
Quad SPST Switches 

ADG211 A/ ADG212A I 
ADG211A ADG212A 

S1 S1 

IN1 IN1 

01 01 

S2 S2 

IN2 IN2 

02 02 

S3 S3 

IN3 IN3 

03 03 

54 S4 

IN4 IN4 

04 04 

SWITCHES SHOWN FOR A LOGIC "1" INPUT 

PRODUCT HIGHLIGHTS 
I. Extended Signal Range: 

These switches are fabricated on an enhanced LC2MOS 
process, resulting in high breakdown and an increased analog 
signal range of ± lSV. 

2. Single Supply Operation: 
For applications where the analog signal is unipolar (OV to 
lSV), the switches can be operated from a single + lSV 
supply. 

3. Low Leakage: 
Leakage currents in the range of SOOpA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applicatiqns while keeping leakage 
errors to a minimum. 

ADG211A 
IN 

0 

ADG212A 
IN 

1 
0 

Table/. Truth Table 

SWITCH 
CONDITION 

ON 
OFF 
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SPECIFICATIONS 
(V00 = + 15 V, V55 = -15 V, VL = 5 V, unless otherwise noted.) 

Parameter 

ANALOG SWITCH 
Analog Signal Range 
RoN 

RoNvs. Vo(Vs) 
RoNDrift 
RoNMatch 

Is(OFF) 
OFF Input Leakage 

I0 (0FF) 
OFF Output Leakage 

Io(ON) 
ON Channel Leakage 

DIGITAL CONTROL 
V1NH,InputHigh Voltage 
V INL> Input Low Voltage 
I1NLorl1NH 
C1N, Digital Input Capacitance 

DYNAMIC CHARACTERISTICS 
to PEN 

I 

toN1 

to FF 
I 

OFF Isolation 

Channel-to-Channel Crosstalk 
C8 (0FF) 
Co(OFF) 
Cs,Co(ON) 
QiNJ> Charge Injection 

POWER SUPPLY 
loo 
loo 
lss 
lss 
IL 

NOTE 
1 Sample tested at 25"C to ensure compliance. 

Specifications subject to change without notice. 
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ADG211AKN 
ADG212AKN 

2s•c -40"C to + ss•c 

±IS ±IS 
llS 175 

20 
0.5 
s 
0.5 
s 100 

0.5 
5 100 

0.5 
s 200 

2.4 
0.8 
1 

5 

30 
600 
450 
80 

80 
s 
5 
16 
20 

0.6 
I 
0.1 
0.2 
0.9 

ADG211 A/ADG212A 

Units Test Conditions 

Volts 
!lmax - IOV,;;Vs"' + IOV, I0 s= lmA, 

Test Circuit I 
%typ 
%!°Ctyp 
%typ Vs=OV,Ios=lmA 

nAtyp V0 = ±14V;V8 =+14V;TestCircuit2 
nAmax 

nAtyp V0 = ±14V;Vs=+l4V;TestCircuit2 
nAmax 

nAtyp V0 =Vs= ± 14V;TestCircuit3 
nAmax 

Vmin TTL Compatibility is Independent ofV L 
Vmax 
µAmax 
pFtyp 

nstyp Test Circuit 4 
nsmax Test Circuit S 
nsmax Test Circuit S 
dBtyp Vs= IOV(p-p);f= lOOkHz 

RL=75!l; TestCircuit6 
dBtyp Test Circuit 7 
pFtyp 
pFtyp 
pFtyp 
pCtyp Rs=O!l;CL=lOOOpF;Vs=OV 

Test Circuit 8 

mAtyp Digital Inputs= V INL or V INH 

mAmax 
mAtyp 
mAmax 
mAmax 
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ADG211AIADG212A 
ABSOLUTE MAXIMUM RA TINGS* 
(TA= 25°C unless otherwise stated) 

Voo to Vss .... 
VootoGND 

. 44V 
• 25V 
-25V 

Digita1Inputs1 

Voltage at IN · · · . · ..... Vss -2V to 
Voo+2Vor 

20mA, Whichever Occurs First 
PowerDissipation (Any Package) 

Vss to GND .• 
VL toGND .. 
Analog Inputs1 

-0.3V, 25V 
Up to +75°C ..... . 
Derates above + 75°C by .. 

Operating Temperature ... 
Storage Temperature Range . 

. .... 470mW 

. ...• 6mWl°C 
-40°C to + 85°C 

Voltage at S, D Vss -0.3V to Voo +0.3V 
30mA 

-65°C to + 1S0°C 
Continuous Current, Sor D 
Pulsed Current Sor D 

Lead Temperature (Soldering !Osec) ...•. +300°c 

NOTE 
!ms Duration, 10% Duty Cycle 70mA 10vervoltage at IN, S or D will be clamped by diodes. Current should be 

limited to the Maximum Rating above. 

*COMMENT: Stressesabovethoselistedunder"AbsoluteMaximumRatings"maycausepermanentdamagetothedevice. Tbisisastressratingonly 
and functional operation of the device at these or any other conditions above those indicated in.the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Only one Absolute Maximum Rating may 
be applied at any one time. 

CAUTION 
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect
ed; however, permanent damage may occur on unconnected devices subjeet to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective 
foam should be diseharged to the destination socket before devices are removed. 

PIN CONFIGURATIONS 

DIP,SOIC 

ORDERING GUIDE 

Temperature Package 
Model Range Option* 

ADG211AKN - 40°C to + 85°C N-16 
ADG211AKR -40°Cto + 85°C R-16A 
ADG211AKP -40°Cto +85°C P-20A 
ADG212AKN -40°Cto + 85°C N-16 
ADG212AKR - 40°C to + 85°C R-16A 
ADG212AKP -40°C to + 85°C P-20A 

*N = Plastic DIP; R =0.15" Small Outline IC (SOIC); 
P = Plastic Leaded Chip Carrier (PI.CC). For outline 
information see Package Information section. 
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PLCC 

Q ~ ... N 
2 !!: 

ADG211A 
ADG212A 
TOP VIEW 

(Not to Scalol 

! ... ... ... 
!!: 2 !!: 

NC = NO CONNECT 

s 

S2 

Yoo 

NC 

v. 
53 

... 
Q 
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Typical Performance Characteristics ADG211 A/ADG212A 
The switches csn comfortably operate anywhere in the IOV to 15V single or dual supply range, 

with only a slight degradation in performance. The following graphs show the relevant performance 
curves. The test circuits and test conditions are given in a following section, "Test Circuits." 

Voo=15V 
Vss=-15V 

~ 9ot--~+-~+-~-+-~-t-~-t-~-+~-+~-; 

0 
a: 

3ot--~+-~+-~-+-~-t-~-t-~-+~-+~-; 

01--~-+-~-'-~-'-~--'-~--'-~--'-~--'~--' 
-20 -15 -10 -5 10 15 20 

V0 IVsl - Volts 

Figure 1. RaNasaFunctionofVo(V5 ):Dua/ ± 15Supp/ies 

150 
Voo=10V 
V55 = -10V 

120 

~ 90 
0 

a: 

60 ~ ~ ~ -- 70°C 
25°C 
0 

30 

0 
-20 -15 -10 -5 10 

Vo IVsl - Volts 

t--

15 20 

Figure 3. RaNas a Function of V0 (V5 ): Dual± 10VSupplies 

'2 
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1111111111 ANALOG 
WDEVICES 

LC2MOS 8-/16-Channel 
High Performance Analog Multiplexers 

FEATURES 
44 V Supply Maximum Ratings 
Vss to V00 Analog Signal Range 
Low On Resistance (80 n max) 
Low Power 
Fast Switching 

toN < 160 ns 
to••< 150 ns 

Break Before Make Switching Action 
Plug-In Upgrade for 

DG506A/ ADG506A, DG507 A/ ADG507 A, 
DG526/ ADG526A 

ADG406/ADG407 are Plug-In Replacements for 
DG406/DG407 

APPLICATIONS 
Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 
Avionics 

GENERAL DESCRIPTION 
The ADG406, ADG407 and ADG426 are monolithic CMOS 
analog multiplexers. The ADG406 and ADG426 switch one of 
sixteen inputs to a common output as determined by the 4-bit 
binary address lines AO, Al, A2 and A3. The ADG426 has on
chip address and control latches that facilitate microprocessor 
interfacing. The ADG407 switches one of eight differential 
inputs to a common differential output as determined by the 3-
bit binary address lines AO, Al and A2. An EN input on all 
devices is used to enable or disable the device. When disabled, 
all channels are switched OFF. 

The ADG406/ADG407/ADG426 are designed on an enhanced 
LC2MOS process that provides low power dissipation yet gives 
high switching speed and low on resistance. These features 
make the parts suitable for high speed data acquisition systems 
and audio signal switching. Low power dissipation makes the 
parts suitable for battery powered systems. Each channel 
conducts equally well in both directions when ON and has an 
input signal range which extends to the supplies. In the OFF 
condition, signal level§ up to the supplies are blocked. All 
channels exhibit break before make switching action preventing 
momentary shorting when switching channels. Inherent in the 
design is low charge injection for minimum transients when 
switching the digital inputs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADG406/ADG407/ADG426 I 
FUNCTIONAL BLOCK DIAGRAMS 

DA 

D 

DB 

AO A1 A2 A3 EN AO A1 A2 EN 

D 

AO A1 A2 A3 EN RS 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

The ADG406/ADG407/ADG426 are fabricated on an 
enhanced LC2MOS process giving an increased signal range 
which extends to the supply rails 

2. Low Power Dissipation 

3. LowR0 N 

4. Single/Dual Supply Operation 

5. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG406/ADG407/ADG426 can be operated from a single 
rail power supply. The parts are fully spesified with a single 
+ 12 V power supply and will remain functional with single 
supplies as low as +5 V. 
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SPECIFICATIONS1 ADG406/ADG407/ADG426 
DUAL SUPPLY (Yoo= +15V± 10%, Yss=-15V± 10%, GND =DY, unless otherwise noted) 

B Version T Version 
-40°C to -55'C to 

Parameter +25'C +85°C +25°C +125°C 

ANALOG SWITCH 
Analog Signal Range Vss to Von Vss to Von 

RoN 50 50 
80 125 80 125 

RoN Match 4 4 

LEAKAGE CURRENTS 
Source OFF Leakage 15 (OFF) ±0.5 ±20 ±0.5 ±50 
Drain OFF Leakage 10 (OFF) 

ADG406, ADG426 ±1 ±20 ±1 ±200 
ADG407 ±1 ±20 ±1 ±100 

Channel ON Leakage 10 , 15 (ON) 
ADG406, ADG426 ±1 ±20 ±1 ±200 
ADG407 ±1 ±20 ±1 ±100 

DIGITAL INPUTS 
Input High Voltage, V,NH 2.4 2.4 
Input Low Voltage, V,NL 0.8 0.8 
Input Current 

IiNL or I1NH ±1 ±1 
CIN, Digital Input Capacitance 8 8 

DYNAMIC CHARACTERISTICS' 

tTRANSillON 120 120 
150 250 150 250 

Break Before Make Delay, lo PEN 10 10 10 10 

!ON (EN, WR) 120 175 120 175 
160 225 160 225 

!opp (EN, RS) 110 130 110 130 
150 180 150 180 

ADG426 Only 
tw, Write Pulse Width 100 100 
t5, Address, Enable Setup Time 100 100 
tH, Address, Enable Hold Time 10 10 
tRS, Reset Pulse Width 100 100 

Charge Injection 8 8 

OFF Isolation -75 -75 

Channel-to-Channel Crosstalk 85 85 
C5 (OFF) 5 5 
C0 (OFF) 

ADG406, ADG426 50 50 
ADG407 25 25 

Cm Cs (ON) 
ADG406, ADG426 60 60 
ADG407 40 40 

POWER REQUIREMENTS 

loo 1 1 
5 5 

1,, 1 1 
5 5 

loo 100 100 
200 500 200 500 

1,, 1 1 
5 5 

NOTES 
1Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
2Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 

REV. 0 

Units Test Conditions/Comments 

v 
Q typ V0 = ±10 V, 15 = -1 mA 
Q max V00 = +13.5 V, V55 = -13.5 V 
Q typ V0 =0V,I,=-lmA 

V00 = +16.5 V, V55 = -16.5 V 
nAmax V0 = ±10 V, V5 = +10 V, Test Circuit 2 

V0 = ±lOV, V,= +lOV; 
nAmax Test Circuit 3 
nAmax 

V,=V0 =±10V; 
nAmax Test Circuit 4 
nAmax 

Vmin 
Vmax 

µAmax VIN= 0 orV00 

pFtyp f= 1 MHz 

ns typ RL = 300 n, cL = 35 pF; 
ns max V1 =±10V, V2 = +lOV; 

Test Circuit 5 
ns min RL = 300 n, cL = 35 pF; 

V5 = +5 V, Test Circuit 6 
ns typ RL = 300 n, cL = 35 pF; 
ns max V5 = +5 V, Test Circuit 7 
ns typ RL = 300 n, cL = 35 pF; 
ns max V, = +5 V, Test Circuit 7 

ns min 
ns min 
nsmin 
ns min v, = +5 v 
pC typ v, = 0 v, Rs= 0 n, CL= 1 nF; 

Test Circuit 10 
dB typ RL = 1 kQ, f = 100 kHz; 

VEN = 0 V, Test Circuit 11 
dB typ RL = 1 kQ, f = 100 kHz, Test Circuit 12 
pF typ f= 1 MHz 

f= 1 MHz 
pF typ 
pF typ 

f= 1 MHz 
pFtyp 
pF typ 

V00 = +16.5 V, V55 = -16.5 V 
µA typ VIN=ov,vE,,=ov 
µAmax 
µA typ 

µAmax 
µA typ VIN= 0 v, VEN= 2.4 v 
µAmax 
µA typ 

µAmax 
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ADG406/ADG407 /ADG426 

SINGLE SUPPLY (Yoo= +12 V± 10%, Yss= 0 v. GND = 0 V, unless otherwise noted) 

B Version TVersion 
-40'Cto -SS'C to 

Parameter +25'C +85°C +25°C +125°C 

ANALOG SWITCH 
Analog Signal Range 0 to V00 0 to V00 

RoN 90 90 
125 200 125 200 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.5 ±20 ±0.5 ±50 

Drain OFF Leakage I0 (OFF) 
ADG406, ADG426 ±I ±20 ±1 ±200 
ADG407 ±I ±20 ±I ±100 

Channel ON Leakage 10 , I, (ON) 
ADG406, ADG426 ±I ±20 ±I ±200 
ADG407 ±I ±20 ±I ±100 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 2.4 
Input Low Voltage, ViNL 0.8 0.8 
Input Current 

11NL or I1NH ±I ±I 
C1N, Digital Input Capacitance 8 8 

DYNAMIC CHARACTERISTICS' 

tTRANSITlON 180 180 
220 350 220 350 

Break Before Make Delay, loPEN 10 10 

t0 N(EN, WR) 180 180 
240 350 240 350 

loFF (EN, RS) 135 135 
180 220 180 220 

ADG426 Only 
!w, Write Pulse Width 100 100 
t., Address, Enable Setup Time 100 100 
tu, Address, Enable Hold Time 10 10 
tRS, Reset Pulse Width 100 100 

Charge Injection 5 5 

OFF Isolation -75 -75 

Channel"to-Channel Crosstalk 85 85 

C,(OFF) 8 8 
C0 (0FF) 

ADG406, ADG426 80 80 
ADG407 40 40 

C0 , C,(ON) 
ADG406, ADG426 100 100 
ADG407 50 50 

POWER REQUIREMENTS 
loo I I 

5 5 
Inn 100 100 

200 500 200 500 

NOTES 
1Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to + 125°C. 
2Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 
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Units 

v 
Q typ 
Qmax 

nAmax 

nAmax 
nAmax 

nAmax 
nAmax 

Vmin 
Vmax 

µAmax 
pFtyp 

ns typ 
nsmax 

ns typ 

ns typ 
nsmax 
ns typ 
nsmax 

nsmin 
nsmin 
nsmin 
nsmin 
pC typ 

dB typ 

dB typ 

pFtyp 

pFtyp 
pFtyp 

pFtyp 
pFtyp 

µA typ 
µAmax 
µA typ 
µAmax 

Test Conditions/Comments 

Vo= +3 V, +8.5 V, I,= -I mA; 
V00 = +10.8 V 

V00 = +13.2 V 
V0 = 8 V/0.1 V, V,= 0.1 V/8 V; 
Test Circuit 2 
V0 = 8 V/0.1 V, V,= 0.1 V/8 V; 
Test Circuit 3 

V, = V0 = 8 V/0.1 V, Test Circuit 4 

VIN= 0 orV00 

f= I MHz 

RL = 300 n, cL = 35 pF; 
V1 = 8 V/O V, V, = 0 V/8 V; 
Test Circuit 5 
RL = 300 n, cL = 35 pF; 
V, = +5 V, Test Circuit 6 
RL = 300 n, cL = 35 pF; 
V, = +5 V, Test Circuit 7 
RL = 300 n, cL = 35 pF; 
V, = +5 V, Test Circuit 7 

v, = +5 v 
v, = 6 v, Rs= 0 n, CL= I nF; 
Test Circuit 10 
RL =I kn, f= JOO kHz; 
Test Circuit 11 
RL =I kn, f= JOO kHz; 
Test Circuit 12 
f= l MHz 
f= I MHz 

f= I MHz 

Yon= +13.2 V 
VIN= 0 v, VEN= 0 v 

VIN= 0 v, VEN= 2.4 v 
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ABSOLUTE MAXIMUM RATINGS' 
(TA = +25°C unless otherwise noted) 

V00 to Vss .................................... +44 V 
V00 to GND .......................... -0.3 V to +25 V 
Vss to GND ........................... +0.3 V to -25 V 
Analog, Digital Inputs' ............. Vss - 2 V to V00 + 2 V 

or 20 mA, Whichever Occurs First 
Continuous Current, S or D . . . . . . . . . . . . . . . . . . . . . 20 mA 
Peak Current, S or D ........................... 40 mA 

(Pulsed at I ms, 10% Duty Cycle Max) 
Operating Temperature Range 

Industrial (B Version) ................. -40°C to +85°C 
Extended (T Version) ................. -55°C to + 125°C 

Storage Temperature Range ............. -65°C to + l 50°C 
Junction Temperature ......................... + 150°C 
Plastic Package 

0w Thermal Impedance ...................... 75°C/W 
Lead Temperature, Soldering (10 sec) ........... +260°C 

PLCC Package 
0w Thermal Impedance ...................... 80°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

SSOP Package 
0w Thermal Impedance ..................... 122°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ...................... +215°C 
Infrared (15 sec) .......................... +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

20vervoltages at A, S, D, WR or RS will be clamped by internal diodes. Current 
should be limited to the maximum ratings given. 

ADG406/ADG407 /ADG426 
ORDERING GUIDE 

Model Temperature Range Package Option* 

ADG406BN -40°C to +85°C N-28 
ADG406BP -40°C to +85°C P-28A 

ADG407BN -40°C to +85°C N-28 
ADG407BP -40°C to +85°C P-28A 

ADG426BN -40°C to +85°C N-28 
ADG426BRS -40°C to +85°C RS-28 

*N =Plastic DIP, P =Plastic Leaded Chip Carrier (PLCC), RS =Shrink Small 
Outline Package (SSOP). For outline information see Package Information 
section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~CJ 
ESD SENSITIVE DEVICE 
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ADG406/ADG407 /ADG426 
Table I. Truth Table (ADG406). PIN CONFIGURATIONS 

A3 A2 Al AO EN ON SWITCH DIP PLCC 

x x x x 0 NONE 
0 0 0 0 1 1 
0 0 0 1 1 2 
0 0 1 0 1 3 
0 0 1 1 1 4 S7 

0 1 0 0 1 5 S6 

0 1 0 1 1 6 S5 ADG406 
0 1 1 0 1 7 S4 TOP VIEW 

0 1 1 1 1 8 S12 S3 (Not to Scale) 

1 0 0 0 1 9 S2 
1 0 0 1 1 10 S10 S1 
1 0 1 0 1 11 
1 0 1 1 1 12 

EN 

1 1 0 0 1 13 
1 1 0 1 1 14 
1 1 1 0 1 15 

GND All Q () ll ::i :ii! z z z :;: w 
NC A1 Cl 

A3 A2 NC = NO CONNECT 

1 1 1 1 1 16 

Table II. Truth Table (ADG407) 

A2 Al AO EN ON SWITCH PAIR 
Yoo DA ! () .. ~Cl ~ ~ z Q 

Vss 

x x x 0 NONE 
SBA 

0 0 0 1 1 S7A 

0 0 1 1 2 S6A 

0 1 0 1 3 S5A ADG407 

0 1 1 1 4 
1 0 0 1 5 

S4A TOP VIEW 
(Not to Scale) 

S4B $3A 

1 0 1 1 6 S2A 

1 1 0 1 7 S2B S1A 

1 1 1 1 8 EN 

Table m. Truth Table (ADG426) GND All Q () () ::i :;: :ii! iii z z z 

A3 A2 Al AO EN WR RS ON SWITCH 
NC A1 Cl 

NC = NO CONNECT 
A2 

x x x x x I 1 Retains Previous 
Switch Condition 

x x .X x x x 0 NONE (Address PIN CONFIGURATION 
and Enable DIP/SSOP 
Latches Cleared) 

x x x x 0 0 1 NONE 
0 0 0 0 1 0 1 1 v.., 
0 0 0 1 1 0 1 2 Vss 

0 0 1 0 1 0 1 3 SB 
0 0 1 1 1 0 1 4 S7 
0 1 0 0 1 0 1 5 S6 
0 1 0 1 1 0 1 6 
0 1 1 0 1 0 1 7 

S5 

0 1 1 1 1 0 1 8 
S4 

1 0 0 0 1 0 1 9 812 S3 

1 0 0 1 1 0 1 10 S2 

1 0 1 0 1 0 1 11 S1 

1 0 1 1 1 0 1 12 EN 

1 1 0 0 1 0 1 13 All 

1 1 0 1 1 0 1 14 WR A1 

1 1 1 0 1 0 1 15 A3 A2 

1 1 1 1 1 0 1 16 
NC = NO CONNECT 
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TIMING DIAGRAMS (ADG426) 

::-~~ 
av -----E2v lw ~o.sv'''")(---

Ao, A1, A2, (A3) 
EN ov-----

Figure 1. 

Figure I shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; 
therefore, while WR is held low, the latches are transparent and 
the switches respond to the address and enable inputs. This 
input data is latched on the rising edge of WR. 

IOFF(RS)-i 

Figure 2. 

Figure 2 shows the Reset Pulse Width, ~s' and the Reset Tum 
Off Time, t0 FF (RS). 

Note: All digital input signals rise and fall times are measured 
from 10% to 90% of 3 V. ~ = tF = 20 ns. 

REV.O 

ADG406/ADG407 /ADG426 
TERMINOLOGY 

GND 

RaN 
RaNMatch 

Is (OFF) 

10 (OFF) 

Im Is (ON) 

C0 (0FF) 

C0 , Cs(ON) 

CIN 
toN (EN) 

t 0 pp (EN) 

tTRANSITION 

to PEN 

v!NL 

VrNH 

IINL (IINH) 
Crosstalk 

Off Isolation 

Charge 
Injection 

Most positive power supply potential. 

Most negative power supply potential in dual 
supplies. In single supply applications, it may 
be connected to ground. 
Ground (0 V) reference. 

Ohmic resistance between D and S. 

Difference between the RaN of any two 
channels. 
Source leakage current when the switch is off. 

Drain leakage current when the switch is off. 

Channel leakage current when the switch 
is on. 
Analog voltage on terminals D, S. 

Channel input capacitance for "OFF" 
condition. 
Channel output capacitance for "OFF" 
condition. 
"ON" switch capacitance. 

Digital input capacitance. 

Delay time between the 50% and 90% 
points of the digital input and switch "ON" 
condition. 
Delay time between the 50% and 90% 
points of the digital input and switch "OFF" 
condition. 
Delay time between the 50% and 90% 
points of the digital inputs and the switch 
"ON" condition when switching from one 
address state to another. 
"OFF" time measured between 80% points of 
both switches when switching from one 
address state to another. 
Maximum input voltage for logic "0." 
Minimum input voltage for logic"!.'' 

Input current of the digital input. 

A measure of unwanted signal which is 
coupled through from one channel to another 
as a result of parasitic capacitance. 
A measure of unwanted signal coupling 
through an "OFF" channel. 
A measure of the glitch impulse 
transferred from the digital input to the analog 
output during switching. 
Positive supply current. 

Negative supply current. 
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1"111 ANALOG 
WDEVICES 

LC2MOS 4/8 Channel 
High Performance Analog Multiplexers 

FEATURES 
44 V Supply Maximum Ratings 
V55 to V00 Analog Signal Range 
Low On Resistance (100 n max) 
Low Power llsuPPLY < 75 µA) 
Fast Switching 
Break-Before-Make Switching Action 
Plug-in Replacement for DG408/DG409 

APPLICATIONS 
Audio and Video Routing 
Automatic Test Equipment 
Data Acquisition Systems 
Battery Powered Systems 
Sample and Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG408 and ADG409 are monolithic CMOS analog multi
plexers comprising 8 single channels and four differential chan
nels respectively. The ADG408 switches one of eight inputs to a 
common output as determined by the 3-bit binary address lines 
AO, Al and AZ. The ADG409 switches one of four differential 
inputs to a common differential output as determined by the 
2-bit binary address lines AO and Al. An EN input on both 
devices is used to enable or disable the device. When disabled, 
all channels are switched OFF. 

The ADG408/ADG409 are designed on an enhanced LC2MOS 
process which provides low power dissipation yet gives high 
switching speed and low on resistance. Each channel conducts 
equally well in both directions when ON and has an input signal 
range which extends to the supplies. In the OFF condition, sig
nal levels up to the supplies are blocked. All channels exhibit 
break before make switching action preventing momentary 
shorting when switching channels. Inherent in the design is low 
charge injection for minimum transients when switching the dig
ital inputs. 

The ADG408/ADG409 are improved replacements for the 
DG408/DG409 Analog Multiplexers. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADG408/ADG409 I 
FUNCTIONAL BLOCK DIAGRAMS 

S1A ,, ,, 
S4A 

D 

S1B ,, ,, 
S4B 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

The ADG408/ ADG409 are fabricated on an enhanced 
LC2MOS process giving an increased signal range that 
extends to the supply rails. 

2. Low Power Dissipation 

3. LowRoN 
4. Single Supply Operation 

DA 

DB 

For applications where the analog signal is unipolar, the 
ADG408/ ADG409 can be operated from a single rail power 
supply. The parts are fully specified with a single + 12 V 
power supply and will remain functional with single supplies 
as low as +5 V. 
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SPECIFICATIONS ADG408/ADG409 
DUAL SUPPLY1 (V00 = +15 V, Yss = -15 V, GND = 0 V, unless otherwise noted) 

B Version T Version 
-40"C to -ss•c to 

Parameter +is·c +ss·c +is·c +12S°C 

ANALOG SWITCH 
Analog Signal Range Vss to V00 Vss to V00 

RoN 40 40 
100 125 100 125 

LiRoN 15 15 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.5 ±50 ±0.5 ±50 

Drain OFF Leakage I0 (OFF) 
ADG408 ±1 ±100 ±1 ±100 
ADG409 ±1 ±50 ±1 ±50 

Channel ON Leakage I0 , Is (ON) 
ADG408 ±1 ±100 ±1 ±100 
ADG409 ±1 ±50 ±1 ±50 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 
Input Low Voltage, ViNL 0.8 0.8 
Input Current 

l1NL or l1NH ±10 ±10 
C1N, Digital Input Capacitance 8 8 

DYNAMIC CHARACTERISTICS2 

tTRANSITJON 120 120 
250 250 

lo PEN 10 10 10 10 

toN (EN) 85 125 85 125 
150 225 150 225 

loFF (EN) 65 65 
150 150 

Charge Injection 20 20 

OFF Isolation -75 -75 

Channel-to-Channel Crosstalk 85 85 

Cs (OFF) 11 11 
C0 (OFF) 

ADG408 40 40 
ADG409 20 20 

C0 , Cs (ON) 
ADG408 54 54 
ADG409 34 34 

POWER REQUIREMENTS 
loo l l 

5 5 
lss l l 

5 5 
loo 100 100 

200 500 200 500 

NOTES 
'Temperature ranges are as follows: B Versions: -40"C to +85"C; T Versions: -SS'C to + 125'C. 
2Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 

REV.O 

Units Test Conditions/Comments 

v 
n typ Vo= ±lOV,Is= -lOmA 
nmax 
nmax V0 = +lOV, -lOV 

nAmax V0 = ±lOV, Vs= +lOV; 
Test Circuit 2 
Vo= ±lOV;Vs= +lOV; 

nAmax Test Circuit 3 
nAmax 

Vs= Vn = ±lOV; 
nAmax Test Circuit 4 
nAmax 

Vmin 
Vmax 

µAmax V1N = OorV00 
pF typ f= l MHz 

ns typ RL = 300 n, cL = 35 pF; 
nsmax Vs1 = ±10 V, Vs8 = +10 V; 

Test Circuit 5 
nsmin RL = 300 n, cL = 35 pF; 

Vs = +5 V; Test Circuit 6 
ns typ RL "" 300 n, cL = 35 pF; 
nsmax Vs= +5 V; Test Circuit 7 
ns typ RL = 300 n, cL = 35 pF; 
nsmax Vs = +5 V; Test Circuit 7 
pC typ Vs= 0 V, Rs= 0 n, CL= 10 nF; 

Test Circuit 8 
dB typ RL = l kn, f = 100 kHz; 

VEN= 0 V; Test Circuit 9 
dB typ RL = l kn, f = 100 kHz; 

Test Circuit 10 
pF typ f=lMHz 

f=lMHz 
pF typ 
pF typ 

f=lMHz 
pF typ 
pF typ 

µA typ VIN= OV, VEN= ov 
µAmax 
µA typ 
µAmax 
µA typ VIN= ov, VEN= 2.4 v 
µAmax 
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ADG408/ADG409 
SINGLE SUPPLY1 (V00 = + 12 V, Yss = 0 V, GND = 0 V, unless otherwise noted) 

B Version T Version 
-40°C to -55°C to 

Parameter +25°C +85°C +2S°C +12s0c 
ANALOG SWITCH 

Analog Signal Range 0 to V00 0 to V00 

RoN 90 90 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.S ±SO ±0.S ±SO 

Drain OFF Leakage 10 (OFF) 
ADG408 ±1 ±100 ±1 ±100 
ADG409 ±1 ±SO ±1 ±SO 

Channel ON Leakage Im Is (ON) 
ADG408 ±1 ±100 ±1 ±100 
ADG409 ±1 ±SO ±1 ±SO 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current 

I1NL or I1NH ±10 ±10 
C1N, Digital Input Capacitance 8 8 

DYNAMIC CHARACTERISTICS2 

!TRANSITION 130 130 

to PEN 10 10 

toN (EN) 140 140 

toFF (EN) 60 60 

Charge Injection s 5 

OFF Isolation -7S -75 

Channel-to-Channel Crosstalk 8S 85 

Cs (OFF) 11 11 
C0 (OFF) 

ADG408 40 40 
ADG409 20 20 

Cm Cs (ON) 
ADG408 54 54 
ADG409 34 34 

POWER REQUIREMENTS 
Inn 1 1 

5 5 
Inn 100 100 

200 500 200 500 

NOTES 
'Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to + 125°C 
2Guaranteed by design, not subject- to, production test. 

Specifications subject to change without notice. 

7-30 SWITCHES AND MULTIPLEXERS 

Units Test Conditions/Comments 

v 
n cyp V0 = +3 V, +lOV, Is= -1 mA 

nAmax V0 = 8 V/O V, Vs= 0 V/8 V; 
Test Circuit 2 
V0 = 8 V/O V, Vs= 0 V/8 V; 

nAmax Test Circuit 3 
nAmax 

Vs= V0 = 8 V/O V; 
nAmax Test Circuit 4 
nAmax 

Vmin 
Vmax 

µAmax V1N=OorV00 

pF typ f=lMHz 

nstyp RL = 300 n, cL = 3S pF; 
Vs1 = 8V/OV, Vs8 = OV/8 V; 
Test Circuit 5 

ns typ RL = 300 n, cL = 35 pF; 
Vs= +5 V; Test Circuit 6 

ns typ RL = 300 n, cL = 35 pF; 
Vs= +5 V; Test Circuit 7 

ns typ RL = 3000, CL= 3S pF; 
Vs= +S V; Test Circuit 7 

pC typ Vs= 0 V, Rs= 0 fl, CL= 10 nF; 
Test Circuit 8 

dB typ RL = 1 kfl, f = 100 kHz; 
VEN= 0 V; Test Circuit 9 

dB typ RL = 1 kn, f = 100 kHz; 
Test Circuit 10 

pF typ f= 1 MHz 
f= 1 MHz 

pF typ 
pF typ 

f= 1 MHz 
pFtyp 
pF typ 

µA typ VIN= ov, VEN= ov 
µAmax 
µA typ VIN= 0 V, VEN= 2.4 v 
µAmax 
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ABSOLUTE MAXIMUM RATINGS1 

(TA = + 25"C unless otherwise noted) 
V00 toYss ............................. +44V 
V00 to GND ..................... -0.3 V to +25 V 
Yss to GND ..................... +0.3 V to -25 V 
Analog, Digital Inputs2 ..• Yss -2 V to V00 +2 V or 20 mA, 

Whichever Occurs First 
Continuous Current, S or D .................. 20 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% Duty Cycle max) .......... 40 mA 
Operating Temperature Range 

Industrial (B Version) ............... -40°C to +85°C 
Extended (T Version) .............. -55°C to + 125°C 
Storage Temperature Range .......... -65°C to + 150°C 

Junction Temperature ...................... + 150°C 
Cerdip Package, Power Dissipation ............. 900 mW 

OJA> Thermal Impedance .................. 76°C/W 
Lead Temperature, Soldering (10 sec) .......... +300°C 

Plastic Package, Power Dissipation ............. 470 mW 
OJA> Thermal Impedance .................. ll7°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

SOIC Package, Power Dissipation .............. 600 mW 
OJA> Thermal Impedance .................. 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +215°C 
Infrared (I 5 sec) . . . . . . . . . . . . . . . . . . . . . . + 220°C 

ADG408/ADG409 
NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

20vervoltages at A, EN, S or D will be clamped by internal diodes. Current 
should be limited to the maximum ratings given. 

ORDERING INFORMATION 

Model1 Temperature Range Package Option2 

ADG408BN -40°C to +85°c N-16 
ADG408BR -40°c to +85°c R-16A 
ADG408TQ - 55°c to + 125°C Q-16 

ADG409BN -40°c to +85°C N-16 
ADG409BR -40°C to +85°c R-16A 
ADG409TQ -55°c to + 125°c Q-16 

NOTES 
'To order MIL-STD-883, Class B processed pans, add /883B to T grade part 
numbers. 

2N =Plastic-DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
these ·devices feature proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
reco_mmended to avoid performance degradation or loss of functionality. 
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ADG408/ADG409 
PIN CONFIGURATIONS (DIP/SOIC) 

AO A1 AO 

A2 

GND 

VDD 

SS 

S& 

57 

ADG408 Truth Table 

A2 Al AO EN 

x x x 0 
0 0 0 I 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 I 1 
1 1 0 1 
1 1 1 1 

ADG409 Truth Table 

Al AO EN 

x x 0 
0 0 1 
0 1 1 
1 0 I 
1 1 1 
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A1 

GND 

VDD 

S1B 

S2B 

S3B 

S4B 

ON 
SWITCH 

NONE 
I 
2 
3 
4 
5 
6 
7 
8 

ON SWITCH 
PAIR 

NONE 
1 
2 
3 
4 

GND 

Is (OFF) 

10 (OFF) 

Im Is (ON) 

Vo (Vs) 

Cs (OFF) 

TERMINOLOGY 

Most positive power supply potential. 

Most negative power supply potential in dual 
supplies. In single supply applications, it may 
be connected to ground. 

Ground (0 V) reference. 

Ohmic resistance between D and S. 

Difference between the RoN of any two 
channels. 

Source leakage current when the switch is off. 

Drain leakage current when the switch is off. 

Channel leakage current when the switch is on. 

Analog voltage on terminals D, S. 

Channel input capacitance for "OFF" 
condition. 

C0 (OFF) Channel output capacitance for "OFF" 
condition. 

C0 , Cs (ON) "ON" switch capacitance. 

CIN Digital input capacitance. 

t0 N (EN) Delay time between the 50% and 90% points of 
the digital input and switch "ON" condition. 

loFF (EN) 

tTRANSITION 

to PEN 

VINL 

VINH 

IINL CI1NH) 

Crosstalk 

Off Isolation 

Charge 
Injection 

Delay time between the 50% and 90% points of 
the digital input and switch "OFF" condition. 

Delay time between the 50% and 90% points of 
the digital inputs and the switch "ON" 
condition when switching from one address 
state to another. 

"OFF" time measured between the 80% points 
of both switches when switching from one 
address state to another. 

Maximum input voltage for logic "O." 

Minimum input voltage for logic "l." 

Input current of the digital input. 

A measure of unwanted signal which is coupled 
through from one channel to another as a result 
of parasitic capacitance. 

A measure of unwanted signal coupling 
through an "OFF" channel. 

A measure of the glitch impulse transferred 
from the digital input to the analog output 
during switching. 

Positive supply current. 

Negative supply current. 
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Typical Performance Characteristics 

120 
TA= +25"C 

J.. J 
Voo=+5V_ 

_/ Yss =-SY 
100 

~ _j_ I 
Yoo= +12V _, 

'+' Yss =-12V 
80 

I- Voo = +10V 
Yss =-10V 7 l/' 
~ v/ 7 

40 
f'-......~ ~ __-;;:r 

Yoo= +15V 

20 
-15 -10 -5 

Vo (Vs) - Volts 

Yss =-15V 

10 15 

Figure 1. RoN as a Function ofV0 (V5 ): Dual Supply Voltage 
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Figure 2. RoN as a Function of V0 (V5 ) for Different 
Temperatures 
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Figure 3. Leakage Currents as a Function of V0 (V5 ) 
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ADG408/ADG409 
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Figure 4. R0 N as a Function of V0 (V5 ): Single Supply 
Voltage 
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Figure 5. R0 N as a Function of V0 (V5 ) for Different 
Temperatures 
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Figure 6. Leakage Currents as a Function of V0 (V5 ) 
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ADG408/ADG409 

. 
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I 

Voo= +15V 
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~ tTRANSITION 
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20 .__..__._ __ .._ _ _.. __ _,_ _ __J __ _._ _ __, 

11 13 15 

Figure 7. Switching Time vs. V1N (Bipolar Supply) 
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Figur.e 8. Switching Time vs. Single Supply 
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Figure 9. Positive Supply Current vs. Switching Frequency 
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Yoo= +12V 
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Figure 10. Switching Time vs. V1N (Single Supply) 
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Figure 11. Switching Time vs. Bipolar Supply 
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Frequency" 
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ADG408/ADG409 
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Figure 13. Off Isolation vs. Frequency Figure 14. Crosstalk vs. Frequency 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
::1:15 V Analog Signal Range 
Low On Resistance (<35 01 
Ultralow Power Dissipation (35 µWI 
Fast Switching Times 

t 0 N <175 ns 
toFF <145 ns 

Latch-up Proof 
TTL/CMOS Compatible 
Plug-in Replacement for DG411/DG412/DG413 

APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG411, ADG412 and ADG413 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC2 MOS, trench isolated process 
which provides low power dissipation yet gives high switching 
speed and low on resistance. Trench isolation gives all the bene
fits of dielectric isolation and ensures no latch up even under 
extreme overvoltage conditions. 

The on resistance profile is very flat over the full analog input 
range ensuring excellent linearity and low distortion when 
switching audio signals. Fast switching speed coupled with high 
signal bandwidth also make the parts suitable for video signal 
switching. CMOS construction ensures ultralow power dissipa
tion making the parts ideally suited for portable and battery 
powered instruments. 

The ADG411, ADG412 and ADG413 contain four independent 
SPST switches. The ADG411 and ADG412 differ only in that 
the digital control logic is inverted. The ADG41 l switches are 
turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG412. The ADG413 
has two switches with digital control logic similar to that of the 
ADG4 ll while the logic is inverted on the other two switches. 

Each switch conducts equally well in both directions when ON 
and has an input signal range which extends to the supplies. In 
the OFF condition, signal levels up to the supplies are blocked. 
All switches exhibit break before make switching action for use 
in multiplexer applications. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. 
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DI LC2MOS 
Precision Quad SPST Switches 

ADG411 /ADG412/ADG413 I 
FUNCTIONAL BLOCK DIAGRAMS 

51 

IN1 

01 

52 

IN2 

02 

53 

IN3 

03 

S4 

IN4 

04 

SWITCHES SHOWN FOR A LOGIC "1 '' INPUT 

PRODUCT HIGHLIGHTS 
I. Extended Signal Range 

The ADG411, ADG412 and ADG413 are fabricated on an 
enhanced LC2MOS, trench isolated process giving an 
increased signal range which extends fully to the supply rails. 

2. Ultralow Power Dissipation 

3. Low RoN 

4. Trench Isolation Guards Against Latch-up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions. 

S. Break Before Make Switching 
This prevents channel shorting when the switches are config
ured as a multiplexer. 

6. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG411, ADG412 and ADG413 can be operated from a sin
gle rail power supply. The parts are fully specified with a 
single + 12 V power supply and will remain functional with 
single supplies as low as + S V. 
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SPECIFICATIONS1 ADG411 /ADG412/ADG413 

Dual Supply {V00 = + 15 V ± 10%, V55 = -15 V ± 10%, VL = +5 v ± 10%, GND = o V, unless otherwise noted) 

B Version T Version 
-40°C to -ss•c to 

Parameter +2s0c +ss·c +2s0c +12s·c 
ANALOG SWITCH 

Analog Signal Range Voo to Vss V00 to Vss 
RoN 2S 2S 

3S 4S 3S 4S 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.1 ±0.l 

±0.2S ±20 ±0.2S ±20 
Drain OFF Leakage I0 (OFF) ±0.l ±0.l 

±0.2S ±20 ±0.2S ±20 
Channel ON Leakage I0 , Is (ON) ±0.1 ±0.1 

±0.4 ±40 ±0.4 ±40 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current 

IINL or l1NH o.oos o.oos 
±0.S ±0.S 

DYNAMIC CHARACTERISTICS2 

toN 110 110 
17S 17S 

to FF 100 100 
14S 14S 

Break-Before-Make Time Delay, t0 2S 2S 
(ADG413 Only) 

Charge Injection s s 

OFF Isolation 68 68 

Channel-to-Channel Crosstalk 8S 8S 

Cs (OFF) 9 9 
C0 (OFF) 9 9 
C0 , Cs (ON) 3S 3S 

POWER REQUIREMENTS 

loo 0.0001 0.0001 
1 s 1 s 

lss 0.0001 0.0001 
1 s 1 s 

IL 0.0001 0.0001 
1 s 1 s 

NOTES 
1Temperature ranges are as follows: B Versions: -40'C to +8S'C; T Versions: -SS'C to + 12S'C. 
2Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 

REV.O 

Units Test Conditions/Comments 

v 
n typ V0 = ±8.SV,Is= -lOmA; 
nmax V00 = +13.S V, Vss = -13.S V 

V00 = +16.S V, Vss = -16.S V 
nA typ V0 = ±lS.S V, Vs= +lS.S V; 
nA max Test Circuit 2 
nA typ V0 = ±lS.S V, Vs= +lS.S V; 
nAmax Test Circuit 2 
nA typ V0 =Vs= ±lS.S V; 
nAmax Test Circuit 3 

Vmin 
V max 

µA typ v,N = VINL or VINH 
µAmax 

ns typ RL = 300 n, cL = 3S pF; 
ns max Vs = ± 10 V; Test Circuit 4 
ns typ RL = 300 n, cL = 3S pF; 
ns max Vs= ±10 V; Test Circuit 4 
ns typ RL = 300 n, cL = 3S pF; 

Vs1 = Vs2 = +10 V; 
Test Circuit S 

pC typ Vs= 0 V, Rs= 0 n, CL= 10 nF; 
Test Circuit 6 

dB typ RL = son, cL = s pF, f = 1 MHz; 
Test Circuit 7 

dB typ RL =son, CL= s pF, f = 1 MHz; 
Test Circuit 8 

pF typ f=lMHz 
pF typ f= 1 MHz 
pF typ f=lMHz 

V00 = +16.S V, Vss = -16.S V 
Digital Inputs = 0 V or S V 

µA typ 
µAmax 
µA typ 
µAmax 
µA typ 
µAmax 
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ADG41 l/ADG4 l2/ADG413 ''·:.'•1, ;' 

Single Supp!y (V0u = + 12. ~. ± 10%, Yss = o v. VL = t 5 v ;i: tD%, GND = o v. unle~ otherwise noted) " 

B Version T Version 
-40°C.to -ss•c to 

Parameter 
~,· 

+25°C +8S°C +25°C, +125°C 

Analog Signal Range 0 V to Vnn 0 V to Vm> 
R._lN 40 40 

80 100 80 100 

LEAKAGE CURRENTS 
Source OFF LeakageJ8 (OFF) :tO.l :tO.l 

:t0.25 :t20 :t0.25 :t20 
Drain OFF Leakage 10 (OFF) :tO.l :tO.l 

:t0.25 :t20 :t<i.25 :t20 
Channel ON Leakage 10 , Is (ON) :tO.l :t<i.l 

:t0.4 :t40 :t0.4 :t40 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 
Input Low Voltage, V1N1. 0.8 0.8 
Input Current 

l1NL or l1NH 0.005 0.005 
:t0.5 :t0.5 

DYNAMIC CHARACTERISTICS2 

foN 175 175 
250 250 

fopp 95 95 
125 125 

Break-Before-Make '.fime Delay, t0 25 . 25 
(ADG413 Qnly) 

Charge Injection 25 25 

' 
OFF Isolation 68 68 

Channel-to-Channel Crosstalk 85 85 

Cs (OFF) 9 9 
C0 (OFF) 9 9 
C0 , Cs (ON) 35 35 

POWER REQUIREMENTS 

loo 0.0001 0.0001 
1 5 1 5 

IL 0.0001 0.0001 
1 5 1 5 

NOTES 
'Temperature ranges are as follows: B Versions: -40"(ho +85'C; T Ve:sions: -55'C to + 125'C. 
2Guaranteed by design, not subject to production test •.. 

Specifications subject to change without notice. 

Truth Table (ADG411/ADG412) 

ADG411 In ADG412 In Switch Condition 

0 
1 

1 
0 

ON 
OFF 
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Unit$ Test Conditions/Comments ·• 
v 
!ltyp 0 < V0 < 8.5 V, I~= .-10 mA; 
!lmax V00 = +10.8 V 

V00 = +13.2 V 
nA typ V0 = 12.2/1 V, Vs= 1/12.2 V; 
nAmax Test Circuit.2 . 
nAtyp V0 = 12.2/l V, Vs= 1/12.2 V; 
nAmax Test Circuit 2 
nA typ V0 =Vs= +12.2 V/+l V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ V1N = V1NL or V1NH '. µAmax 

ns typ R.L = 300 n, cL = 35 pF; 
nsmax V8 = +8 V; Test Circuit 4 
ns typ RL = 300 n, cL = 35 pF; 
nsmax Vs = +8 V; Test Circuit 4 
ns typ RL = 300 n, cL = 35 pF; 

Vs1 = Vs2 = +10 V; 
Test Circuit 5 

pCtyp Vs= 0 v, Rs= 0 n, CL= 10 nF; 
Test Circuit 6 

dB typ RL = 5o n, cL = 5 pF, r = i MHz; 
Test Circuit 7 

dB typ RL = 50 n, cL = 5 pF, r = 1 MHz; 
. Test Circuit 8 

pF typ f=lMHz 
pF typ f=lMHz 
pFtyp f=lMHz 

V00 = +13.2 V 
Digital Inputs ~ 0 V or 5 V 

µA typ 
µAmax 
µA typ 
µAmax VL = +5.25 v 

Truth Table (ADG413) 

Logic Switch 1, 4 Switch 2, 3 

0 
1 

OFF 
ON 

ON 
OFF 
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ABSOLUTE MAXIMUM RATINGS1 

(TA = + 25'C unless otherwise noted) 

V00 toVss ............................. +44V 
V00 to GND ............. ; ....... -0.3 V to +25 V 
Vss to GND ..................... +0.3 V to -25 V 
VL to GND ................. -0.3 V to V00 + 0.3 V 
Analog, Digital lnputs2 .•.....• Vss -2 V to V00 +2 V or 

30 mA, whichever occurs first 
Continuous Current, S or D .................. 30 mA 
Peak Current, S or D . . . . . . . . . . . . . . . . . . . . . . 100 mA 
(Pulsed at l ms, 10% Duty Cycle max) 
Operating Temperature Range 

Industrial (B Version) ............... -40°C to +85°C 
Extended (T Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature ...................... + 150°C 
Cerdip Package, Power Dissipation ............. 900 mW 

61A Thermal Impedance ................... 76°C/W 

ADG41 l/ADG412/ADG413 
Lead Temperature, Soldering (10 sec) .......... + 300°C 

Plastic Package, Power Dissipation ............. 470 mW 
61A Thermal Impedance .................. l17°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

SOIC Package, Power Dissipation .............. 600 mW 
61A Thermal Impedance ................... 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... + 215°C 
Infrared (15 sec) ...................... +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum· Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

20vervoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 

ESD SUSCEPTIBILITY --------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may still 
occur on these devices. if they are subjected to high energy electrostatic discharges. Therefore, 
proper precautions are recommended to avoid any performance degradation or loss of functionality. 

VL 
GND 
s 
D 
IN 

RoN 
ls (OFF) 
10 (OFF) 
10 , ls (ON) 
V0 (Vs) 
Cs (OFF) 
C0 (OFF) 
C0 , Cs (ON) 
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PIN CONFIGURATION 
(DIP/SOIC) 

ORDERING GUIDE 

Model1 Temperature Range Package Option" 3 

--
ADG411BN -40°C to +85°C N-16 
ADG411BR -40°C to +85°C R-16A. 
ADG411TQ -55°C to + 125°C Q-16 
ADG412BN -40°C to +85°C N-16 
ADG412BR ~40°C to +85°C R-16A 
ADG412TQ -55°C to + 125°C Q-16 
ADG413BN -40°C to +85°C N-16 
ADG413BR -40°C to +85°C R-16A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip. 
3For outline information see· Package Information section. 

TERMINOLOGY 

Most positive power supply potential. 
Most negative power supply potential in dual 
supplies. In single supply applications, it may 
be connected to GND. 
Logic power supply (+5 V). 
Ground (0 V) reference. 
Source terminal. May be an input or output. 
Drain terminal. May be an input or output. 
Logic control input. 
Ohmic resistance between D and S. 
Source leakage current with the switch "OFF." 
Drain leakage current with the switch "OFF." 
Channel leakage current with the switch "ON." 
Analog voltage on terminals D, S. 
"OFF" switch source capacitance. 
"OFF" switch drain capacitance. 
"ON" switch capacitance. 

Crosstalk 

Off Isolation 

Charge 
Injection 

Delay between applying the digital control 
input and the output switching on. 
Delay between applying the digital control 
input and the output switching off. 
"OFF" time or "ON" time measured between 
the 90% points of both switches, when switching 
from one address state to another. 
A measure of unwanted signal which.is coupled 
through from one channel to another as a result 
of parasitic capacitance. 
A measure of unwanted signal coupling 
through an "OFF" switch. 
A measure of the glitch impulse transferred 
from the digital input to the analog output 
during switching. 
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ADG41l/ADG412/ADG413 

Typical Performance Graphs 
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V00 = +15V 

Vss = -15V 
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20 

Figure 1. On Resistance as a Function of V0 (V5 ) Dual 
Supplies 
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Figure 2. On Resistance as a Function of V0 (V5 ) for 
Different Temperatures 
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VL = +SV 
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TEMPERATURE - 'C 

Figure 3. Leakage Currents as a Function of Temperature 
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TA= +25°C 

VL = +SV 

a;~ v00 = +12V 

20 ~~~-+=----;r""\-7:"._Vss = ov 

V00 = +1sv 

10>-----+-----+---- Vss=OV 

10 15 

V0 OR Vs - DRAIN OR SOURCE VOLTAGE - V 

20 

Figure 4. On Resistance as a Function of V0 (V5 ) Single 
Supply 

V00 = +15V -4 SW 
10mA V55 =-15V -1SW -;----r---T---:=~ 

VL = +SV 
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Figure 5. Supply Current vs. Input Switching Frequency 
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V00 = +15V 
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Figure 6. Leakage Currents as a Function of V0 (V5 ) 
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Figure 7. Off Isolation vs. Frequency 

110 

100 

70 

80 
100 

v00 = +1sv 
Yss=-15V 

....... VL = +SV 

"' ~ 
~ 

\ 
~ 

1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 8. Crosstalk vs. Frequency 

TRENCH ISOLATION 
In the ADG411, ADG412 and ADG4l3, an insulating oxide 
layer (treiich) is placed between the NMOS and the PMOS tran
sistors of each CMOS switch. Parasitic junctions, which occur 
between the transistors in Junction Isolated switches, are elimi
nated, the result being a completely latch-up proof switch. 

In Junction Isolation, the N and P wells of the PMOS IU!d 
NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in turn, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 

Trench Isolation also leads to lower leakage currents. The 
ADG411, ADG412 and ADG4l3 have a leakage current of 
0.25 nA as compared with a leakage current of several nanoamps 
in non-Trench Isolated switches. Leakage current is an impor· 
tant parameter in sample-and-hold circuits, this current being 
responsible for the discharge of the holding capacitor with time 
causing droop. The ADG4ll/ADG412/ADG4l3's low leakage 
current, along with its fast switching speeds, make it suitable for 
fast and accurate sample-and-hold circuits. 

REV.O 

ADG411/ADG412/ADG413 

NMOS PMOS 

LOCOS 

SUBSTRATE (BACKGATE) 

Figure 9. Trench Isolation 

APPLICATION 
Figure 10 illustrates a precise, fast sample-and-hold circuit. An 
AD84S is ~ as the input buffer while the output operational 
amplifier is an AD711. During the track mode, SWl is closed 
and the output V0 UT follows the input signal VIN. In the hold 
mode, SWl is opened and the signal is held by the hold capaci
tor~. 

Due to switch and capacitor leakage, the voltage on the hold 
capacitor will decrease with time. The ADG411/ADG412/ 
ADG413 minimizes this droop due to its low leakage specltica
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 30 µ V/µs. 

A second switch SW2, which operates in parallel with SWl, is 
included in this circuit to reduce pedestal error. Since both 
switches will be at the ~ame potential, they will have a differen
tial effect on the op amp AD7l l which will minimize charge 
injection effects. Pedestal error is also reduced by the compensa
tion network Re and Cc. This compensation network also 
reduces the hold time glitch while optimizing the acquisition 
time. Using the illustrated op amps and component values, the 
pedestal error has a maximum value of 5 m V over the ± 10 V 
input range. Both the acquisition and settling times are 850 ns. 

+15V +SV 

v,. 

Figure 10. Fast, Accurate Sample-and-Hold 
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ADG41 l/ADG412/ADG4l3 

Test Circuits 

Is (OFF) 
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Test Circuit 4. Switching Times 
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Test Circuit 5. Break-Before-Make Time Delay 
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Test Circuit 6. Charge Injection 
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Test Circuit 7. Off Isolation 
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Test Circuit 8. Channel-to-Channel Crosstalk 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
V55 to V00 Analog Signal Range 
Low On Resistance (< 35 f.l) 
Ultralow Power Dissipation (< 35 µW) 
Fast Transition Time (145 ns max) 
Break-Before-Make Switching Action 
Latch-Up Proof 
Plug-In Replacement for DG419 

APPLICATIONS 
Precision Test Equipment 
Precision Instrumentation 
Battery Powered Systems 
Sample Hold Systems 

GENERAL DESCRIPTION 
The ADG419 is a monolithic CMOS SPOT switch. This 
switch is designed on an enhanced LC2MOS process which pro
vides low power dissipation yet gives high switching speed, low 
on resistance and low leakage currents. 

The on resistance profile of the ADG419 is very flat over the full 
analog input range ensuring excellent linearity and low distor
tion. The part also exhibits high switching speed and high signal 
bandwidth. CMOS construction ensures ultralow power dissipa
tion making the parts ideally suited for portable and battery 
powered instruments. 

Each switch of the ADG419 conducts equally well in both 
directions when ON and has an input signal range which ex
tends to the supplies. In the OFF condition, signal levels up to 
the supplies are blocked. The ADG419 exhibits break-before
make switching action. 

This Is an abridged data sheet. To obtalil the most recent version or 
complete data sheet, call our fax retrieval systetn at 1"800-446-6212. 
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LC2MOS Precision 
Mini-DIP Analog Switch 

ADG419 I 
FUNCTIONAL BLOCK DIAGRAM 

I 
L---

ADG419 

SWITCH SHOWN FOR A 
LOGIC "1" INPUT 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

IN 

The ADG419 is fabricated on an enhanced LC2MOS, trench 
isolated process giving an increased signal range that extends 
to the supply rails. 

2. Ultralow Power Dissipation 

3. LowRoN 

4. Trench Isolation Guards Against Latch Up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions 

5. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG419 can be operated from a single rail power supply. 
The part is fully specified with a single + 12 V power supply 
and will remain functional with single supplies as low as 
+5V. 
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SPECIFICATIONS1 ADG419 
Dual Supply (Yoo= + 15 v ± 10%, Yss = -15 v ± 10%, Yt = +5 V ± 10%, GND = o V, unless otherwise noted) 

B Version T Version 
+25°C -40°C to +25°C 

Parameter +ss0c 
ANALOG SWITCH 

Analog Signal Range Vss to Voo 
RoN 25 25 

35 45 35 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.l ±0.1 

±0.25 ±5 ±0.25 
Drain OFF Leakage Io (OFF) ±0.l ±0.l 

±0.75 ±5 ±0.75 
Channel ON Leakage 10 , Is (ON) ±0.4 ±0.4 

±0.75 ±5 ±0.75 

DIGITAL INPUTS 
Input High Voltage, VrNH 2.4 
Input Low Voltage, VrNL 0.8 
Input Current 

IrNLor lrNH ±0.005 
±0.5 

DYNAMIC CHARACTERISTICS' 
tTRANSffiON 145 200 145 

Break-Before-Make Time 30 30 
Delay, t0 5 5 

OFF Isolation 80 80 

Channel-to-Channel Crosstalk 70 70 

Cs (OFF) 6 6 
Co, Cs (ON) 55 55 

POWER REQUIREMENTS 
loo 0.0001 0.0001 

1 2.5 1 
Iss 0.0001 0.0001 

1 2.5 1 
IL 0.0001 0.0001 

I 2.5 I 

NOTES 
1Temperature ranges are as follows: B Version: -40°C to +85°C; T Version: ~55°C to + 125°C. 
2Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 

REV.O 

-55°C to 
+125°C 

Vss to Voo 

45 

±15 

±30 

±30 

2.4 
0.8 

±0.005 
±0.5 

200 

2.5 

2.5 

2.5 

Units Test Conditions/Comments 

v 
Qcyp V0 =±12.5 V, Is= -10 mA 
Qmax Voo = +13.5 V, Vss = -13.5 V 

Voo = + 16.5 V, Vss = -16.5 V 
nA typ V0 = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nA typ V0 = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nA typ Vs= V0 = ±15.5 V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ VrN = VrNL or VrNH 
µAmax 

nsmax RL = 300 n, cL = 35 pF; 
Vs1 = ±10 V, Vs2 = +10 V; 
Test Circuit 4 

ns typ RL = 300 n, cL = 35 pF; 
ns min Vs1 =Vs2 =±lOV; 

Test Circuit 5 
dB typ RL=50Q,f=lMHz; 

Test Circuit 6 
dB typ RL = 50 fl, f = 1 MHz; 

Test Circuit 7 
pF typ f= 1 MHz 
pF typ f= 1 MHz 

Voo = +16.5 V, Vss = -16.5 V 
µA typ VrN= OVor 5 V 
µAmax 
µA typ 
µAmax 
µA typ VL= +5.5 v 
µAmax 
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ADG4l9 
Single Supply (Y00 = +12 .Y.± 10%, Yss= o Y, Yr= +5 Y ±10%, GND = o Y, unless otherwise noted) 

B Version TVersion 
+25°C -40°C to +25°C 

Parameter +85°C 

ANALOG SWITCH 
Analog Signal Range 0 to Voo 
RoN 40 40 

60 

LEAKAGE CURRENT 
Source OFF Leakage Is (OFF) ±0.l ±0.l 

±0.25 ±5 ±0.25 
Drain OFF Leakage I0 (OFF) ±0.1 ±0.1 

±0.75 ±5 ±0.75 
Channel ON Leakage I0 , Is (ON) ±0.4 ±0.4 

±0.75 ±5 ±0.75 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 
Input Low Voltage, V1NL 0.8 
Input Current 

IiNL or IINH ±0.005 
±0.5 

DYNAMICCHARACTERISTICS2 

t TRANSITION 170 250 170 

Break-BeforecMake Time 60 60 
Delay, to 

OFF Isolation 80 80 

Channel-to-Channel Crosstalk 70 70 

Cs (OFF) 13 13 
Co, Cs (ON) 65 65 

POWER REQUilUlMENTS 
loo 0.0001 0.0001 

1 2.5 1 
h 0.0001 0.0001 

I 2.5 I 

NOTES 
1Temperature ranges are as follows: B Version: -40°C to +85°C; T Version: -55°C to +125°C. 
2Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 

Logic 

0 

Model 

ADG419BN 
ADG419BR 
ADG419TQ 

Table I. Truth Table 

Switch 1 

ON 
OFF 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-55°C to + 125°C 

Switch2 

OFF 
ON 

Package Option* 

N-8 
S0-8 
Q-8 

*N =Plastic DIP, Q = Cerdip, SO= 0.15" Small Outline IC (SOIC). For out
line information see Package Information section. 
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~ss0c to 
+125°C 

0 to Voo 

70 

±15 

±30 

±30 

2.4 
0.8 

±0.005 
±0.5 

250 

2.5 

2.5 

Units Test Conditions/Comments -

v 
Q typ V0 = +3 V, +8.5 V, Is= -10 mA 
Qmax V00 = +10.8 V 

Voo = +13.2 v 
nA typ V0 = 12.2 Vil V, Vs= 1 Vil2.2 V; 
nAmax - Test Circuit 2 
nAtyp V0 = 12.2 Vil V, Vs= 1 V/12.2 V; 
nAmax Test Circuit 2 
nA typ Vs= V0 = 12.2 Vil V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ V1N = VINL or V1NH 
µAmax 

nsmax RL = 300 n, cL = 35 pF; 
Vs1 = 0 V/8 V, Vs2 = 8 V/O V; 
Test Circuit 4 

ns typ RL = 300 n, cL = 35 pF; 
Vs1 = Vsz = +8 V; 
Test Circuit 5 

dB typ RL = 50 n, f= 1 MHz; 
Test Circuit 6 

dB typ RL=50Q,f=lMHz; 
Test Circuit 7 

pF typ f= 1 MHz 
pF typ f= 1 MHz 

-
V00 = +13.2 V 

µA typ VIN=OVor 5V 
µAmax 
µA typ VL = +5.5 V 
µAmax 

PIN CONFIGURATION 
DIP/SOIC 

REV.O 



ABSOLUTE MAXlMUM RATINGS1 ·· 

(TA= +25°C unless.otherwise noted) · 

V00 to Vss ................ · ...... : . .. : . ...... +44 V 
V00 to GND ....... : ....... ·' .. , ........ -0.3 V to +25 V 
Vss to GND ... .' .............. : ....... +0.3 V to-25 V 
VL to GND ........ : ............. -0.3 V to Von+ 0.3 V 
Analog, Digital lnputs2 ............ Vss - 2 V to V00 + 2 V 

or 30 mA, Whichever Occurs First 
Continuous Current, S or D ....... , .............. 30 mA 
Peak Current;S or D .................... ; ..... 100 mA 

(Pulsed at 1 ms, 10% Duty.Cycle Max) 
Operating Temperature Range 

Industrial (B Version) ................. -40°C to +85°C 
Extended Cf Version) ................ -55°C to +125°C 

Storage Temperature Range ............. -65°C to + l 50°C 
Junction Temperature .......................... 150°C 
Cerdip Package, Power Dissipation ....... · ........ 600 mW 

ADG419 
0JA• Thermal Impedance . : .. · ................. l 10°C/W 
Lead Temperature, Soldering (10 sec) ........... +300°C 

Plastic Package, Power Dissipation ............... 400 mW 
0JA• Thermal Impedance ..................... 100°C/W 
Lead Temperature, Soldering (10 sec) ........... +260°C 

SOIC Package, Power Dissipation ................ 400 mW 
0JA• Thermal Impedance ..................... 155°C/W 
Lead Temperature, Soldering · 

Vapor Phase (60 sec) .. : ............ : ....... +215°C 
Infrared (15 sec) ................ ; ......... +220°C 

NOTE 
1 Stresses above those listed under 11 Absolute Maximum Ratings" may cause 
permanent damage to the device. This ~ a stress raiing only and functional 
operation of the device at these or any other.conditions above those listed.in the 
operational sections of this specification is not implied. Expostire to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

20vervoltages at IN, Sor D will be clamped by internal diodes. Current shoukl be 
limited to the maximum ratings given. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detec'tfoit. 
Although this cjeyice features proprietary E~D protection circuitry, permanent damage may 
occur on devices subjected to high energy 'electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~g 
ESD SENSITIVE DEVICE 

TERMINOLOGY 

Yoo ' Most positive p9wer supply potential. 

Vss Most negative power. supply potential in dual 
supplies. In single supply applications, it 
may be connected to GND;· 

VL Logic power supply (+5 V). 

GND Ground (0 V) reference. 

s Source terminal. May be an input or an, . 

output. 
D Drain terminal. May be an input or an 

output. 
IN Logic control input. 

RoN Ohmic resistance between D and S. 

Is (OFF) Source leakage current with the switch 
"OFF." 

Io (OFF) Drain leakage current with the switch 
"OFF." 

Io, Is (ON) Channel leakage current with the switch 
"ON." 

Vo CVs) Analog voltage on terminals D, S. 
Cs(OFF) "OFF" switch source capacitance. 

REV.O 

Co, Cs(ON) 

tTRANSITION 

to 

VINL 

ViNH 
IINL (l!NH) 
Crosstalk 

Off Isolation 

loo 

lss 

'.'ON" switch capacitance. 

Delay time between the 5.0% and 90% points 
of the digital inputs and the switch "ON" 
condi~on when switching' from one address 
state. to another. 
"OFF" time or "ON!' time measured be-

. tweerl the 90% points of both switches 
when switching from.one address state 
to .the other. 
Maximum input voltage for logic "O." 

Minimum input voltage for logic "1." 

Input current of the digital input: 
A measure of unwanted signal which is 
coupled through from one chartnel to 
another as a result of parasitic capacitance. 
A measure of unwanted signal coupling 
~ough an "OFF" channel. 
Positive supply currel).t .. 
Negative supply C)lrrem .. , 
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a.I DEVICES 

LC2MOS Latchable 4/8 Channel 
High Performance Analog Multiplexers 

FEATURES 
44 V Supply Maximum Ratings 
V66 to V00 Analog Signal Range 
Low On Resistance (60 fi typ) 
Low Power Consumption (1.6 mW max) 
Low Charge Injection (<4 pC typ) 
Fast Switching 
Break Before make Switching Action 
Plug-In Replacement for DG428/DG429 

APPLICATIONS 
Automatic Test Equipment 
Data Acquisition Systems 
Communication Systems 
Avionics and Military Systems 
Microprocessor Controlled Analog Systems 
Medical Instrumentation 

GENERAL DESCRIPTION 
The ADG428 and ADG429 are monolithic CMOS analog multi
plexers comprising eight single channels and four differential 
channels respectively. On-chip address and control latches facili
tate microprocessor interfacing. The ADG428 switches one of 
eight inputs to a common output as determined by the 3-bit 
binary address lines AO, Al and A2. The ADG429 switches one 
of four differential inputs to a common differential output as 
determined by the 2 bit binary address lines AO and Al. An EN 
input on both devices is used to enable or disable the device. 
When disabled, all channels are switched OFF. All the control 
inputs, address and enable inputs are TTL compatible over the 
full specified operating temperature range. This makes the part 
suitable for bus-controlled systems such as data acquisition sys
tems, process controls, avionics and ATEs because the TTL 
compatible address latches simplify the digital interface design 
and reduce the board space required. 

The ADG428/ADG429 are designed on an enhanced LC2MOS 
process that provides low power dissipation yet gives high 
switching speed and low on resistance. Each channel conducts 
equally well in both directions when ON and has an input signal 
range that extends to the supplies. In the OFF condition, signal 
levels up 'to the supplies are blocked. All channels exhibit break 
before make switching action preventing momentary shorting 
when switching channels. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. 

The ADG428/ADG429 are improved replacements for the 
DG428/DG429 Analog Multiplexers. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADG428/ADG429 I 
FUNCTIONAL BLOCK DIAGRAMS 

ADG428 

51 "----"''! ·----. 

WR 

II 
II 
II 
II 
II 
II 
II 

A2 A1 AO EN 

D 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

ADG429 

::~~------
11 I 

S4B lj--.j.1---o"l 

A1 AO EN 

The ADG428/ADG429 are fabricated on an enhanced 
LC2 MOS process giving an increased signal range that 
extends to the supply rails. 

2. Low Power Dissipation 

3. LowRoN 

4. Single/Dual Supply Operation 

5. Single Supply Operation 

DA 

DB 

For applications where the analog signal is unipolar, the 
ADG428/ADG429 can be operated from a single rail power 
supply. The parts are fully specified with a single + 12 V 
power supply and will remain functional with single supplies 
as low as +5 V. 
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SPECIFICATIONS1 ADG428/ADG429 

DUAL SUPPLY (V00 = +15 V, V55 = -15 V, GND = 0 V, WR= 0 V, RS= 2.4 V unless otherwise noted) 

B Version T Version 
-40"C to -ss•c to 

Parameter 2s·c +ss·c 2s·c +12s•c Units 

ANALOG SWITCH 
Analog Signal Range Vss to V00 Vss to Voo v 
RoN· 60 60 n typ 

100 12S 100 !2S nmax 
.:iRoN 10 10 %max 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.03 ±0.3 ±0.03 ±0.3 nA typ 

±0.S ±SO ±0.S ±SO nAmax 
Drain OFF Leakage I0 (OFF) 

ADG428 ±0.07 ±0.7 ±0.07 ±0.7 nA typ 
±1 ±100 ±1 ±100 nAmax 

ADG429 ±0.0S ±0.S ±0.0S ±0.S nA typ 
±1 ±SO ±1 ±SO nAmax 

Channel ON Leakage I0 , Is (ON) 
ADG428 ±I ±100 ±1 ±100 nAmax 
ADG429 ±I ±SO ±1 ±SO nAmax 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 2.4 Vmin 
Input Low Voltage, ViNL 0.8 0.8 Vmax 
Input Current 

IINL or I1NH ±0.l ±I ±0.l ±1 µAmax 
C1N, Digital Input Capacitance 8 8 pFtyp 

DYNAMIC CHARACTERISTICS2 

tTRANSITION llO llO ns typ 
2SO 300 2SO 300 nsmax 

lo PEN 10 10 nsmin 

toN (EN, WR) llS llS ns typ 
ISO 22S ISO 22S nsmax 

toFF (EN, RS) lOS lOS nstyp 
ISO 300 ISO 300 ns max 

tw, Write Pulse Width 100 100 ns min 
ts, Address, Enable Setup Time 100 100 ns min 
tH, Ac!dress, Enable Hold Time 10 10 nsmin 
tRs• Reset Pulse Width 100 100 ns min 
Charge Injection 4 4 pC typ 

OFF Isolation -7S -7S dB typ 
-60 -60 dBmin 

Channel-to-Channel Crosstalk 8S 8S dB typ 

Cs (OFF) ll ll pF typ 
C0 (0FF) 

ADG428 40 40 pFtyp 
ADG429 20 20 pFtyp 

C0 , Cs (ON) 
ADG428 S4 S4 pF typ 
ADG429 34 34 pFtyp 

POWER REQUIREMENTS 
loo 20 20 µA typ 

100 100 µAmax 

Iss 0.001 0.001 µA typ 
s s µAmax 

NOTES 
'Temperature Ranges are as follows: B Versions: -40°C to +85°C; T Versions: -SS"C to + 12s0c. 
'Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 
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Test Conditions/Comments 

V0 = ±lOV,Is= -lmA 

-IOV <Vs< IOV,Is =-I mA 

Vo= ±10 V, Vs= +10 V; 
Test Circuit 2 
V0 = ±lOV, Vs= +lOV; 
Test Circuit 3 

Vs= V0 = ±10 V; 
Test Circuit 4 

VIN= OorV00 

f=IMHz 

RL = 1 Mn, cL = 3S pF; 
Vs1 = ±10 V, Vs8 = +10 V; 
Test Circuit S 
RL = 1 kn, cL = 3S pF; 
Vs = +S V; Test Circuit 6 
RL = 1 kn, cL = 3S pF; 
Vs = +S V; Test Circuit 7 
RL = 1 kn, cL = 3S pF; 
Vs = +S V; Test Circuit 7 

Vs= +s V 
Vs= OV, Rs= on, CL= lOnF; 
Test Circuit 10 
RL = l kn, CL = IS pF, f = 100 kHz; 
Vs = 7 VRMs• VEN = 0 V; Test Circuit ll 
RL = l kn, CL= IS pF, f = 100 kHz; 
Test'Circuit 12 
f= !MHz 
f= !MHz 

f=lMHz 

VIN= ov, VEN= OV 
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ADG428/ADG429 
SINGLE SUPPLY (V00 = +12 V, V55 = 0 V, GND = 0 V, WR= 0 V, RS= 2.4 V unless otherwise noted) 

B Version T Version 
-40°Cto -ss•c to 

Parameter 2s•c +,ss·c 2s·c +12s•c Uiiits 

ANALOG SWITCH 
Analog Signal Range 0 to V00 0 to V00 v 
RoN 90 90 n cyp 

200 200 nmax 
ARoN 10 10 %max 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.005 ±0.005 nA typ 

±0.5 ±50 ±0.5 ±50 nAmax 
Drain OFF Leakage 10 (OFF) 

ADG428 ±0.015 ±0.015 nA typ 
±1 ±100 ±1 ±100 nA inax 

ADG429 ±0.008 ±0.008 nA typ 
±1 ±50 ±1 ±50 nAmax 

Channel ON Leakage 10 , Is (ON) 
ADG428 ±0.02 ±0.02 nA typ 

±1 ±100 ±1 ±100 nAmax 
ADG429 ±0.01 ±0.01 nA typ 

±1 ±50 ±1 ±50 nAmax 

DIGITAL INPUTS 
Input High Voltage, V,NH 2.4 2.4 Vmin 
Input Low Voltage, ViNL 0.8 0.8 Vmax 
Input Current 
l1NL or l1NH ±1 ±1 µAmax 
C1N, Digital Input Capacitance 8 8 pFtyp 

DYNAMIC CHARACTERISTICS2 

tTRANSITION 250 250 ns typ 
350 450 350 450 nsmax 

to PEN 25 10 25 10 nsmin 

toN(EN, WR) 200 200 nstyp 
300 400 300 400 nsmax 

t0 pp (EN, RS) 80 80 nstyp 
300 400 300 400 nsmax 

tw, Write Pulse Width 100 100 nsmin 
ts, Address, Enable Setup Time 100 100 nsmin 
tH, Address, Enable Hold Time 10 10 nsmin 
tRs• Reset Pulse Width 100 100 nsmin 
Charge Injection 4 4 pCtyp 

OFF Isolation -75 -75 dB typ 
-60 -60 dB min 

Channel-to-Channel Crosstalk 85 85 dB typ 

Cs (OFF) 11 11 pFtyp 
C0 (0FF) 

ADG428 40 40 pFtyp 
ADG429 20 20 pFtyp 

Co, Cs (ON) 
ADG428 54 54 pFtyp 
ADG429 34 34 pFtyp 

POWER REQUIREMENTS 
loo 20 20 µA typ 

100 100 µAmax 

NOTES 
'Temperature Ranges sre as follows: B Versions: -40'C to +8S'C; T Versiom: -SS'C to + 12S'C. 
'Guaranteed by design, not subject to production test. 
Specificatiom subject to change without notice. 
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Test Conditions/Comments 

V0 = +10 V, Is= -500 µA 

0 V <Vs< 10 V, Is= -1 mA 

V0 = lOV/OV, Vs= OV/lOV; 
Test Circuit 2 
V0 = lOV/OV, Vs= OV/lOV; 
Test Circuit 3 

Vs= V0 = lOV/OV; 
Test Circuit 4 

V,N = OorVoo 
f=lMHz 

RL = 1 Mn, cL = 35 pF; 
Vs1 = 10 V/O V, Vs8 = 0 V/10 V; 
Test Circuit 5 
RL = l kO, CL = 35 pF; 
Vs= +5 V; Test Circuit 6 
RL = l kn, CL = 35 pF; 
Vs= +5 V; Test Circuit 7 
RL = 1 kn, cL = 35 pF; 
Vs= +5 V; Test Circuit 7 

Vs= 5V 
Vs= 6 v, Rs= 0 n, CL= 10 nF; 
Test Circuit 10 
RL = 1 kn, CL = 15 pF, f = 100 kHz; 
Vs = 7 VRMS> VEN = 0 V; Test Circuit 11 
RL = 1 kn, cL = 15 pF, f = 1ookHz; 
Test Circuit 12 
f=lMHz 
f=lMHz 

f=lMHz 

VIN= OV, VEN= ov 
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ADG428/ADG429 
ABSOLUTE MAXIMUM RATINGS1 

(TA = +25'C unless otherwise noted.) 
ADG428 PIN CONFIGURATIONS 

V00 to Vss ............................. +44 V 
V00 to GND ..................... -0.3 V to +25 V 
Vss to GND ..................... +0.3 V to -25 V 
Analog, Digital lnputs2 ••••••• V ss - 2 V to V 00 + 2 V or 

30 mA, whichever occurs first 
Continuous Current, S or D .................. 30 mA 
Peak Current, Sor D ...................... 100 mA 
(Pulsed at 1 ms, 10% Duty Cycle Max) 
Operating Temperature Range 

Industrial (B Version) ............... -40°C to +8S°C 
Extended (T Version) .............. -ss•c to +12s0c 

Storage Temperatiire Range ........... -6S0c to + 1S0°C 
Junction Temperature ...................... + lSO°C 
Cerdip Package, Power Dissipation ............. 900 mW 

eJA• Thermal Impedance .................. 73°C/W 

DIP 

RS 
A1 

A2 

GND 

Yoo 

SS 

S6 

S7 

SB 

NC = NO CONNECT 

Lead Temperature, Soldering (10 sec) .......... +300°C 
Plastic Package, Power Dissipation ............. 470 mW ADG429 PIN CONFIGURATIONS 

e1A> Thermal Impedance .................. 115°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

PLCC Package, Power Dissipation ............. 800 mW 
eJA• Thermal Impedance .................. 90°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +21S°C 
Infrared .(IS sec) ...................... + 220°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

20vervoltages at .A, EN, WR, RS, S or D will be clatnped by internal diodes. 
Current should be limited to the maximum ratings given. 

ORDERING GUIDE 

Model1 Temperature Range Package Option2 

ADG428BN -40°C to +ss·c N-18 
ADG428BP -40°c to +8s0 c P-20A 
ADG428TQ -ss·c to + 12s0c Q-18 

ADG429BN -40°C to +8s0c N-18 
ADG429BP -40°c to +8s0c P-20A 
ADG429TQ -ss•c to + 12s·c Q-18 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip. 
For outline information see Package Information section. 

DIP 

RS 
A1 

GND 

Yoo 

S1B 

S2B 

S3B 

S4B 

DB 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

PLCC 

~ I~ 

~ C! !il I!! ~ 
NC = NO CONNECT 

REV.A SWITCHES AND MULTIPLEXERS 7-51 

• 



.ADG428/ADG429 
TERMINOLOGY 

Is (OFF) 

10 (OFF) 

Im Is (ON) 

Vo <Vs) 
Cs (OFF) 

Co (OFF) 

Co,Cs(ON) 

CiN 
toN (EN) 

loFF (JlN) 

traANsrr1o:ioi 

Off Isolation 

Charge 
Injection 

Most positive power supply potential: 

Most negative power supply potential in dual 
sµpplies. In single supply applications, it may 
be connected to ground •. 

Ground (0 V) .reference. 

Ohmic resistance between D and S. 

Difference beriveen the RoN of any two 
channels. 

Source leakage currentwhen the switch is off. 

Drain leakage current when the switch is off. 

Channel leakage current when the switch is 
on. 

Analog voltage on terminals D, S. 

Channel· input capacitance for "OFF" 
condition. 

Channel output capacitance for "OFF" 
condition. 

"ON ... switch capacitance. 

Digital iii.put capacitanee. 

Delay time between the 50% and 90% points 
of the digital input and switch "ON" 
c0µdition. · 

Delay time between the 50% and 90% points 
of the digital input and switch "OFF" 
condition. 

Delay time between the so% and 90% points 
of the digital inputs and the switch "ON" 
condition when switching from one address 
state to another. 

"OFF'' time measured between 80% points of 
both switches when switching from one 
address state to another. 

Maximum input voltage for logic "O". 
Minimum input voltage for logic "1". 

Input current of the digital input. 

A measure of unwanted signal which is 
coupled through from one channel to another 
as a result of parasitic capacitance. 

A measure of unwanted signal coupling 
through an "OFF' channel. 

A measure of the glitch impulse transferred 
from the digital input to the analog output 
during switching. 

Positive supply current. 

Negative supply current. 
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ADG428 Ttuth'Table · 

A2 Al AO EN WR RS ON SWITCH 

Latching 

x 
I 

x x x j. Maintains Previou8 
Switch Condition 

Reset 

x 
I 

x x x x 0 NONE 
(Latches Oeared) 

Transparent Operation 

x x x 0 0 1 NONE 
0 0 0 1 0 1 1 
0 0 l· 1 0 1 2 
0 1 0 1 0 1 3 
0 1 1 1 0 1 4 
1 0 0 1 0 1 s 
1 0 1 1 0 1 6 
1 1 0 1 0 1 7 
1 1 1 1 0 1 8 

ADG429 Trnth Table 

Al AO EN WR RS ON SWITCH PAIR 

Latching 

x x x 
I 

j. Maintains Previous 
Switch Condition 

Reset 

x x x x 0 NONE 
(Latches Oeared) 

Transparent Operation 

x x 0 0 1 l)IONE 
0, 0 1 0 1 1 
0 1 1 0 1 2 
1 0 1 0 1 3 
1 1 1 0 1 4 
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TIMING DIAGRAMS 

~---~~- -~ 
!---- tw --l 

:- "'-: '":--
~~~:------\fl n v-----

ov _____ .... A a.av/\ .... ___ _ 
Figure 1. 

Figure 1 shows the timing sequence for latching the switch 
address and enable inputs. The latches are level sensitive; there
fore, while WR is held low, the latches are transparent and the 
switches respond to the address and enable inputs. This input 
data is latched on the rising edge of WR. 

Typical Characteristics 
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Figure 3. RoN as a Function of V0 {V5): Dual Supply 
Voltage 
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56 

50 

45 

40 
-15 -10 -41 0 10 15 

Yo IYa)-Volla 

Figure 4. RoN as a Function of V0 WsJ for Different 
Temperatures 
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ADG428/ADG429 

3V----

\- -l 
OV I I 

:---i..s-! 
:+--- tomiii> -: 

Yo -------------1 

.\::__ SWITCH 
OUTPUT 

ov 

Figure 2. 

Figure 2 shows the Reset Pulse Width, tRs• and the Reset Turn
off Time, [opp(RS). 

Note: All digital input signals rise and fall times are measured 
from 10% to 90% of 3 V. tr= tf = 20 ns. 
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Figure 5. RoN as a Function of V0 (V5 ): Single Supply 
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Figure 6. RoN as a Function of V0 (V5 ) for Different 
Temperatures 
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ADG428/AOG429 
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Figure 7. Positive Supply Current vs. Switching Frequency 
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Figure 8. Switching Time vs. V1N (Bipolar Supply) 
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Figure 9. Switching Time vs. Bipolar Supply 
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Figure 10. Negative Supply Current vs. Switching 
Frequency 
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Typical Characteristics 

100 ~--------~---,--~ 
95 t----t----+---+---VDD = +15V -
90 Vss = -15V _ 

~ 
85 l---+---===-r-..,---+---+-----4 

!!I 80 t----t----+-........._ _ _,,_-+----+----l 
I 'I\ 

~~ ~ 
~ro1--~-+--~-t-~-+--:I..__-+~----< 

~= \ Ml-~-+-~~+-~-+-~\"-\--1--~--l 

50 t----t----l----+------"~....+----l 

~ 45 t----+----+----+-----lr"o~;:::----1 

40 '-----'---~----'----'-----' 
100 1k 10k 100k 

FREQUENCY - Hz 
1M 

Figure 13. OFF Isolation vs. Frequency 
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r..ANALOG 
Llllll DEVICES 

FEATURES 
44 V Supply Maximum Ratings 
±15 V Analog Signal Range 
Low On Resistance (<24 fl) 
Ultralow Power Dissipation (3.9 µWI 
Low Leakage (<0.25 nA) 
Fast Switching Times 

toN <165 ns 
toFF <130 ns 

Latch-up Proof 
Break-Before-Make Switching Action 
TTL/CMOS Compatible 
Plug-in Replacement for DG411/DG412/DG413 

APPLICATIONS 
Audio and Video. Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG431, ADG432 and ADG433 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC2MOS, trench isolated process 
which provides low power dissipation yet gives high switching 
speed and low on resistance. Trench isolation gives all the bene
fits of dielectric isolation and ensures no latch up even under 
extreme overvoltage conditions. 

The on resistance profile is very flat over the full analog input 
range ensuring excellent linearity and low distortion when 
switching audio signals. Fast switching speed coupled with high 
signal bandwidth also make the parts suitable for video signal 
switching. CMOS construction ensures ultralow power dissipa
tion making the parts ideally suited for portable and battery 
powered instruments. 

The.ADG431, ADG432 and ADG433 contain four independent 
SPST switches. The ADG431 and ADG432 differ only in that 
the digital control logic is inverted. The ADG43 l switches are 
turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG432. The ADG433 
has two switches with digital control logic similar to that of the 
ADG43 l while the logic is inverted on the other two switches. 

Each switch conducts equally well in both. directions when ON 
and has an input signal range which extends to the supplies. In 
the OFF condition, signal levels up to the supplies are blocked. 
All switches exhibit break before make switching action for use 
in multiplexer applications. Inherent in the design is low charge 
injection for minimum transients when switching the digital 
inputs. 
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DI lC2MOS 
Precision Quad SPST Switches 

ADG431 /ADG432/ADG433 I 
FUNCTIONAL BLOCK DIAGRAMS 

S1 

IN1 

01 

S2 

IN2 

02 

S3 

IN3 

03 

S4 

IN4 

04 

SWITCHES SHOWN FOR A LOGIC "1" INPUT 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range 

The ADG431, ADG432 and ADG433 are fabricated on an 
enhanced LC2MOS, trench isolated process giving an 
increased signal range which extends fully to the supply rails. 

2. Ultralow Power Dissipation 

3. Low RoN 

4. Trench Isolation Guards Against Latch-up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions. 

5. Break Before Make Switching 
This prevents channel shorting when the switches are config
ured as a multiplexer. 

6. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG431, ADG432 and ADG433 can be operated from a sin
gle rail power supply. The parts are fully specified with a 
single + 12 V power supply and will remain functional with 
single supplies as low as + S V. 

REV.O 



SPECIFICATIONS1 ADG431/ADG432/ADG433 

Dual Supply (V00 = +15 v ± 10%, Yss = -15 v ± 10%, VL = +5 v ± 10%, GND = o v, unless otherwise noted) 

B Version T Version 
-40°Cto -ss•c to 

Parameter +25°C +ss•c +25°C +12s·c 

ANALOG SWITCH 
Analog Signal Range V00 to Vss V00 to Vss 
RoN, 17 17 

24 26 24 27 
RoN vs, V0 (Vs) 15 15 
RoN Drift 0.5 0.5 
RoN Match 5 5 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.05 ±0.05 

±0.25 ±2 ±0.25 ±15 
Drain OFF Leakage 10 (OFF) ±0.05 ±0.05 

±0.25 ±2 ±0,25 ±15 
Channel ON Leakage 10 , Is (ON) ±0.l ±0.l 

±0.35 ±2 ±0.35 ±17 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 2.4 
Input Low Voltage, ViNL 0.8 0.8 
Input Current 

IINL or IiNH 0.005 0.005 
±0.02 ±0.02 

C1N Digital Input Capacitance 9 9 

DYNAMIC CHARACTERISTICS2 , 

foN 90 90 
165 175 

fopp 60 60 
130 145 

Break-Before-Make Time Delay, t0 25 25 
(ADG433 Only) 

Charge Injection 5 5 

OFF Isolation 68 68 

Channel-to-Channel Crosstalk 85 85 

Cs (OFF) 9 9 
Cn (OFF) 9 9 
Co, Cs (ON) 35 35 

POWER REQUIREMENTS 

loo 0:0001 0.0001 
0.1 0.2 0.1 0.2 

lss 0.0001 0.0001 
0.1 0.2 0.1 0.2 

IL 0.0001 0.0001 
0.1 0.2 0.1 0.2 

Power Dissipation 7.7 7.7 

NOTES 
'Temperature ranges are as follows: B Versions:' -,40"C to +85"C; T Versions: -SS"C to + 125'C. 
'Guaranteed by design, not subject to production test. 

Specifications subject to change .without notice. 
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Units Test Conditions/Comments 

v 
n cyp V0 = ±8,5 V, Is= -10 mA; 
!lmax Von= + 13.5 V, Vss = -13.5 V 
% typ 
%fC typ 
% typ V0 =0V,ls= -lOmA 

V00 = +16.5 V, Vss = -16.5 V 
nA typ V0 = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nA typ V0 = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nA typ V0 =Vs= ±15.5 V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ 
µAmax 

VIN= V1NL ,or V1NH 

pF typ ' 
V00 = +15 V, Vss = -15 V 

ns typ RL = 300 n, cL = 35 pF; 
ns max Vs= ±10 V; Test Circuit 4 
ns typ RL = i!OO n, cL = 35 pF; 
nsmax Vs= ±10 V; Test Circuit 4 
nstyp RL = 300 n, cL = 35 pF; 

Vs1 = Vs2 = +10 V; 
Test Circuit 5 

pCtyp Vs= 0 v, Rs= 0 n, CL= IO nF; 
Test Circuit 6 

dB typ RL = 50 n, CL= 5 pF, f = 1 MHz; 
Test Circuit 7 

dB typ RL = 50 n, cL = 5 pF, f = 1 MHz; 
Test Circuit 8 

pFtyp f=lMHz 
pF typ f=lMHz 
pFtyp f=lMHz 

V00 = +16.5 V, V88 = -16.5 V 
Digital Inputs = 0 V or 5 V 

µA typ 
µAmax 
µA typ 
µAmax 
µA typ 
µAmax 
µWmax 
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ADG431 /ADG432/ADG433 

Single Supply (V00 = +12 V ± 10%, Yss = O V, Vt= +5 V ± 10%, GND = O V, unless otherwise noted) 

B Version T Version 
-40°C to -55°C to 

Parameter +25°C +ss0c +25°C +125°C 

Analog Signal Range 0 V to V00 0 V to V00 

RoN 28 28 
42 45 42 45 

RoN vs. V0 (Vs) 20 20 
RoN Drift 0.5 0.5 
RoN Match s s 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.04 ±0.04 

±0.2S ±1 ±0.2S ±IS 
Drain OFF Leakage 10 (OFF) ±0.04 ±0.04 

±0.2S ±I ±0.2S ±15 
Channel ON Leakage 10 , Is (ON) ±0.01 ±0.01 

±0.3 ±S ±0.3 ±17 

DIGIT AL INPUTS 
Input High Voltage, V,NH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current 

I1NL or I1NH o.oos o.oos 
±0.01 ±0.01 

C1N Digital Input Capacitance 9 9 

DYNAMIC CHARACTERISTICS2 

toN 16S 16S 
240 240 

lo FF 60 60 
llS llS 

Break-Before-Make Time Delay, t0 2S 2S 
(ADG433 Only) 

Charge Injection 2S 2S 

OFF Isolation 68 68 

Channel-to-Channel Crosstalk 85 8S 

Cs (OFF) 9 9 
C0 (OFF) 9 9 
Cm Cs (ON) 35 35 

POWER REQUIREMENTS 

loo 0.0001 0.0001 
0.03 0.1 0.03 0.1 

IL 0.0001 0.0001 
0.03 0.1 0.03 0.1 

Power Dissipation 1.9 1.9 

NOTES 
'Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to + 125°C. 
2Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 

Truth Table (ADG431/ADG432) 

ADG431 In ADG432 In 

0 I 
1 0 

Switch Condition 

ON 
OFF 
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Units Test Conditions/Comments 

v 
n typ 0 < V0 < 8.5 V,.Is = -10 mA; 
nmax V00 = +10.8 V 
% i:yp 
%/°C typ 
% typ V0 = 0 V, Is= -10 mA 

V00 = +13.2 V 
nA typ V0 = 12.2/1 V, Vs= 1/12.2 V; 
nAmax Test Circuit 2 
nA typ V0 = 12.2/1 V, Vs= 1/12.2 V; 
nAmax Test Circuit 2 
nA typ V0 =Vs= +12.2 V/+l V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ v,N = VINL or VINH 
µAmax 
pF typ 

Von= +12V, Vss = OV 
ns typ RL = 300 n, cL = 3S pF; 
nsmax Vs= +8 V; Test Circuit 4 
ns typ RL = 300 n, cL = 3S pF; 
nsmax Vs = +8 V; Test Circuit 4 
ns typ RL = 300 n, cL = 3S pF; 

Vs1 = Vs2 = +10 V; 
Test Circuit S 

pC typ vs = 0 v, Rs = 0 n, CL = 10 nF; 
Test Circuit 6 

dB typ RL =son, CL= 5 pF, f = 1 MHz; 
Test Circuit 7 

dB typ RL = so n, CL = 5 pF, f = I MHz; 
Test Circuit 8 

pF typ f=lMHz 
pF typ f=IMHz 
pFtyp f=lMHz 

V00 = +13.2 V 
Digital Inputs = 0 V or 5 V 

µA typ 
µAmax 
µA typ 
µAmax VL = +5.25 v 
µWmax 

Truth Table (ADG433) 

Logic Switch 1, 4 Switch 2, 3 

0 
I 

OFF 
ON 

ON 
OFF 
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ABSOLUTE MAXIMUM RATINGS' 
(TA = + 2S"C unless otherwise noted) 

V00 to Vss ............................. +44 V 
V00 to GND ..................... -0.3 V to +25 V 
Vss to GND ..................... +0.3 V to -25 V 
VL to GND ................. -0.3 V to V00 + 0.3 V 
Analog, Digital lnputs2 •.....•. V ss - 2 V to V 00 + 2 V or 

30 mA, whichever occurs first 
Continuous Current, S or D .................. 30 mA 
Peak Current, S or D . . . . . . . . . . . . . . . . . . . . . . 100 mA 
(Pulsed at 1 ms, 10% Duty Cycle max) 
Operating Temperature Range 

Industrial (B Version) ............... -40°C to +85°C 
Extended (T Version) .............. -55°C to +125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature ...................... + 150°C 
Cerdip Package, Power Dissipation ............. 900 mW 

OJA> Thermal Impedance .................. 76°C/W 

ADG431/ADG432/ADG433 
Lead Temperature, Soldering (10 sec) .......... + 300°C 

Plastic Package, Power Dissipation ............. 470 mW 
OJA> Thermal Impedance .................. 117°C/W 
Lead Temperature, Soldering (10 sec) .......... +260°C 

SOIC Package, Power Dissipation .............. 600 mW 
0JA> Thermal Impedance .................. 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) .................... +215°C 
Infrared (15 sec) ...................... +220°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

20vervoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
these devices feature proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 

WARNING! g 
~~EDEVICE 

Yoo 
Vss 

VL 
GND 
s 
D 
IN 

RoN 
RoNvs. V0 (Vs) 

RoN Drift 
RoN Match 
Is (OFF) 
10 (OFF) 
10 , Is (ON) 
Vo CVs) 

REV.O 

PIN CONFIGURATION 
(DIP/SOIC) 

ORDERING GUIDE 

Model1 Temperature Range Package Option2 

ADG431BN -40°c to +85'C N-16 
ADG431BR -40°c to +85'C R-16A 
ADG431TQ -5s0c 10 + 125°c Q-16 

ADG432BN -40°c to +85'C N-16 
ADG432BR -40°c to +85'C R-16A 
ADG432TQ -55°C to + 125°c Q-16 

ADG433BN -40°c to +85'C N-16 
ADG433BR -40°c to +85'C R-16A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 

TERMINOLOGY 

Most positive power supply potential. 
Most negative power supply potential in dual 
supplies. In single supply applications, it may be 
connected to GND. 
Logic power supply (+5 V). 
Ground (0 V) reference. 
Source terminal. May be an input or output. 
Drain terminal. May be an input or output. 
Logic control input. 
Ohmic resistance between D and S. 
The variation in RoN due to a change in the 
analog input voltage with a constant load current. 
Change i~ RoN vs. temperature. 
Difference between the RoN of any two switches. 
Source leakage current with the switch "OFF." 
Drain leakage current with the switch "OFF." 
Channel leakage current with the switch "ON." 
Analog voltage on terminals D, S. 

Cs (OFF) 
C0 (OFF) 
C0 , Cs (ON) 
C1N 
loN 

to FF 

to 

Crosstalk 

Off Isolation 

Charge 
Injection 

"OFF" switch source capacitance. 
"OFF" switch drain capacitance. 
"ON" switch capacitance. 
Input Capacitance to ground of a digital input. 
Delay between applying the digital control input 
and the output switching on. 
Delay between applying the digital control input 
and the output ·switching off. 
"OFF" time or "ON" time measured between the 
90% points of both switches, when switching 
from one address state to another. 
A measure of unwanted signal which is coupled 
through from one channel to another as a result 
of parasitic capacitance. 
A measure of unwanted signal coupling through 
an "OFF" switch. 
A measure of the glitch impulse transferred from 
the digital input to the analog output during 
switching. 
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ADG43.1/ADG432/AD.G433 

Typical Performance Graphs 

TA= +25°C 

VL = +5V 
401-----+-----+------+-----1 

a 30>------+------1------+-----< 
Yoo = +SV 

20 

-20 -10 

Vss = -sv 

V00 = +15V 
v55 = -15V 

0 10 

V0 ORV6 -DRAIN OR SOURCE VOLTAGE-V 

20 

Figure 1. On Resistance as a Function of V0 fVsJ Dual 
, Supplies 

Cl 
I 

,; 

50 

40 I---

30 

20 

10 

0 
-20 

V00 ! +15V 

. 

v55 =-15V 

VL = +SV 

........ .f.125°C 

~ ~ ~ +85°C 

K +25"C 
~ 

-10 0 10 20 

Vo OR Vs -DRAIN OR SOURCE VOLTAGE-V 

Figure 2. On Resistance as a Function of V0 (V5 ) for 
Different Temperatures 

10 .-----.-----........ --......---..----. 
Yoo= +1SV 
v55 = -15V 

VL = +SV 

0.001 L...--'-----'--~---'----'------' 
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TEMPERATURE - °C 

Figure 3. Leakage Currents as a Function of Temperature 
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v00 = +1SV 

10 !-----+-----+--- Vss = ov 

o'------'-----'------'-----' 
0 10 15 20 

VoORVs- DRAINORSOURCEVOLTAGE -V 

Figure 4. On Resistance as a Function of V0 (V5 ) Single 
Supply 

Yoo= +15V -4 SW 
10mA Vss =,-15V - 1 SW -+----+---+--=-'· 

VL = +SV 

~ i 100µA 

100nAb:==::::l==~:I:::::::J. __ _l_ __ i_ _ _j 
10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 5. Supply Current vs. Input Switching Frequency 

0.04 .....----......----........ -------~ 

-0.04 
-20 

V00 = +15V 

Yss =-15V 

TA= +25°C ---'-"'-----I:.-~----' 
VL = +SV 
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Figure 6. Leakage Currents as a Function of V0 (V5 ) 
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Figure 7. Off Isolation vs. Frequency 
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Figure 8. Crosstalk vs. Frequency 

TRENCH ISOLATION 
In the ADG431, ADG432 and ADG433, an insulating oxide 
layer (trench) is placed between the NMOS and the PMOS tran
sistors of each CMOS switch. Parasitic junctions, which occur 
between the transistors in Junction Isolated switches, are elimi
nated, the result being a completely latch-up proof switch. 

In Junction Isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in tum, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 

Trench Isolation also leads to lower leakage currents. The 
ADG431, ADG432 and ADG433 have a leakage current of 
0.25 nA as compared with a leakage current of several nanoamps 
in non-Trench Isolated switches. Leakage current is an impor
tant parameter in sample-and-hold circuits, this current being 
responsible for the discharge of the holding capacitor with time 
causing droop. The ADG431/ADG432/ADG433's low leakage 
current, along with its fast switching speeds, make it suitable for 
fast and accurate sample-and-hold circuits. 

REV.O 

ADG431 /ADG432/ADG433 

NMOS PMOS 

LOCOS 

SUBSTRATE (BACKGATE) 

Figure 9. Trench Isolation 

APPLICATION 
Figure 10 illustrates a precise, fast sample-and-hold circuit. An 
AD845 is used as the input buffer while the output operational 
amplifier is an AD711. During the track mode, SWl is closed 
and the output VouT follows the input signal VIN. In the hold 
mode, SW! is opened and the signal is held by the hold capaci
tor CH. 

Due to switch and capacitor leakage, the voltage on the hold 
capacitor will decrease with time. The ADG431/ADG432/ 
ADG433 minimizes this droop due to its low leakage specifica
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 30 µ V/µs. 

A second switch SW2, which operates in parallel with SWl, is 
included in this circuit to reduce pedestal error. Since both 
switches will be at the same potential, they will have a differen
tial effect on the op amp AD711 which will minimize charge 
injection effects. Pedestal error is also reduced by the compensa
tion network Re and Cc. This compensation network also 
reduces the hold time glitch while optimizing the acquisition 
time. Using the illustrated op amps and component values, the 
pedestal error has a maximum value of 5 m V over the ± 10 V 
input range. Both the acquisition and settling times are 850 ns. 

v,. 

Figure 10. Fast, Accurate Sample-and-Hold 
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ADG431/ADG432/ADG433 

Test Circuits 
1os -

S D 

s D 

Test Circuit 1. On Resistance Test Circuit 2. Off Leakage Test Circuit 3. On Leakage 

+5V 

-""'v'-oo--V_.L_o~·~ 
s D 

3V 

VIN ~ 50% . r;;;::-""'"""'' ~""""' 
I I 

...... ~:'r.:----1._ . 
VIN ~50% ··~ 

I I 

VoUT ---+:__,f:90% : t_ 
I I I I 

--i ~ ..... , i--
loN toFF 

Test Circuit 4. Switching Times 

3V 

VL 

Ys1---S~.1+-<rio--~D~1------'-----4--V-oouTI 
~-- . 

50% 50% 
ov 

.Ysz ___ s;,;2+--o-t"r>-~-02 ... ____ v_ooUTZ Youn 
ov 

Yourz 903· 
ov I I 
- - - - -t.-1-:--,_,..._ ___ -.J1 

-i to I+- -i lo !+-

Test Circuit 5. Break-Before-Make Time Delay 

+15V +5V 

3V 

D 

Yss 

-1511 
Test Circuit 6. Charge Injection 
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Test Circuit 7. Off Isolation 
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ADG431/AOG432/AOG433 

SOQ 

--~--

Your 
o-----A-----'".....:.S--Cl'1:>--~D-+----++--<> NC 

- -~- - ._G..,N_o __ '""'-_. 
--~--

CHANNEL TO CHANNEL 

CROSSTALK 

= 20 x LOGIYsNouT I 
Test Circuit 8. Channel-to-Channel Crosstalk 
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NANALOG 
WDEVICES 

FEATURES 
44 V Supply Maximum Ratings 
Vss to V00 Analog Signal Range 
Low On Resistance (< 70 QI 
Low 8RoN (9 Q maxi 
Low RoN Match (3 Q max) 
Low Power Dissipation 
Fast Switching Times 

toN < 110 ns 
toFF < 60 ns 

Low Leakage Currents ( 3 nA maxi 
Low Charge Injection 16 pC maxi 
Break-Before-Make Switching Action 
LatchcUp Proof 
Plug-In Upgrade for 

DG201A/ADG201A, DG202A/ADG202A, 
DG211/ADG211A 

Plug in Replacement for DG441/DG442/DG444 

APPLICATIONS 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Battery Powered Systems 
Sample Hold Systems 
Communication Systems 

GENERAL DESCRIPTION 
The ADG441, ADG442 and ADG444 are monolithic CMOS 
devices comprising four independently selectable switches. They 
are designed on an enhanced LC2MOS process that provides 
low power dissipation yet gives high switching speed and low on 
resistance. 

The on resistance profile is very flat over the full analog input 
range ensuring good linearity and low distortion when switching 
audio signals. High switching speed also makes the pans suit
able for video signal switching. CMOS construction ensures 
ultralow power dissipation making the parts ideally suited for 
portable and battery powered instruments. 

The ADG441, ADG442 and ADG444 contain four indepen
dent SPST switches. Each switch of the ADG44 l and ADG444 
turns on when a logic low is applied to the appropriate control 
input. The ADG442 switches are turned on with a logic high on 
the appropriate control input. The ADG44 l and ADG444 
switches differ in that the ADG444 requires a 5 V logic power 
supply which is applied to the VL pin. The ADG441 and 
ADG442 do not have a VL pin, the logic power supply being 
generated internally by an on-chip voltage generator. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 
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LC2MOS Quad SPST Switches 
ADG441/ADG442/ADG444 I 

FUNCTIONAL BLOCK.DIAGRAMS 

S1 S1 

IN1 IN1 

01 01 

S2 S2 

IN2 IN2 

D2 D2 

S3 S3 

IN3 IN3 

03 00 
S4 S4 

IN4 IN4 

04 04 

SWITCHES SHOWN FOR A LOGIC "1" INPUT 

Each switch conducts equally well in both directions when ON 
and has an input signal range that extends to the power sup
plies. In the OFF condition, signal levels up to the supplies are 
blocked. All switches exhibit break-before-make switching action 
for use in multiplexer applications. Inherent in the design is low 
charge injection for minimum transients when switching the 
digital inputs. 

PRODUCT HIGHLIGHTS 
I. Extended Signal Range 

The ADG441/ADG442/ADG444 are fabricated on an en
hanced LC2MOS, trench-isolated process, giving an in
creased signal range that extends to the supply rails. 

2. Low Power Dissipation 

3. Low RoN 
4. Trench Isolation Guards Against Latch Up 

A dielectric trench separates the P and N channel transistors 
thereby preventing latch up even under severe overvoltage 
conditions. 

5. Break-Before-Make Switching 
This prevents channel shorting when the switches are config
ured as a multiplexer. 

6. Single Supply Operation 
For applications where the analog signal is unipolar, the 
ADG441/ADG442/ADG444 can be operated from a single 
rail power supply. The parts are fully specified with a single 
+12 V power supply. 
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SPECIFICATIONS1 ADG441/ADG442/ADG444 

Dual Supply <Yoo= +15 v ± 10%, Yss= -15 V± 10%, Yt = +5 V± 10% (AOG444), GND = o v, unless otherwise noted) 

B Version TVersion 
-40'Cto 

Parameter +2S'C +8S'C +2S°C 

ANALOG SWITCH 
Analog Signal Range Vss to Vm> 
R,_lN 40 40 

70 85 70 
i\RoN 4 

9 
RoN Match I 

3 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.01 ±0.01 

±0.5 ±3 ±0.5 
Drain OFF Leakage 10 (OFF) ±0.01 ±0.01 

±0.5 ±3 ±0.5 
Channel ON Leakage In, Is (ON) ±0.08 ±0.08 

±0.5 ±3 ±0.5 

DIGITAL INPUTS 
Input High Voltage, V1NH 2.4 
Input Low Voltage, ViNL 0.8 
Input Current 

In<Lor Illrn ±0.00001 
±0.5 

DYNAMIC CHARACTERISTICS' 
tos 85 85 

110 170 110 
lo FF 45 45 

60 80 60 
loPES 30 30 
Charge Injection 1 1 

6 6 

OFF Isolation 60 60 

Channel-to-Channel Crosstalk 100 100 

Cs (OFF) 4 4 
Cn(OFF) 4 4 
Cn,Cs(ON) 16 16 

POWER REQUIREMENTS 
Inn 

ADG441/ADG442 80 
ADG444 0.001 0.001 

I 2.5 I 
Iss 0.0001 0.0001 

1 2.5 1 
IL (ADG444 Only) 0.001 0.001 

1 2.5 1 

NOTES 
1Temperature ranges are as follows: B Versions: -40°G to +8~°C; T Versions: -55°C to + l 25°C. 
2Guaranteed by design, not subject to production test. 

Specifications subject to change without notice. 
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-SS°C to 
+12S'C 

Vss to Vno 

85 
4 
9 
1 
3 

±20 

±20 

±40 

2.4 
0.8 

±0.00001 
±0.5 

170 

80 

80 

2.5 

2.5 

2.5 

Units Test Conditions/Comments 

v 
Utyp V0 = ±8.5 V, Is= -iO mA 
nmax Von= +13.5 V, Vss = -13.5 V 
Utyp -8.5 V ~ V0 ~ +8.5 V 
nmax 
n IYP V0 = OV, ls=-lOmA 
nmax 

Von= +16.5 V, Vss = -16.5 V 
nA typ V0 = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nA typ Vn = ±15.5 V, Vs= +15.5 V; 
nAmax Test Circuit 2 
nAtyp Vs=V0 =±15.5V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ V1N = V1NL or V1NH 
µAmax 

ns typ RL = 1 kn, CL= 35 pF; 
ns max Vs=± 10 V; Test Circuit 4 
ns typ RL = 1 kn, CL= 35 pF; 
ns max Vs= ±10 V; Test Circuit 4 
ns typ RL = 1 kn, CL= 35 pF; 
pC typ vs = 0 v, Rs = 0 n, CL= 1 nF; 
pCmax Von= +15 V, Vss = -15 V; 

Test Circuit 5 
dB typ RL = 50 n, cL = 5 pF; 

f = 1 MHz; Test Circuit 6 
dB typ RL = 50 n, cL = 5 pF; 

f = 1 MHz; Test Circuit 7 
pF typ f= 1 MHz 
pF typ f= I MHz 
pF typ f= I MHz 

V00 = +16.5 V, Vss = -16.5 V 
Digital Inputs = 0 V or 5 V 

µAmax 
µA typ 
µAmax 
µA typ 
µAmax 
µA typ VL= +5.5V 
µAmax 
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ADG441/ADG442/ADG444. 

Single Supply <Yoo,. +12 v ± 10'%, Vss,. o v, VL = +5 V± 10% (~DG444), GND .. o V, unless otherwise noted) 

B Version T Version 
-40°C to -55°C to 

Parameter +25°C +ss0 c +25°C +125°C Units. Test Conditions/Comments 

ANALOG SWITCH 
Analog Signal Range 0 to V00 0 to V00 v 
RoN 70 70 Q typ Vo= +3 V, +8 V, Is= -10 mA; 

110 1:50 110 130 Qmax Voo = +10.8 V 
ARoN 4 4 Q typ +3V$V0 $+8V 

9 9 ilmax 
RoN Mafrh I I Q typ V0 =6V,ls=-IOmA 

3 3 Qmax 

LEAKAGE CURRENT Voo = +13.2 V 
Source OFF Leakage Is (OFF) ±0.01 ±0.01 nA typ V0 = 12.2 Vil V, Vs= I V/12.2 V; 

±0.5 ±3 ±0.5 ±20 nAmax Test Circuit 2 
Drain OFF Leakage 10 (OFF) ±0.01 ±0.01 nA typ V0 = 12.2 V/l V, Vs= 1 V/12.2 V; 

±0.5 ±3 ±0.5 ±20 nAmax Test Circuit 2 
Channel ON Leakage 10 , ls (ON) 

. 
±0.08 ±0.08 nA typ Vs= V0 = 12.2 V/l V; 
±0.5 ±3 ±0.5 ±40 nAmax Test Circuit 3 

DIGITAL INPUTS 
Input High Voltage, ViNH 2.4 2.4 Vmin 
Input Low Voltage,.V1NL 0.8 0.8 Vmax 
Input Current 

I1NL or I1NH ±0.00001 ±0.00001 µA typ V1N = V1NL or V1NH 
±0.5 ±0.5 µAmax 

DYNAMIC CHARACTERISTICS' 
to~ 105 105 ns typ RL = I kQ, CL= 35 pF; 

150 220 150 220 ns max Vs= +8 V; Test Circuit 4 
to FF 40 40 ns typ RL = I ill, CL= 35 pF; 

60 ioo 60 100 ns max Vs= +8 V; Test Circuit 4 
lo PE:-\ 50 50 ns typ RL = I kQ, CL = 35 pF; 
Charge Injection 2 2 pC typ Vs = 6 V, Rs = 0 Q, CL= I nF; 

6 6 pCmax V00 = +12V, Vss=OV; 
Test Circuit 5 

OFF Isolation 60 60 dB typ RL = 50 Q, CL= 5 pF, f= 1 MHz; 
Test Circuit 6 

Channel-to-Channel Crosstalk 100 100 dB typ RL = 50 n, CL= 5 pF,f =·I MHz; 
Test Circuit 7 

Cs (OFF) 7 7 pF typ f= I MHz 
C0 (OFF) 10 10 pF typ f= I MHz 
Co, Cs (ON) 16 16 pF typ f= I MHz 

POWER REQUIREMENTS Von= +13.2 V 
loo Digital Inputs = 0 V or 5V 

ADG441/ADG442 80 80 µAmax 
ADG444 0.001 0.001 µA typ 

I 2.5 1 2.5 µAmax 
IL (ADG444 Only) 0.001 0.001 µA typ VL = +5.5 V 

1 2.5 1 2.5 µAmax 

NOTES 
1Temperature ranges are·as follows: B Versions: -40°C to +85°C; T Versions: -55°C to +125°C. 
2Guaranteed by design, not subject to production rest. 

ORDERING GUIDE 

Specifications subject to change without notice. 

Table I. Truth Table 

ADG441/ADG444 ADG442 Switch 
IN IN Condition 

0 ON 
I 0 OFF 
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Model1 

ADG441BN 
ADG441BR 
ADG441TQ 

ADG442BN 
ADG442BR 

ADG444BN 
ADG444BR 

NOTES 

Temperature Range Package Option2 

-40°C to +85°C 
-40°C to +85°C 
-55°C to+ 125°C 

-40°C to +85°C 
-40°C to +85°C 

-40°C to +85°C 
-40°C to +85°C 

N-16 
R-16A 
Q-16 

N-16 
R-16A 

N-16 
R-16A 

1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N =Plastic DIP, R = 0.15" Small Outline IC (SOIC), Q = Cerdip. For outline 
information see P3.ckage Information section. 
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ABSOLUTE MAXIMUM RATINGS' 
(TA= +25°C unlesS otherwise noted) 

Voo to Vss ................................... +44 V 
Voo to GND ......... , ................ -0.3V to +25 V 
Vss to GND .... ; .......... : ........... +0.3 V to -25 V 
VL to GND ...................... -0.3 V to V00 + 0.3 V 
Analog, Digital Inputs2 ............ Vss - 2 V to V00 + 2 V 

or 30 mA, Whichever Occurs First 
Continuous Current, S or D . . . . . . . . . . . . . . . . . . . . . 30 mA 
Peak Current, S or D ..... .' . . . . . . . . . . . . . . . . . . . . I 00 mA 

(Pulsed at I ms, I 0% Duty Cycle Max) 
Operating Temperature Range 

Industrial (B Version) .................. -40°C to +85°C 
Extended (T Version) ................ -55°C to+ 125°C 

Storage Temperature Range· ............. -65°C to + l 50°C 
Junction Temperature ......................... + l 50°C 
Cerdip Package, Power Dissipation ............... 900 mW 
01A, Thermal Impedance ....................... 76°C/W 
Lead Temperature, Soldering (10 sec) ............. +300°C 
Plastic Package, Power Dissipation ............... 470 mW 
01A> Thermal Impedance ...................... ! 77°C/W 
Lead Temperature, Solderirig (IO sec) ............. +260°C 
SOIC Package, Power Dissipation ................ 600 mW 
01A> Thermal Impedance ....................... 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ........................ +2 ! 5°C 
Infrared (15 sec) ............................ +220°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. .This is a stress. rating only and functional 
Operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. Only 
one absolute maximum rating may be applied at any one time. 

20vervoltages at IN, S or D will be clamped by internal diodes. Current should be 
limited to the maximum ~atings given. 

Voo 

Vss 

VL 
GND 

s 
D 
IN 

RoN 
RoN Match 

Is (OFF) 

lo (OFF) 

lo, Is (ON) 

Vo (Vs) 
Cs (OFF) 

Co (OFF) 

Co, Cs(ON) 

toN 

to FF 

to PEN 

Crosstalk 

Off Isolation 

Charge 
Injection 

ADG441/ADG442/ADG444 
TERMINOLOGY 

Most Positive Power Supply Potential. 

Most Negative Power Supply Potential in dual 
supplies. In single supply applications, it may be 
connected to ground. 
Logic Power Supply (+5 V). 

Ground (0 V) Reference. 

Source Terminal. May be an input or output. 

Drain Terminal. May be an input or output. 
Logic Control Input. 

Ohmic resistance between D and S. 

Difference between the RoN of any two channels. 
Source leakage current with the switch "OFF." 

Drain leakage current with the switch "OFF." 

Channel leakage current with the switch "ON." 
Analog voltage on terminals D, S. 

"OFF" Switch Source Capacitance. 

"OFF" Switch Drain Capacitance. 
"ON" Switch Capacitance. 

Delay between applying the digital control 
input and the output switching on. 
Delay between applying the digital control 
input and the output switching off. 
BreakcBefore-Make Delay when switches arc 
configured as a multiplexer. 
A measure of unwanted signal which is coupled 
through from one channel to another as a result 
of parasitic capacitance. 
A measure of unwanted signal coupling through 
an "OFF" switch. 
A measure of the glitch impulse transferred from 
the digital input to the analog output during 
switching. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~G 
ESD SENSITIVE DEVICE 

ADG441/ADG442 PIN CONFIGURATION (DIP/SOIC) ADG444 PIN CONFIGURATION (DIP/SOIC) 

NC = NO CONNECT 
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ADG441/ADG442/ADG444 
TRENCH ISOLATION 
In the.ADG441, ADG442 and ADG444, an insulating oxide 
layer (trench) is placed between the NMOS and the PMOS 
transistors of each CMOS switch. Parasitic junctions, which oc
cµr betw.een the' tran.sistors in junction isolated switches, are 
eliminated, the result being a completely latch-up proof switch. 

In junction isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode that is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode be.comes forward biased. A silicon-controlled rectifier 
(SCR) type circuit is formed by the two transistors causing a sig
nificant amplification of the current which, in tum, leads to 
latch up. With trench isolation, this diode is removed, the result 
being a latch-up proof switch. 

Trench isolation also leads to lower leakage currents. The 
ADG441, ADG442 and ADG444 have a leakage current 
of 0.5 nA as compared with a leakage current of several 
nanoamperes in non-trench isolated switches. Leakage current is 
an important parameter in sample-and-hold circuits, this current 
being responsible for the discharge of the holding capacitor with 
time causing droop. The ADG441/ADG442/ADG444's low 
leakage c'ilrrent, along with its· fast switching speeds, make it 
suitable for fast and accurate sample-and-hold ·circuits. 

Typical Performanc·e Characteristics 

Cl 
I 
z 60 1---+----+---
rf 

Voo•+15V 
Vss = -15V 

20 ..._ _ _.... _____ ..._ _ _._ __ _._ _ __. 

-15 -10 -5 0 10 15 
·VolYs> -voll8 · 

Figure 2. RoN as a Function of V0 <VsJ: Dual Supply 
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LOCOS 

Figure 1. Trench Isolation 
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Cl 

!! 
90 

a: 
70 

50 

30 Yoo•+15V 
V18 • OV 

10 
0 3 6 9 12 ;s 

Yo IVs> -Voll8 

Figure 3. · RoN as a Function of V0 <VsJ: Single Supply 
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a 

V00 = +15V 
Vss =-15V 

801---+---+---+---+---+-----I 

li5 60 i--.--+---+---+---+---+----.~ 
a: 

20'-__ .._ __ .._ __ .._ __ ..__ __ ..__ _ __. 

-15 -10 -5 10 15 
V0 (V5)-Volts 

Figure 4. RoN as a Function of V0 fVsJ for Different 
Temperatures 

--0.02'---.._ __ .._ __ .._ __ .._ __ .._ _ __. 

-15 -10 -5 10 15 

Figure 5. Leakage Currents as a Function of Vs WoJ 

10k 100k 
FREQUENCY - Hz 

1M 10M 

Figure 6. Crosstalk and Off Isolation vs. Frequency 
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ADG441/ADG442/ADG444 

120 

V00 = +12V 
V56 :OV 

100 

80 a 
I 

i5 
a: +as0 c 

60 

40 

20 
0 10 12 

Figure 7. RoN as a Function of V0 fVsJ for Different 
Temperatures 

0.010 ~--.---.---.---.---.--~ 

~ 0.005 
I 

ffi 
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u 
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~ 
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--0.010 '---'---'---'----'----'----' 
0 10 12 

Figure 8. Leakage Currents as a Function of Vs WoJ 
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Figure 9. Charge Injection vs. Source Voltage 
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FEATURES 
44V. Supply Maximum Rating 
Vss to Voo Analog Signal Range 
Single/Dual Supply Specifications 
Wide Supply Ranges (10.BV to 16.SV) 
Extended Plastic Temperature Range 

I - 4o•c to + ss•c1 
Low Power Dissipation (28mW maxi 
Low Leakage (20pA typ) 
Available in 16-Lead DIP/SOIC and 

20-Lead PLCC/LCCC Packages 
Superior Alternative to: 

DGSOBA, HI-SOB 
DG509A, Hl-509 

CMOS 
4/8 Channel Analog Multiplexers 

81 

11 
11 
11 
11, 
11 

ADG508A/ ADG509A I 
FUNCTIONAL BLOCK DIAGRAMS 

DECODER 

AO A1. A2 EN AO A1 EN 

GENERAL DESCRIPTION ORDERING GUIDE 
The ADGS08A and ADGS09A are CMOS monolithic analog 
multiplexers with 8 channels and dual 4 channels respectively. 
The ADGS08A switches one of 8 inputs to a common output 
depending on the state of three binary addresses and an enable 
input. The ADGS09A switches one of 4 differential inputs to a 
common differential output depending on the state of two binary 
addresses and an enable input. Both devices have TTL and SV 
CMOS logic compatible digital inputs. 

The ADGS08A and ADGS09A are designed on an enhanced 
LC2 MOS process which gives an increaSed signal capability of 
V ss to V DD and enables operation over a wide range of supply 
voltages. The devices can comfortably operate anywhere in the 
l0.8V to 16.SV single or dual supply range. These multiplexers 
also feature high switching speeds and low RoN· 

PRODUCT HIGHLIGHTS 
1. Single/Dual Supply Specifications with a Wide Tolerance: 

The devices are specified in the l0.8V to 16.SV range for 
both single and dual supplies. 

2. Extended Signal Range: 
The enhanced LC2MOS processing results in a high breakdown 
and an increased analog signal range of V ss to V DD· 

3. Break-Before-Make Switching: 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

4. Low Leakage: 
Leakage currents in the range of 20pA make these multiplexers 
suitable for high precision circuits. 

This is an abridged data sbeet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Temperature Package 
Model1 Range Option2 

ADGS08AKN -40°C to+ ss·c N-16 
ADGS08AKR -40°C to+ ss•c R-16A 
ADGSOSAKP -40°Cto +ss·c P-20A 
ADGS08ABQ -40°C10 +ss•c Q-16 
ADGS08ATQ - ss·c to + 1ZS0c Q-16 
ADGS08ATE - ss·c to + 12s0c E-20A 

ADGS09AKN .., 40°C to + ss·c N-16 
ADGS09AKR - 40°c to + ss·c R-16A 
ADG509AKP - 40°C to + ss·c P-20A 
ADGS09ABQ -40°C10 +ss•c Q-16 
ADGS09ATQ - ss0c10 + 12s0c Q-16 
ADGS09ATE - ss·c to + 12s0c E-20A 

NOTES 
1To order MIL-STD-883, Class B processed parts, add 
/883B to part number. See Analog Devices Military ' 
Products Databook (1990) for military ciata sheet. 

2E = Leadless Ceramic Chip Carrier (LCCC); N = 
Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); 
Q = Cerdip; R = 0.15" Small Outline IC (SOIC). 
For outline information see Package Information section. 
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SPECIFICATIONS ADG508A/AOG509A 

DUAL SUPPLY (V00 = + 10.BV to + 16.5V, Yss = -10.BV to -16.5V unless otherwise noted.) 

ADG508A 
ADG509A 
KVenion 

-40°Cto 
Parameter +25"C +ss•c 

ANALOG SWITCH 
Analog Signal Range Vss Vss 

Von Von 

RoN 280 
450 600 
300 400 

RoNDrift 0.6 
RoNMatch 5 

Is (OFF),Offlnput Leakage 0.02 
I 50 

In (OFF), Off Output Leakage 0.04 
ADG508A I 100 
ADG509A I 50 

I0 (0N),OnChannelLeakage 0.04 
ADG508A I JOO 
ADG509A I 50 

ImFF, Differential Off Output 
Leakage (ADG509A only) 25 

DIGITAL CONTROL 
V INH> Input High Voltage 2.4 
VINL, Input Low Voltage 0.8 
IINLorIINH I 
c,N Digital Input Capacitance 8 

DYNAMIC CHARACTERISTICS 

tTRANsmoN 
I 200 

300 400 

loPEN I 50 
25 10 

toN(EN)1 200 
300 400 

toFF(EN)1 200 
300 400 

OFF Isolation 68 
50 

C5 (0FF) 5 
Co(OFF) 

ADG508A 22 
ADG509A 11 

QINJ• Charge Injection 4 

POWER SUPPLY 
Inn 0.6 

1.5 

Iss 20 
0.2 

Power Dissipation JO 
28 

NOTE 
1Somplclal0dat2S'Ctoeaawecomplianc:e. 

Spocificatiom subject to c:banae without notice. 
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ADG508A 
ADG509A 
BVersion 

-40"Cto 
+25"C +ss•c 

Vss Vss 
Von Von 

280 
450 600 
300 400 

0.6 
5 

0.02 
I 50 

0.04 
I 100 
I 50 

0.04 
I JOO 
I 50 

25 

2.4 
0.8 
I 

8 

200 
300 400 

50 
25 JO 

200 
300 400 

200 
300 400 

68 
50 

5 

22 
11 
4 

0.6 
1.5 

20 
0.2 

JO 
28 

ADGSOSA 
ADG509A 
TVersion 

-SS"Cto 
+25"C +125"C Units Comments 

Vss Vss Vmin 
Von Von Vmax 

280 Otyp ti - lOV<>Vs<> + 10V,I08 = lmA; TestCircui 
450 600 Omax 

Omax Von= 15V(± 10%), Vss= -15V(± 10%) 
300 400 Omax Von= 15V(±5%), Vss= -15V(±5%) 
0.6 %/"Ctyp Vs=O,I08 = lmA 
5 %typ -IOV<>Vs<>+ IOV,I08 = lmA 

0.02 nAtyp VI= ±IOV,V2=+10V;TestCircuit2 
I 50 nAmax 

0.04 nAtyp VI=± IOV, V2= +IOV;TestCircuit3 
I JOO nAmax -I 50 nAmax 

0.04 nAtyp VI =V2= ± JOV;TestCircuit4 
I JOO nAmax 
I 50 nAmax 

25 nAmax VI=± JOV, V2= +10V;TestCircuit5 

2.4 Vmin 
0.8 Vmax 
I µAmax VIN=OtoVnn 

8 pFmax 

200 nstyp VI=± JOV, V2= +lOV; TestCircuit6 
300 400 nsmax 

50 nstyp TestCircuit7 
25 10 nsmin 

200 nstyp Test Circuit 8 
300 400 nsmax 

200 nstyp Test Circuit 8 
300 400 nsmax 

68 dBtyp VEN=0.8V,RL= lkO,CL = 15pF, 
50 dB min V8 =7Vrms,f= IOOkHz 

5 pFtyp VEN=0.8V 

22 pFtyp VEN=0.8V 
11 pFtyp 
4 pCtyp Rs=OO, V8 =0;TestCircuit9 

0.6 mAtyp VIN=VINLorVINH 
1.5 mAmax 

20 µAtyp VIN=VINLorVINH 
0.2 mAmax 

JO mWtyp 
28 mW max 

SWITCHES AND MULTIPLEXERS 7-71 



ADG508A/ADG509A 
SINGLE SUPPLY (Y00 = +10.BY to +16.5Y, Yss = GND =DY unless otherwise noted.) 

ADGSOSA ADGSOSA ADGS08A 
ADGS09A ADGS09A ADGS09A 
KYersion BYersion TYersion 

-40"Cto -,.40°Cto -SS"Cto 
Parameter +25"C +85"C +25"C +8S"C +2S"C + 12S"C 

ANALOG SWITCH 
Analog Signal Range GND 

Yoo 
RoN soo 

700 
RoNDrift 0.6 
RoNMatch s 
ls(OFF),OfflnputLeakage 0.02 

I 

lo(OFF),OffOutputLeakage 0.04 
ADGSOSA I 
ADG509A I 

lo(ON), On Channel Leakage 0.04 
ADGSOSA I 
ADG509A I 

ImFF, Differential Off Output 
Leakage (ADG509A only) 

DIGITAL CONTROL 
YINH,InputHigh Voltage 
VINL, Input Low Voltage 
IINLorllNH 
C1N Digital Input Capacitance 8 

DYNAMIC CHARACTERISTICS 
tTRANSmON 

I 300 
450 

loPEN 
I 50 

2S 

toN(EN)1 250 
450 

toFF(EN)1 250 
450 

OFF Isolation 68 
50 

Cs(OFF) 5 
Co(OFF) 

ADG508A 22 
ADG509A II 

Q1NJ• Charge Injection 4 

POWER SUPPLY 
loo 0.6 

Power Dissipation 10 

NOTE 
1Sample tested at 25°C to Cnsure compliance. 
Specifications subject to change without notice. 

TERMINOLOGY 

GND GND GND GND 
Yoo Voo Yoo Voo 

soo soo 
1000 700 1000 700 

0.6 0.6 
5 5 

0.02 0.02 
50 I so I 

0.04 0.04 
100 I 100 I 
50 I so I 

0.04 0.04 
100 I 100 I 
50 I 50 I 

25 2S 

2.4 2.4 
0.8 0.8 
I I 

8 8 

300 300 
600 450 600 450 

50 so 
10 25 10 25 

2SO 250 
600 450 600 450 

250 250 
600 450 600 450 

68 68 
50 50 

5 5 

22 22 
II II 
4 4 

0.6 0.6 
1.5 1.5 

10 10 
25 25 

RoN 
RoN Match 
RoN Drift 
Is (OFF) 

Ohmic resistance between terminals D and S 
Difference between the RoN of any two channels 
Change in RoN versus temperature 

lo (OFF) 

lo (ON) 

Vs (Vo) 
Cs (OFF) 
Co(OFF) 

Source terminal leakage current when the switch 
is off 
Drain terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal S or D 
Channel input capacitance for "OFF" condition 
Channel output capacitance for "OFF' 
condition 
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GND 
Yoo 

1000 

50 

100 
50 

100 
50 

25 

2.4 
0.8 
I 

600 

10 

600 

600 

1.5 

25 

CIN 
toFF (EN) 

tTRANSITION 

to PEN 

V1NL 

V1NH 

IJNL (l1NH) 

Voo 
Vss 
loo 
lss 

Units Comments 

Ymin 
Vmax 
Otyp GNDsV8s + IOV,los=O.SmA; Test Circuit I 
Omax 
%/°Ctyp Vs=O,los=0.5mA 
%typ GNDsV8s + lOV, los =0.5mA 

nAtyp VI=+ IOV/GND, V2=GND/+ IOV, 
nAmax Test Circuit 2 

nAtyp VI=+ IOVIGND, V2=GND/+ lOV; 
nAmax Test Circuit 3 
nAmax 

nAtyp Vl=V2= + IOV/GND; 
nAmax TestCircuit4 
nAmax 

VI=+ iOV/GND, V2=GND/+lOV; 
nAmax Test Circuit 5 

Ymin 
Vmax 
µ.Amax V1N=Ot0Voo 
pFmax 

nstyp VI=+ IOVIGND, V2=GND/+ IOV;TestCircuit6 
nsmax 

nscyp TestCircuit7 
ns.min 

nstyp TestCircuit8 
nsmax 

nstyp TestCircuit8 
nsmax 

dBtyp VEN=0.8V,RL = lkO,CL= 15pF, 
dB min V8 =3.SVrms,f= IOOkHz 

pFtyp VEN=0.8V 

pFtyp VEN=0.8V 
pFtyp 
pCtyp Rs =00, Vs =OV; TestCircuit9 

mAtyp VIN=VINLorVINH 
mAmax 

mWtyp 
mW max 

Digital input capacitance 
Delay time between the 50% and 10% points of 
the digital input and switch "OFF" condition 
Delay time between the 50% and 90% points of 
the digital inputs and switch "ON" condition 
when switching from one address state to 
another · 
"OFF" time measured between 500k points of 
both switches when switching from one address 
state to another 
Maximum input voltage for Logic "O" 
Minimum input voltage for Logic "l" 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 
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ABSOLUTE MAXIMUM RA TINGS1 

(TA= + 25°C unless otherwise noted) 
Von to Vss . 
V00 toGND . 
Vss to GND .. 
Analog lnputs2 

Voltage at S, D . . . . . . . 

Continuous Current, S or D 
Pulsed Current Sor D 

. 44V 

. 2SV 
-2SV 

Vss -2V to V00 +2V or 
20mA, Whichever Occurs First 

.......... 20mA 

lms Duration, 10% Duty Cycle 
Digital lnputs2 

40mA 

Voltage at A, EN ...... . 

Power Dissipation (Any Package) 
Up to +7S°C ..... . 
Derates above + 75°C by . . 

Vss -4V to Von +4V or 
20mA, Whichever Occurs First 

470mW 
6mW!°C 

Operating Temperature 
Commercial (K Version) 
Industrial (B Version) . . 
Extended (T Version) .. 

Storage Temperature Range 

ADG508A/ADG509A 

- 40°C to + 8S°C 
- 40°C to + ss·c 

- ss0c to + 12s·c 
- 6S0c to + I so·c 

Lead Temperature (Soldering, !Osec) +3oo·c 

NOTES 
1Stresses above 'those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

20vervoltage at A, EN, Sor D will be clamped by diodes. Current should be lim
ited to the Maximum Rating above. 

TRUTH TABLES 

A2 Al AO EN ON SWITCH ON 
SWITCH 

x x x 0 NONE Al AO EN PAIR 

0 0 0 I I x x 0 NONE 
0 0 I I 2 

0 0 I I 
0 I 0 I 3 

0 I I 2 
0 I I I 4 

I 0 I 3 
I 0 0 I 5 

I I I 4 
I 0 I I 6 

I I 0 I 7 X =Don't Care 

I I I I 8 ADG509A 

X=Don'tCarc ADG508A 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices subject to high energy electrostatic 
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should be 
discharged to the destination socket before devices are removed. 

DIP,SOIC 

A, 

GNO 

Voo 

518 

S2B 

... 

PIN CONFIGURATIONS 
LCCC 

Vss 4 

S1 5 

NC 6 

S2 7 

SJ 8 

Vss 4 

51A 5 

NC 6 

52A 7 

S3A 8 

r<, 

~I 
~I 

::::'.: 

9 

~ 

ffi 
3 

• 
c 
;i; 

.. 
ADG508A 
TOP VIEW 

(Notto Scale) 

10 11 12 

c ~ ~ 

~ ~ ~ 
2 1 20 

.. 
AOG509A 
TOP VIEW 

{Notto Scale) 

~ 

10 11 12 

c ~ 
m 

0 c 

13 

:;; 

c z 
" ,, 
""" 

13 

~ 

) 
) 

18 GND 

17 Voo 

16 NC 

15 55 

14 56 

NC = NO CONNECT 

18 Voo 

17 518 

16 NC 

15 S2B 

j 14 S3B 

NC = NO CONNECT 

WARNING! ~ 

~~EDEVICE 
PLCC 

i; u z 

GND 

Voo 
ADG508A 
TOP VIEW NC 

!Notto Scale) 
S5 

56 

;7j O ~ fg :i; NC= NO CONNECT 

AOG509A 
TOP VIEW 

(NottoScalel 

NC = NO CONNECT 
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LC2MOS 4/8 Channel Fault-Protected 
Analog Multiplexers 

ADG508F/ADG509F/ADG528F/ADG529F I 
FEATURES 
Wide Supply Ranges (10.8 V to 16.5 VI 
Low On Resistance (300 n max) 
Fast Switching Times 

toN 300 ns max 
toFF 300 ns max 

Low Power Dissipation (3.3 mW maxi 
Fault and Overvoltage Protection 
All Switches OFF with Power Supply OFF 
ON Channel Turns OFF if Overvoltage Occurs 
Latch-Up Proof Construction 
Break-Before-Make Construction 
TTL and CMOS Compatible Inputs 
Superior Alternative to 

MAX358/MAX359 
DG458/DG459 

APPLICATIONS 
Data Acquisition Systems 
Industrial and Process Control Systems 
Avionics Test Equipment 
Signal Routing Between Systems 
High Reliability Control Systems 

GENERAL DESCRIPTION 
The ADG508F, ADG509F, ADG528F and ADG529F are 
CMOS analog multiplexers co.mprising eight single channels 
and four differential channels respectively which have. fault pro
tection. Using a series n-channel, p-channel, n-channel 
MOSFET structure, both devic.e and signal source protection 
is provided in the event of an overvoltage or power loss. The 
multiplexer can withstand continuous overvoltage inputs up to 
±35 V. During fault conditions, the multiplexer input (or out
put) appears as an open circuit and only a few nanoamperes of 
leakage current will flow. This protects not only the multiplexer 
and the circuitry driven by the multiplexer, but also protects the 
sensors or signal sources that drive the multiplexer. 

The ADG508F/ADG509F/ADG528F/ADG529F are designed 
on an enhanced LC2MOS, trench-isolated process that provides 
low power dissipation yet gives high switching speed and low on 
resistance. All channels exhibit break-before-make switching ac
tion preventing momentary shorting when switching channels. 

The ADG508F and ADG528F switch one of eight inputs to a 
common output as determined by the 3-bit binary address lines 
AO, Al and A2. The ADG509F and ADG529F switch one of 
four differential inputs to a common differential output as deter
mined by the 2-bit binary address lines AO and Al. The 
ADG528F and ADG529F have on-chip address and control 
latches that facilitate microprocessor interfacing. An EN input 
on each device is used to enable or disable the device. When 
disabled, all channels are switched OFF. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

FUNCTIONAL BLOCK DIAGRAMS 

ADGSOBF 

S1 
I 
I 
I 
I 
I 
I 

D I 
I 
I 
I 
I 

SB 1--+-<r,: 

I 

PRODUCT HIGHLIGHTS 
1. Fault Protection 

S1B 

S1A 
11 
11 

AO A1 EN 

S4A 0--+-<l"1 

S1B 
II 
II 

S4B t:>--"-<Y. "'---' 

AO A1 EN RS 

DA 

DB 

DA 

DB 

The ADG508F/ADG509F/ADG528F/ADG529F can with
stand continuous voltage inputs up to ±35 V. When a fault 
occurs, due to the power supplies being turned off or due to 
an overvoltage being applied to the ADG508F/ADG509F/ 
ADG528F/ADG529F, all the channels are turned off and 
only a leakage current of a few nanoamperes flows. 

2. Dual Supply Specifications with a Wide Tolerance 
The devices are specified in the 10.8 V to 16.5 V range. 

3. LowRoN 

4. Fast Switching Times 

5. Break-Before-Make Switching 
Switches are guaranteed break-before-make so that input 
signals are protected against momentary shorting. 

6. Trench Isolation Guards Against Latch Up 
A dielectric trench separates the p and n-channel MOSFETs 
thereby preventing latch-up. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS1 ADG508F/ADG509F/ADG528F/ADG529F 

Dual Supply (V00 = +10.8 V to +16.5 V, Yss = -10.8 V to -16.5 V, GND = 0 V, unless otherwise noted) 

Parameter B Version T Version 
-40"C to -55"C to 

+25"C +85"C +25"C +125"C Units Test Conditions/Comments 

ANALOG SWITCH 
Analog Signal Range Vss+ 3 Vss + 3 Vmin 

Yoo- 0.7 Yoo- 0.7 Vmax 
RoN 300 400 300 400 Qmax -IOVSVsS+lOV,ls= 1 mA; 

Von= +15 V± 5%, Vss = -15 V± 5% 
200 250 200 250 Qcyp -5 VS Vs S +5 V, Is= I mA; 

Voo=+lSV± 10%, Vss=-15V± 10% 
RoNDrift 0.6 0.6 %/"C typ Vs=OV,los=lmA 
RoN Match 5 5 % typ -lOVSVsS+lOV,ls= 1 mA 

Voo=+l5V± 10%, Vss=-15V± 10% 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.02 ±0.02 nA typ Vo=±IOV,Vs=+lOV; 

±0.5 ±50 ±0.5 ±50 nAmax Test Circuit 2 
Drain OFF Leakage 10 (OFF) ±0.04 ±0.04 nA typ Vo= ±lOV, Vs= +lOV; 

ADG508F/ADG528F ±1 ±100 ±I ±10(} nAmax Test Circuit 3 
ADG509F/ADG529F ±1 ±50 ±I ±50 nAmax -Channel ON Leakage 10 , Is (ON) ±0.04 ±0.04 nA typ Vs=Vo=±IOV; 
ADG508F/ADG528F ±1 ±100 ±I ±100 nAmax Test Circuit 4 
ADG509F/ADG529F ±1 ±50 ±I ±50 nAmax 

FAULT 
Output Leakage Current ±0.02 Vs= ±33 V, V0 = 0 V 

(With Overvoltage) 
Input Leakage Current ±0.005 Vs= ±25 V, Vo= ±25 V 

(With Overvoltage) ±5 
Input Leakage Current ±0.001 Vs= ±25 V, Vo= VEN= 0 V, 

(With Power Supplies Off) ±2 VrN = OVor 5 V 

DIGITAL INPUTS 
Input High Voltage, VrNH min 
Input Lew Voltage, VrNL max 
Input Current 

I1NLor I1NH VIN= 0 or V00 

C1N, Digital Input Capacitance f= I MHz 

DYNAMIC CHARACTERISTICS2 

!TRANSITION 200 200 ns typ RL = I Mn, CL = 35 pF; 
300 400 300 400 nsmax Vs1 = ±10 V, Vs8 = +10 V; Test Circuit 5 

to PEN 50 50 ns typ RL = I kn, CL= 35 pF; 
25 10 25 10 ns max Vs= +5 V; Test Circuit 6 

toN(EN) 200 200 ns typ RL = I kn, CL = 35 pF; 
300 400 300 400 ns max Vs = +5 V; Test Circuit 7 

toFF(EN) 200 200 ns typ RL = I kn, CL = 35 pF; 
300 400 300 400 nsmax Vs= +5 V; Test Circuit 7 

tsETT' Settling Time 
0.1% 0.6 0.6 µs typ 

0.01% 1.7 1.7 µs typ 
tw, Write Pulse Width 100 120 100 130 nsmin 
t5, Address, Enable Setup Time 100 100 nsmin 
tH, Address, Enable Hold Time 10 10 nsmin 
tRS, Reset Pulse Width 100 100 nsmin 
Charge Injection 15 15 pC typ Vs= 0 V, Rs= 0 Q, CL= I nF; Test Circuit 8 
OFF Isolation 68 68 dB typ RL =I kn, CL= 15 pF, f= 100 kHz; 

50 50 dB min Vs= 7 V rms; Test Circuit 9 
Channel-to-Channel Crosstalk 85 85 dB typ RL =I kn, CL= 15 pF, f= 100 kHz; 

Test Circuit 11 
Cs(OFF) pF typ f= 1 MHz 
Co(OFF) f= 1 MHz 

ADG508F/ADG528F JS· 15 pF typ 
ADG509F/ADG529F 10 10 pF typ 

POWER REQUIREMENTS 
loo 0.05 0.05 mA typ VIN= VrNL or VrNH 

0.1 0.2 0.1 0.2 mAmax 
lss 0.01 0.01 mAtyp 

0.1 0.2 0.1 0.2 mAmax 

NOTES 
1Temperature ranges are as follows: B Versions: -40°C to +85°C; T Versions: -55°C to+ 125°C. 
2Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADG508F/ADG509F/ADG528F/ADG529F 
ABSOLUTE MAXIMUM RATINGS* 
(TA= +25°C unless otherwise noted) 

Von to Vss ................................... +44 V 
V00 to GND .......................... --0.3 V to +25 V 
Vss to GND ........................... +0.3 V to -25 V 
VEN, VA Digital Input .............. Vss-4VtoVoo+4V 
Vs, Analog Input Overvoltage with Power ON ..... Vss- 20 V 

to Von+ 20V 
VS> Analog Input Overvoltage with Power OFF 

.................................... -35Vto+35V 
Continuous Current, S or D ..................... 20 mA 
Peak Current, S or D 

(Pulsed at 1 ms, 10% Duty Cycle max) ........... 40 mA 
Operating Temperature Range 

Industrial (B Version) .................. -40°C to +85°C 
Extended (T Version) ................ -55°C to + 125°C 

Storage Temperature Range ............. -65°C to + 150°C 
Junction Temperature .................... · ..... +150°C 
Cerdip Package, Power Dissipation ............... 900 mW 

91a. Thermal Impedance ...................... 76°C/W 
Lead Temperature, Soldering (10 sec) ........... +300°C 

Plastic Package, Power Dissipation ............... 4 70 mW 
91a. Thermal Impedance . . . . . . . . . . . . . . . . . . . . . 117°C/W 
Lead Temperature, Soldering (10 sec) ........... +260°C 

SOIC Package, Power Dissipation ................ 600 mW 
91a. Thermal Impedance. . .................... 77°C/W 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ..................... . 
Infrared ( 15 sec) . . . . . . . . . . . . . . . . . . . . . . 

PLCC Package, Power Dissipation ............ . 
91a. Thermal Impedance ...................... 90 
Lead Temperature, Soldering 

Vapor Phase (60 sec) ... , .................. +215°C 
Infrared (15 sec) .......................... +220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditioD.s for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

DIP 

PIN CONFIGURATIONS 

PLCC 

NC= NO CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~L] 
ESD SENSI flVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless ottierwise agreeJ to in writing. 
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ORDERING GUIDE 

Model1 Temperature Range Package Option2 

ADG508FBN -40°C to +85°C N-16 
ADG508FBR -40°C to +85°C R-16A 
ADG508FBP -40°C to +85°C P-20A 
ADG508FTQ -55°C to + 125°C Q-16 

ADG509FBN -40°C to +85°C N-16 
ADG509FBR -40°C to +85°C R-16A 
ADG509FBP -40°C to +85°C P-20A 
ADG509FTQ -55°C to + 125°C Q-16 

ADG528FBN -40°C to +85°C N-18 
ADG528FBP -40°C to +85°C P-20A 
ADG528FTQ -55°C to + 125°C Q-18 

ADG529FBN -40°C to +85°C N-18 
ADG529FBP -40°C to +85°C P-20A 
ADG529FTQ -55°C to + l 25°C Q-18 

NOTES 
1To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

2N = Plastic DIP; P = Plastic Leaded Chip Carrier (PLCC); Q = Cerdip; 
R = 0.15" Small Outline IC (SOIC). For outline information see Package 
Information section. 

A2 Al AO 

x x x 
x x x 

x x x 0 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 I 
I 0 
1 1 

0 
0 
0 
0 
0 
0 
0 

ADG508F/ADG509F/ADG528F/ADG529F 
Table I. ADGSOSF Truth Table 

A2 Al AO EN ON SWITCH 

x x x 0 NONE 
0 0 0 I I 
0 0 I I 2 
0 I 0 I 3 
0 I I I 4 
I 0 0 I 5 
I 0 I I 6 
I I 0 I 7 
I 1 1 I 8 

X = Don't Care 

Table II. ADG509F Truth Table 

Al AO EN ON SWITCH PAIR 

x x 0 NONE 
0 0 I I 
0 I I 2 
I 0 I 3 

4 

Retains Previous Switch Condition 
NONE (Address and Enable 
Latches Cleared) 
NONE 
1 
2 
3 
4 
5 
6 
7 
8 

X = Don't Care 
Table IV. ADG529F Truth Table 

ON 
Al AO EN WR RS SWITCH PAIR 

x x x I 1 Retains Previous Switch Condition 
x x x x 0 NONE (Address and Enable 

Latches Cleared) 
x x 0 0 1 NONE 
0 0 I 0 I I 
0 I 1 0 I 2 
I 0 I 0 1 3 
I I 1 0 I 4 

X = Don't Care 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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DI LC2MOS 
Precision 5 V/3 V Quad SPST Switches 

FEATURES 
+3 V, +5 V o~ ±5 V Power Supplies 
Ultralow Power Dissipation (<0.5 µWI 
Low Leakage ( < 100 pA) 
Low On Resistance (<50 fl) 
Fast Switching Times 
Low Charge Injection 
Latch-Up Proof 
TTL/CMOS Compatible 
16-Pin DIP or SOIC Package 

APPLICATIONS 
Battery Powered Instruments 
Single Supply Systems 
Remote Powered Equipment 
+5 V Supply Systems 
Computer Peripherals such as Disk Drives 
Precision Instrumentation 
Audio and Video Switching 
Automatic Test Equipment 
Precision Data Acquisition 
Sample Hold Systems 
Communication Systems 
Compatible with· ±5 V Supply DACs and ADCs such as 

AD7840/8, AD7870/1 /2/4/5/6/8 

GENERAL DESCRIPTION 
The ADG511,.ADG512 and ADG513 are monolithic CMOS ICs 
containing four independently selectable analog switches. These 
switches feature low, well-controlled on resistance and wide ana
log signal range, making them ideal for precision analog signal 
switching. 

These switch arrays are fabricated using Analog Devices' 
advanced linear compatible CMOS (LC2MOS) process which 
offers the additional benefits of low leakage currents, ultralow 
power dissipation and low capacitance for fast switching speeds 
with minimum charge injection. These features make the 
ADG511, ADG512 and ADG513 the optimum choice for a wide 
variety of signal switching tasks in precision analog signal pro
cessing and data acquisition systems. 

The ability to operate from single +3 V, +5V or ±5 V bipolar 
supplies make the ADG511, ADG512 and ADG513 perfect for 
use in battery-operated instruments,· 4-20 mA loop systems and 
with the new generation of DACs and ADCs from Analog 
Devices. The use of 5 V supplies and reduced operating cur
rents give much lower power dissipation than devices operating 
from ± 15 V supplies. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADG511/ADG512/ADG513 . I 
FUNCTIONAL BLOCK DIAGRAM 

S1 S1 S1 

IN1 IN1 IN1 

01 01 01 

S2 52 52 
IN2 IN2 IN2 

02 02 02 

53 S3 S3 
IN3 IN3 IN3 

03 03 03 

S4 S4 S4 
IN4 IN4 IN4 

04 D4 04 

SWITCHES SHOWN FOR A LOGIC ".1" I NP Ur 

The ADG511, ADG512 and ADG513 contain four independent 
SPST switches. The ADG511 and ADG512 differ only in that 
the digital control logic is inverted. The ADG5 ll switch is 
turned on with a logic low on the appropriate control input, 
while a logic high is required for the ADG512. The ADG513 
contains two switches whose digital control logic is similar to 
that of the ADG511 while the logic is inverted in the remaining 
two switches. 

PRODUCT HIGHLIGHTS 
1. +5 Volt Single Supply Operation 

The ADG511/ADG512/ADG513 offers high performance, 
including low on resistance and wide signal range, fully spec
ified and guaranteed with +3 V, ±5 Vas well as +5 V sup
ply rails. 

2. Ultralow Power Dissipation 
CMOS construction ensures ultralow power dissipation. 

3. Low RoN 

4. Trench Isolation Guards Against Latch-up 
A dielectric trench separates the P and N channel transistors 
thereby preventing latch-up even under severe overvoltage 
conditions. 

5. Break Before Make Switching 
Switches are guaranteed to have break-before-make opera
tion. This allows multiple outputs to be tied together for 
multiplexer applications without the possibility of momentary 
shorting between channels. 

REV. 0 



SPECIFICATIONS1 ADG511/ADG512/ADG513 

Dual Supply cv00 = +5 v ± 10%, Yss = -5 V ± 10%, GND = o v, unless otherwise noted) 

B Version T Version 
-40°C to -ss·c to 

Parameter +2s0 c +ss•c +2s·c +12s•c 

ANALOG SWITCH 
Analog Signal Range Von to Vss Von to Vss 
RoN 30 30 

50 50 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.025 ±0.025 

±0.l ±2.5 ±0.1 ±2.5 
Drain OFF Leakage 10 (OFF) ±0.025 ±0.025 

±0.l ±2.5 ±0.1 ±2.5 
Channel ON Leakage 10 , Is (ON) ±0.05 ±0.05 

±0.2 ±5 ±0.2 ±5 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current 

IINL or I1NH 0.005 0.005 
±0.1 ±0.1 

DYNAMIC CHARACTERISTICS2 

toN 200 200 
375 375 

to FF 120 120 
.150 150 

Break-Before~Make Time 100 100 
Delay, t0 (ADG513 Only) 
Charge Injection 11 11 

OFF Isolation 68 68 

Ciuumel-to-Channel Crosstalk 85 85 

Cs (OFF) 9 9 
C0 (OFF) 9 9 
Co, Cs (ON) 35 35 

POWER REQUIREMENTS 
Voo +4.515.5 +4.515.5 
Vss -4.5/-5.5 -4.5/-5.5 
loo 0.0001 0.0001 

1 1 
Iss 0.0001 0.0001 

1 1 

NOTES 
'Temperature ranges are as follows: B Versions -40°C to +85°C; T Versions -55"C to + 125"C. 
'Guaranteed by design, not subject to production test. 
Specifications subject to change without notice. 

REV.O 

Units Test Conditions/Comments 

v 
n cyp V0 = ±3.5 V, Is= -10 mA; 
nmax Voo = +4.5 V, Vss = -4.5 V 

V0 o = +5.5 V,Vss = -5.5 V 
nA typ V0 = ±4.5 V; Vs= +4,5 V; 
nAmax Test Circuit 2 
nA typ V0 = ±4.5 V, Vs= :;:4.5 V; 
nAmax Test Circuit 2 
nA typ V0 =Vs = ±4.5 V; 
nAmax Test Circuit 3 

Vmin 
Vmax 

µA typ VIN = V1NL or V1NH 
µAmax 

ns typ RL = 300 n, cL = 35 pF; 
nsmax Vs = ±3 V; Test Circuit 4 
ns typ RL = 300 n, cL = 35 pF; 
ns.max Vs = ±3 V; Test Circuit 4 
ns typ RL = 300 n, cL = 35 pF; 

Vs1 = Vs2 = +3 V; Test Circuit 5 
pC typ Vs= 0 V, Rs= 0 n, Cr:.=. lQ nF; 

Test Circuit 6 
dB typ RL = 50 n, CL= 5 pF, f = 1 MHz; 

Test Circuit 7 
dB typ RL = 50 n, CL = 5 pF, f = 1 MHz; 

Test Circuit 8 
pF typ f=lMHz 
pF typ f=lMHz 
pF typ f=lMHz 

V minimax 
V minimax 
µA typ V0 o = +5.5 V, Vss = -5.5 V 
µAmax Digital Inputs = 0 V or 5 V 
µA typ 
µAmax .. 
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ADG511/ADG512/ADG513-SPECIFICATIONS1 

Single Supply (V00 = +5 v ± 10%, Yss = o v, GND = o v, unless otherwise noted) 

B Version T Version 
-40°C to -ss•c to 

Parameter +2s0c +ss·c +2s0c +12s0c 

ANALOG SWITCH 
Analog Signal Range OV toV00 OVtoVl)0 

RoN 4S 4S 
7S 75 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.025 ±0.02S 

±0.1 ±2.S ±0.1 ±2.S 
Drain OFF Leakage 10 (OFF) ±0.02S ±0.02S 

±0.l ±2.S ±0.1 ±2.S 
Channel ON Leakage 10 , Is (ON) ±0.0S ±0.0S 

±0.2 ±S ±0.2 ±5 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 
Input Low Voltage, VINL 0.8 0.8 
Input Current 

I1NL or I1NH o.oos o.oos 
±0.l ±0.l 

DYNAMIC CHARACTERISTICS2 

toN 2SO 2SO 
soo soo 

to FF 50 50 
100 100 

Break-Before-Make Time 200 200 
Delay, t0 (ADG513.only) 
Charge Injection 16 16 

0 FF Isolation 68 68 

Channel-to-Channel Crosstalk 8S 8S 

Cs (OFF) 9 9 
C0 (OFF) 9 9 
Co, Cs (ON) 3S 3S 

POWER REQUIREMENTS 
Voo 4.S/5.S 4.S/S.5 
loo 0.0001 0.0001 

l l 

NOTES 
1Temperature ranges are as follows: B Versions -40°C to +85°C; T Versions -SS'C to + 125°C. 
2Guaranteed by, design, not subject to production test. 

Specifications subject to change without notice. 
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Units 

v 
n cyp 
nmax 

nA typ 
nAmax 
nA typ 
nAmax 
nA typ 
nAmax 

Vmin 
Vmax 

µA typ 
µAmax 

ns typ 
nsmax 
ns typ 
nsmax 
ns typ 

pC typ 

dB typ 

dB typ 

pF typ 
pF typ 
pFtyp 

V min/max 
µA typ 
µAmax 

Test Conditions/Comments 

V0 = 3.5 V, Is= -lOmA; 
V00 = +4.5 V 

V0 o = +s.s V 
V0 = 4.5/1 V, Vs = 114.S V; 
Test Circuit 2 
V0 = 4.5/1 V, Vs= 1/4.5 V; 
Test Circuit 2 
V0 =Vs= +4.S V/+l V; 
Test Circuit 3 

VIN= V1NL or. V1NH 

RL = 300 n, cL = 3S pF; 
Vs= +2 V; Test Circuit 4 
RL = 300 n, cL = 35 pF; 
Vs = +2 V; Test Circuit 4 
RL = 300 n, cL = 3S pF; 
Vs1 = Vs2 = +2 V; Test Circuit 5 
Vs= 0 V, Rs= 0 n, CL= 10 nF; 
Test Circuit 6 
RL =son, CL= s pF, f = l MHz; 
Test Circuit 7 
RL =son, cL = 5 pF, c = l MHz; 
Test Circuit 8 
f= l MHz 
f=lMHz 
f=lMHz 

V00 = +5.5 V 
Digital Inputs = 0 V or S V 
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ADG511/ADG512/ADG513 

Single Supply cv00 = +3.3 v ± 10%, Yss = D V, GND = D V, unless otherwise noted) 

Parameter +25"C 

ANALOG SWITCH 
Analog Signal Range 

RoN 200 

LEAKAGE CURRENTS 
Source OFF Leakage Is (OFF) ±0.025 

±0.1 
Drain OFF Leakage 10 (OFF) ±0.025 

±0.1 
Channel ON Leakage Im Is (ON) ±0.05 

±0.2 

DIGITAL INPUTS 
Input High Voltage, V,NH 
Input Low Voltage, VINL 
btput Current 

l1NL orI1NH 0.005 

DYNAMIC CHARACTERISTICS2 

toN 600 

to FF 100 

Break-Before-Make Time 500 
Delay, t0 (ADG513 only) 
Charge Injection n 

OFF Isolation 68 

Channel-to-Channel Crosstalk 85 

Cs (OFF) 9 
C0 (OFF) 9 
Cm Cs (ON) 35 

POWER REQUIREMENTS 
Voo 
loo 0.0001 

NOTES 
'Temperature range is as follows: B Version O"C to +70"C. 
'Guaranteed by design, not subject to production test. 

Specifications subjec1 to change without notice. 
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B Version 
O"C to 
+70"C Units Test Conditions/Comments 

OVtoV00 v 
n typ V0 = 1.5 V, Is= -1 mA; 

500 nmax V00 = +3 V 

V00 = +3.6 V 
nA typ V0 = 2.6/1 V, Vs = 112.6 V; 

±2.5 nAmax Test Circuit 2 
nA typ V0 = 2.6/1 V, Vs = 1/2.6 V; 

±2.5 nAmax Test Circuit 2 
nA typ V0 =Vs= +2.6 V/+1 V; 

±5 nAmax Test Circuit 3 

2.4 Vmin 
0.8 Vmax 

µA typ v,N = VINL or VINH 
±0.1 µ.A max 

ns typ RL = 300 n, cL = 35 pF; 
1200 nsmax Vs= +1 V; TestCircuit4 

ns typ RL = 300 n, cL = 35 pF; 
160 nsmax Vs = + 1 V; Test Circuit 4 

ns typ RL = 300 n, cL = 35 pF; 
Vs1 = Vs2 = + 1 V; Test Circuit 5 

pCtyp Vs= 0 V, Rs= 0 n, CL= 10 nF; 
Test Circuit 6 

dB typ RL = 50 n, cL = 5 pF, r = 1 MHz; 
Test Circuit 7 

dB typ RL = 50 n, CL = 5 pF, f = 1 MHz; 
Test Circuit 8 

pFtyp f=lMHz 
pFtyp f= 1 MHz 
pFtyp f= !MHz 

3/3.6 V min/max 
µA typ V00 = +3.6 V 

1 µAmax Digital Inputs = 0 V or 3 V 
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ADG511/ADG512/ADG513 
ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

Plastic Package, Power Dissipation ............. 470 mW 
01A Thermal Impedance .................. 117°C/W 

V00 to Vss ............................. +44 V Lead Temperature, Soldering (10 sec) .......... +260°C 
V00 to GND ..................... -0.3 V to +25 V SOIC Package, Power Dissipation .............. 600 mW 
Vss to GND ..................... +0.3 V to -25 V 0JA Thermal Impedance ................... 77°C/W 
Analog, Digital Inputs1 •.•••.•• V88 --2 V to V00 +2 V or Lead Temperature, Soldering 

30 mA, whichever occurs first Vapor Phase (60 sec) .................... + 215°C 
Continuous Current, S or D .................. 30 mA Infrared (15 sec) ...................... + 220°C 
Peak Current, S or D ...................... 100 niA 

NOTES (Pulsed at 1 ms, 10% Duty Cycle max) 
Operating Temperature Range 

Industrial (B Version) ............... -40°C to +85°C 
Extended (T Version) .............. ~55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature ...................... + 150°C 
Cerdip Package, Power Dissipation ............. 900 mW 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
Only one absolute maximum rating may be applied at any one time. 

'Overvoltages at IN, S or D will be clamped by internal diodes. Current should 
be limited to the maximum ratings given. 

0JA Thermal Impedance ................... 76°C/W 
Lead Temperature, Soldering (10 sec) ...•...... + 300°C 

ESD SUSCEPTIBILITY --------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although the ADG511/ADG512/ADG513 features proprietary ESD protection circuitry, 
permanent damage may still occur on these devices if they are subjected to high energy 
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid any 
performance degradation or loss of functionality. 

WARNING! (2J 
~~EDEVICE 

ORDERING GUIDE 

Model1 Temperature Range2 Package Option3 

ADG511BN -40°C to +85°C N-16 
ADG511BR -40°C to +85°C R-16A 
ADG511TQ -55°C to + 125°C Q-16 

ADG512BN -40°C to +85°C N-16 
ADGS12BR -40°C to +85°C R-16A 
ADG512TQ -55°C to + 125°C Q-16 

ADG513BN -40°C to +85°C N-16 
ADG513BR -40°C to +85°C R-16A 

NOTES 
'To order MIL-STD-883, Class B processed parts, add /883B to T grade part 
numbers. 

23.3 V specifications apply over 0°C to + 70°C temperature range. 
'N = Plastic DIP; R = 0.15" Small Outline IC (SOIC); Q = Cerdip. For 
outline information see Package Information section. 
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REV.O 

PIN CONFIGURATION 
(DIP/SOIC) 

NC = NO CONNECT 

Truth Table (ADG511/ADG512) 

ADGSll ADG512 
In In 

0 1 
1 0 

Switch 
Condition 

ON 
OFF 

Truth Table (ADG513) 

Logic 

0 
1 

Switch 
1, 4 

OFF 
ON 

Switch 
2, 3 

ON 
OFF 

ADG511 /ADG512/ADG513 

TERMINOLOGY 

V 00 Most positive power supply potential. 

Vss 

GND 
s 
D 
IN 

RoN 
Is (OFF) 

10 (OFF) 

10 , Is (ON) 

Vo (Vs) 

Cs (OFF) 
C0 (OFF) 

Cm Cs (ON) 

toN 

Crosstalk 

Off Isolation 

Charge Injection 

Most negative power supply potential in 
dual supplies. In single supply applications, 
it may be connected to GND. 
Ground (0 V) reference. 

Source terminal. May be an input or output. 
Drain terminal. May be an input or output. 
Logic control input. 
Ohmic resistance between D and S. 
Source leakage current with the switch 
"OFF." 
Drain leakage current with the switch 
"OFF." 

Channel leakage current with the switch 
"ON." 
Analog voltage on terminals D, s'. 
"OFF" switch source capacitance. 
"OFF" switch drain capacitance. 
"ON" switch capacitance. 

Delay between applying the digital control 
input and the output switching on. 
Delay between applying the digital control 
input and the output switching off. 
"OFF" or "ON" time measured between 
the 90% points of both switches when 
switching from one address state to another. 
A measure of unwanted signal which is 
coupled through from one channel to 
another as a result of parasitic capacitance. 
A measure of unwanted signal coupling 
through an "OFF" switch. 
A measure of the glitch impulse transferred 
from the digital iriput to the analog output 
during switching. 
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ADG5H/ADG512/ADG513-Typical Performance Graphs 

401---+--l---+--+--+-+--+-+--+--I 

10 l---+--1---+--+--+-+--+-..--__ -i---I 

o..__._~..__._~.__._~.__._~..__.___. 

-6 ~ ~ ~ ~ 0 4 s 
V0 OR v 8 - DWN OR SOURCE VOLTAGE - v 

Figure-1. On Resistance as a F.unction of V0 (V5 ) Dual 
Supplies 

50 ..............--.--.-.....-. ......-J .....,...l .......... ,, ---.---.---. 

Voo=+SV 
40 1---+--1---+--+--Vss = -6V --+-+---+-~ 

101---+-~1---+--+--+-+--+-+--+--I 

o.._ ...... ~.._ ...... ~.._ ...... ~.._ ...... ~.._ ...... __. 
-6 ~ ~ ~ -1 0 4 5 

VoORVa -DRAIN ORSOURCEVOLTAGE-V 

Figure 2. On Resistance as a Function of V0 (V5 ) for 
Different Temperatures 
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20.._~~--~~.._~~.._~~.._~__. 

0 1 2 3 4 s 
VoORVs - DRAIN OR SOURCE VOLTAGE -V 

Figure 3. On Resistance as a Function of V0 (V5 ) Single 
Supply 

10mA ...-..-,,_.J..,... l"'J--..--...-..-...--.-...--.--.--.--. 
v •• = +5V -4--

1mA 1--t- v .. =-av -+-+-+-+-+V1-+~--.1<1--=i::1--1--1 

!:i 100pA >-+-+--+-+--+--+--+-V1-+-~--J/'1 ............... _ __, 

~ 10""' t-+-t--+-+--+V1-+-~7'1v-"7'1--t--+-t--+---+--i 

1""' 1--i--+-+1-+ . ..,v-v.-i--+-+-+-~1--+--+--+ 
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100nA 1-~:;;;=:t::::::..J--l--.Ll-.l---l- = !:: --+--i 

10nA .........._._....__.__.__.__._...__l.__._l ........ l ....._l ...._. 
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Figure 4. Supply Current vs. Input Switching Frequency 
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Figure 5. Leakage Currents as a Function of Temperature 
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VDD =+SY 
Vss =-511 

40 ..._ __ ..._ __ ..._ __ ....._ __ __. __ __. 

100 1k 10k 100k 1M 10M 
FREQUENCY - Hz 

Figure 6. Off Isolation vs. Frequency 

ADG511/ADG512/ADG513 

ci.OCl4 Yoo= +SY -1--1---+--+---+
v ••• ~v 

~ TA= +25°C 

I 0.002 t--+-+--t--+--t--::::b.C-:17" I 

i 
13 o.ooo t--+-+--t~'-1-,,,C.-t-::;..9--+--
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!-0.002 

-0.008 ..__.__...___. _ _..__..__.__...___. _ _..___. 
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Figure 7. Leakage Currents as a Function of V0 fVsJ 

60,__ __ ..._ __ ........ __ _,_ __ __, __ __. 
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1M 

Figure 8. Crosstalk vs. Frequency 
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ADG511 /ADG51 VADG513 
TRENCH ISOLATION 
In the ADG51l/ADG512/ADG513, an insulating oxide layer 
(trench) is placed between the NMOS and the PMOS transistors 
of each CMOS switch. Parasitic junctions, which occur between 
the transistors in Junction Isolated switches, are eliminated. The 
result is a completely latch-up proof switch. 

In Junction Isolation, the N and P wells of the PMOS and 
NMOS transistors form a diode which is reverse-biased under 
normal operation. However, during overvoltage conditions, this 
diode becomes forward biased. A Silicon-Controlled Rectifier 
(SCR) type circuit is formed by the two transistors causing a 
significant amplification of the current which, in turn, leads to 
latch-up. With Trench Isolation, this diode is removed, the 
result being a latch-up proof switch. 

Trench Isolation also leads to lower leakage currents. The 
ADG51l/ADG512/ADG513 has a leakage current of 0.1 nA as 
compared with a leakage current of several nanoamps in non
Trench Isolated switches. Leakage current is an important 
parameter in sample-and-hold circuits, this current being 
responsible for the discharge of the holding capacitor with time 
causing droop. The ADG511/ADG512/ADG513's low leakage 
current, along with its fast switching speeds, make it suitable for 
fast and accurate sample-and-hold circuits. 

NMOS PMOS 

LOCOS 

Figure 9. Trench Isolation 
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APPLICATION 
Figure 10 illustrates a precise sample-and-hold circuit. An 
AD845 is used as the input buffer while the output operational 
amplifier is an OP-07. During the track mode, SWl is closed 
and the output VouT follows the input signal VIN. In the hold 
mode, SWl is opened and the signal is held by the hold capaci
tor CH. 

Due to switch and capacitor leakage, the voltage on the hold 
capacitor will decrease with time. The ADG511/ADG512/ 
ADG513 minimizes this droop due to its low leakage specifica
tions. The droop rate is further minimized by the use of a 
polystyrene hold capacitor. The droop rate for the circuit shown 
is typically 15 µ V/µs. 

A second switch SW2, which operates in parallel with SWl, is 
included in this circuit to reduce pedestal error. Since both 
switches will be at the same potential, they will have a differen
tial effect on the op amp OP-07 which will minimize charge 
injection effects. Pedestal error is also reduced by the compensa
tion network Re and Cc. This compensation network also 
reduces the hold time glitch while optimizing the acquisition 
time. Using the illustrated op amps and component values, the 
pedestal error has a maximum value of 5 m V over the ± 3 V 
input range. The acquisition time is 2.5 µs while the settling 
time .is 1.85 µs. 

Your v,. 

-SV 

Figure 10. Accurate Sample-and-Hold 
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"'ANALOG 
WDEVICES 

8-Chan/Dual 4-Chan JFET Analog Multiplexers 
(Overvoltage & Power Supply loss Protected) 

FEATURES 
• JFET Switches Rather Than CMOS 
• Low "ON" Resistance . .. . .. . . . . . . .. .. . .. . .. 2200 'fYp 
• Highly Resistant to Static Discharge Damage 
• No SCR Laich-Up Problems 
• Digital Inputs Compatible With TTL and CMOS 
• 125°C Temperature Tested Dice Available 
• MUX-08 Pin Compatible With DG508, HI-SOSA, IH5108, 

IH6108, LF11508/12508/13508, AD7506 
• MUX-24 Pin Compatible With DG509, Hl-509A, IH5208,. 

IH6208, LF11509/12509/13509, AD7507 
• Available in Surface Mount Packages 

• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE 

25"CON CERDIP PLASTIC 
RESISTANCE 111-PIN 111-PIN 

MUX08Aa• 
2200 MUXOBEQ 

MUXOBEP 

MUX0880' 

3000 MUXOBFO 
MUXOBFP 
MUXOBFStt 

MUX24AO' 
2200 MUX24EO 

MUX24EP 

MUX24BO' 

3000 
MUX24FQ 

MUX24FP 
MUX24FStt 

OPERATING 
LCC TEMPERATURE 

20-CONTACT RANGE 

MUXOBBRC/883 

MIL 
IND 

COM 

MIL 
IND 

XIND 
XIND 

MIL 
IND 

COM 

MIL 
IND 

XIND 
XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The MUX-08 is a monolithic eight-channel analog multi
plexer which connects a single output to one of the eight 
analog inputs depending upon the state of a 3-bit binary 
address. 

The MUX-24 is a monolithic four-channel differential analog 
multiplexer configured in a double pole, four-position (plus 
OFF) electronic switch array. A two-bit binary input address 
connects a pair of independent analog inputs from each 
four-channel input section to the corresponding pair of 
independent analog outputs. 

All switches in the .MUX-08/MUX-24 are turned OFF by 
applying logic "O" to the ENABLE pin, thereby providing a 
package select function. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

MUX08/MUX24 I 
Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resistance, l0w leakage currents and fast settling time 
with low crosstalk to satisfy a wide variety of applications. 
These multiplexers do not suffer from latch-up or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 
break-before-make action without the need for external pull
up resistors over the full operating temperature range. 

For single sixteen-channel and dual eight-channel models, 
refer to the MUX-16/MUX-28 data sheet. 

PIN CONNECTIONS 

16-PIN CERDIP (Q-Suffix) 

16-PIN PLASTIC DIP (P-Suffix) 

16-PIN SO (S-Sufflx) 

20-CONTACT LCC 
(RC-Suffix) 

FUNCTIONAL DIAGRAMS 

MUX-08 ENABLE ., ., •o 

DRAIN .. ., ........ .,., 
ENABLE A1 AO 

DRAIN S1A S2A SJA S4A SlB 528 S38 S4B DRAIN 
A 8 

V• 

GND 

V-

GND 

V-
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"1UXD8/MUX24 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
9perating Temperatur!il R~nge 

MUX-08124-AO, BO, BRC ............... ; .•..••..• -55°Cto+125°C 
MUX-02124-EO, FO ....... , ...... , ...................... -25°C to +85°C 
MUX-os124~EP ....... : ............. : ............................ o•c to +70°c 
MUX-08124-FP, FS ................ : ..................... -40°C to +85°C 

Junction Temperature (T1) ............................ -s&.•c to + 1 so•c 
Storage Temperature Range ....................... , ,...ss•cto +150°C 

P-Suffix ............. ; ......................................... ,...ss•c to+ 12s•c 
Lead Temperature (Soldering, 60 sec) .......................... 300°C 
Maximum Junction Temperature .............................. , .... 1so•c 
V+ Supply to V- Supply ..................................................... 36V 
Logic Input Voltage ............ ,. ............. (-4V or V-) to V+ Supply 

Analog Input Volt~e ....... V..., Supply -20V to V+ Supply +20V 
Maximum Current Through Any Pin ............ , .................. 2.SmA 

PACKAGE TYPE 8JA (Note 2) e1c UNITS 

16-PlnHermelicOIP(Q) 100 16 oCrN 

16-Pln PlaslicDIP(P) 82 39 oCrN 

20-CantactlCC(RC) 98 38 oCrN 

16-Pin SO (S) 111 35 oCrN 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. eiA is specified for worst case mounting conditions, i.e., eJA IS specified for 

device in socket for CerDIP, P-DIP, and LCC packages; 8JA is specified for 
device soldered ID printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS atV+ = +15V, V-= -15V and TA= 25°C .. unless otherwise noted. 

MUX-OSA/E MUX-088/F 
MUX-24A/E MUX-248/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RoN Vs :S lOV. Is$ 200µA 220 300 300 400 fl 

.iRoN With Applied Voltage .iRoN -10V $Vs$ lOV, Is= 200µA 5 3 % 

RoN Match Between Switches RoN Match Vs= OV, Is= 200µA 15 9 20 % 

Analog Voltage Range VA 1Note 61 
+10 +10.4 
-10 -15 . 

+10 +10.4 
-10 -15 

v 

Source Current 1Switch "OFF"1 ls10FF• Vs= lOV, V0 = -10V .1Note 11 O.Ql 1.0 0.01 2.0 nA 

Drain Current 1Switch "OFF" 1 Vs= lOV, V0 = -lOV 1Note 11 
MUX-08 0.1 1.0 

lo 10FF1 MUX-24 0.05 1.0 
0.1 2.0 

·o.os 2.0 
nA 

Leakage Current 1 Switch "ON''I lo10N1 MUX-08 0.1 1.0 

+l5''10N1 
V0 = 10V 1Note 11 

MUX-24 0.05 1.0 

0.1 2.0 
0.05 2.0 

nA 

Digital Input Current l1N V1N = 0.4V to 15V 10 10 µA 

Digital "O" Enable Current l1NL 1EN1 VEN= 0.4V 10 4 10 µA 

Digital Input Capacitance Co10 3 pF 

tPHL 1Notes 2, 51Figure1 1.5 2.1 
Switching-Time ttrRANI 

tPLH (Test Circuit) 1.0 1.3 
1.5 2.1 
1.0 1.3 

µS 

10V Step to 0.10% 2.2 2.2 

Output Settling Time Is 10V Step to 0.05.% 2.7 2.7 µS 

lOV Step to 0.02% 3.4 3.4 

Break-Before-Make Delay toPE-N Figure 3 (Test Circuit) 0.8 1.0 µs 

Enable Delay "ON" toN 1EN1 
I Note 5 J Figure 2 
(Test Circuit) 

µs 

I Note SJ Figure 2 MUX-08 0.1 0.4 
Enable Delay "OFF" toFF1EN1 (Test Circuit) MUX-24 0.2 0.5 

0.2 0.4 
0.3 0.6 

µS 

(Note 41Figure5 MUX-08 60 
"OFF" Isolation ISOoFF 

!Test Circuit) MUX-24 66 

60 
66 

dB 

1Note 3J Figure 4 MUX-OS 70 
Crosstalk CT 

(Test Circuit) MUX-24 76 

70 
76 

dB 

Switch "OFF", MUX-08 2.5 
Source Capacitance Cs!OFF1 Vs= OV, Vo =pv MUX-24 2 

2.5 
pF 

Switch "OFF", MUX-08 
Drain Capacitance Co10FF1 Vs=OV, Vo=OV MUX-24 4 

pF 

MUX-08 0.3 
Input to Output Capacitance Cos<OFF1 (Note4J 

MUX-24 0.15 

0.3 

0.15 
pF 

Positive Supply Current 
V+= 15V 10 12 

(All Digital Inputs I+ 
V+=SV 8 

Logic "O" or "1 "J 

6 12 

5 
mA 

Negative Supply Current 
V+ =-15V 3.0 3.8 

(All Digital Inputs I-
V+ =-SV 2.5 

Logic "O" or "1 "J 

2.0 3.8 
1.8 

mA 
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MUX08/MUX24 
ELECTRICAL CHARACTERISTICS at V+ = 15V, V- = -15V and -55° Cs TAS 125° C, un.less otherwise noted. 

MUX-OBA/ MUX-OBB/ 
MUX-24A MUX·24B 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RoN Vs" 10V, Is" 200µA 400 500 n 

<lRoN With Applied Voltage <lRoN -10V "Vs" 10V, Is= 200µA 1.5 4.5 % 

RON Match Between Switches RoN Match Vs= ov:is = 200,.A 10 15 % 

Analog Voltage Range VA (Note6) 
+10 +10.4 +10 +10.4 
-10 -15 -10 -15, 

v 

Source Current (Switch "OFF") ls10FFJ Vs= 10V, V0 =-10V (Notes 1, 7) 25 50 nA 

Vs= 10V, Vo=-10V MUX-08 100 " 
~ 500 

Drain Current (Switch "OFF") lo(OFF) (Notes 1, 7) MUX-24 50 500 
nA 

Leakage Current (Switch "ON") lo10NJ V0 = 1ov (Notes 1, 7) 
MUX-OS 100 silo 

nA 
+ls10NJ MUX-24 50 soi> 

Digital "1" Input Voltage V1NH (Note6) 2 2 v 

Digital "O" Input Voltage V1NL (Note6) 0.7 0.7 v 

Digital Input Current l1N v,N = 0.4V to 15V 20 20 µA 

Digital ''O" Enable Current l1NL(ENJ VEN=0.4V 20 20 µA 

Positive Supply Current I+ 
All Digital Inputs Logic 

15 15 mA 
"O"or"l" 

Negative Supply Current I-
All Digital Inputs 
Logic ''O" or "1" 

5 5, mA 

ELECTRICAL CHARAC"J'.ERISTICS at V+ - 15V, V- - -15V and -25~C s TA +85°C for MUX-OSEQ/FQ ~nd MUX-24EQ/FQ; 
0°C s TA s +70°C for MUX-OSEP and MUX-24EP;-40°C s TA s +85°C for MUX-OSFPIFS and MUX-24FPIFS, unless otherwise noted. 

' 

PARAMETER SYMBOL CONDITIONS 

"ON" Resistsnce RoN Vs s 1ov, ls's 200,.A 

aRON With Applied Voltage <lRoN -10V" Vs" 10V, Is= 200µA 

RoN Match Between Switches RoNMatch Vs=OV, ls=200µA 

Analog Voltage Range VA (Note6) 

Source Current (Switch "OFF") ls10FFJ Vs= 1ov, V0 =-10V (Notes 1, 7) 

Vs= 10V, Vo=-10V 
lo.10FF1 (Notes 1, 7) 

Drain Current (Switch "OFF") 

lo10NJ V0 = 10V (Notes 1, 7) 
+.iihONl 

Leakage Current (Switch "ON") 

Digital "1" Input Voltage . VINH (Note6) 

Digital "O" Input Voltage VINL (Note6) 

Digital Input Current l1N v,N = o.4V to isv 

Digital "O" Enable Current l1NL1ENJ VEN=0.4V 

I+ 
All Digital Inputs Logic 
"O"or"l" 

Positive Supply Current 

I-
All Digital Inputs 
Logic "O" or "1" 

Negative Supply Current 

NOTES: 
1. Conditions applied to leakage tests insure worst case leakages. Exceed

ing 11 V on the analog Input may cause an "OFF" channel to turn "·ON". 
2. AL= 10Mfl, CL= 10pF. 
3. Crosstalk Is measured by driving channel 8 with channel 4 "ON". 

AL= 1 Mn, CL= 10pF, Vs= 5V RMS, I= 500kHz. 

REV.A 

MUX-OBE/ MUX·OBF/ 
MUX·24E , MUX·24F 

MIN TYP MAX MIN TYP MAX UllllTS 

400 --; 500 n 

1.5 '4.5 % 

10 15 % 

+10 +10.4 +10 +10.4 
-10 -15 -10 -15 

v 

10 10 nA 

MUX-08 100 100 
MUX-24 50 50 

nA 

MUX-08 100 100 
nA 

MUX-24 50 50 

2 - ' 2 v 

0.8 jl.6 v 

2C). ;20 µA 

20 20 µA 

15 15 mA 

5 5 mA 

4. "OFF" isolation Is meesured by driving channel 8 with ALL channels "OFP'. 
AL= lkfl, CL= 10pF, V8=5V RMS, 1=500kHz. Cos is computed from the 
OFF Isolation measurement. 

5. Sample tested. 
, 6. Guaranteed by leakage current and RON tests. 
7. Leakage tests are performed only on military temperature grades at 125° C. 

SWITCHES AND MULTIPLEXERS 7-89 

• 



~ANALOG 
L.111 DEVICES 

16-Channel/DualB-Channel JFET 
Analog Multiplexers (Overvoltage ·Protected) 

~··· MUX16/MUX28 I 
FEATURES 

• JFET Switches Rather Than CMOS 
• Hlghly Realatant To Static Discharge Damage 
• No SCA Llttch·up Problems 
• Low "ON" Realatance - 2900Typlc81 
• Low Leakage Current 
• Dlgltal Inputs Compatlble With TTL and CMOS 
• Brnk·Before-Mak• Action 
• 125° C Tempen1ture-Teated Dice Avallable 
• Overvoltage .Protected 
• Supply Lou. Protection 
• MUX·18 Pin Compatlble With DGSO&, Hl-508A, AD7508 
• MUX-28 Pin Compatlble With DG507, Hl-507A, AD7507 
• Available In Dia Form 

ORDERING INFOR,..ATION t 
P.Aa<AGE OPERATING 

25"C CEAOIP LCC PLASTIC TEMPERATURE 
RESISTANCE 21M'lf 28-CONTACT 28-PIN RANGE 

2900 MUX16AT' ML 
2900 MUX16ET 1111) 
4000 MUX16BT' MUX16BTCl883 MIL 
4000 MUX16FT MUX16FP XIND 
4000 MUX1llFPc .XIND 
2900 MUX26Ar MIL 
2900 MUX28ET IND 
400n MUX28IW MUX28BTCl883 MIL 
400n MUX28FT MUX28FP XlllD 
4000 MUX28FPC XlllD . Fordevlcesp~lnlDtalcompliancelDMIL-STD-883,add/883alterpan 
number. Consult fac1Dry for 883 data sheet. 

t Burn-In Is available on ccimm.erclal and lndu81rial temperature range pans In 
!)erOl_P, plastic DIP, and TQ.call packages. 

FUNCTIONAL DIAGRAMS 

MUX-18 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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GENERAL DESCRIPTiON 

The MUX-16 is a monolithic 16-channel analog multiplexer 
which connects a single output to 1 ofthe 16 analog inputs 
depending upon the state of a 4-bit binary address. Discon
nection of the output is provided by a logical "O" at the 
ENABLE input, thereby providing a package selection 
function. 

The MUX-28 is a monolithic 8-channel differential analog 
multiplexer configured in a double pole, 8-position (plus 
OFF) electronic. switch array. A 3-bit binary input address 
connects a pair of. independent analog Inputs from each 
8-channel Input section to the corresponding pair of inde
pendent analog outputs. Disconnection of both inputs is 
provided by a logical "O" at the ENABLE input, thereby offer
ing a package select function.· 

Fabricated with Precision Monolithics' high performance 
Bipolar-JFET technology, these devices offer low, constant 
"ON" resistance. Performance advantages include low lea.k
age .. currents and fast settling time with low crosstalk to 
satisfy a wide variety of applications. These multiplexers do 
not suffer from latch-up or static discharge blow-ou.t prob
lems associated with similar CMOS parts. The digital ii) puts 
are designed to operate from both TTL and CMOS' levels 
while always providing a definite break-before-make action 
without the need for external pull-up resistors. For single 
8-channel and dual 4-channel models, refer to the 
MUX-08/MUX-24 data sheet. 

EN 
A2 

MUX-28 

A1 0--+---1· 

~~-r--ii....,...-..~.--...--.--..~...--r-' 

DRAIN.B 819 S,e 839 849 Sse ... S,e 8se 

It+ 

GND 

v-
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MUXl 6/MUX28 
PIN CONNECTIONS & TRUTH TABLES 

..... ~QQ.1 .• 
N.C. V- DRAINB "' z z > > 

N.C. 3 

17 
28-PIN PLASTIC DIP 

.... .,. 
MUX·16BTC/883 

(P-Sufflx) ... .... LCC 

28-PIN CERDIP ... ' (TC-Suffix) 

•• (T-Sufflx) PLCC . .. 
(PC-Suffix) .... 

QND 1 nnnj 

MUX-16 MUX-28 

"ON" "ON" "ON" • c 

A3 A2 A1 A0 EN CHANNEL A3 A2 A1 A0 EN CHANNEL A2 A1 A0 EN CHANNEL 1 ~LL a 
x x x x L NONE H L L L H 

L L L L H H L L H H 

L L L H H 2 H L H L H 

L L H L H 3 H L H H H 

L L H H H 4 H H L L H 

L H L H 5 H H L H H 

L H L H H 6 H H H L H 

L H H L H 7 H H H H H 

L H H H H 8 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Operating Temperature Range, 

9 x x x 
10 

L L L 
11 

L L H 
12 

L H L 
13 

L H H 
14 

H L L 
15 

H L H 
16 

H H L 

H H H 

MUX-16128-AT, BT, BTC ••••.•••••••••••••••••••••• -55°Cto+125°C 
MUX-16128-ET •••••.••••••••••••••.•••••••••••...•••••••••• -2s•c to +8s•c 
MUX-16128-FP, FPC, FT ............................. -40°C to +85°C 

Junction Temperature (TJ) •••••••••••.•.•.•••••..••••••• -65°C to + 1 so•c 
Storage Temperature Range •.••.•••••..•.....•••••• -65°C to + 1 so•c 
Lead Temperature (Soldering, 60 sec) ••••••••••.••••••••••••••• aoo•c 
Maximum Junction Temperature •••••••.•••.•••••••.••..•.••••.•••• 150°C 
V+ Supply to V- Supply •••••••••.•••••••••••••••••••••••••••••.••••••••••••• 36V 
Logic Input Voltage ••••••••••••••••••••••••••• (V- or -4V) to V+ Supply 

Analog Input Voltage ••••••• V- Supply -20V to V+ Supply +20V 

L 

H 

H 

H 

H 

H 

H 

H 

H 

PAIR 
NONE 

MUX-28BTC/883 

2 LCC 
(TC-Suffix) 3 

PLCC 
4 

(PC-Suffix) 
5 

!!tju~:c~j 6 " z z 
7 

8 

Maximum Current Through Any Pin ••••••••••••••••••••••••••••••• 25mA 

PACKAGE TYPE e1,.(Note2) 8JC UNITS 

28-Pin Hermetic DIP (1) 55 15 'C/'N 

28-Pin Plastic DIP (P) 56 30 'C/'N 

28-Contact LCC (TC) 86 35 -cm 
28-Contact PLCC (PC) 70 33 -cm 

NOTES: 
1. Ratings apply to both DICE and packaged parts, unless otherwise noted. 
2. e.,. is specified for worst case mounting conditions, i.e., e.A is specified for 

di.vice in socket for CerDIP, P-DIP, and LCC packages; e1A is specified for 
device soldered to printed circuit board for PLCC package. 1 

ELECTRICAL CHARACTERISTICS at Vs= ±15V and TA= 25°C, unless otherwise noted. 

MUX-16A/E MUX-168/F 
MUX-28A/E MUX-288/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RoN Vs5 lOV, ls5 200µA 290 380 400 580 n 
ARoN With Applied Voltage ARoN -lOV,; Vs,; 10V, Is= 200µA 1.5 1.5 % 

RoN Match Between Switches RoN Match Vs= OV, Is= 200µA 15 20 % 

Analog Voltage Range 
+10 +11 +10 +11 

VA (Note6J -10 -15 -10 -15 v 

Source Current (Switch "OFF"J Is iOFFJ Vs= lOV, Vo= -lOV (Note 1 I 0.01 0.01 nA 

Drain Current (Switch "OFF") 
MUX-16 0.2 0.2 

lo(OFFJ Vs= 10V, Vo=-10V (Note 1) MUX-28 0.1 0.1 nA 

Leakage Current I Switch "ON"' I 
lo(ON) MUX-16 0.2 0.2 
+lsiONJ 

V0 = 10V (Note 1) MUX-28 0.1 0.1 nA 

Digital Input Current l1N v,N = 0.4V to 15V 10 10 µA 
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MUX16/MUX28 
ELECTRICAL CHARACTERISTICS at Vs = :t 15V and TA = +25°C, unless otherwise noted. Continued 

MUX·16A/E MUX·16B/F 
MUX·28A/E MUX·28B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Digital "0" Enable Current llNL(EN) VEN= 0.4V 4 10 4 10 ~ 
Digital Input Capacitance CDIG 3 3 pF 

Switching Time ('-rRAN) IPHL (Notes 2,5) Figure 1 1.4 2.0 1.8 2.5 
1PLH (Tesl Circuits) 1.2 1.8 1.6 2:2 I'S 

1ov Step to 0.10% 2.6 2.7 
Oulput Settling Ti.me t, 1 ov Step to 0.05% 3.2 3.4 I'S 

10V Step to 0.02% 4.0 7.2 

Break-Before-Make Delay 1oPEN Figure3 0.7 11s 

Enable Delay "ON' ...... (Note 5) Figure 2 
2 1.2 2.5 "" (T esl Circuits) 

Enable Delay "OFF' 1oFF (EN) 
(Note 5) Figure 2 MUX-16 0.25 0.5 0.25 0.5 

11s (Test Clrcuils) MUX-28 0.25 0.5 0.25 0.6 

'OFF" Isolation ISOOFF 
(Note 4) Figure 4 

66 66 dB (Test Circuits) 

Crosstalk CT (Note 3) Figure 5 
75 75 dB (Test Circuits) 

Source Capacitance CS (OFF) 
Switch 'OFF," 

2.5 2.5 pF 
Vs=OV,Vo=OV 

Drain Capacitance CD (OFF) 
Switch 'OFF," MUX-16 13 13 

pF Vs =OV, V0 :OV MUX-28 8 8 

Input to Outpul Capacitance CDS (OFF) (Note4) 0.15 0.15 pF 

Positive Supply Current V+ = 15V 
MUX-16 15 19 9 19 
MUX·28 15 19 8 19 (All Digital Inputs I+ 
MUX-16 12 8 

mA 
Logic ·o• or '1 ') V+=5V 

MUX-28 12 7 

Negative Supply Current V-=-15V MUX-16 5 7 3.5 7 
MUX-28 5 7 3 7 (All Digital Inputs I-
MUX-16 4 3 

mA 
Logic 'O' or "1 ') V-=-fN 

MUX·28 4 2.5 

NOTES: 4. "OFF" Isolation Is measured by driving channel il (BB) with ALL channels OFF. 
1. Conditions applied to leakage tests insure worst case leakages. RL = 1kll, CL =10pF, vs =5VAMS, I =500kHz:coslscomputedfromlheOFF 
2. AL;- 10Mll, CL= 10pF. Isolation measurement. 
3. . crosstalk is.measured by driving channel 8 (BB*) wilh channe.17 (78*) ON. 5. Sample tested . 

AL= 1 Mil, CL = 1 OpF, Vs = 5V RMS, I= 500kHz. 6. Guaranteed by leakage current and A0 N tests. 

ELECTRICAL CHARACTERISTICS at vs = :t15V, -55°C s: TA s: + 125°C for MUX-1 SAT /BT /BTC and MUX-28AT/BT /BTC; -25°C 
s: TA s: +85°C for MUX-16ET and MUX-28ET;-40°C s: TA s: +85°C for MUX-16 FT/FP/FPC and. MUX-28FT/FP/FPC, unless otherwise 
noted. 

MUX·16A/E MUX-168/F 
MUX·28A/E MUX·28B/F 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance AON Vss10,ls s200~ 500 800 g 

AA0 N With Applied Voltage ARON -10VsVs s 10V, Is= 200~ 2 5.5 % 

A0 N Match Between Switches R0 N Match vs= ov, Is= 200~ 10 15 % 

Analog Voltage Range VA (Note6) +10 +11 +10 +11 v 
-10 -15 -10 -15 

Source Current (Swltch'OFF') Is (OFF) Vs= 10V, VD =-10V (Note 1) 25 50 nA 

Drain Current (Switch "OFF") ID (OFF) Vs= 10V. Vo =-10V (Nole 1) 75 250 nA 

Leakage Current ID (ON) V0 = 10V (Note 1) 75 250 nA 
(Switch "ON") +Is (ON) 

Digital "1' Input Voltage v (Note6) 2 2 v 
Digital •o• Input Voltage VINL (Note6) 0.7 0.7 v 

Digital Input Current llN V1N = 0.4Vto 15V 20 20 ~ 
Digital "O' Enable Current ll·NL (EN) VEN =0.4V 20 20 ~ 

Positive Supply Current I+ All Digital Inputs Logic •o• or '1 ' 24 24 mA 

Negative Supply Current 1- All Digital Inputs Logic •o• or '1 • 8.2 8.2 mA 
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r.ANALOG 
WDEVICES 

FEATURES 

• Two Normally Open and Two Normally Clo1ed SPST 
Switch•• with Dluble 

• Swltchea can be Ea1lly Configured a1 a Dual SPDT or 
aDPDT 

• Hlghly Re1l1tant to Static Dl1charge Deatructlon 
• Higher Re1l1tance to Radiation Than Analog Swltche1 

Dealgned with MOS Device• 
• Guaranteed RoN Matching ..............•.... 100/o Max 
• Guaranteed Switching Speed• ..••... ToN = 500n1 Max 

T OFF = 400n1 Max 
• Guanilnteed Break-Before-Make Switching 
• Low "ON" Re1l1tance .•...••...•.•.•...••...• eon Max 
• Low RoN Yarlatlon from Analog Input Voltage •..•... 50/o 
• Low Total Harmonic Dl1tortlon •.••.•.•••.••..••. 0.010/o 
• Low Leakage Currentl at High Temperature: 

TA= 125° C ••..•.••.•••.•.•. 100nA Max 
TA= 85°C .••..•.••.•.•.•••.. 30nA Max 

• Dlgltal Input• TTL/CMOS CompeUble and Independent 
ofV+ 

• Improved Speclflcatlon1 and Pin Competlble to LF-11333/ 
13333 

• Dual or Slngle Power Supply Operation 
• Avallable In Die Form 

PIN CONNECTIONS 

Switches are shown in the logic "O" 
input state and DIS= "1" 

TOP VIEW 

16-PINDIP 
(Q or P-SUfflx) 

16-PINSOL 
(&Suffix) 

TRUTH TABLE 

SW-O&BRC/883 
LCCPACKAGE 

(RC-Suffix) 

SWITCH STATE 

DISABLE LOGIC CHANNELS CHANNELS 
INPUT INPUT 162 364 

0 x OFF OFF 
1 or NC 0 OFF ON 
1 or NC 1 ON OFF 

This is an abridged data sheet. To obtain the most recent venion or 
complete data sheet, call onr fu retrieval system at 1·800-446-11212. 

REV.A 

Quad SPST JFET 
Analog Switch 

SWO& I 
GENERAL DESCRIPTION 

The SW-06 is a four channel single-pole, single-throw analog 
switch that employs both bipolar and ion-implanted FET 
devices. The SW-06 FET switches use bipolar digital logic 
inputs which are more resistant to static electricity t.han 
CMOS devices. Ruggedness and reliability are Inherent In 
the SW-06 design and construction technology. 

Increased reliability is complemented by excellent electrical 
specifications. Potential error sources are reduced by min
imizing "ON" resistance and controlling leakage currents at 
high temperatures.The switching FET exhibits minimal RoN • 
variation over a 20V analog signal range and with power 
supply voltage changes. Operation from a single positive 
power supply voltage is possible. With V+ = 36V, V-=OV, the 
analog signal range will extend from ground to +32V. 

PNP logic inputs are TTL and CMOS compatible to allow the 
SW-06 to upgrade existing designs. The logic "O" and logic 
"1" input currents are at micro-ampere levels reducing l.oad
ing on CMOS and TTL logic. 

FUNCTIONAL DIAGRAM 
V• 

12 

LEVEL 
SHIFT 

GND V-DIS 
13 

ORDERING INFORMATION t 

PLASTIC 
16-PIN 

SW06GP 
SW06GS 

CERDIP 
16-PIN 

SW06BQ* 
S~FQ 

LCC 
20-CC>NTACT 

SW06BRC/lis3 

3 

~·· 
~· 01 

6 

~~ 
t.2.o 02 

[" 
03 

t~ 
15 04 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
XIND 
XIND 

• For devices Pl'.llC8SSed In 1Dtsl compliance 1D MIL·STD-883, add /883 alter part 
number. Consultfac1Dry for 883 data sheet. 

t Bum-in la available on commercial and lndusbial temperature range parts In 
CerDIP, plastic DIP, and TO-can packages. 
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SWO& 
ABSOLUTE MAXIMUM RATINGS (Note 1) Maximum Current Through 

Operating Temperature Range Any Pin Including Switch ............................................. 30mA 

SW-0680, BRC •.•..••••••••.....•••.•.•.•.•.....••••••• -55°C to + 125°C PACKAGE TYPE a1A (Note2) 6 1c UNITS 
sw-osFa ..................................................... -40°C to +a5°C 

SW-OSGP, GS·············································· -40°C to +85°C 
16-Pin Hermetic DIP (0) 100 16 'C/W 

Storage Temperature Range ..•.•••.•.••••••••.•••.• -65°C to +150°C 16-Pin Plastic DIP (P) 82 39 'C/W 

Lead Temperature (Soldering, 60 sec) •••••••••••••••••••••••••• 300°C 20-Contact LCC (RC) 98 38 'C/W 

Maximum Junction Temperature •....•.•.•••••••••••.•.•.••.••.•.•.• 150°C 16-Pin SOL (S) 98 30 'C/W 

V+ Supply To V-Supply •••••••••••.••.•.•.•.•.•.•••••••••.••••••••••••.•••• 36V NOTES: 

V+ Supply to Ground ••••••••••.•...•.•...•.•.••.••••••••••..•••••••••••.•..••• 36V 1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

Logic Input Voltage •••.•.••...•••••••••••••..• (-4V or V-) to V+ Supply 
otherwise noted. 

2. a1A is specified for worst case mounting conditions, i.e., a1A is specified for 
Analog Input Voltage Range device in socket for CerDIP, P-DIP, and LCC packages; a1A is specified for 

Continuous ••••••••••••••••.•••••••••.• V- Supply to V+ Supply +20V device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at V+ = 15V, V-= -15Vand TA= 25°C, unless otherwise noted. 

SW-068 SW-06F SW-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

"ON" Resistance RoN 
V5=0V,lg=1mA 60 60 60 100 100 150 o 
Vs=±1ov.18 =1mA 65 60 65 100 100 150 

RoN Match Between 
RoN Match Vs= ov. Is= 100µA (Note 1) 10 20 20 % 

Switches 

Analog Voltage RanQe Is= 1mA (Note 8) +10 +11 +10 +11 +10 +11 
VA -10 

v 
ls=1mA -15 -10 -15 -10 -15 

Analog Current Range IA Vs= ±10V 10 15 12 10 mA 

.1RoN vs Applied 
.1RoN -1ov,;vs,;1ov.1s=1.omA 15 

Voltage 
10 20 10 20 % 

Source Current in Vs= 10V. Vo= -10V 
ls(OFF) 0.3 

"OFF" Condition (Note5) 
2.0 0.3 2.0 0.3 10 nA 

Drain Current in Vs= 10V. Vo= -10V 
lo(OFF) 0.3 

"OFF" Condition (Note5) 
2.0 0.3 2.0 0.3 10 nA 

Source Current in ls(ON)+ Vs= Vo= ±10V 
0.3 

""ON"" Condition lo(ON) (Note5) 
2.0 0.3 2.0 0.3 10 nA 

Logical "1" Input 
V1NH 

Full Temperature Range 

Voltage (Notes 6, 8) 
2.0 2.0 2.0 v 

Logical "O" Input 
V1NL 

Full Temperature Range 

Voltage (Notes 6, 8) 
0.8 0.8 0.8 v 

Logical "1" Input 
l1NH 

v,N = 2.0V to 15.0V 
10 µA 

Current (Note4) 

Logical ""O"" Input l1NL V1N=0.8V 1.5 5.0 1.5 5.0 1.5 10.0 µA 

Turn-On-Time toN 
See Switching Time 

Test Circuit (Notes 6, 9) 
340 500 340 600 340 700 ns 

Turn-Off-Time to FF 
See Switching Time 

200 400 200 400 200 500 ns 
Test Circuit (Notes 6, 9) 

Break-Before-Make 
toN-tOFF (Note3) 50 140 50 140 50 140 ns 

Time 

Source Capacitance Cs(oFFI Vs= OV (Note 5) 7.0 7.0 7.0 pF 

Drain Capacitance 'Co(OFF) Vs= OV (Note 5) 5.5 5.5 5.5 pF 

Channel ""ON"" Co(ON)+ Vs= Vo= ov (Note 5) 15 15 15 pF 
Capacitance Cs(ON) 

""OFF"" Isolation lso(OFF) 
Vs= 5VRMS• RL = 6800, 

58 58 58 dB 
CL= 7pF, I= 500kHz (Note 5) 

Crosstalk CT 
Vs= 5VRMS• RL = 6600, 70 70 70 dB 
CL= 7pF, I= 500kHz (Note 5) 
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SW06 
ELECTRICAL CHARACTERISTICS atV+ = 15V, V- = -15Vand TA= 25°C, unless otherwise noted. Continued 

SW·06B SW-06F SW·06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Positive Supply 
I+ 

All Channels "OFF', 
5.0 

Current DIS = ·o· (Note 5) 
6.0 5.0 9.0 6.0 9.0 mA 

Negative Supply 
I-

All Channels "OFF', 
3.0 

Current DIS= ·o· (Note 5) 
5.0 4.0 7.0 4.0 7.0 mA 

Ground Current IG 
All Channels 'ON' or 

'OFF' (Note 5) 
3.0 4.0 3.0 4.0 3.0 5.0 mA 

ELECTRICAL CHARACTERISTICS at V+ - 15V, V- - -15V, -55°C s TA s +125°C for SW-0680, -40°C s TA s +85°C for 
SW-OSFQ and -40°C s TA s +85°C for SW-OSGP/GS, unless otherwise noted. 

SW-068 SW·06F SW-06G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Temperature Range TA Operating -55 125 -25 85 70 oc 

Vs= OV, Is= 1.0mA 75 110 75 125 75 175 II "ON" Resistance RoN fl 
Vs= ±10V, Is= 1.0mA 80 110 80 125 80 175 

AoN Match Between 
RoN Match Vs= OV, Is= 100µA (Note 1) 

Switches 
20 25 10 % 

Is= 1.0mA (Note 8) +10 +11 +10 +11 +10 +11 
Analog Voltage Range VA v 

Is= 1.0mA -10 -15 -10 -15 -10 -15 

Analog Current Range IA Vs= ±10.0V 12 11 11 mA 

.1RoN With Applied 
.1RoN 

-10V :S Vs :S + 10V, 
10 12 15 % 

Voltage Is= 1.0mA 

Source Current in 
Vs= 10V, Vo= -10V, 

ls(OFF) TA= Max. Operating Temp. 60 30 60 nA 
"OFF" Condition 

(Notes 5, 7) 

Drain Current in 
Vs= 10V, Vo= -10V, 

"OFF" Condition lo(OFF) TA= Max. Operating Temp. 60 30 60 nA 

(Notes 5, 7) 

Leakage Current in ls(ON)+ 
Vs= Vo= ±10V, 

TA= Max. Operating Temp. 100 30 60 nA 
"ON" Condition lo(ON) (Notes 5, 7) 

Logical "1" Input 
l1NH 

v,N = 2.0V to 15.0V 
10 10 15 µA 

Current (Note4) 

Logical "O" Input 
l1NL V1N =O.BV 10 10 15 µA 

Current 

Turn-On-Time toN 
See Switching Time 

440 900 500 900 1000 ns 
Test Circuit (Notes 2, 6) 

Turn-Off-Time to FF 
See Switching Time 

300 500 330 500 500 ns 
Test Circuit (Notes 2, 6) 

Break-Before-Make 
(Note 3) 70 70 50 ns 

Time 
toN-tOFF 

Positive Supply Current I+ 
All Channels "OFF" 

DIS = "O" (Note 5) 
9.0 13.5 13.5 mA 

Negative Supply Current I-
All Channels "OFF" 

DIS = "O" (Note 5) 
7.5 10.5 10.5 mA 

All Channels "ON" or "OFF" 
6.0 7.5 7.5 mA Ground Current lo 

(Note 5) 

NOTES: 4. Current tested at V1N = 2.0V. This is worst case condition. 

1. Vs= OV, Is= 100µA. Specified as a percentage of RAVERAGE where: 5. Switch being tested ON or OFF as indicated, ViNH = 2.0V or V1NL = O.BV, 

R - RoNt + RoN2 + RoN3 + RoN4 
per logic 1ruth table. 

AVERAGE- 6. Also applies to disable pin. 
4 

7. Parcimeter tested only at TA= +125°C for military grade device. 
2. Guaran1eed by design. 8. Guaranteed by RoN and leakage tests. For normal operation maximum 
3. Switch is guaranteed by design to provide break-before-make analog signal voltages should be restricted 10 less than (V+) -4V. 

operation. 9. Sample 1ested. 
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~ Selection Tree - Voltage References and R.egulators 
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FIXED 
OUTPUT 

VOLTAGE 
REFERENCES & REGULATORS 

SELECTABLE 
OUTPUT 

AD584 

(2.5 v, 5.0 v, 7.5 v 
or lOV) 

ADJUSTABLE 
.OUTPUT 

ADM663 (Fixed +5 V; + 1.6 V to + 16 V Adj.) 
ADM666 (Fixed +5 V; + 1.6 V to + 16 V Adj. 

w /Low Battery Monitor) 
ADM663A {Fixed +3.3 V or +5 V; 

+1.6 V to +16 V Adj.) 
ADM663A (Fixed +3.3 V or +5 V; 

.'>: 

,_. 
'" 

AD588 + 1.6vto+16 V Adj. w /Low Battery Monitorl 

1.23 Volts I 2.5 Volts 

AD589 <1<2 = 10 µA) AD580 
AD680 
REF43 
AD1403/A 

2.5 Volts or 
3 Volts 

AD780 

(+5 v & +10 V,-5 v 
&-10Vor±5 V) 

5.0Volts I lQVolts · ·I 
AD586 AD581 
REF02 AD587 
REF195 REFOl 

Low Drop Output 

I Voltage (IQ = 46 µA) 

REF190 (Adj. 2 V REF194 (+4.SV) 
to 6 V) REF195 (+5.0 V) 

REF191 (+2.048 V) R~Fl96 (+3.3V) 
REF192 (+2.5 V) REF19S (+4.096'V) 
REF193 (+3.0V) 

,..,-.., 

I ±10Voi.ts 

AD688 
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Voltage References 
Output Initial Temp 
Voltage Accuracy Stability Package Temp 

Model v o/oFS max ppm/°Cmax Options1 Ranges2 Page3 Comments 

AD589 +1.235 1.2-2.8 10-100 H C,M/ S-22 Two Terminal, 1.2 V Reference 
REF191 +2.048 2-10 mV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF192 +2.5 2-10 mV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
AD780 +2.5/+3.0 0.03-0.04 3 N,Q,R l,M S-30 Ultrahigh Precision +2.5 V/+3.0 V Bandgap Reference 
AD680 +2.5 0.2-0.4 20-30 N,R,T C, I S-24 Low Cost, Low Power 2.5 V Reference 
AD580 +2.5 0.4-3 10-85 H C,M/0 S-5 Precision, Three Terminal, 2.5 V Reference 
AD1403/AD1403A +2.5 0.4-1 25-40 N I S-38 Second Source, 2.5 V Reference 
REF43 +2.5 0.6-1 10-25 H,N,Q,R I, M/0 S-58 Precision Bandgap Reference 
REF03 +2.5 0.6 so N,R I en 6-99 Low Cost Bandgap Reference 
REF193 +3.0 lOmV 25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF196 +3.3 lOmV 25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF198 +4.096 2-10 mV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF194 +4.5 2-lOmV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
AD586 +5 0.04-6.4 5-25 Q,R C,M/0 S-13 Precision, Buried Zener 5 V Reference 
REF195 +5.0 2-10 mV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 
REF02 +5 0.3-2.0 8.5-250 E,H,N,Q,R C, I, M/0 S-55 Precision Bandgap Reference, Adjustable 
AD27IO +IO 0.01 1-5 N c en 6-79 Ultrahigh Precision IO V Reference 
AD2700 +IO 0.025--0.05 3-10 D C,Mfo en 6-75 Very High Precision IO V Reference 
AD587 +10 O.OS-0.1 5-20 Q,R C,M/0 S-16 Precision 10 V Buried Zener Reference 
AD581 +10 O.OS-0.3 5-30 H C,M/0 S-7 Three Terminal 10 V Bandgap Reference 
REFOl +10 0.3-1.0 8.5-65 E,H,N,Q,R C, I, M/0 S-52 Precision Bandgap Reference 
AD2712 ±IO 0.01 1-5 N c en 6-79 Ultrahigh Precision ±IO V Reference 
AD688 ±10 0.02-0.05 1.5-6 Q I, Ml S-27 High Precision Monolithic ± 10 V Reference 
AD2702 ±10 0.025--0.05 3-10 D C,M!D en 6-75 Very High Precision ±10 V Reference 
AD2701 -IO 0.025--0.05 3-IO D C,M!D en 6-75 Very High Precision - 10 V Reference 
AD588 Selectable 0.01 1.5-6 E,N,Q C, I, M/0 S-19 Ultrahigh Precision, Monolithic Progranunable Reference 
AD584 Selectable 0.05-0.3 5-30 E,H C, MfoJ S-9 Precision, Programmable Bandgap Reference 
REF190 Adjustable IOmV 5-25 N,R I 8-61 45 µA Supply Current, 0.6 V Dropout @ 10 mA Out 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J·Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOJC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonherrnetic CeramidGlass DIP; Y = Single-Jn-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C =Commercial, 0°C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M =Military, -55°C to +125°C. !fa device has military grade offerings, the M 
temperature designator will be followed by: /,to indicate 883B, 1 for JAN, 0 for SMD, and 8 for space level. 

3CII = Data Converter Reference Manual, Volume II. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Selection Guides-Voltage References and Regulators 
Voltage Regulators 

Model 

ADM663 
ADM666 
ADM663A 
ADM666A 

Output 
Voltage 

+5 V Fixed, 1.3 to + 16 V Adjustable 
+5 V Fixed, 1.3 to + 16 V Adjustable 
+3.3 V or +5 V Fixed, 1.3 to +16 V Adjustable 
+3.3 V or 5 V Fixed, 1.3 to +16 V Adjustable 

Output 
Current Functions 

40 Output Boost Temperature Output Shutdown 
40 Low Battery Detect Shutdown 
100 Output Boost Temperature Output Shutdown 
100 Low Battery Detect Shutdown 

Package 
Options1 

N,R 
N,R 
N,R,RS 
N,R,RS 

Temp 
Ranges2 Page Comments 

8-40 MAX663 Replacement 
8-40 MAX666 Replacement 
8-46 Higher Output Replacement 
8-46 Higher Output Replacement 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C = Commercial, 0°C to +70°C; I =Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

Boldface Type: Data sheet information in this volume. 
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FEATURES 
Laser Trimmed to High Accuracy: 2.500V ±0.4% 
3-Terminal Device: Voltage lnNoltage Out 
Excellent Temperature Stability: 10ppmf C (AD580M, U) 
Excellent Long Term Stability: 250µV (25µV/Month) 
Low Quiescent Current: 1.5mA max 
Small, Hermetic IC Package: T0-52 Can 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD580 is a three-terminal, low cost, temperature compen
sated, bandgap voltage reference which provides a fixed 2.SV 
output for inputs between 4.SV and 30V. A unique combin
ation of advanced circuit design and laser-wafer-trimmed 
thin-film resistors provide the AD580 with an initial tolerance 
of ±0.4%, a temperature stability of better than 1 Oppm/° C 
and long-term stability of better than 250µV. In addition, 
the low quiescent current drain of 1.SmA max offers a clear 
advantage over classical zener techniques. 

The AD580 is recommended as a stable reference for all 8-, 
10- and 12-bit D-to·A converters that require an external refer
ence. In addition, the wide input range of the AD580 allows 
operation with 5 volt logic supplies making the AD580 ideal 
for digital panel meter applications or whenever only a single 
logic power supply is available. 

The AD580J, K, Land M are specified for operation over the 
0 to +70°C temperature range; the AD580S, T and U are speci
fied for operation over the extended temperature range of 
-55°C to +125°C. 

•Protected by Patent Nos. 3,887,863; RE30, 586. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.A 

High Precision 
2.5V IC Reference 

AD580* I 
FUNCTIONAL BLOCK DIAGRAM' 

T0-52 

PRODUCT HIGHLIGHTS 
1. Laser-trimming of the thin-film resistors minimizes the 

AD580 output error. For example, the AD580L output 
tolerance is ±lOmV. 

2. The three-terminal voltage in/voltage out operation of the 
AD580 provides regulated output voltage without any 
external components. 

3. The AD580 provides a stable 2.5V output voltage for 
input voltages between 4.5V and 30V. The capability to 
provide a stable output voltage using a 5-volt input makes 
the AD580 an ideal choice for systems that contain a 
single logic power supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing frovide the AD580 with temperature stabilities 
to lOppm/ C and long term stability better than 250µV. 

5. The low quiescent current drain of the AD580 makes it 
ideal for CMOS and other low power applications. 

6. The AD580 is available in versions compliant with MIL·STD-
88 3. Refer to the Analog Devices Military Products Databook 
or current AD580/883B data sheet for detailed specifications. 

NOTE 

AD580 CHIP DIMENSIONS 
AND PAD LAYOUT 

Dimensions shown in inches and (mm). 

180TH ~PADS MUST BE CONNECTED TO THE OUTPUT. 

The AD580 is also available in chip form. Consult the factory 
for specifications and applications information. 

VOLTAGE REFERENCES AND REGULA TORS 8-5 
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A058Q-SPEClflCAJIQNS (@ E1N = +15V and +25°C) 

Model ADSSOJ 
Min Typ Max 

OUTPUTVOLTAGETOLERANCE 
(Error from Nominal 2.500 Volt Output) ±75 

OUTPUTVOLTAGECHANGE 
TmintOTmu 15 

85 

LINE REGULATION 
7V:sVIN:s30V 1.5 6 
4.5V:sVrn:s7V 0.3 3 

LOAD REGULATION 
<I.I~ !OmA 10 

QUIESCENT CURRENT 1.0 1.5 

NOISE(O.lHzto lOHz) 8 

STABILITY 
Long Term 250 
Per Month 25 

TEMPERATURE PERFORMANCE 
Specified 0 +70 
Operating -55 + 125 
Storage -65 + 175 

PACKAGE OPTION* 
T0-52(H-03A) AD580JH 

Model AD580S 
Min Typ Max 

OUTPUTVOLTAGETOLERANCE 
(Error from Nominal 2.SOO Volt Output) ±25 

OUTpUTVOLTAGECHANGE 
TmintOTmu 25 

55 

LINE REGULATION 
7VsVINs30V 1.5 6 
4.5VsVIN:s7V 0.3 3 

LOAD REGULATION 
Al~ IOmA 10 

QUIESCENT CURRENT 1.0 1.5 

NOISE (0. !Hz to IOHz) 8 

STABILITY 
Long Tenn 250 
Pee Month 25 

TEMPERATURE PERFORMANCE 
Specified -55 + 125 
Operating -55 + 150 
Storage -65 + 175 

PACKAGE OPTION* 
T0-52(H-03A) AD580SH 

NOTE 
• H •Metal Can. For outliile infonnation see Package lnfonnation section. 
Specifications subject to change without notiCe. 
Spcciftcations shown in boldface are tested on all production units at final electri
cal test. Results from 1hose rests are used to calculate outgoing Quality levels. AU 
min and max spccifations . are guaranteed, although only those shown in 
boldface are tested on all production units. 

Min 

0 
-55 
-65 

Min 

-;-

-55 
-55 
-65 
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AD580K 
Typ 

1.5 
0.3 

1.0 

8 

250 
25 

AD580KH 

AD580T 
TYJ> 

1.0 

8 

250 
25 

AD580TH 

AD580L .. ·. 
ADS80M 

Max Min Typ Max-'- Min Typ Max Units 

±25 ±10 ±10 mV 

7 4.3 1.75 mV 
40 25 10 ppm/°C 

4 2 2 mV 
2 1 1 mV 

10 10 10 . mV 

1.5 1.0 1.5 1.0 1.5 mA 

8 8 l'V(p-p) 

250 250 .. v 
25 25 .. v 

+70 0 +70 0 +70 "C 
+ 125 -55 + 125 -55 +125 "C 
+ 175 -65 + 175 -65 +175 "C 

AD580LH AD580MH 

ADSSOU 
Max Min Typ Max Units 

±10 ±10 mV 

11 4,5 mV 
25 10 ppm/"C 

2 2 mV 
I 1 mV 

10 10 mV 

1.5 1.0 1.5 mA 

8 l'V(p-p) 

250 .. v 
25 .. v 

+ 125 -55 + 125 "C 
+ 150 -55 +150 "C 
+ 175 -65 + 175 "C 

AD580UH 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage. . . . . . . . . . . . . . . . . . ....... 40V 
Power Dissipation @ + 25"C 

Ambient Temperature .................... 350mW 
Derate above +25°C .•.......•... ~ .•...•. 2.8mWfC 
Lead Temperature (Soldering, lOsec) ............. 300°C 
Thermal Resistance 

Junction-to-Case •... 
Junction-to-Ambient .. 

.. _. 100°C1W 

. ... 360°CJW 

REV.A 
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WDEVICES 

FEATURES 
Laser-Trimmed to High Accuracy: 

10.000 Volts :t5mV (Land Ul 
Trimmed Temperature Coefficient: 

5ppmf'c max, 0 to + 70"C (L) 
10ppmrc max, -55"C to +125"C (U) 

Excellent Long-Term Stability: 
25ppm/1000 hrs; (Noncumulative) 

Negative 10 Volt Reference Capability 
Low QuiHCjtnt Current: 1.0mA max 
10mA Current Output Capability· 
3-Terminal T0-5 Package 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD581 is a three-terminal, temperature compensated, 
monolithic band-gap voltage reference which provides a pre
cise 10.00 volt output from an unregulated input level from 
12 to 30 volts. Laser Wafer Trimming (LWT) is used to trim 
both i:he initial error at +25°C as well as the temperature 
coefficient, which results in high precision performance pre
viously available only in expensive hybrids or oven-r~ulated 
modules. The SmV initial error tolerance and Sppml C guar
anteed temperature coefficient of the ADS81L represent the 
best performance combination ava.ilable in a monolithic vol~
age reference. 

The band-gap circuit design used in the ADS81 offers several 
advantages over classical Zener breakdown diode te.chniques. 
Most important, no external components are required to 
achieve full accuracy and stability of significance to low power 
systems. In addition, total supply current to the devic;e, includ
ing the output buffer amplifier (which can supply up to lOmA) 
is typically 7SOµA. The long-term stability of the band-gap 
design is equivalent or superior to selected Zener reference 
diodes. 

The ADS81 is recommended for use as a reference for 8-, 10-
or 12-bit DIA converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
up to 14 bit accuracy, either successive approximation or inte
grating designs, and in general can offer Qc:tter performance 
than that provided by standard self-contained references. 

The 0ADS81J, K, artd L are specified for operation from0 0 to 
+70 C; the AD581S, T, and U are specified for the -55 C to 
+125°C range. All grades are packaged in a hermetically-
sealed three-terminal T0-5 metal can. 

0 Ciwemt by Patent Nos. 3,887,8631 RE 30,586 

This is an abridged data sheet. To obtain the most recent venion i>r 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV:A 

High Precision 
lOV IC Reference 

AD581* 
FUNCTIONAL BLOCK DIAGRAM 

0 
+Vs 

GND 
0 

T0·5 

BOTTOM VIEW 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficient results in very low errors over temperature with
out the use of external components. The ADS81L has a 
maximum deviation from 10.000 volts of ±7.25mV from 
0 to +70°C, while the ADS81Uguarantees±15mV maximum 
total error without external trims from -55°C to.+125°C. 

2. Since the laser trimming is done on the wafer prior to sepa
ration into individual chips, the ADS81 will be extremely 
valuable to hybrid designers for its ease of use, lack of . 
required external trims, and inherent high performance. 

3. The ADS81 can also be operated in a two-terminal "Zener" 
mode to provide a precision negative 10 volt reference with 
just· one external resistor to the unregulated supply. The per
formance in this mode is nearly equal to that of the stand
ard three-terminal configuration. 

4. Advanced circuit design using the band-gap concept allows 
the AD581 to give full performance with an unregulated in
put voltage down to 13 volts. With an external resistor, the 
device will operate with a supply as low as 11.4 volts. 

S. The ADS81 is available in versions compliant with.MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current ADS 81/88 3 B data sheet for detailed specifications. 
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AD581-SPECIFICATIONS c@v. = +15Y llld 25°C) 

AD581J 
Model Min Typ Mu 

OUTPUTVOLTAGETOLERANCE 
(Error from nominal 10,000V outpUt) ±30 

OUTPUTVOLTAGECHANGE 
Maximum Deviation.from + 2S"C ±13.5 
Value, TmintoTmu:· 

(Temperature Coefficient) 30 

LINE REGULATION 
!SVsVINs30V 3.0 

(0.002) 
13VsVINs!SV 1.0 

(O.OOS) 

LOAD REGULATION 
OsioUT,;SmA 200 500 

QUIESCENT CURRENT 0.75 1.0 

TURN-ON SETTLING TIME TOO.!% 200 

NOISE (0.1 to IOHz) 40 

LONG-TERM STABILITY 2S 

SHORT-CIRCUITCURRENT 30 

OUTPUT CURRENT 
Source@+25'C 10 

Source T min to T QIU 5 
Sink T min to T mu: 5 
Sink -55"Cto +85"C -

TEMPERATURE RANGE 
Specified 0 +70 
Operating -65 +150 

PACKAGEOPTION1 

T0-5 (H-03B) AD581JH 

AD581S 
Model Min Typ Mu 

OuTPuTVOLTAGETOLERANCE 
(Error from nominal 10,000V output) ±30 

OUTPUT VOLTAGE CHANGE 
Maximum Deviation front + 2S"C ±30 
Value, TmmtoT.lllU 

{Temperature Coeftkient) 30 

LINE REGULATION 
15VsVINs30V 3.0 

(0.002) 
13VsVINsl5V 1.0 

(O.OOS) 

LOAD REGULATION 
O"'iouTs5mA 200 500 

QUIESCENT CURRENT 0.75 1.0 

TURN-ON SETTLING TIMET00.1% 200 

NOISE(O.l to IOHz) 40 

LONG-TERM STABILITY 25 

. SHORT-CIRCUIT CURRENT 30 

OUTPUT CURRENT 
Source@ + 2S"C 10 

Source T mm·to T max s 
SinkT,,,.,toT..,. 200 
Sink -55"Cto +SS"C s 

TEMPERATURE RANGE 
Specified -SS +125 
Operating ~65 +150 

PACKAGE OPTION' 
T0-5 (H-03B) AD581SH 

NOTES 
1H = HemieticMetalCan. Poroutlineinformationsecl'acloige 
.Information section. 
Specilications 111bject tocbango without notice. 

Specifications shown in boldflce are tatedoo all productioo units at final elec:tri
cal tat. Results from thole tats are used to c:alc:ulate outgoiJ!a quality le>eb. All 
min and mu ll)J<cifu:ation ore guannteed, altboqb oaly thooe shown in 
boldface are teated OD all productioo units. 
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Min 

10 
s 
5 

-
0 
-65 

Min 

10 
s 
200 
s 

-SS 
-65 

AD581K ADS81L 
Typ Mn Min Typ Mu 

±10 ±5 

±6.75 ±2.25 

15 s 

3.0 3.0 
(0.002) (O.CJ07) 
1.0 1.0 
(0.005) (0.00S) 

200 500 200 500 

0.75 1.0 0.75 1.0 

200 200 

40 40 

2S 25 

30 30 

10 
s 
5 

-
+70 0 +70 
+150 -6S +150 

AD581KH AD581LH 

AD581T AD581U 
Typ Mu Min Typ Mu 

±10 :t:S 

±15 ±10 

15 10 

3.0 3.0 
(0.002) (0.002) 
1.0 1.0 
(0,005) (0.005) 

200 500 200 500 

0.75 1.0 0.75 1.0 

200 200 

40 40 _.::_ 

2S 25 

30 30 

10 
s 
200 
s 

+125 -5S +125 
+150 -65 +150 

AD581TH AD581UH 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V1N to Ground ..... 
Power Dissipation @ + 25°C . . . . . 
Operating Junction Temperature Range 
Lead Temperature (Soldering, !Osec) 
Thermal Resistance 

Junction-to-Ambient • . . .. . . . 

' 
Units 

mV 

mV 

ppml"C 

mV 
%1V 
mV 
%1V 

fLV/mA 

mA 

..... 
tLV/p-p 

ppm/1000 hn. 

mA 

mA 
mA 
!LA 
mA 

"C 
"C 

Ualts 

mV •' 

mV 

ppml"C 

mV 
%1V 
mV 
%1V 

tLVlmA 

mA 

"" !LV/p-p 

ppm/1000 hn. 

mA 

mA 
mA 

!LA 
mA 

"C 
"C 

.· ... · ... 40V 

. •... 600mW 
- SS°C to + lSO°C 

+300°C 

lSO°C/W 

REV.A 
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FEATURES 
Four Programmable Output Voltages: 

10.000V, 7.SOOV, 5.000V, 2.SOOV 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

5ppm/"C max, O to + 70°C IAD584Ll 
15ppm/"C max, -ss•c to +125°C (AD584Tl 

Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 

Capability (5V & Above) 
Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD584 is an eight-terminal precision voltage reference 
offering pin-programmable selection of four popular output 
voltages: 10.000V, 7 .SOOV, 5.000V and 2.SOOV. Other out
put voltages, above, below or between the four standard out
puts, are available by the addition of external resistors. Input 
voltage may vary between 4.5 and 30 volts. 

Laser Wafer Trimming (LWT) is used to adjust the pin-program
mable output levels and temperature coefficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 

Jn addition to the programmable output voltages, the AD584 
offers a unique strobe terminal which permits the device to be 
turned on or off. When the AD584 is used as a power supply 
reference, the supply can be switched off with a single, low
power signal. In the "off" state the current drain by the 
AD584 is reduced to about lOOµA. In the "on" state the total 
supply current is typically 750µA including the output buffer 
amplifier. 

The AD584 is recommended for use as a reference for 8-, 10-
or 12-bit DI A converters which require an external precision ref
erence. The device is also ideal for all types of AID converters 
of up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 

The AD584J, Kand Lare specified for operation from 0 to 
+70°C; the ADS84S and Tare specified for the -SS°C to 
+ 125° C range. All grades are packaged in a hermetically 
sealed eight-terminal T0-99 metal can; the AD584J and Kare 
also available in an 8-pin plastic DIP. 

•Protected by U.S. Patent No. 3,887,863; RE 30, 586 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Pin Programmable 
Precision Voltage Reference 

AD584* I 
PIN CONFIGURATIONS 

8-Pin T0-99 8-Pin DIP 
TAB 

COMMON 

PRODUCT HIGHLIGHTS 
1. The flexibility of the ADS84 eliminates the need to design

in and inventory several different voltage references. Further
more one AD584 can serve as several references simultane
ously when buffered properly. 

2. Laser trimming of both initial accuracy and temperature 
coefficient results in very low errors over temperature with
out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of ±7 .25mV from 
0 to +70°C. 

3. The ADS84 can be operated in a two-terminal "Zener" 
mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this "Zener" 
configuration as a negative reference. 

4. The output of the ADS 84 is configured to sink or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 without damage to 
the reference and without disturbing the output voltage 
(lOV, 7.SVand SY outputs). 

S. The AD584 is available in versions compliant with MJL
STD-88 3. Refer to the Analog Devices Military Products 
Databook or current AD584/883B data sheet for de
tailed specifications. 
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AD584-SPECIFICATIONS (@ v,N = 15Yand 25°C) 
~ ·' 

Model AD584J 
.,, Mia TJp Ma 
OUTPUTVOLTAGETOLERANCE " 

MuimumError1 f!>rNominal 
OutpUtsof: 

IO~OOOV ±30 
7.500V ±20 
5.000V ±15 
2.SOOV ±7.S 

OUTPUT VOLTAGE CHANGE .· 
Muimum Deviation from + 25'C 

Value, TmmtoT,...2 

10.000; 7.500, 5.000V Outputs, 38 
2:500V Output 30 

Differential Temperawre 
Coefficients Between OutpUts 5. 

QUIESCENT CURRENT. 0.75 1:0 
Temperature Variation 1.5 

TURN-ONSETTLINGTIMET00.1% 200 

NOISE 
(0.1 to IOHz) so 

LONG-TERM STABILITY 25 

SHORT·CIRCUITCURRENT 30 

LINE REGULATION (No Load) 
ISVs;VINs;30V 0.002 
(VoUT + 2.SV)s;VINs;ISV o.oos 

LOAD REGULATION 
, Os;IouT"'SmA, All Outputs 20 so 

OUTPUT CURRENT 
vlN .. vOUT +2,SV 

Source@ +25"C 10 
So~TnUn.toTmu s 
SinkTmmtoT,... s 

TEMPERATURE RANGE 
Operating 0 +70 
St.Drage ...::_ -65 +175 

PACKAGE OPTION3 
" 

T0-99(H--08A) ADS84JH 

Plastic (N'.8) ADS84JN 

NOTES 
1AtPinl. , 
'calculatedasa-overtbeoperatingtemperawre..._. · . 
3H = HenneticMeta!Can;N = PlasticDIP. Fotjiacbgeoutlineinfonnationsee 
Pocbgeinformation~. 

Specificationssubjectto~,withoutnolic:e.· 

Specifications shown in boldface are~ on all production units at final'electri· 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and IJl8l[ apecificationa are _..teed, although nnly those shown in 
boJdfaceare tested on all production units. 

ABSOLUTE MAX RATINGS 

Mia 

' 

,. 

10 
s 
5 

0 
-65 

Input Voltage V1N to Ground . ....... 40V 
Power Dissipation @ + 25"C . 
Operating Junction Temperature Range 
Lead Temperature (Soldering lOsec) 
Thermal Resistance 

. .... 600mW 
- ss0c to + 12s0c 

+300"C 

Junction-to-Ambient (H-08A) lSO"C/W 
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ADS84K AD584L " 
''·· 

TJp Ma Mia Tf1 ~- Uai(a 

±10 ±5 mV 
±8 ±4 mV 
±6 ±3 mV 
±3.S ±2.S DIV 

IS s ppml'C' 
IS 10 ppinl'C• 

i.' 

3 3 ppm/'C 

0.75 1.0 0,75 1.0 mA 
1.s 1.5 fw\f'c 
200 200 .... 

so so 1<VP.:P 

25 25 ppm/lOOOHn. 

30 30 mA 
., 

0.002 0.002 %/V 
0.005 0.005 %/V 

:: 
20 50 20 50 ppm/mA 

10 mA 
s. mA 
5 mA' 

+70 0 +70 "C 
+175 -65 +175 'C 

ADS84KH 'AD584LH 
ADS84KN 

METALiZATlON PHOTOGRAPH 
Dimensions shown in inches and (mm). 

l·~~~~~-~~~~~~~--~p vi" 

NOTES 

v+ .. 

3 
2.SV* 

'll011I IOV PADS MUST IE CONNECTED TO THE OUTPUT. 

4 
COMMON 

OR 
v-

*INTERCONNECTIONS REQUIRED; SEE PIN DESIGNATIONS FOR ~TION. 
••NOT BROUGHT OUT IN PACKAGE DEVICE. 
PAD NUMIEA8 CORRESPOND TO PIN NUMB- FOR THE T0-88 • ._ METAL PACKAGE. 
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Model 

OUTPUTVOLTAGETOLERANCE 
Maximum Error1 for Nominal 

Outputs of: 
10.000V 
7.5.00V 
5.000V 
2.SOOV 

OUTPUTVOLTAGECHANGE 
Maximum Deviation from + 25°C 

Value, TmintoT,...2 

10.000, 7 .500, 5.000V Outputs 
2.500VOutput 

Differential Temperature 
Coefficients Between Outputs 

QUIESCENT CURRENT 
Temperature Variation 

TURN-ONSETTLINGTIMET00.1% 

NOISE 
(O. l to lOHz) 

LONG-TERM STABILITY 

SHORT-CIRCUIT CURRENT 

LINE REGULATION (No Load) 
15VsVINs30V 
(VoUT +2.5V)sV1Nsl5V 

LOAD REGULATION 
OsI0 UTs5mA, All Outputs 

OUTPUT CURRENT 
VIN"=VoUT +2.5V 

Source@ + 25°C 
Source T .,;0 to T.,.. 
Sink T min to T max 

TEMPERATURE RANGE 
Operatins 
Storage 

PACKAGE OPTION' 
T0-99(H-08A) 

NOTES 
1AtPinl. 

Min 

10 
5 
5 

-55 
-65 

'calculated as average over the operating temperature range. 

AD584S 
Typ Mu 

±30 
±20 
±15 
±7.5 

30 
30 

5 

0.75 1.0 
1.5 

200 

50 

25 

30 

0.002 
0.005 

20 50 

+125 
+175 

AD584SH 

3H = Hermetic Metal Can. For package outline information see Package Information section. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at fmal clectri· 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min aDd mu specificationa are guaranteed, although only those shown in 
boldface are tested on all production units. 

REV.A 

AD584 
ADS84T 

Min Typ Mu Units 

±10 mV 
±8 mV 
±6 mV 
±3.5 mV 

15 ppm/°C 
20 ppm/°C 

3 ppm/°C 

0.75 1.0 mA 
1.5 µAl"C 

200 j.1.S -50 l'-VP-P 

25 ppm/1000 Hrs. 

30 mA 

0.002 %/V 
0.005 %/V 

20 50 ppm/mA 

10 mA 
5 mA 
5 mA 

-55 + 125 °C 
-65 + 175 ·c 

AD584TH 
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AD584 
APPLYING THE AD584 
With power applied to pins 8 and 4 and all other pins open the 
AD584 will produce a buffered nominal 10.0V output between 
pins 1 and 4 (see Figure 1). The stabilized output voltage 
may be reduced to 7.SV, 5.0Vor 2.SV by connecting the 
programming pins as follows: 

OUTPUT VOLTAGE 

7.SV 

s.ov 

2.SV 

PIN PROGRAMMING 

Join the 2.SVand S.OV pins (2) 
and (3). 
Connect the 5.0V pin (2) to the 
output pin (1). 
Connect the 2.SV pin (3) to the 
output pin (1). 

The options shown above are available without the use of any 
additional components. Multiple outputs using only one 
AD584, are also possible by simply buffering each voltage 
programming pin with a unity-gain noninverting op amp. 

Vour 

~·· I 

I 
8k I 

"' I 3 I .. I ~ R3 llao 
I R2 

4k 

COMMON 

L------------.J 
*THE 2.5VTAP IS USED INTERNALLY ASA BIAS POINT 

AND SHOULD NOT BE CHANGED BY MORE THAN 100mV 
IN ANY TRIM OONFIGURATION. 

Figure 1. Variable Output Options 

The AD584 can also be programmed over a wide range of out
put voltages, including voltages greater than lOV, by the ad
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, with approximate values 
given for the internal resistors of the AD584. The AD584 may 
be modeled as an op amp with a noninverting feedback con
nection, driven by a high stability 1.215 volt bandgap refer
ence (see Figure 3 for schematic). 

When the feedback ratio is adjusted witfi external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, making popular outputs of 
10.24V, 5.12V, 2.56Vor 6.3V easy to obtain. The most gener
al adjustment (which gives the greatest range and poorest reso
lution) uses Rl and R2 alone (see Figure 1). As Rl is adjusted 
to its upper limit the 2.SV pin 3 will be connected to the out
put, which will reduce to 2.SV. As Rl is adjusted to its lower 
limit, the output voltage will rise to a value limited by R2. For 
example, if R2 is about 6kU, the upper limit of the output 
range will be about 20V even for large values of Rl. R2 should 

8-12 VOLTAGE REFERENCES AND REGULATORS 

not be omitted; its value should be chosen to limit the output 
to a value which can be tolerated by the load circuits. If R2 is 
zero, adjusting Rl to its lower limit will result in a loss of 
control over the output voltage. If precision voltages are re
quired to be set at levels other than the standard outputs, the 
20% absolute tolerance in the internal resistor ladder must be 
accounted for. 

Alternatively, the output voltage can be raised by loading the 
2.SV tap with R3 alone. The output voltage can be lowered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. In all cases 
the resistors should have a low temperature coefficient to 
match the AD584 internal resistors, which have a negative T.C. 
less than 60ppm/°C. If both R3 and R4 are used, these resistors 
should have matched temperature coefficients. 

When only small adjustments or trims are required, the circuit 
of Figure 2 offers better resolution over a limited trim range. 
The circuit can be programmed to 5.0V, 7.SVor lOV and 
adjusted by means of Rl over a range of about ±200mV. To 
trim the 2.SV output option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, the 
adjustment should be limited to ±lOOmV in order to avoid 
affecting the performance of the AD584. 

V+ 

AD584 

COMMON 

Figure 2. Output Trimming 

Figure 3. Schematic Diagram 
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r.ANALOG 
WDEVICES 

FEATURES 
Laser Trimmed to High Accuracy: 

5.000V ±2.0mV (M Gradel 
Trimmed Temperature Coefficient: 

2ppml°C max, 0 to + 7Cl°C (M Gradel 
5ppml°C max, -4Cl°C to +85"C (B Grade) 
10ppml°C max, -55"C to + 125"C (T Grade) 

Low Noise, 100nV/V'Ri 
Noise Reduction Capability 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 
Industrial Temperature Range SOICs Available 
Output Capable of Sourcing or Sinking 10mA 

PRODUCT DESCRIPTION 
The AD586 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin7film resistors, the AD586 provides outstanding performance 
at low cost. 

The AD586 offers much higher performance than most other 
5V references. Because the AD586 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD586. 
The buried Zener approach to reference design provides lower 
noise and drift than bandgap voltage references. The AD586 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The AD586 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit D/ A converters which require an external 
precision reference. The device is also ideal for successive ap
proximation or integrating AID converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 

The AD586J, K, Land Mare specified for operation from 0 to 
+ 70"C, the AD586A and B are specified for - 40°C to + 85°C 
operation, and the AD586S and T are specified for - 55°C to 
+ 125°C operation. The AD586J, K, Land Mare available in 
an 8-pin plastic DIP. The AD586J, K, L, A and Bare available 
in an 8-pin plastic surface mount small outline (SO) package. 
The AD586J, K, L, Sand Tare available in an 8-pin cerdip 
package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 

REV.B 

High Precision 
5V Reference 

AD586 I 
FUNCTIONAL BLOCK DIAGRAM 

GROUND 
NOTE: PINS 1, 3 & 7 ARE INTERNAL TEST POINTS. 

MAKE NO CONNECTIONS TO THESE POINTS. 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficients results in very low errors over temperature without 
the use of external components. The AD586M has a maximum 
deviation from 5.000V of :t2.45mV between 0 and +70"C, 
and the AD586T guarantees :t7.5mV maximum total error 
between - 55°C and + 125°C. 

2. For applications requiring higher precision, an optional fine
trim connection is provided. 

3. Any system using an industry standard pinout reference can 
be upgraded instantly with the AD586. 

4. Output noise of the AD586 is very low, typically 4µ V p-p. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 

5. The AD586 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD586/883B data sheet for detailed specifications. 
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AD586-SPECIFICATIONS nA = +25°c, v1" = + 15V unless otherwise noted) 

AD586J AD586K/A AD5861JB AD586M AD586S AD586T 
Model Min Typ Mu Min Typ Mu Min Typ Mu Min Typ Mu Min Typ Mu Min Typ Mu·· Units 

Output Voltage 4.980 5.020 4.995 5.005 4.9975 5.0025 4.998 5.002 4.990 5.010 4.9975 5.0025 v 
Output Voltage Drift' 

Oto+70'C 25 15 5 2 
- 55"C to + 125"C 20 10 

Gain Adjustment +6 +6 +6 +6 +6 +6 
-2 -2 -2 -2 -2 ~2 

Line Regulation1 

10.8V < +VIN <36V 
TmintOTmax 100 100 100 100 

ll.4V < + VIN<36V 
TmintoTmu 150 150 

Load Regulation' 
SourcingO <lour< IOmA 

25"C 100 100 100 100 150 150 
TmmtoTmax 100 100 100 100 150 150 

Sinking - 10 < loUT <OmA 
25"C 400 400 400 400 400 400 

Quiescent Current 2 3 2 3 2 3 2 3 2 3 2 3 

Power Consuniption 30 30 30 30 30 30 

Output Noise 
O.lHzto lOHz 4 4 4 4 4 4 
Spectral Density, IOOHz 100 JOO 100 100 100 100 

Long-Term Stability 15 15 15 15 15 15 

Shon-Circuit Current~to-Ground 45 60 45 60 45 60 45 60 45 60 45 60 

TemperatoreRange 
Specified Performance' 0 +70 0 +70 0 +70 0 +70 -55 +125 -55 +125 

-40 +85 -40 +85 
Operating Performance' -40 +85 -40 +85 -40 +85 -40 +85 -55 +125 -55 +125 

NOTES 
1 Muimum output volcage drift is guaranteed for all packages and grades. Cerdip packaged parts arc also 100% production tested. 
2Lower row shows specified perlonnancc for A and B grades. , 
3The operating tempenrure ranged is defined as the temperatures extremes at which the device will still function. Parts may deviate from their specified performance ouuide their specified temperature range. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at fina1 electrical test. Result from those tests arc used to calculate outgoing quality levels. All min and max specifications are guaranteed, 
although only those shown in boldface arc tested on all production units unless otherwise specified. 

ABSOLUTE MAXIMUM RATINGS* 
V JN to Ground 
Power Dissipation (25°C) . . . 
Storage Temperature 

....... 36V 
CONNECTION DIAGRAM 

(Top View) 

ppml°C 

% 

±µ.VN 

1LVimA 

mA 

mW 

1J.Vp-p 
nV/VHZ 

ppm/lOOOHr 

mA 

oc 

Lead Temp (Soldering, lOsec) 
Package Thermal Resistance 

SOOmW 
- 6S°C to + 150°C 

300°C NOISE REDUCTION 

61c . . . . • • • • • . . • . • . . • . . . . . • • . 22°C/W 
61A . • • . • • • • • • • • • • • • . • • • • • • • • 110°C/W 

Output Protection: Output safe for indefinite short to ground or 

VIN· 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of thC device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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TP• 

VouT 

TRIM 

•TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 
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DIE SPEC If I CATI QNS The following specifications are tested at th~ die lev~~ for AD586JCHIPS. These die are probed at 25"C only. 
IT A = + 25°C, V1N = + 15V unless othe1W1se specified) 

Parameter 

Output Voltage 

Gain Adjustment 

Line Regulation 
10.8V < + VrN <36V 

Load Regulation 
Sourcing O<IouT < !OmA 
Sinking - IO<IouT <OmA 

Quiescent Current 

Short-Circuit Current-to-Ground 

Min 

4.980 

+6 
-2 

AD586JCHIPS DIE LAYOUT 

Typ Max Units 

5.020 v 
% 
% 

100 ±µVIV 

100 µV/mA 
400 µV/mA 

3 mA 

60 mA 
v,. 

NOTES Die Size: 0.096x0.061 Inches 
1Both VocT pads should be connected to the output. 
Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils ± 2 mils. 
Die Dimensions: The dimensions given have a tolerance of ± 2 mils. 
Backing: The standard backside surface is silicon (not plated). Analog Devices does not recommend gold-backed dice 
for most applications. 
Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 

In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 

Top Surface: The st<i.ndard top surface of the die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines. 
Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A.. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mi.ls. The passivation windows have 3 .5 mils 
by 3.5 mils minimum. 

ORDERING GUIDE 

Initial Temp. Temp. Package 
Model1 Error Coefficient Range Option2 

mV ppm1°c oc 

AD586JN 20 25 Oto +70 N-8 
AD586JQ 20 25 Oto +70 Q-8 
AD586JR 20 25 Oto +70 R-8 
AD586KN 5 15 Oto +70 N-8 
AD586KQ 5 15 Oto+ 70 Q-8 
AD586KR 5 15 Oto+ 70 R-8 
AD586LN 2.5 5 Oto +70 N-8 
AD586LR 2.5 5 Oto+ 70 R-8 
AD586MN 2 2 Oto +70 N-8 
AD586AR 5 15 -40to +85 N-8 
AD586BR 2.5 5 -40to + 85 N-8 
AD586LQ 2.5 5 Oto +70 Q-8 
AD586SQ 10 20 -55to +125 Q-8 
AD586TQ 2.5 10 -55to+125 Q-8 
AD586JCHIPS 20 25 Oto +70 -

NOTES 
1 For details on grade and package offerings screened in accordance with 
MIL-STD-883, refer to the Analog Devices Military Products Databook 
or current ADS86/883B data sheet. 

2N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). Foroutline 
information see Package Information section. 

AD586 

l"~H 

ii: 
~·:.i . : 

GROUND 
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WDEVICES 

FEATURES 
Laser Trimmed to High Accuracy: 

10.000V :t5mV IL and U Grades) 
Trimmed Temperature Coefficient: 

Sppmrc max, IL and U Grades) 
Noise Reduction Capability 
Low Quiescent Current: 4mA max 
Output Trim Capability 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD587 represents a major advance in the state-of-the-art in 
monolithic voltage references. Using a proprietary ion-implanted 
buried Zener diode and laser wafer trimming of high stability 
thin-film resistors, the AD587 provides outstanding performance 
at low cost. 

The AD587 offers much higher performance than most other 
IOV references. Because the AD587 uses an industry standard 
pinout, many systems can be upgraded instantly with the AD587. 
The buried Zener approach to reference design provides lower 
noise and drift than band-gap voltage references. The AD587 
offers a noise reduction pin which can be used to further reduce 
the noise level generated by the buried Zener. 

The AD587 is recommended for use as a reference for 8-, 10-, 
12-, 14- or 16-bit DIA converters which require an external 
precision reference. The device is also ideal for successive ap
proximation or integrating AID converters with up to 14 bits of 
accuracy and, in general, can offer better performance than the 
standard on-chip references. 

The AD587J, Kand Lare specified for operation from 0 to 
+ 70°C, and the AD587S, T and U are specified for - SS°C to 
+ 125°C operation. All grades are available in 8-pin cerdip. The 
J and K versions are also available in an 8-pin Small Outline IC 
(SOIC) package for surface mount applications, while the J, K 
and L grades also come in an 8-pin plastic package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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High Precision 
1 OV Reference 

AD587 I 
FUNCTIONAL BLOCK DIAGRAM 

NOISE 
REDUCTION 

Ro 

AD587 

.... ~~~~~4,...~~~~~---
GROUND 

NOTE: PINS. 1, 3 & 7 ARE INTERNAL TEST POINTS. 
NO CONNECTIONS TO THESE POINTS. 

PRODUCT HIGHLIGHTS 
1. Laser trimming of both initial accuracy and temperature 

coefficients results in very low errors over temperature without 
the use of external components. The AD587L has a maximum 
deviation from 10.000V of ±8.SmV between 0 and +70°C, 
and the AD587U guarantees ± 14mV maximum total error 
between - 55°C and + 125°C. 

2. For applications requiring higher precision, an optional fine
trim connection is provided. 

3. Any system using an industry standard pinout IO volt reference 
can be upgraded instantly with the AD587. 

4. Output noise of the ADS.87 is very low, typically 4µV p-p. A 
noise reduction pin is provided for additional noise filtering 
using an external capacitor. 

5. The AD587 is available in versions compliant with MIL-STD-
883. Refer to the Analog Devices Military Products Databook 
or current AD587/883B data sheet for detailed specifications. 
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SPECIFICATIONS CTA = +25°C, v,N = +15 v unless otherwise noted) 

AD587j/S AD587K/T AD587L/U 

Model Min Typ Max Min Typ Max 

Output Voltage 9.990 10.010 9.995 10.005 

Output Voltage Drift1 

Oto +70°c 20 10 
- 55°C to + 125°C 20 10 

Gain Adjustment +3 +3 
-I -I 

Line Regulation 1 

13.5V,,;;; +VIN .;;;36V 
TmintOTmax 100 100 

Load Regulation 1 

Sourcing 0 < IouT < 1 OmA 
Tmin toTmax 100 100 

Sinking - 10 < IoUT <OmA 2 

TmintOTmax 100 100 

Quiescent Current 2 4 2 4 

Power Dissipation 30 30 

Output Noise 
O.IHzto lOHz 4 4 
Spectral Density, lOOHz 100 100 

Long-Term Stability 15 15 

Short-Circuit Current-to-Ground 30 50 30 50 

Short-Circuit Current-to-VIN 30 50 30 50 

Temperature Range 
Specified Performance (J, K, L) 0 +70 0 +70 
Operating Performance (J, K, L)3 -40 +85 -40 +85 
Specified Performance (S, T, U) -55 + 125 -55 + 125 
Operating Performance (S, T, U)3 -55 + 125 -55 + 125 

NOTES 
1 Spec is guaranteed for all packages and grades. Cerdip packaged parts are 100% production tested. 
'Load Regulation (Sinking) specification for SOIC (R) package is ± 200µ.V/mA. 
3The operating temperature ranged is defined as the temperatures extremes at which the device will still function. 
Parts may deviate from their specified performance outside their specified temperature range. 

Specifications subject to change without notice. 

ORDERING GUIDE 

Initial Temp. Temp. 
Error Coefficient Range 

Mode11 mV ppm/°C ·c 
AD587JQ 10 20 Oto+ 70 
AD587JR 10 20 Oto+ 70 
AD587JN 10 20 Oto+ 70 
AD587KQ 5 10 Oto+ 70 
AD587KR 5 10 Oto +70 
AD587KN 5 10 Oto +70 
AD587LQ 5 5 Oto+ 70 
AD587LN 5 5 Oto +70 
AD587SQ 10 20 -55 to+ 125 
AD587TQ 10 10 -55to+125 
AD587UQ 5 5 -55to + 125 
AD587JCHIPS 10 20 Oto +70 

NOTES 

Min Typ 

9.995 

+3 
-I 

2 

30 

4 
100 

15 

30 

30 

0 
-40 
-55 
-55 

Package 
Options2 

Q-8 
R-8 
N-8 
Q-8 
R-8 
N-8 
Q-8 
N-8 
Q-8 
Q-8 
Q-8 
-

1For details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current AD587/883B 
data sheet. 

'N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package 
Information section. 

AD587 

Max Units 

10.005 v 

5 ppm1·c 
5 

% 

100 ±µVN 

100 ±µV/mA 

100 

4 mA 

mW 

µVp-p 
nV/YHZ 

±ppm/lOOOHr 

50 mA 

50 mA 

+70 ·c 
+85 
+ 125 
+ 125 
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AD587 
ABSOLUTE MAXIMUM RA TINGS* 
VIN to Ground 
Power Dissipation (25°C) ... 
Storage Temperature 
Lead Temp (Soldering, IOsec) 
Package Thermal Resistance 

36V 
SOOmW 

-65°C to + IS0°C 
300°C 

01c ......................... 22°C/W 
OJA ...........••............ l l0°C/W 

Output Protection: Output safe for indefinite short to ground and 
momentary short to VIN. 

CONNECTION DIAGRAM 

NOISE 
REDUCTION 

TP* 

VouT 

TRIM 

*Stresses above those lisred under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device ac these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

*TP DENOTES FACTORY TEST POINT. NO CONNECTIONS 
SHOULD BE MADE TO THESE PINS. 

DIE SPECIFICATIONS The following specifications are tested at the die level for AD587JCHIPS. These die are probed at 25°C only. 
(TA = + 25°C, V1N = + 15V unless otherwise noted) 

Parameter Min 

Output Voltage 9.990 

Gain Adjustment -1 

Line Regulation 
13.SV < + Y1N <36V 

Load Regulation 
Sourcing 0< Io UT < IOmA 
Sinking - IO<louT <OmA 

Quiescent Current 

Short-Circuit Current-to-Ground 

Short-Circuit Current-to-V ouT 

AD587JCHIPS 
Typ Max 

10.010 

3 

100 

100 
100 

2 4 

50 

50 

Units 

v 
% 

±µVIV 

µV/mA 
µV/mA 

mA 

mA 

mA 

NOISE 
REDUCTION 

NO CONNECT 

NO CONNECT 

NO CONNECT 

DIE LAYOUT 

v,. 
NO CONNECT NO CONNECT SENSE 

GROUND 

Die Size: 0.081 x 0.060inches 

NOTES 
1Both VouT pads should be connected to the output. 
2Sense and force grounds must be tied together. 
Die Thickness: The standard thickness of Analog Devices Bipolar dice is 24 mils ± 2 mils. 
Die Dimensions: The dimensions given have a tolerance of ± 2 mils. 
Backing: The standard backside surface is silicon (not plated). Analog Devices docs not recommend gold-backed dice 
for most applications, 
Edges: A diamond saw is used to separate wafers into dice thus providing perpendicular edges half-way through the die. 
In contrast to scribed dice, this technique provides a more uniform die shape and size. The perpendicular edges facilitate 
handling (such as tweezer pick-up) while the uniform shape and size simplifies substrate design and die attach. 

Top Surface: The standard top surface of the die is covered by a layer of glassivation. All areas are covered except 
bonding pads and scribe lines. 
Surface Metalization: The metalization to Analog Devices bipolar dice is aluminum. Minimum thickness is 10,000A. 
Bonding Pads: All bonding pads have a minimum size of 4 mils by 4 mils. The passivation windows have 3. 5 mils 
by 3. 5 mils minimum. 
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111111111 ANALOG 
WDEVICES High Precision Voltage Reference 

FEATURES 
Low Drift - 1.5ppml°C 
Low Initial Error - 1mV 
Pin-Programmable Output 

+10V, +5V, ±5V Tracking, -5V, -10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine-lnsertable DIP Packaging 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD588 represents a major advance in the state-of-the-art in 
monolithic voltage references. Low initial error and low temper
ature drift give the AD588 absolute accuracy performance previ
ously not available in monolithic form. The AD588 uses a prop
rietary ion-implanted buried Zener diode, and laser-wafer-drift
trimming of high stability thin-film resistors to provide outstanding 
performance at low cost. 

The AD588 includes the basic reference cell and three additional 
amplifiers which provide pin-programmable output ranges. The 
amplifiers are laser-trimmed for low offset and low drift to 
maintain the accuracy of the reference. The amplifiers are confi
gured to allow Kelvin connections to the load and/or boosters 
for driving long lines or high-current loads, delivering the full 
accuracy of the AD588 where it is required in the application 
circuit. 

The low initial error allows the AD588 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the AD588 can provide a 
known voltage for system calibration in software and the low 
drift allows compensation for the drift of other components in a 
system. Manual system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the 
mechanical instability of a trimming potentiometer and the 
potential for improper calibration can be eliminated by using 
the AD588 in conjunction autocalibration software. 

The AD588 is available in seven versions. The AD588 JQ and 
KQ grades are packaged in a 16-pin cerdip and are specified for 
O to + 70°C operation. AD588AD and BD grades are packaged 
in a 16-pin side-brazed ceramic DIP and are specified for the 

*Covered by Patent Number 4,644,253 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

GAIN 
ADJ 

AD588* I 
FUNCTIONAL BLOCK DIAGRAMS 

NOISE 
REDUCTION 

A30UT 
VHIGH A3 IN SENSE 

10-r- ----=_,---"-=',-
GND 

SENSE 
+IN 

GND 
SENSE 
-IN 

VLOw BAL VCT A4 IN 
ADJ. 

+Vs 

- 25°C to + 85°C industrial temperature range. The ceramic 
AD588SD and TD grades are specified for the full military/aeros
pace temperature range. For military surface mount applications, 
the AD588SE and TE grades will also be available in 20-pin 
LCC packages. 

PRODUCT HIGHLIGHTS 
1. The AD588 offers 12-bit absolute accuracy without any user 

adjustments. Optional fine-trim connections are provided for 
applications requiring higher precision. The fine-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 

2. Output noise of the AD588 is very low - typically 6µ. V p-p. 
A pin is provided for additional noise filtering using an external 
capacitor. 

3. A precision ± SV tracking mode with Kelvin output connec
tions is available with no external components. Tracking 
error is less than one millivolt and a fine-trim is available for 
applications requiring exact symmetry between the + SV and 
- SV outputs. 

4. Pin strapping capability allows configuration of a wide variety 
of outputs: ± SV, + SV & + lOV, -5V & - IOV dual outputs 
or +SV, -SV, + lOV, - IOV single outputs. 

5. Extensive temperature testing at -55°C, -25°C, 0, + 25°C, 
+ SO"C, + 70°C, + 85°C and + 125°C ensures that the specified 
temperature coefficient is truly representative of device 
performance. 
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AD588-SPEClflCAJIQNS (typical@ +25°C, +lOV output, V5 = ±15V unless otherwise noted1) 

AD588SD 
Min Typ Max 

OUTPUTVOLTAGEERROR 
+ JOV, - IOVOutputs -5 +5 
+ 5V, - 5V Outputs -5 +5 

:!: 5V TRACKING MODE 
Symmetry Error -1.5 +1.5 

OUTPUT VOLTAGE DRIFT 
Oto +70°C(J,K,B) 
- 25°C to + 85°C (A, B) 
-55°Cto + 125°C(S, T) -6 +6 

GAIN ADJ AND BAL ADJ2 

TrimRange :!:4 
Input Resistance 150 

LINE REGULATION 
T mm to T max 

3 ±200 

LOAD REGULATION 
T mm to T max 

+ IOVOutput,O<IoUT<IOmA ±50 
- IOVOutput, - JO<IoUT<OmA ±50 

SUPPLY CURRENT 
T mm to T max 6 10 
Power Dissipation 180 300 

OUTPUT NOISE (Any Output) 
0.1 to IOHz 6 
Spectral Density, JOO Hz JOO 

LONG-TERM ST ABILITY(@ + 25°C) 15 

BUFFER AMPLIFIERS 
Offset Voltage JOO 
Offset Voltage Drift I 
Bias Current 20 
Open Loop Gain 110 
Output Current A3, A4 -10 
Common Mode Rejection (A3, A4) 

VcM=lVp-p 100 
Short-Circuit Current 50 

TEMPERATURE RANGE 
Specified Performance 

J,KGrades 
A,BGrades 
S, TGrades -5S 

NOTES 
10utput Configuration 
+ IOV Figure 2a 
- lOV Figure 2c 
+SV, -SV, ±SV Figure2b 
Specifications tested using+ lOV configuration unless otherwise indieated. 

2Gain and balance adjustments guaranteed capable of trimming output voltage 
error and symmetry error to zero. 

3TestConditions: 
+lOVOutput -Vs= -15V,13.5Vs+Vss18V 
-IOVOutput -18Vs-Vss -13.SV, +Vs= lSV 
±SVOutput +Vs= +18V, -Vs= -18V 

+Vs=+ 10.8V, -Vs= - I0.8V 
Specifications subject to change without notice. 

+10 

+ 125 

Specifications shown in boldfac_e are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 
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AD588JQ/AD/TD AD588KQ/BD 
Min Typ Max Min Typ Max Units 

-3 +3 -1 +1 mV 
-3 +3 -1 +1 mV 

-1.5 +1.5 -0.75 +0.75 mV 

-3 :!:2 +3 -1.5 +1.5 ppm/°C 
-3 +3 -3 +3 ppm/°C 
-4 +4 ppm/°C 

:!:4 :!:4 mV 
150 150 kH 

±200 ±200 µVIV 

±50 ±50 µV/mA 
±50 ±50 µV/mA 

6 10 6 10 mA 
180 300 180 300 mW 

6 6 µVp-p 
JOO JOO nV/vHz 

15 15 ppm/JOOOhr 

100 JOO µV 
1 I µVl°C 
20 20 nA 
110 110 dB 

-10 +10 -10 + 10 mA 

100 JOO dB 
so so mA 

0 +70 0 +70 oc 
-25 +85 -2S +85 oc 
-55 + 12S oc 

ORDERING GUIDE 

Part Initial Temperature Temperature Package 
Number1 Error Coefficient Range°C Option2 

AD588AD 3mV 3ppm!°C -25to+8S Ceramic(D-16) 
AD588BD lmV !.Sppm!°C -25to +853 Ceramic(D-16) 
ADS88SD SmV 6ppm!°C -55to+l2S Ceramic(D-16) 
AD588TD 3mV 4ppm!°C -SS to+ 125 Ceramic (D-16) 
AD588JQ 3mV 3ppm/°C Oto +70 Cerdip (Q-16) 
AD588KQ lmV l.Sppm!°C Oto+ 70 Cerdip(Q-16) 

NOTES 
1Fordetailson grade and package offerings screened In accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current AD588/883B 
data sheet. 

2For outline information see Package Information section. 
3Temperature coefficient specified from 0 to + 70°C. 
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ABSOLUTE MAXIMUM RA TINGS* 
+Vs to -Vs ....................... 36V 
Power Dissipation ( + 25°C) 

D Package ...... . 
Storage Temperature . . . 
Lead Temperature (Soldering, !Osec) 
Package Thermal Resistance 

600mW 
-6S°C to + IS0°C 

. . 300°C 

D (OJA/01c) . . . . . . . . . . . . . . . . . . . . 90/25°C/W 
Output Protection: All outputs safe if shorted to ground 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stlie:;s rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operati9nal sections of this specification is not 
implied. Exposure to absolute maximum rating condilions for extended 
periods may affect device reliability. 

APPLYING THE AD588 
The AD588 can be configured to provide + IOV an4 - IOV 
reference outputs as shown in Figures 2a and 2c respectively. It 
can also be used to provide +SV, -SV or a ±SV tracking 
reference as shown in Figure 2b. Table I details the appropriate 
pin connections for each output range. In each case, pin 9 is 
connected to system ground and power is applied to pins 2 
and 16. 

The architecture of the AD588 provides ground sense and un
committed output buffer amplifiers which offer the user a great 
deal of functional flexibility. The AD588 is specified and tested 
in the configurations shown in Figure 2. The user may choose 
to take advantage of the many other configuration options available 
with the AD588. However, performance in these configurations 
is not guaranteed to meet the extremely stringent data sheet 
specifications. 

As indicated in Table I, a + SV buffered output can be provided 
using amplifier A4 in the + IOV configuration (Figure 2a). A 
- SV buffered output can be provided using amplifier A3 in the 
- IOV configuration (Figure 2c). Specifications are not guaranteed 
for the + SV or - SV outputs in these configurations. Performance 
will be similar to that specified for the + IOV or - IOV outputs. 

As indicated in Table I, unbuffered outputs are available at pins 
6, 8 and 11. Loading of these unbuffered outputs will impair 
circuit performance. 

Amplifiers A3 and A4 can be used interchangeably. However, 
the AD588 is tested (and the specifications are guaranteed) with 
the amplifiers connected as indicated in Figure 2 and Table I. 

Connect 
PinlO Unbuffered1 Output on Pins 

Range to Pin: -lOV -5V ov +5v 

+IOV 8 - - 8 11 

-SVor +sv 11 - 8 11 6 

-IOV 6 8 11 6 -

+sv - - - 6 
11 

-sv - 8 - -
'"Unbuffered" outputs should not be loaded. 

Applying the AD588 
PIN CONFIGURATIONS 

DIP 

A3 OUT FORCE 

NOISE 
REDUCTION 

VLOw 

LCC 
w w 

" " a: a: 
rt rt 
.... .... 
:> :> 

; 0 ; 0 

"' " ... 
+ .. z I .. 
3 2 1 20 19 

A3 OUT SENSE 4 

A3 IN 5 

NC 6 

GAIN ADJ 7 

VHIGH 8 

9 10 11 12 13 

~ ~ fi ~ ~ 
~ > zz zz 

~g ~+ ~I 
eta 0 0 
ZD: ~ f5 

NC = NO CONNECT 

-Vs 

A4 OUT FORCE 

A4 OUT SENSE 

A4 +IN 

BAL ADJ 

GND SENSE - IN 

18 A4 OUT SENSE 

17 A41N 

16 NC 

15 BAL ADJ 

14 VCT 

When either A3 or A4 is unused, its output force and sense pins 
should be connected and the input tied to ground. 

Two outputs of the same voltage may be obtained by connecting 
both A3 and A4 to the appropriate unbuffered output on pin 6, 
8 or 11. Performance in these dual output configurations will 
typically meet data sheet specifications. 

Buffered 
Output Buffered Output on Pins 

+lOV Connections -lOV -5V ov +5v +lOV 

6 11-13 & 14-15 - - - 15 -
6-4 & 3-1 - - - - 1 

- 8-13 & 14-15 - 15 - - -
6-4 & 3-1 - - - 1 -

- 8-13 & 14-15 15 - - - -
.11-4 & 3-1 - 1 - - -

- 6-4 & 3-1 - - - 1 -

- 8-13 & 14-15 - 15 - - -

Table/. AD588Connections 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Superior Replacement for Other 1.2V References 
Wide Operating Range: 50µA to 5mA 
Low Power: 60µW Total Po at 50µA 
Low Temperature Coefficient: 

10ppmfc max, o to +70°C (AD589Ml 
25ppmfC max, -55°C to +125°C (AD589U) 

Two-Terminal "Zener" Operation 
Low Output Impedance: O.&n 
No Frequency Compensation Required 
Low Cost 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD589 is a two·tenninal, low cost, temperature com· 
pensated bandgap voltage reference which provides a fixed 
1.23V output voltage for input currents between SOµA and 
5.0mA. 

The high stability of the AD589 is primarily dependent upon 
the matching and thermal tracking of the on-chip components. 
Analog Devices' precision bipolar processing and thin-film 
technology combine to provide excellent performance at 
low cost. 

Additionally, the active circuit produces an output impedance 
ten times lower than typical low·TC zener diodes. This fea
ture allows operation with no external components .required 
to maintain full accuracy under changing load conditions. 

The AD589 is available in seven versions. The AD589J, K, L 
and M grades are specified for 0 to +70°C operation, while 
the S, T and U grades are rated for the full-55°C to +125°C 
temperature range. All grades are available in a metal can 
(H-02A) package. The AD589J is also available in an 
8·pin SOIC package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800·446·6212. 
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Two-Terminal IC 
1.2V Reference 

AD589 I 
FUNCTIONAL BLOCK DIAGRAMS 

SOIC (R-8) 

V-

TOP VIEW 

PRODUCT HIGHLIGHTS 

V+ 

METAL CAN (H-02A) 

V

BOTTOM VIEW 

1. The AD589 is a two-terminal device which delivers a 
a constant reference voltage for a wide range of input 
current. 

2. Output impedance of 0.60 and temperature coefficients 
as low as lOppml°C insure stable output voltage over a 
wide range of operating conditions. 

3. The AD589 can be operated as a positive or negative 
reference. "Floating" operation is also possible. 

4. The AD589 will operate with total current as low as SOµA 
(60µW total power dissipation), ideal for battery powered 
instrument applications. 

5. The AD589 is an exact replacement for other 1.2V ref
erences, offering superior temperature performance and 
reduced sensitivity to capacitive loading. 

6. The AD589 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD589/883B data sheet for detailed 
specifications. 
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SPECIFICATIONS (typical@ 11N 500µA and TA + 25°C unless otherwise noted) AD589 
Model AD589JH/JR AD589KH AD589LH AD589MH 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

OUTPUTVOLTAGE,TA~ +2S°C 1.200 l.23S 1.250 1.200 l.23S 1.250 1.200 l.23S 1.250 1.200 l.23S 1.250 

OUTPUT VOLTAGE CHANGE vs. 
CURRENT 

(SOµA - SmA) s s s s 
DYNAMIC OUTPUT IMPEDANCE 0.6 2 0.6 2 0.6 2 0.6 2 

RMS NOISE VOLTAGE 
IOHz<f<IOkHz s s s s 

TEMPERATURE COEFFICIENT' 100 50 25 10 

TURN-ON SETTLING TIME TO 0.1 % 2S 2S 2S 2S 

OPERA TING CURRENT' 0.05 5 0.05 5 0.05 5 0.05 5 

OPERA TING TEMPERATURE 0 +70 0 +70 0 +70 0 +70 

PACKAGE OPTION3 

Meta1Can(H-02A) ADS89JH ADS89KH ADS89LH ADS89MH 
SOIC(R-8) ADS89JR 

Model AD589SH AD589TH AD589UH 
Min Typ Max Min Typ Max Min Typ Max Units 

OUTPUTVOLTAGE,TA~ +2S°C 1.200 l.23S 1.250 1.200 l.23S l.250 1.200 l.23S 1.250 v 
OUTPUT VOLTAGE CHANGE vs. 

CURRENT 
(SOµA - SmA) s s s mV 

DYNAMIC OUTPUT IMPEDANCE 0.6 2 0.6 2 0.6 2 n 
RMS NOISE VOLTAGE 

IOHz<f<IOkHz s s s µV 

TEMPERATURE COEFFICIENT' 100 50 25 ppm/"C 

TURN-ONSETTLINGTIMET00.1% 2S 2S 2S µs 

OPERA TING CURRENT' 0.05 5 0.05 5 0.05 5 mA 

OPERA TING TEMPERATURE -SS + 12S -SS + 12S -SS +12S oc 

PACKAGE OPTION3 

Meta1Can(H-02A) ADS89SH ADS89TH ADS89UH 

NOTES 
1 See following page for explanation of temperature coefficient measurement method. 
20ptimum performance is obtained at currents below 500µ.A. For current operation below 200µ.A, stray shunt capacitances should be limited to 20pF 
or increased to l µ.F. If strays can not be avoided, operation at 500µ.A and a shunt capacitor of at least 1 OOOpF are recommended. 

3H = Hermetic Metal Can; R = SOIC. For outline information see Package Information section. 

Units 

v 

mV 

n 

µV 

ppm/oC 

µs 

mA 

oc 

Specifications shown in boldface are tested on all production units at final electrical test. 

Specifications subject to change without notice. AD589 CHIP DIMENSIONS AND PAD LAYOUT 

ABSOLUTE MAXIMUM RATINGS 
Current _ ..... 
Reverse Current . . . . . . 
Power Dissipation 1 

Storage Temperature Range 
Operating Junction Temperature Range 
Lead Temperature (Soldering, lOsec) .. 

NOTE 

. lOmA 
lOmA 

125mW 
- 6S°C to + l 75°C 
- SS°C to + 1S0°C 
. . _ .. +300°C 

1 Absolute maximum power dissipation is limited by maximum current 
through the device. Maximum rating at elevated temperatures must be 
computed assuming T1,;;ISO"C, and 81A =400=C/W. 

REV.A 

THE AD589 IS AVAILABLE IN CHIP FORM WITH 
FULLY TESTED AND GUARANTEED SPECIFI
CATIONS. CONSULT FACTORY FOR AVAILABLE 
GRADES AND PRICING. 
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NANALOG 
WDEVICES 

FEATURES 
Low Quiescent Current: 250 i.tA max 
Laser Trimmed to High Accuracy: 

2.5 V ±5 mV max (AN, AR Gradel 
Trimmed Temperature Coefficient: 

20 ppm/°C max (AN, AR Gradel 
Low Noise: 8 i.tV p-p from 0.1to10 Hz 

250 nV /v'Hi Wideband 
Temperature Output Pin (N, R Packages) 
Available in Three Package Styles: 

8-Pin Plastic DIP, 8-Pin SOIC and 3-Pin T0-92 

PRODUCT DESCRIPTION 
The AD680 is a bandgap voltage reference which provides a 
fixed 2.5 V output from inputs between 4.5 V and 36 V. The 
architecture of the AD680 enables the reference to be operated 
at a very low quiescent current while still realizing excellent de 
characteristics and noise perforniance. Trimming of the high 
stability thin-film resistors is performed for initial accuracy and 
temperature coefficient,. resulting in low errors over temperature. 

The precision de characteristics of the AD680 make it ideal for 
use as a reference for DIA converters which require an external 
precision reference. The device is also ideal for AID converters 
and, in general, can ()ffer bj:tter performance than the standard 
on-chip references. 

Based upon the low quiescent current of the AD680, which 
rivals that of many incomplete two-terminal references, the 
AD680 is recommended for low power applications such as 
band-held battery equipment. 

A temperature output pin is provided on the 8-pin package ver
sions of the AD680. The temperature output pin provides an 
output voltage that varies· linearly· with temperature and allows 
the AD680 to be configured as a temperature transducer while 
providing a stable 2.~ V output. 

The AD680 is available in five grades. The AD680AN is. speci• 
fied.foroperation from ~40"C to +85"C, while the AD680JN 
is specified for O"C to + 70"C operation. Both the AD680AN 
and:AD680JN are available in 8-pin plastic DIP packages. 
tile AD680AR is sjiecified for operation from -40°C to +85°C, 
while the AD6llOJR is specified ·for O"C to + 70°C operation. 
Both are av&iiable in 8n 8-pln Small Outline IC (SOIC) package. 
the AD6SOJTis specified for O"C to +70"C operation and is 
available in a 3-pin T0-92 pack&ge~ 

*Prcite4:ted by U.S. Piltent Nos. 4,902,959; 4,250,445 and 4,.57,862. . .. ,'• . ' · .. 

This is an abridged data sheet. To cibtsia the most -t version or 
complete data llheet, call our fu retrieval sy9te111 at l-lllJ0-446.QU. 
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Low Power, low Cost 
2.5 V Reference 

AD680* I 
CONNECTION DIAGRAMS 

NC = NO CONNECT 

*TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 

PRODUCT IUGHLIGHTS 

0 0 [£] 
+v,N VouT .GND 

1. The AD680 bandgap reference operates on a very low quies
cent current which rivals that of many two-terminal refer
ences. This makes the complete, higher accuracy AD680 
ideal for use in power sensitive applications. 

2. Laser trimming of both initial accuracy and temperature 
coefficients results in low errors over temperature without the 
use of external components. The AD680AN and AD680AR 
have a maximum variation of 6.25 mV between -40"C and 
+s5°c. 

3. The AD680 noise is low, typically 8 µV p-p from 0.1 to 
IO Hz. Spectral density is also low, typically 250 nV/y'Hz. 

4. The temperature output pin on the 8-pin package versions 
enables the AD680 to be configured as a temperature 
transducer. 

5. Plastic DIP packaging provides machine insertability, while 
SOIC packaging provides surface mount capability. T0-92 
packaging offers a cost effective alternative to two-terminal 
references, offering a complete solution in the same package 
in which two-terminal references are usually found. 
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SPECIFICATIONS (TA= +25°C, V1" = +5 v unless otherwise specified) AD680 
AD680AN/AR AD680JN/JR AD680JT 

Model Min Typ Max Min Typ Max Min Typ Max Units 

OUTPUT VOLTAGE 2.495 2.505 2.490 2.510 2.490 2.510 v 
OUTPUT VOLTAGE DRIFT' 

0°C to +70°C 10 10 25 10 30 ppm/"C 
-40°C to +85°C 20 25 25 

LINE REGULATION 
4.5 v ="" +VIN ="" 15 v 40 * * µVN 

(@' Tmin to Tm~) 40 * * 
15 V ="" +VIN="" 36 V 40 * * 

(@' Tmin to Tmaxl 40 * * 
LOAD REGULATION 

O<IouT< lOmA 80 100 * * * * µV/mA 
(@' Tmin to Tmaxl 80 100 * * * * 

QUIESCENT CURRENT 195 250 * * * * µA 
(@' T min to T maxl 280 * * 

POWER DISSIPATION I l.25 * * * * mW 

OUTPUT NOISE 
0.1to10 Hz 8 10 * * * * µVp-p 
Spectral Density, 100 Hz 250 * * nV/yHz 

CAPACITIVE LOAD 50 * * nF 

LONG TERM ST ABILITY 25 * * ppm/1000 hr 

SHORT CIRCUIT CURRENT 
TO GROUND 25 50 * * * * mA 

TEMPERATURE PIN 
Voltage Output @' 25°C 540 596 660 * * * mV 
Temperature Sensitivity 2 * mV/°C 
Output Current -5 +5 * * µA 
Output Resistance 12 * kn 

TEMPERATURE RANGE 
Specified Performance -40 +85 0 +70 0 +70 oc 
Operating Performance2 -40 +85 -40 +85 -40 +85 

NOTES 
1 Maximum output voltage drift is guaranteed for all packages. 
2The operating temperature range is defined as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor
mance outside their specified temperature range. 

"Same as AD680AN/AR specification. 

Specifications subject to change without notice. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed. 
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AD680 
ABSOLUTE MAXIMUM RATINGS* 
VIN to Ground ............................ 36 V 
Power Dissipation (25°C) ................... 500 mW 
Storage Temperature ................ -65°C to + 125°C 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
Package Thermal Resistance 

01A (All Packages) ...................... 120°C/W 
Output Protection: Output safe for indefinite short to ground 
and momentary short to VIN. 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

TP* 

TEMP 

GND 

8-Pin Plastic DIP 
and 

8-Pin SOIC Packages 

NC = NO CONNECT 

TP* 

TP* 

VouT 

NC 

*TP DENOTES FACTORY TEST POINT. 
NO CONNECTIONS SHOULD BE MADE 
TO THESE PINS. 

T0-92 Package 

BOTTOM VIEW 
(Not to Scale) 

Figure 1. Connection Diagrams 

THEORY OF OPERATION 
Bandgap references are the high performance solution for low 
supply voltage operation. A typical precision bandgap will con
sist of a reference core and buffer amplifier. Based on a new, 
patented bandgap reference design (Figure 2), the AD680 
merges the amplifier and the core bandgap function to produce 
a compact, complete precision reference. Central to the device is 
a high gain amplifier with an intentionally large Proportional To 
Absolute Temperature (PTAT) input offset. This offset is con
trolled by the area ratio·of the amplifier input pair, Ql and Q2, 
and is developed across resistor Rl. Transistor Ql2's base emit
ter voltage has a Complementary To Absolute Temperature 
(CTAT) characteristic. Resistor R2 and the parallel combination 
of R3 and R4 "multiply" the PTAT voltage across Rl. Trim
ming resistors R3 and R4 to the proper ratio produces a temper
ature invariant 2. 5 V at the output. The result is an accurate, 
stable output voltage accomplished with a minimum number of 
components. 

R4 

Figure 2. AD680 Schematic Diagram 

An additional feature with this approach is the ability to 
minimize the noise while maintaining very low overall power 
dissipation for the entire circuit. Frequently it is difficult to 
independently control the dominant noise sources for bandgap 
references: bandgap transistor noise and resistor thermal noise. 
By properly choosing the operating currents of Ql and Q2 and 
separately sizing Rl, low wideband noise is realized while main
taining 1 mW typical power dissipation. 

ORDERING GUIDE 

Initial Temperature 
Error Coe ff. Temperature Package Package 

Model mV pprn!°C Range Description Option* 

AD680JN 10 25 0°C to +70°C Plastic N-8 
AD680JR 10 25 0°C to +70°C SOIC R-8 
AD680JT 10 30 0°C to +70°C T0-92 T0-92 
AD680AN s 20 -40°C to +8S°C Plastic N-8 
AD680AR 5 20 -40°C to +8S°C SOIC R-8 

*N = Plastic DIP Package; R = SOIC Package; T = T0-92 Package. For outline information see 
Package Information section. 
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FEATURES 
±10 V Tracking Outputs 
Kelvin Connections 
Low Tracking Error - 1.5 mV 
Low Initial Error - 2.0 mV 
Low Drift - 1.5 ppm/°C 
Low Noise - 6 ,,_v p-p 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine lnsertable DIP Packaging 
MIL-STD-883 Compliant Versions Available 

PRODUCT DESCRIPTION 
The AD688 is a high precision ± 10 V tracking reference. Low 
tracking error, low initial error and low temperature drift give 
the AD688 reference absolute ± 10 V accuracy performance 
previously unavailable in monolithic form. The AD688 uses a 
proprietary ion-implanted buried Zener diode, and laser-wafer
drift-trimming of high stability thin-film resistors to provide 
outstanding performance at low cost. 

The AD688 includes the basic reference cell and three additional 
amplifiers. The amplifiers are laser-trimmed for low offset and 
low drift and maintain the accuracy of the reference. The ampli
fiers are configured to allow Kelvin connections to the load 
and/or boosters for driving long lines or high current loads, de
livering the full accuracy of the AD688 where it is required in 
the application circuit. 

The low initial error allows the AD688 to be used as a system 
reference in precision measurement applications requiring 12-bit 
absolute accuracy. In such systems, the AD688 can provide a 
known voltage for system calibration and the cost of periodic 
recalibration can therefore be eliminated. Furthermore, the me
chanical instability of a trimming potentiometer and the poten
tial for improper calibration can be eliminated by using the 
AD688 and calibration software. 

The AD688 is available in three versions. The AD688AQ and 
BQ grades are packaged in 16-pin cerdip (0.3") packages and are 
specified for operation from -40°C to +8S°C. The AD688SQ 
grade is specified for operation from -SS°C to + 125°C. 

*Protected by Patent Number 4,644,253. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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High Precision 
± 10 V Reference 

AD688* I 
FUNCTIONAL BLOCK DIAGRAM 

NOISE 
REDUCTION 

GAIN GNO 
ADJ SENSE 

•IN 

+10V OUT 
VH1GH AJ IN SENSE 

VlOw BAL NC 
ADJ 

PRODUCT HIGHLIGHTS 
1. The AD688 offers precision tracking ± 10 V Kelvin output 

connections with no external components. Tracking error is 
less than 1.5 m V and a fine-trim is available for applications 
requiring exact symmetry between the + 10 V and -10 V 
outputs. 

2. The AD688 offers 12-bit absolute accuracy without any user 
adjustments. Optional fine-trim connections are provided for 
applications requiring higher precision. The fine-trimming 
does not alter the operating conditions of the Zener or the 
buffer amplifiers and thus does not increase the temperature 
drift. 

3. Output noise of the AD688 is low - typically 6 µ V p-p. A 
pin is provided for broadband noise filtering using an exter
nal capacitor. 

4. The AD688 is available in versions compliant with MIL
STD-883. Refer to the Analog Devices Military Products 
Databook or current AD688/883B data sheet for detailed 
specifications. 
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AD688-SPEClflCATIQNS (typical@ +25°C, +10 Voutput, V5 = ±15 V unless otherwise noted1) 

AD688AQ/SQ AD688BQ 
Min Typ Max Min Typ Max Units 

OUTPUT VOLTAGE ERROR 
+lOV, - lOV Outputs -s +s -2 +2 mV 

± IOV TRACKING ERROR -3 +3 -1.S +l.S mV 

OUTPUT VOLTAGE DRIFT 
+ lOV, - lOV Outputs 

O to + 70°C (A, B) ±2 -1.S +l.S ppmf'C 
-40°C to +85°C (A, B) -3 +3 -3 +3 ppmf'C 
- 55°C to + 125°C (S) -6 +6 ppmf'C 

GAIN ADJ AND BAL ADJ2 

Trim Range ±S ±S mV 
Input Resistance 150 150 kn 

LINE REGULATION 
Tmin to Tmax 3 -200 +200 -200 +200 µVN 

LOAD REGULATION 
Tmin to Tmax 

+ 10 V Output, O<louT<lO mA ±50 ±50 µV/mA 
-10 V Output, - lO<louT<O mA ±SO ±SO µV/mA 

SUPPLY CURRENT 
Tinin to Tmax 9 12 9 12 mA 
Power Dissipation 270 360 270 360 mW 

OUTPUT NOISE (ANY OUTPUT) 
0.1 Hz to 10 Hz 6 6 µVp-p 
Spectral Density, 100 Hz 140 140 nV/\/Hz 

LONG TERM STABILITY (@ + 25°C) 15 15 ppm/1000 hours 

BUFFER AMPLIFIERS 
Offset Voltage 100 100 µV 
Offset Voltage Drift 1 1 µVl°C 
Bias Current 20 20 nA 
Open Loop Gain 110 110 dB 
Output Current A3, A4 -10 +10 -10 +10 mA 
Common Mode Rejection (A3, A4) 

VcM = 1 Vp-p 100 100 dB 
Short-Circuit Current 50 50 mA 

TEMPERATURE RANGE 
Specified Performance 

A, B Grades -40 +85 -40 +85 oc 
S Grade -55 +125 oc 

NOTES 
'See Figure 2a for output configuration. Specifications tested using + 10 V output unless otherwise indicated. 
'Gain and balance adjustments guaranteed capable of trimming output voltage error and symmetry error to zero. 
'Test Condition: +Vs= +18V, -Vs= -18V; +Vs= +13.5V, -Vs= -13.5V. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
+Vs to -V5 ••••••••.••••••••••••••••••••• 36 V 
Power Dissipation ( + 25°C) 

Q Package ........................... 600 mW 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 Seeonds) ........ + 300°C 
Package Thermal Resistance 

Q (0JA/01cl .... · .......•............ 120/35°C/W 
Output Protection: All outputs safe if shorted to ground 
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*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specifications is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
reliability. 
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THEORY OF OPERATION 

ORDERING GUIDE 

Part Initial Temperature Temperature Package 
Number1 Error Coefficient Range- •c Option2 

AD688AQ SmV 3 ppm/"C -40 to +8S Q-16 
AD688BQ 2mV 3 ppm/"C -40 to +8S3 Q-16 
AD688SQ SmV 6 ppm/0c -SS to + 12S Q-16 
AD6~a/883B * * -SS to + 12S * 
NOTE 
'For details on grade and package offerings screened in accordance with MIL-STD-883, 
refer to the Analog Devices Military Products Databook or current AD688/883B data sheet. 

2Q = Cerdip. For outline information see Package Information section. 
'Temperarure coefficient specified from 0 co +70"C. 
*Refer to AD688/883B military data sheet. 

PIN CONFIGURATION 

+10V OUT FORCE -v. 

+v. -10V OUT FORCE 

+10V OUT SENSE -10V OUT SENSE 

A41N 

BAL ADJ 

NC 

NC 

NC = NO CONNECT 

NC PINS ARE USED AS TEST POINTS BY THE 
FACTORY. TO ENSURE PROPER OPERATION, DO 
NOT CONNECT ANYTHING TO THESE PINS. 

AD688 

The AD688 consists of a buried Zener diode reference, amplifi
ers and associated thin-film resistors as shown in the block 
diagram of Figure l. The temperature compensation circuitry 
provides the device with a temperature coefficient of l.S ppm/"C 
or less. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at Pins 6 and 8 as well as to provide a full 
Kelvin output. Thus, the AD688 has a full Kelvin capability by 
providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 

Amplifier Al performs several functions. Al primarily acts to 
amplify the Zener voltage to the required 20 volts. In addition, 
Al also provides for external adjustment of the 20 V output 
through Pin S, the GAIN ADJUST. Using the bias compensa
tion resistor between the Zener output and the noninverting in
put to Al, a capacitor can be added at the NOISE 
REDUCTION pin (Pin 7) to form a low pass filter and reduce 
the noise contribution of the Zener to the circuit. Two matched 
12 kn nominal thin-film resistors (R4 and RS) divide the 20 V 
output in half. 

Ground sensing for the circuit is provided by Amplifier A2. The 
noninverting input (Pin 9) senses the system ground and forces 
the midpoint of resistors R4 and RS to be a virtual ground. Pin 
12 (BALANCE ADJUST) can be used for fine adjustment of 
this midpoint transfer. 
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NOISE 
REDUCTION 

GAIN GND 
ADJ SENSE 

•IN 
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•>----. 

V~ow BAL 
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Figure 1. AD688 Functional Block Diagram 
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FEATURES 
Pin-Programmable 2.5 V or 3.0 V Output 
Ultralow Drift: 3 ppm/°C max 
High Accuracy: 2.5 V or 3.0 V ± 1 mV max 
Low Noise: 100 nV/YHz 
Noise Reduction Capability 
Low Quiescent Current: 1 mA max 
Output Trim Capability 
Plug-In Upgrade for Present References 
Temperature Output Pin 
Series or Shunt Mode Operation (±2.5 V, ±3.0 V) 

PRODUCT DESCRIPTION 
The AD780 is an ultrahigh precision bandgap reference voltage 
which provides a 2.5 V or 3.0 V output from inputs between 
4.0 V and 36 V. Low initial error and temperature drift com
bined with low output noise and the ability to drive any value of 
capacitance make the AD780 the ideal choice for enhancing the 
performance of high resolution ADCs and DACs and for any 
general purpose precision reference application. A unique low 
headroom design facilitates a 3.0 V output from a 5.0 V ± 10% 
input, providing a 20% boost to the dynamic range of an ADC, 
over performance with existing 2.5 V references. 

The AD780 can be used to source or sink up to 10 mA and can 
be used in series or shunt mode, thus allowing positive or nega
tive output voltages without external components. This makes it 
suitable for virtually any high performance reference application. 
Unlike some competing references, the AD780 has no "region of 
possible instability." The part is stable under all load conditions 
when a 1 µF bypass capacitor is used on the supply. 

A temperature output pin is provided on the AD780. This pro· 
vides an output voltage that varies linearly with temperature, 
allowing the AD780 to be configured as a temperature trans
ducer while providing a stable 2.5 V or 3.0 V output. 

The AD780 is a pin-compatible performance upgrade for the 
LT1019(A)-2.5 and the AD680. The latter is targeted toward 
low power applications. 

The AD780 is available in two grades in plastic DIP, SOIC and 
cerdip packages. The AD780AN, AD780AR, AD780BN and 
AD780BR are specified for operation from -40°C to +85°C. 
The AD780SQ and AD780SQ/883B are specified for -55°C to 
+ 125°C operation. 

8-30 VOLTAGE REFERENCES AND REGULA TORS 

NC 1 

2.5 V/3.0 V 
High Precision Reference 

AD780 I 
FUNCTIONAL BLOCK DIAGRAM 

NC 

AD780 

R13 

NC= NO CONNECT 

O/PSELECT 
2.SV-NC 
3.0V-GND 

PRODUCT HIGHLIGHTS 
1. The AD780 provides a pin-programmable 2.5 V or 3.0 V 

output from a 4 V to 36 V input. 

2. Laser trimming of both initial accuracy and temperature coef
ficients results in low errors over temperamre without the use 
of external components. The AD780BN has a maximum vari
ation of 0.8 mV from -40°C to +85°C. 

3. For applications requiring even higher accuracy, an optional 
fine-trim connection is provided. 

4. The AD780 noise is extremely low, typically 4 µV p·p from 
0.1 Hz to 10 Hz and a wideband spectral noise density of 
typically 100 nV/y'Hz. This can be further reduced if 
desired, by simply using two external capacitors. 

5. The temperature output pin enables the AD780 to be config
ured as a temperature transducer while providing a stable 
output reference voltage. 
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SPECIFICATIONS (TA= +25°C, V1" = +5 V unless otherwise noted) AD780 
AD780AN/ AR/SQ AD780BN/BR 

Parameter Min Typ Max Min Typ Max Units 

OUTPUT VOLTAGE 
2.S V Out 2.49S 2.SOS 2.499 2.SOl Volts 
3.0 V Out 2.99S 3.00S 2.999 3.001 Volts 

OUTPUT VOLTAGE DRIFT' 
-40°C to +8S°C 7 3 ppm/oc 
-SS°C to + 12S°C 20 ppm/oc 

LINE REGULATION 
2.S V Output, 4 V .,,, +VIN ,,; 36 V 

TMIN toTMAx 10 * µVN 
3.0 V Output, 4.S V ,,; +VIN ,,; 36 V 

TMIN toTMAX 10 * µVN 

LOAD REGULATION, SERIES MODE 
Sourcing 0 < IouT < 10 mA so * µV/mA 

TMIN to TMAx 7S * µV/mA 
Sinking -10 < IoUT < 0 mA 7S * µV/mA 

-40°C to +8S°C 7S * µV/mA 
-ss0c to + 12S°C lSO * µV/mA 

LOAD REGULATION, SHUNT MODE 
1 < ISHUNT < 10 mA 7S * µV/mA 

QUIESCENT CURRENT, 2.S V SERIES MODE2 

-40°C to +8S°C 0.7S 1.0 * * mA 
-ss0c to + 12S°C 0.8 1.3 * * mA 

MINIMUM SHUNT CURRENT 0.7 1.0 * * mA 

OUTPUT NOISE 
0.1 Hz to 10 Hz 4 * * µV p-p 
Spectral Density, 100 Hz 100 * * nV/y'Hz 

LONG TERM STABILITY' 20 * ±ppm/1000 Hr 

TRIMRANGE 4.0 * ±% 

TEMPERA TORE PIN 
Voltage Output@ 2S°C soo S60 620 * * * mV 
Temperature Sensitivity 1.9 * mV/°C 
Output Resistance 3 * kfl 

SHORT CIRCUIT CURRENT TO GROUND 30 * mA 

TEMPERATURE RANGE 
Specified Performance (A, B) -40 +8S * * oc 
Operating Performance (A, B)4 -SS +12S * * oc 
Specified Performance (S) -SS + 12S * * oc 
Operating Performance (S) -SS +12S * * oc 

NOTES 
1 Maximum output voltage drift is guaranteed for all packages. 
23.0 V mode typically adds 100 µ,A to the quiescent current. Also, lq increases by 2 µ,NV above an input voltage of S V. 
'The long term stability specification is noncumulative. The drift in subsequent 1000 hr. periods is significantly lower than in the first 1000 hr. period. 
4The operating temperature range is defined as the temperature extremes at which the device will still function. Parts may deviate from their specified perfor
marice outside their specified temperature range. 

*Same as AD780AN/AR/SQ specification. 

Specifications subject to change without notice. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD780 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! ~ 

~~EDEVICE 
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AD780 
ABSOLUTE MAXIMUM RATINGS* 
V1N to Ground .•..•.•.............. :; ...... 36 V 
Trim Pin to Ground ...........••...•........ 36 V 
Temp Pin to Ground .......•............••.. 36 V 
Power Dissipation (25"C) •.................. 500 mW 
Storage Temperature ......•..••..... -6S°C to + 1so0c 
Lead Temperature (Soldering, 10 sec) ............. 300°C 
Output Protection: Output safe for indefinite short to. ground 
and momentary short to VIN· 
ESD Classification ........••..•..... Class 1 (1000 V) 
*Sttesses above those listed undeI "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a sttess rating only and functional 
operation of the device at these or any conditions above those indicated in the 
operational specification is not implied. Exposure to absolute maximum 
s.pecifications for extended periods may affect device reliability. 

PIN CONFIGURATION 
8-Pin Plastic DIP, SOIC and Cerdip Packages 

NC = NO CONNECT 

DIE LAYOUT 

2.513.0V SELECT 
(NCORGND) 

-GND 

TRIM Your 2.513.0V SELECT 

DIE SIZE = 0.096 x 0.067 INCHES 

NOTES 
Both V mrr pads should be connected to the output. 
Die Thickness: The standard thickness of Analog Devices Bipolar dice is 
24 mils ±2 mils. 
Die Dimensions: The dimensions given have a tolerance of ±2 mils. 
Backing: The standard bai:kside surface is silicon (not plated). Analog 
Devices does not recommend gold-backed dice for most applications. 
Edges: A diamond saw is used to separate wafers into dice thus providing 
perpendicular edges half-way through the die. 
In contrast to scribed dice, this technique provides a more uniform die shape 
and size. The perpendicular edges facilitate handling (such as tweezer pick-up) 
while the uniform shape and size simplifies substrate design and die attach. 
Top S:urfael;: The standard top sutface of the die is covered by a layer of 
glassivation .. ~ areas ate covered except bonding pads and scribe lines. 
Surl'a~. Metalization: The ~tiqn to Analog .Devices bipolar dice is 
aluminum. Minimum thickness is to,~A. 
llOnding Pads: All bondingpadsbii~a,minimum sizeof 4 .. 0mils by6.0 mils. 
The passivation windows have a 3.6 mils by 5.6 mils minimum size. 
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ORDERING GUIDE 

Initial Temperature Temperature· Package 
Model Error Coefficient Range Option* 

AD780AN SmV 7 ppm/°C -40"C to +85"C N-8 
AD780AR SmV 7 ppm/°C -40"C to +85°C R-8 
AD780BN lmV 3 ppm/°C -40"C to +85"C · N-8 
AD780BR lmV 3 ppm/°C -40°C to + 85"C R-8 
AD780SQ SmV 20 ppm/°C -ss0c to + 125"C Q-8 
AD780SQ/883B SmV 20 ppm/°C -ss0c to + 12s0c Q-8 

*For outline information see Package Information section. 

THEORY OF OPERATION 
Band.gap references are the high performance solution for low 
supply voltage and low power voltage reference applications. In 
this technique a voltage with a positive temperature coefficient is 
combined with the negative coefficient of a transistor's Vbe to 
produce a constant bandgap voltage. 

In the AD780, the bandgap cell contains two npn transistors 
(Q6 and Q7) which differ in emitter area by 12x. The differ
ence in their Vbe's produces a PTAT current in RS. This in 
turn produces a PT AT voltage across R4, which when combined 
with the Vbe of Q7, produces a voltage Vbg that does not vary 
with temperature. Precision laser trimming of the resistors and 
other patented circuit techniques are used to further enhance the 
drift performance. 

NC 

7 

L-~~~--{•4}-~~~a1)-~~--1 

NC = NO CONNECT 

GND O/P SELECT 
2.5V·NC 
3.0V·GND 

Figure 1. Schematic Diagram 

The output voltage of the AD780 is determined by the configu
ration of resistors RB, R14 and RlS in the amplifier's feedback 
loop. This sets the output to either 2.5 V or 3.0 V depending on 
whether RlS (Pin 8) is grounded or not connected. 

A unique feature of the AD780 is the low headroom design of 
the high gain amplifier which produces a precision 3 v output 
from an input voltage as low as 4.5 V (or 2.5 V frQm a 4.0 V 
hl.put). The amplifier design also allows the part to work with 
VIN;,,. VoUT when current is, forced into the output terminal, 
This allows the AD780 to work as a two terminitl ~unt regula
tor providing a -2.5 V or - 3.0· V reference voltage output · 
without external components. 

REV.A 



The PT AT voltage is also used to provide the user with a ther
mometer output voltage (at Pin 3) which increases at a rate of 
approximately 2 mV!°C. 

The AD780's NC Pin 7 is a 20 kO resistor to V + which is used 
solely for production test purposes. Users who are currently 
using the LT 1019 self-heater pin (Pin 7) must take into account 
the different load on the heater supply. 

APPL YING THE AD780 
The AD780 can be used without any external components to 
achieve specified performance. If power is supplied to Pin 2 and 
Pin 4 is grounded, Pin 6 provides a 2.5 V or 3.0 V output 
depending on whether Pin 8 is left unconnected or grounded. 

A bypass capacitor of 1 µF (V1N to GND) should be used if the 
load capacitance in the application is expected to be greater than 
1 nF. The AD780 in 2.5 V mode typically draws 700 µA of lq 
at 5 V. This increases by -2 µA/V up to 36 V. 

1µF 

1--'\/IJV--.< R POT. 

Figure 2. Optional Fine Trim Circuit 

Initial error can be nulled using a single 25 kO potentiometer 
connected between Your. Trim and GND. This is a coarse trim 
with an adjustment range of ±4% and is only included here for 
compatibility purposes with other references. A fine trim can be 
implemented by inserting a large value resistor (e.g. 1-5 MO) in 
series with the wiper of the potentiometer. See Figure 2 above. 
The trim range, expressed as a fraction of the output, is simply 
greater than or equal to 2.1 kO/RNULL for either the 2.5 V or 
3.0 V mode. 

The external null resistor affects the overall temperature coeffi
cient by a factor equal to the percentage of V ouT nulled. 

For example a l mV (.03%) shift in the output caused by the 
trim circuit, with a 100 ppm/cc null resistor will add less than 
0.06 ppm/cc to the output drift (0.03% x 200 ppm/cc, since the 
resistors internal to the AD780 also have temperature coeffi
cients of less than 100 ppm!°C). 

NOISE PERFORMANCE 
The impressive noise performance of the AD780 can be further 
improved if desired by the addition of two capacitors: a load 
capacitor Cl between the output and ground, and a compensa
tion capacitor C2 between the TEMP pin and ground. Suitable 
values are shown in Figure 3. 
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AD780 

0.1 .___. _ __.___._...._._~----........ ~----'--'~ 

0.1 10 

LOAO CAPACITOR, C1 - µF 

Figure 3. Compensation and Load Capacitor 
Combinations 

100 

Cl and C2 also improve the settling performance of the AD780 
when subjected to load transients. The improvement in noise 
performance is shown in Figures 4, 5 and 6 following. 

AMPLIFIER GAIN = 100 NO AMPLIFIER 

0.1 T010Hz 10HzTO 10kHz 

Figure 4. Stand-Alone Noise Performance 

1µF 

Figure 5. Noise Reduction Circuit 
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AD780 
NOISE COMPARISON 
The wideband noise performance of the AD780 can also be 
expressed in ppm. The typical performance with Cl, C2 is 
0.6 ppm and without external capacitors is 1.2 ppm. 

This performance is respectively 7 x and 3 x lower than the 
specified performance of the L TIO 19. 

NO AMPLIFIER 

1 OHz TO 1 OkHz 

Figure 6. Reduced Noise Performance with C1 = 100 µ,F, 
C2 = 100 nF 

TEMPERATURE PERFORMANCE 
The AD780 provides superior performance over temperature by 
means of a combination of patented circuit design techniques, 
precision thin filni resistors and drift trimming. Temperature 
performance is specified in terms of ppmf'C, but because of 
nonlinearity in the temperature characteristic, the Box-Test 
method is used to test and specify the part. The nonlinearity 
takes the form of the characteristic S-shaped curve shown in 
Figure 7. The Box-Test method forms a rectangular box around 
this curve, enclosing the maximum and minimum output volt
ages over the specified temperature range. The specified drift is 
equal to the slope of the diagonal of this box. 

1.6 1----+--+---+--+---+--+--+-+--+lf~--I 

> 1.2 t------+--+---+----+--1--+---if---+-7-<o+---i 

E 0.8 l---+--+--+---+--+--+-__,f-----l>"--1---1 
I 

I 0.4 t------+--+---+----+--1--+---iv~L,,_+---+--I 
w ~ L 

lL -0.4 l-'----+--+---+----+--1--+---if---+--+---i 

-0.8'-...... ~-'-~"---'~-'-~-'------'-~-'---' 
-60 -40 -20 20 40 60 80 100 120 140 

TEMPERATURE- °C 

Figure 7. Typical AD780BN Temperature Drift 

TEMPERATURE OUTPUT PIN 
The AD780 provides a "TEMP" output (Pin 3) that varies lin
early with temperature. This output can be used to monitor 
changes in system ambient temperature and to initiate calibra
tion of the system if desired. 

The voltage VTEMP is 560 mV at 25°C, and the temperature 
coefficient is approximately 2 mVfC. Figure 8 following shows 
the typical V TEMP characteristic curve over temperature. 
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4.25 
CIRCUIT CALIBRATED AT 25°C 
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Figure 8. Temperature Pin Transfer Characteristic 

Since the TEMP voltage is acquired from the bandgap core cir
cuit, current pulled from this pin will have an effect on VouT· 
Care must be taken to buffer the TEMP output with a suitable 
op amp, e.g., an AD OP-07, AD820 or AD711 (all of which 
would result in less than a 100 µ.V change in VouTl· The rela
tionship between ITEMP and V ouT is as follows: 

iiVouT = 5.8 mV/µ.A x ITEMP (2.5 V range) 
or 
iiVouT = 6.9 mV/µ.A x ITEMP (3.0 V range) 

TEMPERATURE TRANSDUCER CIRCUIT 
The circuit shown in Figure 9 is a temperature transducer which 
amplifies the TEMP output voltage by a gain of a little over 5 to 
provide a wider full scale output range. The trimpot can be used 
to adjust the output so it varies exactly by 10 m V /°C. 

To minimize resistance changes with temperature, resistors with 
low temperature coefficients, such as metal filni resistors should 
be used. 

+5V 

1µF 

Figure 9. Differential Temperature Transducer 
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SUPPLY CURRENT OVER TEMPERATURE 
The AD780's quiescent current will vary slightly over tempera
ture and input supply range. The test limit is 1 mA over the 
industrial and 1.3 mA over the military temperature range. Typ
ical performance with input voltage and temperature variation is 
shown in Figure 10 following. 

c 
E 
I 

!i 0.75 w 
IC 
IC 
:::> 
u 
!i 0.70 w 
~ 
!!I 
0 0.65 

0.60 
4 

INPUTYOLTAGE-Yolt& 
36 

Figure 10. Typical Supply Current over Temperature 

TURN-ON TIME 
The time required for the output voltage to reach its final value 
within a specified error band is defined as the turn-on settling 
time. The two major factors that affect this are the active circuit 
settling time and the time for the thermal gradients on the chip 
to stabilize. Typical settling performailce is shown in Figure 11 
following. The AD780 settles to within 0.1 % of its fmal value 
within 10 µ.s. 

YoN 

5Y 

OY 

Your 
2.500Y 

2.499Y 

2.498Y 

10µs/DIY 

Figure 11. Turn-On Settling Time Performance 

DYNAMIC PERFORMANCE 
The output stage of the AD780 has been designed to provide 
superior static and dynamic load regulation. 

Figure 12 shows the performance of the AD780 while driving a 
0 mA to 10 mA load. 
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1µF ,___. __ <> VouT 

Figure 12a. Transient Resistive Load Test Circuit 

OmA 1-1LOL 
l 1 

10mA 

Your (CL = OpF) 

ll 
]l 
l 

10µs/DIY 

Figure 12b. Settling Under Transient Resistive Load 

The dynamic load may be resistive and capacitive. For example 
the load may be connected via a long capacitive cable. Figure 13 
following shows the performance of the AD780 driving a 
1000 pF, 0 mA to 10 mA load. 

1µF 1---e-+--O Your 

Figure 13a. Capacitive Load Transient Response Test 
Circuit 
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10mA l 

voJ. 
f-(CL: 1000pF) 

l 

10µs1DIV 

Figure 13b. Settling Under Dynamic Capacitive Load 

LINE REGULATION 
Line regulation is a measure of the change in output voltage due 
to a specified change in input voltage. It is intended to simulate 
worst case unregulated supply conditions and is measured in 
µVN. Figure 14 shows typical performance with 4.0 V <VIN 
< 15.0 v. 

T=25°C 

> 100 1------------+----------I 
"-

' w 

~ 
~ 
0 

-
-100 t---------+---------1 

-200 ,___ _______ ...._ _______ __, 

4 10 15 
INPUT VOLTAGE- Volts 

Figure 14. Output Voltage Change vs. Input Voltage 

PRECISION REFERENCE FOR HIGH RESOLUTION 
+5 V DATA CONVERTERS 
The AD780 is ideally suited to be the reference for most + 5 V 
high resolution ADCs. The AD780 is stable under any capaci
tive load, it has superior dynamic load performance, and the 
3.0 V output provides the converter with maximum dynamic 
range without requiring an additional and expensive buffer 
amplifier. One of the many ADCs that the AD780 is suited for 
is the AD7884, a 16-bit, high speed sampling ADC. (See Figure 
15.) This part previously needed a precision 5.0 V reference, 
resistor divider and buffer amplifier to do this function. 
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+5V 

1µF 

2.513.0V 
GND SELECT 

AD7884 

Figure 15. Precision 3.0 V Reference for the AD7884 
16-Bit, High Speed ADC 

The AD780 is also ideal for use with higher resolution convert
ers such as the AD7710/AD7711/AD7712. (See Figure 16.) 
While these parts are specified with a 2. 5 V internal reference, 
the AD780 in 3 V mode can be used to improve the absolute 
accuracy, temperature stability and dynamic range. It is shown 
following with the two optional noise reduction capacitors. 

+5V 

1µF '1---<a--'' 1 REFIN+ 

AD780 
1 OOµF AD7710 

Figure 16. Precision 2.5 V or 3.0 V Reference for the 
AD7710 High Resolution, Sigma-Delta ADC 

+4.5 V REFERENCE FROM +5 V SUPPLY 
Some +5 V high resolution ADCs can accommodate reference 
voltages up to +4.5 V. The AD780 can be used to provide a 
precision +4.5 V reference voltage from a +5 V supply using 
the circuit shown following in Figure 17. This circuit will pro
vide a regulated +4.5 V output from a supply voltage as low as 
+4.7 V. The high quality tantalum 10 µF capacitor in parallel 
with the ceramic 0.1 µF capacitor and the 3.9 n resistor ensure 
a low output impedance up to around 50 MHz. 
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Figure 17. +4.5 V Reference from a Single +5 V Supply 

NEGATIVE (-2.5 V OR -3.0 V) REFERENCE 
The AD780 can produce a negative output voltage in shunt 
mode, simply by connecting the input and output to ground and 
connecting the AD780's GND pin to a negative supply via a 
bias resistor as shown in Figure 18. 

1µF 

NOTE: IL= LOAD CURRENT 
Is MIN = MINIMUM SHUNT CURRENT 

V- NC.= NO CONNECT 

Figure 18. Negative (-2.5 V) Shunt Mode Reference 
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A precise -2.5 V (or -3.0 V) reference capable of supplying up 
to 100 mA to a load can be implemented with the AD780 in 
series mode using the bootstrap circuit following. 

+5V 

-SV 

1000pF 

CONNECT IF 
8 1 -3V OUTPUT 

I DESIRED 

I 
I 

Figure 19. -2.5 V High Load Current Reference 
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WDEVICES 

FEATURES 
Improved, Lower Cost, Replacements for Standard 1403, 1403A 
3-Terminal Device: Voltage lnNoltage Out 
Laser Trimmed to High Accuracy: 2.500V ±10mV (AD1403A) 
Excellent Temperature Stability: 25ppmfC (AD1403A) 
Low Quiescent Current: 1.5mA max 
10mA Current Output Capability 
Low Cost 
Convenient Mini-DIP Package 

PRODUCT DESCRIPTION 
The AD1403 and AD1403A are improved three-terminal, low 
cost, temperature compensated, bandgap voltage references 
that provide a fixed 2.SV output voltage for inputs between 
4.SV and 40V. A unique combination of advanced circuit de· 
sign and laser-wafer-trimmed thin-film resistors provides the 
AD1403/AD1403A with an initial tolerance of ±lOmV and a 
temperature stability of better than 25ppm/°C. In addition, 
the low quiescent current drain of l.SmA (max) offers a clear 
advantage over classical Zener techniques. 

The AD1403 or AD1403A is recommended as a stable refer· 
ence for all 8·, 10· and 12-bit D·to·A converters that require 
an external reference. In addition, the wide input range of the 
AD1403/AD1403A allows operation with S volt logic supplies, 
making these devices ideal for digital panel meter applications 
and when only a single logic supply is available. 

The AD1403 and AD1403A are specified for operation over 
the 0 to +70°C temperature range~ The ADS80 series of 2.S 
volt precision IC r,eferences is recommended for applications 
where operation over the -SS°C to +125°C range is required. 

*Protected by U.S. Patent Numbers: 3,887,863, RE30,586. 

' This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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Low Cost, Precision 
2.5V IC References 

AD1403/AD1403A* I 
FUNCTIONAL BLOCK DIAGRAM 

ViN NC 

VouT NC 

GND NC 

NC NC 

8 PIN MINI-DIP 

PRODUCT HIGHLIGHTS 
1. The AD1403A offers improved initial tolerance over the 

industry-standard 1403A: ±lOmV versus ±25mV at a 
lower cost. , 

2. The three·terrninal voltage in/voltage out operation of the 
AD1403/AD1403A provides a regulated output voltage 
without any external components. 

3. The AD1403/AD1403A provides a stable 2.SV output 
voltage for input voltages between 4.SVand 40V making 
these devices ideal for systems tha.t contain a single logic 
supply. 

4. Thin film resistor technology and tightly controlled bipolar 
processing provide the ADl 403A with temperature stabili· 
ties o.f 25ppmfc. 

S. The low 1.SmA maximum quiescent current drain of the 
AD1403 and AD1403A makes them ideal for CMOS and 
other !Ow power applications. 
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SPECIFICATIONS !V1" = 15V, TA= 25°C unless otherwise noted.) AD1403/AD1403A 
O.aracteristic Symbol Min Typ Max Unit 

Output Voltage 
Oo = OmA) Vo 
AD1403 2.475 2.500 2.525 v 
AD14;03A 2.490 2.500 2.510 

Temperature Coefficient of Output Voltage !::Nolb.T ppm/°C 
AD1403 - 10 40 
AD1403A - 10 25 

Output Voltage Change, 0 to +70°C b.Vo mV 
AD1403 - - 7.0 
AD1403A - - 4.4 

Line Regulation Reg in mV 
(15V~INQOV) - 1.2 4.5 
(4.5.;;;vIN.;;;15v) - 0.6 3.0 

Load Regulation Regload - - 10 mV 
(OmA<lo<lOmA) 

Quiescent Current 11 - 1.2 1.5 mA 
Oo = OmA) 

Specifications subject to change without notice. 

MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Rating Symbol 

Input Voltage VIN 

Storage Temperature TsTG 

junction Temperature TJ 

Operating Ambient 
Temperature Range TA 

REV.A 

Value Unit 
ORDERING GUIDE 

40 v 

-25 to 100 oc Model 
Initial 
Tolerance 

Package 
Option* 

+175 

0 to +70 

oc ADl403 
AD1403A 

±25mV 
±IOmV 

N-8 
N-8 

oc 
trN = Plastic DIP. For outline information see Package Information section. 

+V1N-------

COM--~-------

Figure 1. Simplified AD1403 Schematic 
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WDEVICES 

+5 V Fixed, Adjustable 
Micropower Linear Voltage Regulators 

FEATURES 
5 V Fixed or +1.3 V to +16 V Adjustable 
Low Power CMOS: 12 µA max Quiescent Current 
40 mA Output Current 
Current Limiting 
Pin Compatible with MAX663/666 
+2 V to +16.5 V Operating Range 
Low Battery Detector ADM666 
No Overshoot on Power-Up 

APPLICATIONS 
Handheld Instruments 
LCD Display Systems 
Pagers 
Remote Data Acquisition 

GENERAL DESCRIPTION 
The ADM663/ADM666 are precision voltage regulators featur
ing a maximum quiescent current of 12 µA. They can be used to 
give a fixed +5 V output with no additional external compo
nents or can be adjusted from 1.3 V to 16 V using two external 
resistors. Fixed or adjustable operation is automatically selected 
via the V SET input. The low quiescent current makes these de
vices especially suitable for battery powered systems. The input 
voltage range is 2 V to 16.5 V and an output current up to 
40 mA is provided. The ADM663 can directly drive an external 
pass transistor for currents in excess of 40 mA. Additional fea
tures include current limiting and low power shutdown. Ther
mal shutdown circuitry is also included for additional safety. 

The ADM666 features additional low battery monitoring 
circuitry to detect for low battery voltages. 

The ADM663/ADM666 are pin-compatible replacements for 
the MAX663/666. Both are available in 8-pin DIP and in nar
row surface mount (SOIC) packages. 

Model 

ADM663AN 
ADM663AR 
ADM666AN 
ADM666AR 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

Package Option* 

N-8 
R-8 
N-8 
R-8 

*For outline information see Package Information section. 
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ADM663/ADM666 I 
FUNCTIONAL BLOCK DIAGRAMS 
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SPECIFICATIONS (Y1N = +9 V, Your=+ 5 V, T1=+25°C unless otherwise noted) ADM663/ADM666 
Parameter 

Input Voltage, V1N 
Quiescent Current, IQ 

Output Voltage, VoUT 
Line Regulation, !:NoUTll:NiN 
Load Regulation, AVour/Afour 

Reference Voltage, VsET 
Reference Tempco, AVsET/AT 
VsBT Internal Threshold, VFtA 

VsET Input Current, lsET 
Shutdown Input Voltage, VsHDN 

Shutdown Input Current, lsHDN 
SENSE Input Threshold, Vour--VsENsE 
SENSE Input Resistance, RsENSE 
Input-Output Saturation Resistance, RsAT 

ADM663 VoUT1 

Output Current from Vour(2)> lour 
Minimum Load Current, IL <MINJ 

LBI Input Threshold, VLB1 
LBI Input Current, ILB1 
LBO Output Saturation Resistance, RsAT 
LBO Output Leakage Current 
VTc Open Circuit Voltage, VTc 
VTc Sink Current, ITc 
VTc Temperature Coefficient 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA= +25°C unless otherwise noted) 

Min Typ 

2.0 

6 

4.75 5.0 
0,03 
3.0 
1.0 
3.0 

1.27 
±100 
50 

±0.01 
1.-4 

±0.01 
0.5 
3 

200 
70 
50 

40 

1.21 1.28 
±0.01 
35 
10 
0.9 

2.0 8.0 
+2.5 

Input Voltage, VIN ............................. +18 V 
Terminal Voltage 

(ADM663) Pins 1, 3, 5, 6, 7 
(GND - 0.3 V) to CV1N + 0.3 V) 

(ADM666) Pins 1, 2, 3, 5, 6 
..................... (GND - 0.3 V) to (VIN + 0.3 V) 

(ADM663) Pin 2 ....... (GND- 0.3 V) to (V ouri + 0.3 V) 
(ADM666) Pin 7 . . . . . . . . . . . . (GND - 0.3 V) to + 16.5 V 

Output Source Current 
(ADM663, ADM666) Pin 2 . . . . . . . . . . . . . . . . . . . . 50 mA 
(ADM663) Pin 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 mA 

Output Sink Current, 
(ADM663, ADM666) Pin 7 .................... -20 mA 

REV.O 

Max Units Test Conditions/Comments 

16.5 v TA= TMIN to TMAX 
No Load, VIN= +16.5 V 

12 µA TA= +25°C 
15 µA TA= TM1N to TMAX 
5.25 v TA= TMIN to TMAX, VsET = GND 
0.35 %N +2 VS VIN S +15 V, VoUT = VREF 
7.0 n ADM663, l mA S loUT2 S 20 mA 
5.0 n ADM663, 50 µA S loUT1 S 5 mA 
7.0 n ADM666, l mA S loUT S 20 mA 
1.33 v Your= VsET 

ppm/°C TA= TMIN to TMAX 
mV VsET < VFtA for +5 V Out; 

VsET >VF/A for Adj. Out 
±10 nA TA= TMIN to TMAX 

v VsHDN High= Output Off 
0.3 v VsHDN Low= Output On 
±10 nA 

v Current Limit Threshold 
M!l 

500 n V1N = +2 V, lour = l mA 
150 n V1N = +9 V, lour = 2 mA 
150 n VIN= +15 V, lour= 5 mA 

mA +3 Vs VIN s +16.5 V, VIN"""VoUT = +l.5 V 
1.0 µA TA= +25°C 
5.0 µA TA= TMIN to TMAX 
1.37 v ADM666 
±10 nA ADM666 
100 n ADM666, lsAT = 2 mA 

nA ADM666, LBI = 1.4 V 
v ADM663 
mA ADM663 
mV/°C ADM663 

Power Dissipation, N-8 ........................ 625 mW 
(Derate 8.3 mW/°C above +50°C) 
01A, Thermal Impedance ..................... 120°C/W 

Power Dissipation R-8 ......................... 450 mW 
(Derate 6 mW/°C above +50°C) 
e1A> Thermal Impedance ..................... l 70°C/W 

Operating Temperature Range 
Industrial (A Version) .................. -40°C to +85°C 
Storage Temperature Range ............ -65°C to + l 50°C 

Lead Temperature (Soldering, 10 sec) ............. +300°C 
Vapor Phase (60 sec) ........................ +215°C 
Infrared (15 sec) ............................ +220°C 

ESD Rating ................................. >5000 V 

*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica~ 
ti on is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 
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ADM663/ADM666 
DIP & SOIC PIN CONFIGURATIONS 

SENSE 

ADM663 

TOP VIEW 
(Not to Scale) 

ADM666 

TOP VIEW 
(Not to Scale) 

GENERAL INFORMATION 
The ADM663/ADM666 contains a micropower bandgap refer
ence voltage source, an error amplifier Al, two comparators 
Cl, C2 and a series pass output transistor. A P-chanriel PET 
and an NPN transistor are used on the ADM663 while the 
ADM666 uses an NPN output transistor. 

CIRCUIT DESCRIPTION 
The internal bandgap reference is trimmed to 1.3 V ± 30 mV. 
This is used as a reference input to the error amplifier Al. The 
feedback signal from the regulator output is supplied to the 
other input by an on-chip voltage divider or by two external re
sistors. When VsET is at ground, the internal divider provides 
the error amplifier's feedback signal giving a +5 V output. When 
VsET is at more than 50 mV above ground, the error amplifier's 
input is switched directly to the V SET pin, and external resistors 
are used to set the output voltage. The external resistors are 
selected. so that the desired output voltage gives 1.3 V at V SET· 

Comparator Cl monitors the output current via the SENSE 
input. This input, referenced to VoUTczJ, monitors the voltage 
drop across a load sense resistor. If the voltage drop exceeds 
0.5 V, then the error amplifier A1 is disabled and the output 
current is limited. · 

The ADM663 has an additional amplifier, A2, which provides a 
temperature-proportional output, VTc· If this is summed into 
the inverting input of the error amplifier, a negative temperature 
coefficient results at the output. This is useful when powering 
liquid crystal displays over wide temperature ranges. 

The ADM666 has an additional comparator, C3 which com
pares the voltage on the Low Battery Input, LBI, pin to the in
ternal +1.3 V reference. The output from the comparator drives 

8-42 VOLTAGE REFERENCES AND REGULA TORS 

PIN FUNCTION DESCRIPTION 

Mnemonic Function 

VouTClJC2J 
V1N 

SENSE 

GND 

LBI 
LBO 
SHDN 

VsET 

Voltage Regulator Output(s) 

Voltage Regulator Input 
Current Limit Sense Input. (Referenced to 
VouTczJ) If not used it should be connected to 
V0uTc2J 
Ground Pin. Must be connected to 0 V 
Low Battery Detect Input. Compared with 1.3 V 

Low Battery Detect Output. Open Drain Output 
Digital Input. May be used to disable the device 
so that the power consumption is minimized 
Voltage Setting Input. Connect to GND for +5 V 
output or connect to resistive divider for adjust 
able output 

VTc Temperature-Proportional Voltage for negative 
TC Output 

an open drain PET connected to the Low Battery Output pin, 
LBO. The Low Battery Threshold may be set using a suitable 
voltage divider connected to LBI. When the voltage on LBI falls 
below 1.3 V, the open drain output LBO is pulled low. 

Both the ADM663 and the ADM666 contain a shutdown 
(SHDN) input which can be used to disable the error amplifier 
and hence the voltage output. The quiescent current in shut
down is less than 12 µA. 

V1N u-.-..... ..---e--'l/\/\r---4,_-----oV0UT2 

~--------+--~ 1 Volfn 

SHON 

Figure 1. ADM663 Functional Block Diagram 
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v., 

1-----e---<nv0~ 

.------0 LBI 

LBO 

Figure 2. ADM666 Functional Block Diagram 

Circuit Configurations 
For a fixed +5 V output the VsET input is grounded and no exc 
ternal resistors are necessary. This basic configuration is shown 
in Figure 3. Ciirrent limiting is not being utilized so the SENSE 
input is connected to VoUT(2l. The input voltage can range from 
+6 V to + 16 V and output currents up to 40 mA are available 
provided that the maximum package power dissipation is not 
exceeded. 

v., SENSE 
.WT0+16V ADM663 INPUT 

ADM666 VOUT121 
+5V 

OUTPUT 
GND Vm SHDN 

Figure 3. ADM663/ADM666 Fixed +5 V Output 

Output Voltage Setting 
IfVsET is not connected to GND, the output voltage is s.et ac
cording to the following equation. 

Rl+R2 
V 0ur =VsET x~whereVsET = 1.30V 

The resistor values may be selected by firstly choosing a 
value for Rl and then selecting R2 according to the following 
equation. 

R2= Rlx(Vour -1) 
1.30 

The input leakage current on VsET is 10 nA maximum. This al
lows large resistor values to be chosen for Rl and R2 with little 
degradation in accuracy. For example, a 1 MO resistor may be 
selected for Rl and then R2 may be calculated accordingly. 
The tolerance on VsET is guaranteed at less than ±30 mV so in 
most applications, fixed resistors will be suitable. 
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ADM663/ADM666 

v., SENSE +1.3V TO +15V 
+2VT0+16V RCL OUTPUT 

INPUT ADM663 VOUT(21 
ADM666 

R2 
SHON 

GND 
v~ 

R1 

-=- -=-

Figure 4. ADM663/ADM666 Adjustable Output 

Current Limiting 
Current limiting may be achieved by using an external current 
sense resistor in series with VoUTt2l- When the voltage across 
the sense resistor exceeds the internal 0.5 V threshold, current 
limiting is activated. The sense resistor is therefore chosen such 
that the voltage across it will be 0.5 V when the desired current 
limit is reached. 

v - 0.5 
"'CL - IcL 

where RcL is the current sense resistor, lcL is the maximum 
current limit. 

The value chosen for RcL should also ensure that the current is 
limited to less than the 50 mA absolute maximum rating and 
also that the power dissipation will also be within the package 
maximum ratings. 

If current limiting is employed, there will be an additional volt
age drop across the sense resistor which must be considered 
when determining the regulators dropout voltage . 

If current limiting is not used, the SENSE inpuf should be con-
nected to VoUT(2l- · 

Shutdown Input (SHON) 
The SHDN input allows the regulator to be switched off with a 
logic level signal. This will disable the ()Utput and reduce the 
current drain to a low quiescent (12 µA maximum) current. 
This is very useful for low power applications. The SHDN input 
should be driven with a CMOS logic level signal since the input 
threshold is 0.3 V. In TTL systems, an open collector driver 
with a pull-up resistor may be used. 

If the shutdown function is not being used, then SHDN should 
be connected to GND. 

Low Supply or Low Battery0.Detection 
The ADM666 contains on-chip circuitry for low power supply 
or battery detection. If the voltage on the LBI pin falls below the 
intemill 1.3 V reference, then the open drain output LBO will 
go low. The low threshold voltage may be set to any voltage 
above 1.3 V by appropriate resistor divider selection. 

R3 = R4 x(VBATT -1) 
1.30 

where R3 and R4 are the resistive divider resistors and VaATT is 
the desired low voltage threshold. 
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ADM663/ADM666 
Since the LBI input leakage current is less than 10 nA, large val
ues may be selected for R3 and R4 in order to minimize loading. 
For example, a 6 V low threshold, may be set using 10 Mn for 
R3 and 2. 7 Mn for R4. · 

+2VT0+16V 
INPlll' 

v,. 

ADM666 

LBI 

SHDN. GND 

':' 

SENSE 

Your 

v • .,. 

LBO 

+1.3V TO +15V 
Ra. OUTPUT 

R2 

R1 

':' 

Figure 5. ADM666 Adjustable Output with Low Battery 
Detection 

High Current Operation 
The ADM663 contains an additional output, Vour1> suitable 
for directly driving the base of an external NPN transistor. Fig
ure 6 shows a configuration which can be used to provide +5 V 
with boosted current drive. A 1 0 current sensing resistor limits 
the current at 0;5 A. 

v,. 

v,. 

ADM663 

SHDN 
SHUTDOWN 

+ 10µJ'J +5V,0.5A 
OUTPUT 

Figure 6. ADM663 Boosted Output Current (0.5 AJ 

Temperature Proportional Output 
The ADM663 contains a VTc output with a positive tempera
ture coefficient of +2.5 mV!°C. This may be connected to the 
summing junction of the error amplifier CVsET) through a resis
tor resulting in a negative temperanire coefficient at the output 
of the regulator. 

This is especially useful in multiplexed LCD displays to com
pensate for the inherent negative temperature coefficient of the 
LCD threshold. At 25°C the voltage at the VfC output is typi
cally O. 9 V. The equations for setting both the output voltage 
and the tempco are given below. If this function is not being 
used, then VTC should be left unconnected. 

8-44 VOLTAGE REFERENCES AND REGULATORS 

SENSE----, 

VOU12 1--...----"'\.J·Vour 

ADM663 

Figure 7. ADM663 Temperature Proportional Output 

VoUT =VsET x(1+ ~n+ ~; x(VsET-VTG} 

-R2 
TCV OUT = R3 x TVCTG 

where V SET= +I.3V, Vrc = +0.9V, TCV re= +2.5mV/°C 

APPLICATION HINTS 
Input-Output (Dropout Voltage) 
A regulator's minimum input-output differential or dropout 
voltage determines the lowest input voltage for a particular out
put voltage. The ADM663/ADM666 dropout voltage is 0.8 Vat 
its rated output current. For example when used as a fixed +5 V 
regulator the minimum input voltage is +5.8 V. At lower output 
currents, Clour < 5 mA), on the ADM663, Vour1 may be used 
as the output driver in order to achieve lower dropout voltages. 
Please refer to Figure 9. In this case .the dropout voltage de
pends on the voltage drop across the internal FET transistor. 
This may be calculated by multiplying the FET's saturation re
sistance by the output current. As the current limit circuitry is 
referenced to VollT2• Vour2 should be connected to Vour1· For 
high current operation VoUT2 should be used alone and VoUTi 
left unconnected. 

Bypass Capacitors 
The high frequency performance of the ADM663/ADM666 
may be improved by decoupling the output using a filter capaci
tor. A capacitor value of I 0 µF is suitable. 

An. input capacitor helps reduce noise and improves dynamic 
performance. A suitable input capacitor of 0.1 µF or greater 
maybe used. 
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Typical Performance Characteristics~ADM663/ADM666 
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Figure 8. Power Supply Rejection Ratio vs. Frequency 
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Figure 10. Quiescent Current vs. Input Voltage 
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NANALOG 
WDEVICES 

Tri-Mode: +3.3 V, +5 V, Adjustable 
Micropower Linear Voltage Regulators 

FEATURES 
Tri-Mode Operation 

3.3 V, 5 V Fixed or +1.3 V to +16 V Adjustable 
Low Power CMOS: 9 µA max Quiescent Current 
High Current 100 mA Output 
Low Dropout Voltage 
Upgrade for ADM663/ADM666 
"Small" 0.1 µF Output Capacitor (0805 Style) 
+2 V to +16.5 V Operating Range 
Low Battery Detector ADM666A 
No Overshoot on Power-Up 
Thermal Shutdown 

APPLICATIONS 
Handheld Instruments 
LCD Display Systems 
Pagers 
Battery Operated Equipment 

GENERAL DESCRIPTION 
The ADM663Nf\DM666A are precision linear voltage regula
tors featuring a maximum quiescent current of 9 µA. They can 
be used to give a fixed +3.3 V or +5 V output with no additional 
external components or can be adjusted from 1.3 V to 16 V 
using two external resistors. Fixed or adjustable operation is au
tomatically selected via the V SET input. The low quiescent cur
rent makes these devices especially suitable for battery powered 
systems. The input voltage range is 2 V to 16.5 V, and an out
put current up to 100 mA is provided. Current limiting may be 
set using a single external resistor. For additional safety, an 
internal thermal shutdown circuit monitors the internal die 
temperature. 

The ADM666A features additional low battery monitoring cir
cuitry to detect for low battery voltages. 

The ADM663NADM666A are pin compatible enhancements 
for the ADM663/ADM666. Improvements include an addi
tional 3.3 V output range, higher output current, and operation 
with a small output capacitor. 

The ADM663NADM666A are available in an 8-pin DIP and 
narrow surface mount (SOIC) packages. 

'Patent pending. 

This is an abridge4 data sheet. To obtain the most recent version or 
complete data sheet, call onr fax retrieval system at 1·880-446·6212. 
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ADM663A/ADM666A* I 
FUNCTIONAL BLOCK DIAGRAMS 
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SPEC If I CATIONS (V1N = +9 V, TA= TMiN to TMAX• unless otherwise noted) ADM663A/ADM666A 
Parameter 

Input Voltage, VIN 
Quiescent Current, IQ 
Output Voltage, Vour(Z) (+5 V Mode) 
Output Voltage, Vour(Z) (+3.3 V Mode) 
Dropout Voltage, Vno 
Dropout Voltage, Vno 
Line Regulation (AVouT(2J/AV1Nl 
Load Regulation 

AV ouT(2); (AV our(zi/ AiouT(2)) 

AVour1;(AVoun/Aioun) 
Reference Voltage, V SET 
Reference Tempco (AVsET/AT) 
V SET Internal Threshold 

VF1ALow 
VF/A High 

V SET Input Current, IsET 
Shutdown Input Voltage, VsHDN 

Shutdown Input Current, IsHDN 
SENSE Input Threshold, VouT - V SENSE 
SENSE Input Resistance, RsENSE 
Input-Output Saturation Resistance, RsAT 

ADM663A, Vour1 

Output Current, Iour(2) 
Minimum Load Current, IL (MIN) 
LBI Input Threshold 

Low Going 
High Going 
Hysteresis 

LBI Input Current, ILB1 
LBO Output Saturation Resistance, RsAT 
LBO Output Leakage Current 
VTc Open Circuit Voltage, VTc 
VTc Sink Current, ITc 
VTc Temperature Coefficient 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA= +25°C unless otherwise noted) 

Min Typ 

2.0 
6 

4.75 5.0 
3.135 3.3 

0.75 
1.0 
0.03 

0.3 
0.15 
0.15 
0.25 

1.27 
±100 

50 
VIN- 50 

±0.01 
1.4 

±0.01 
0.5 
3 

200 
20 
20 

100 

1.1 1.26 
l.29 
30 
±0.01 
20 
0.2 
0.9 
8.0 
+2.5 

Input Voltage, V1N ............................. + 18 V 
Terminal Voltage 
(ADM663A) Pins I, 3, 5, 6, 7 

...................... (GND- 0.3 V) to (V1N + 0.3 V) 
(ADM666A) Pins 1, 2, 3, 5, 6 

....................... (GND- 0.3 V) to (V1N + 0.3 V) 
(ADM663A) Pin 2 ........ (GND- 0.3 V) to CVouri + 0.3 V) 
(ADM666A) Pin 7 .............. (GND- 0.3 V) to +16.5 V 
Output Source Current 
(ADM663A, ADM666A) Pin 2 . . . . . . . . . . . . . . . . . . 100 mA 
(ADM663A) Pin 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 mA 
Output Sink Current, Pin 7 ...................... -20 mA 
Power Dissipation, N-8 ........................ 800 mW 
(Derate 8.3 mW/°C above +30°C) 
0JA> Thermal Impedance ...................... 120°C/W 

REV.O 

Max Units Test Conditions/Comments 

16.5 v 
9 µA No Load, V1N = +16.5 V 
5.25 v VsET = GND 
3.465 v VsET =VIN 
0.9 v lour= 40 mA, VouT = +14.5 V 
1.2 v louT = 100 mA, V0 ur = +14.5 V 
0.35 %N +2 V $VIN$ +15 V, Your= VREF 

V1N = (Vour +3 V), 1 mA $ Iour(z) $ 100 mA 
1.0 Q VsET = GND (Fixed +5 V Output) 
0.35 Q VsET = V1N (Fixed +3.3 V Output) 
0.30 Q V SET = Resistive Divider (Adjustable Output) 
1.2 Q ADM663A, 50 µA$ IouTI $ 10 mA 
1.33 v TA= +25°C, Vour = VsET 

ppm/°C 

mV VsET <VF/A Low for +5 V Output 
mV VsET >VF/A High for +3.3 V Output 

±10 nA 
v V SHDN High = Output Off 

0.3 v VsHDN Low= Output On 
±10 nA 

v Current Limit Threshold 
MQ 

400 Q V1N = +2 V, louT = 1 mA 
40 Q V1N = +9 V, louT = 10 mA 
30 Q V1N =+IS V, IouT = 10 mA 

mA +3 V$V1N$ +16.5 V, VIN-VouT= +1.5 V 
1.0 µA 

v ADM666A 
1.42 v ADM666A 

mV ADM666A 
±10 nA ADM666A 
30 Q ADM666A, IsAT = 2 mA 

nA ADM666A, LBI = 1.4 V 
v ADM663A 

2.0 mA ADM663A 
mV/°C ADM663A 

Power Dissipation, R-8 ........................ 570 mW 
(Derate 6 mW/°C above +30°C) 

0JA> Thermal Impedance ..................... l 70°C/W 
Operating Temperature Range 

Industrial (A Version) ................. -40°C to +85°C 
Storage Temperature Range ............ -65°C to+ 150°C 

Lead Temperature (Soldering, 10 sec) ............. +300°C 
Vapor Phase (60 sec) ........................ +215°C 
Infrared ( 15 sec) . . . . . . . . . . . . . . . . . . . . . . . . . . . . +220°C 

ESD Rating ................................. >SOOQ V 

*This is a stress rating only and functional operation of the device at these qr any 
other conditions above those indicated in the operation sections of this specifica
tion is not implied. Exposure to absolute maximum rating conditions for extended 
periods of rime may affect reliability. 
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ADM663A/ADM666A 
PIN FUNCTION DESCRIPTION 

Mnemonic Function 

VoUT(Il (Zl Voltage Regulator Output(s). 

VIN Voltage Regulator Input. 

SENSE Current Limit Sense Input. (Referenced to 
V 0UT(2J.l If not used, it should be connected to 
VoUT(ZJ. 

GND Ground Pin. Must be connected to 0 V. 

LBI Low Battery Detect Input. Compared with 1.3 V. 

LBO Low Battery Detect Output. Open Drain Output. 

SHDN Digital Input. May be used to disable the device 
so that the power consumption is minimized. 

VsET Voltage Setting Input. Connect to GND for 
+5 V output, to VIN for +3.3 V output or 
connect to external resistive divider for 
adjustable output. 

VTc Temperature-Proportional Voltage for negative 
TC Output. 

Model 

ADM663AAN 
ADM663AAR 
ADM666AAN 
ADM666AAR 

PIN CONFIGURATIONS 
DIP&SOIC 

TOP VIEW 
(Not to Scale) 

DIP&SOIC 

ADM666A 
TOP VIEW 

(Not to Scale) 

ORDERING GUIDE 

Temperature 
Range 

-c40°C to +85°C 
-c40°C to +85°C 
-c40°C to +85°C 
-c40°C to +85°C 

*For outline information see Package Information section. 

Package 
Option* 

N-8 
R-8 
N-8 
R-8 
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TERMINOLOGY 
Dropout Voltage: The input/output voltage differential at 
which the regulator no longer maintains regulation against fur
ther reductions in input voltage. It is measured when the output 
decreases 100 mV from its nominal value. The nominal value is 
the measured value with V1N = VoUT +2 V. 

Line Regulation: The change in output voltage as a result of 
a change in the input voltage. It is specified as a percentage 
change in output voltage for an input voltage change. 

AVour (100) 

Line Reg= _V~o~u~T __ _ 
AVIN 

Load Regulation: The change in output voltage for a change 
in output current. 

Load Reg(O.)= AVouT 
Al our 

Quiescent Current: The input bias current which flows when 
the regulator output is unloaded or when the regulator is in 
shutdown. 

Sense Input Threshold: Current limit sense voltage. This 
is the voltage (referenced to VoUT(ZJ) at which current limiting 
occurs. 

Input-Output Saturation Resistance (ADM663A): This is a 
measure of the internal MOS transistor effective resistance in se
ries with VouTI· The minimum input-output voltage differential 
at low currents may be calculated by multiplying the load cur- • 
rent by the saturation resistance. 

Thermal Limiting: This feature monitors the internal die tem
perature and disables the output when an internal temperature 
of 125°C is reached. 

Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will continue to operate 
within specifications. 
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GENERAL INFORMATION 
The ADM663A/ADM666A contains a micropower bandgap 
reference voltage source; an error amplifier, Al; three compara
tors, Cl, C2, C3, and a series pass output transistor. A P-chan
nel FET and an NPN transistor are used on the ADM663A 
while the ADM666A uses an NPN output transistor. 

CIRCUIT DESCRIPTION 
The internal bandgap reference is trimmed to 1.3 V ± 30 m V. 
This is used as a reference input to the error amplifier A 1. The 
feedback signal from the regulator output is supplied to the 
other input by an on-chip voltage divider or by two external re
sistors. When VsET is at ground, the internal divider tap between 
Rl and R2, provides the error amplifier's feedback signal giving 
a +5 V output. When VsET is at VIN, the internal divider tap be
tween R2 and R3 provides the error amplifier's feedback signal 
giving a +3.3 V output. When VsET is at more than 50 mV 
above ground and less than 50 mV below V1N, the error ampli
fier's input is switched directly to the V SET pin, and external 
resistors are used to set the output voltage. The external resis
tors are selected so that the desired output voltage gives 1.3 V 
at VsET· 

Comparator Cl monitors the output current via the SENSE in
put. This input, referenced to VoUT(Zl• monitors the voltage 
drop across a load sense resistor. If the voltage drop exceeds 
0.5 V, then the error amplifier Al is disabled and the output 
current is limited. 

The ADM663A has an additional amplifier, A2, which provides 
a temperature, proportional output, VTc· If this is summed into 
the inverting input of the error amplifier, a negative temperature 
coefficient results at the output. This is useful when powering 
liquid crystal displays over wide temperature ranges. 

The ADM666A has an additional comparator, C4, that com
pares the voltage on the low battery input, LBI, pin to the inter
nal + 1.3 V reference. The output from the comparator drives an 
open drain FET connected to the low battery output pin, LBO. 
The low battery threshold may be set using a suitable voltage 
divider connected to LBI. When the voltage on LBI falls below 
1.3 V, the open drain output LBO is pulled low. 

v,. ~_.,-"""'""""-11,._ ___ .... _..nvo~2 
~..::::=:=:=:::;----::;;-":::l::-~vo~1 

0.5V 

SHDN 

Figure 1. ADM663A Functional Block Diagram 
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ADM663A/ADM666A 
Both the ADM663A and the ADM666A contain a shutdown 
(SHDN) input that can be used to disable the error amplifier 
and hence the voltage output. The power consumption in shut
down reduces to less than 9 µA. 

v,. 

SHDN 

,-,-----u LBI 

'---'i::;::---v LBO 

Figure 2. ADM666A Functional Block Diagram 

Circuit Configurations 
For a fixed +5 V output the VsET input is grounded and no ex
ternal resistors are necessary. This basic configuration is shown 
in Figure 3. For a fixed +3.3 V output, the VsET input is con
nected to V1N as shown in Figure 4. Current limiting is not be
ing utilized so the SENSE input is connected to VoUT(ZJ· 

v,. SENSE 
+6VT0+16V 

INPUT ADM663A VOUT(2) 

ADM666A +SV 
OUTPUT 

VsET GND SHDN 

Figure 3. A Fixed +5 V Output 

v,. SENSE 
+4.SV TO +16V 

INPUT ADM663A YouT(2) 
ADM666A +3.3V 

OUTPUT 

SHDN 

Figure 4. A Fixed +3.3 V Output 

Output Voltage Setting 
IfVsET is not connected to GND or to V1N• the output voltage is 
set according to the following equation: 

V -V (Rl+R2) 
OUT - SET X Rl 

where VsET = 1.30 V. 
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ADM663A/ADM666A 
The resistor values may be selected by first choosing a value for 
Rl and then selecting R2 according to the following equation: 

R2= Rlx(Vour -1) 
1.30 

The input leakage current on VsET is 10 nA maximum. This al
lows large resistor values to be chosen for Rl and R2 with little 
degradation in accuracy. For example, a 1 MQ resistor may be 
selected for Rl, and then R2 may be calculated accordingly. 
The tolerance on VsET is guaranteed at less than ±30 mV so in 
most applications, fixed resistors will be suitable. 

v,. SENSE +1.3VT0+15V 
+2VT0+16V RcL OUTPUT 

INPUT ADM663A VoUT(2) 

ADM666A 
R2 

SHON 

GNO 
VsET 

R1 

-=- -=-

Figure 5. Adjustable Output 

Table I. Output Voltage Selection 

Current Limiting 

VsET 

GND 
VrN 
Rl/R2 

+5V 
+3V 
ADJ 

Current limiting may be achieved by using an external current 
sense resistor in series with VouT(Z). When the voltage across 
the sense resistor exceeds the internal 0.5 V threshold, current 
limiting is activated. The sense resistor is therefore chosen such 
that the voltage across it will be 0.5 V when the desired current 
limit is reached. 

R _Q2. 
CL -

lcL 

where RcL is the current sense resistor, IcL is the maximum 
current limit. 

The value chosen for RcL should also ensure that the current is 
limited to less than the 100 mA absolute maximum rating and 
also that the power dissipation will also be within the package 
maximum ratings. 

If current limiting is employed, there will be an additional volt
age drop across the sense resistor that must be considered when 
determining the regulators dropout voltage. 

If current limiting is not used, the SENSE input should be con
nected to VoUT(2J· 

Shutdown Input (SHDN) 
The SHDN input allows the regulator to be turned off with a 
logic level signal. This will disable the output and reduce 
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the current drain to a low quiescent (9 µA maximum) current. 
This is very useful for low power applications. The SHDN input 
should be driven with a CMOS logic level signal since the input 
threshold is 0.3 V. In TTL systems, an open collector driver 
with a pull-up resistor may be used. 

If the shutdown function is not being used, then it should be 
connected to GND. 

Low Supply or L11w Battery Detection 
The ADM666A contains on-chip circuitry for low power supply 
or battery detection. If the voltage on the LBI pin falls below the 
internal 1.3 V reference, then the open drain output LBO will 
go low. The low threshold voltage may be set to any voltage 
above 1.3 V by appropriate resistor divider selection. 

R3=R4(VBATT -1) 
1.3V 

where R3 and R4 are the resistive divider resistors and VBATT is 
the desired low voltage threshold. 

Since the LBI input leakage current is less than 10 nA, large val
ues may be selected for R3 and R4 in order to minimize loading. 
For example, a 6 V low threshold may be set using 10 MQ for 
R3 and 2.7 M Q for R4. 

+2VTO +16V 
INPUT ----v,. SENSE 1---~ +1.3VT0+15V 

ADM666A 

LBI 

SHON GNO LBO 
,__~~....,.~~~_.LOW 

BATTERY -=
OUTPUT 

OUTPUT 

R1 

Figure 6. ADM666A Adjustable Output with Low Battery 
Detection 

High Current Operation 
The ADM663A contains an additional output, Voun, suitable 
for directly driving the base of an external NPN transistor. Fig
ure 7 shows a configuration which can be used to provide +5 V 
with boosted current drive. A I Q current sensing resistor limits 
the current at 0.5 A. 

v,. 

v,. 

ADM663A 

SHON 

SHUTDOWN 

+ 
10µFJ 

+SV, O.SA 
OUTPUT 

Figure 7. ADM663A Boosted Output Current (0.5 A) 
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Temperature Proportional Output 
The ADM663A contains a VTc output with a positive tempera
ture coefficient of +2.5 mVl°C. This may be connected to the 
summing junction of the error amplifier (V SET) through a resis
ror resulting in a negative temperature coefficient at the output 
of the regulator. This is especially useful in multiplexed LCD 
displays to compensate for the inherent negative temperature 
coefficient of the LCD threshold. At +25°C the voltage at the 
VTC output is typically 0.9 V. The equations for setting both 
the output voltage and the tempco are given below. If this func
tion is not being used, then VTc should be left unconnected. 

( R2) R2 VouT=VsET l+- +-(VsET-VTc) 
RI R3 

-R2 ( ) TCV OUT = -- TCV TC 
R3 

where VsET = +1.3 V, VTc = +0.9 V, TCVTc = +2.5 mV/°C 

SENSE 1---~ 

Vou12 1----+--<J VouT 

R2 

R1 

Figure 8. ADM663A Temperature Proportional Output 

APPLICATION HINTS 
Input-Output (Dropout Voltage) 
A regulator's minimum input-output differential or dropout 
voltage determines the lowest input voltage for a particular out
put voltage. The ADM663A/ADM666A dropout voltage is 1 V 
at its rated output current. For example when used as a fixed 
+5 V regulator, the minimum input voltage is +6 V. At lower 
output currents (IouT < 10 mA) on the ADM663A, Voun may 
be used as the output driver in order to achieve lower dropout 
voltages. In this case the dropout voltage depends on the voltage 
drop across the internal FET transistor. This may be calculated 
by multiplying the FET's saturation resistance by the output 
current, for example with VrN = 9 V, RsAT = 20 Q. Therefore, 
the dropout voltage for 5 mA is 100 m V. As the current limit 
circuitry is referenced to VouT2, VouT2 should be connected to 
Voun. For high current operation VouT2 should be used alone 
and V omr left unconnected. 

v,. SENSE 

+6VT0+16V 
INPUT ADM663A Vou12 

+5V 
Yaun OUTPUT 

VsET GND SHON 

Figure 9. Low Current, Low Dropout Configuration 

Thermal Considerations 
The ADM663A/ADM666A can supply up to 100 mA load cur
rent and can operate with input voltages up to 16.5 V, but the 
package power dissipation and hence the die temperature must 

REV.O 

ADM663A/ADM666A 
be kept within the maximum limits. The package power dissi
pation is calculated from the product of the voltage differential 
across the regulator times the current being supplied to the load. 
The power dissipation must be kept within the maximum limits 
given in the Absolute Maximum Ratings section. 

Pv = (Viw-VauT)(IL) 

The die temperature is dependent on both the ambient tempera
ture and on the power being dissipated by the device. The 
ADM663A/ADM666A contains an internal thermal limiting cir
cuit which will shut down the regulator if the internal die tem
perature exceeds l 25°C. Therefore, care must be taken to 
ensure that, under normal operating conditions, the die tem
perature is kept below the thermal limit. 

Ty= TA+ Pv (eyA) 

This may be expressed in terms of power dissipation as follows: 

Pv= (Tr TA)!(eyA) 

where: 

Ty= Die Junction Temperature (0 C) 

TA =Ambient Temperature (°C) 

Pv = Power Dissipation (W) 

eyA = Junction to Ambient Thermal Resistance (°C/W) 

If the device is being operated at the maximum permitted ambi
ent temperature of 85°C the maximum power dissipation per
mitted is: 

Pv (max)= (Ty(max) - TA)/(eyA) 

Pv (max) = (125 - 85)/(01A) 

= 40/eJA 

eJA = 120°C/W for the 8-pin DIP (N-8) package 

eyA = l 70°C/W for the 8-pin SOIC (R-8) package 

Therefore, for a maximum ambient temperature of 85°C 

Pv (max)= 333 mW for N-8 

Pv (max)= 235 mW for R-8 

At lower ambient temperatures the maximum permitted power 
dissipation increases accordingly up to the maximum limits 
specified in the absolute maximum specifications. 

The thermal impedance (01A) figures given are measured in still 
air conditions and are reduced considerably where fan assisted 
cooling is employed. Other techniques for reducing the thermal 
impedance include large contact pads on the printed circuit 
board and wide traces. The copper will act as a heat exchanger 
thereby reducing the effective thermal impedance. 

Bypass Capacitors 
The high frequency performance of the ADM663A/ADM666A 
may be improved by decoupling the ouput using a filter capaci
tor. A capacitor of 0.1 µFis suitable. 

An input capacitor helps reduce noise, improves dynamic per
formance and reduces the input dV/dt at the regulator input. A 
suitable input capacitor is 0.1 µF or greater. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• 10 Volt Output . . . . . . . .. . .. .. . . . . . . .. . .. .. ± 0.3% Max 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability . . . . . . . 8.Sppm/° C Max 
• Low Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30µVp-p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range . . . . . . . . . . . . . . . . . 12V to 40V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 
• Available in Die Form 

ORDERING INFORMATION 1 

PACKAGE 
T.=25'C OPERATING 
t.V08 MAX CERDIP PLASTIC LCC TEMPERATURE 

(mV) T0-99 8-PIN 8-PIN 20-CONTACT RANGE 

±30 REF01AJ• REF01AZ* MIL 
s30 REF01EJ REF01EZ COM 
sSO REF01J* REF01Z* REF01 RC/883 MIL 
s50 REF01HJ REF01HZ REF01HP COM 
s100 REF01CJ REF01CZ COM 
s100 REF01CP XIND 
s100 REF01CStt XIND 

• For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

ti For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The REF-01 precision voltage reference provides a stable 

+ 1 OV Precision 
Voltage Reference 

REFOl I 
+10V output which can be adjusted over a ±3% range with 
minimal effect on temperature stability. Single-supply opera
tion over an input voltage range of 12V to 40V, low current 
drain of 1 mA, and excellenttemperature stability are achieved 
with an improved bandgap design. Low cost, low noise, and 
low power make the REF-01 an excellent choice whenever a 
stable voltage reference is required. Applications include D/A 
and AID converters, portable instrumentation, and digital 
voltmeters. Full military temperature range devices with 
screening to MIL-STD-883 are available. For guaranteed 
long-term drift see the REF-10 data sheet. 

PIN CONNECTIONS 
N.C . 

• 

V1::0J N6CVQUT 

N.C. 3 5 TRIM 

4 
GROUND 

(CASE) 

T0-99 
(J-Suffix) 

EPOXY MINI-DIP 
(P-Sulfix) 

8-PIN HERMETIC DIP 
(Z-Sulfix) 

8-PIN SO 
(S-Sufflx) 

REF-01 RC/883 
LCC 

(RC-Suffix) 

SIMPLIFIED SCHEMATIC ~------.---------.-----~----.----olNPUT 

Al 

R1 

R10 

R2 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800446-6212. 
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""'1.23V 

019 

2 

OUTPUT 
6 

R12 ""16.7kn 

R9 ""'50kn 
TRIM 

5 

R11"" 2k.n 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Input Voltage 

REF-01, A, E, H, RC, All DICE ....................................... 40V 
REF-01 C ......................................................................... 30V 

Output Short-Circuit Duration 
(to Ground or V1Nl .................................................. Indefinite 

Storage Temperature Range 
J, RC, and Z Packages ............................. -65°cto+1 so•c 
P Package ................................................. -ss•c to+ 12s•c 

Operating Temperature Range 
REF-01 A, REF-01, REF-01 RC .................. -55°C to+ 125°C 
REF-01 E, REF-01 H, 

REF-01 CJ, REF-01 CZ····································· o·c to +70°C 
REF-01 CP, REF-01 cs ................................ -40°C to +85°C 

REFOl 
Junction Temperature (T1) ............................. -ss·c to +150°C 
Lead Temperature (Soldering, 60 sec) ........................... 300°C 

PACKAGE TYPE e 1A(NOTE2) 9JC UNITS 

T0-99 (J) 170 24 •ctw 
8-Pin Hermetic DIP (Z) 162 26 'C/W 

8-Pin Plastic DIP (P) 110 50 •ctw 
20-Contact LCC (RC) 120 40 'C/W 

8-PinSO (S) 160 44 ·crw 
20-Con1act PLCC (PC) 80 39 'C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise no1ed. 
2. e1A Is specified for worst case mounting conditions, I.e., e1A Is specified for 

device In socket for TO, CerDIP, P-DIP. and LCC packages; e1,.. is specified 
for device soldered to printed circuit board for SO and PLCC packages. 

ELECTRICAL CHARACTERISTICS at V1N = +15V, TA= 25° C, unless otherwise noted. 

REF-01A/E REF-01/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =0 9.97 10.00 10.03 9.95 10.00 10.05 v 
Output Adjustment Range .1.Vtrim Re= 10k0 ±3.0 ±3.3 ±3.0 ±3.3 % 

Output Voltage Noise e"E!:~ 0.1Hz to 10Hz (Note 6) 20 30 20 30 µVl!:e 

Line Regulation (Note 4) v,N = 13V to 33V 0.006 0.010 0.006 0.010 'lolV 

Load Regulation (Note 4) JL=OtolOmA 0.005 0.008 0.006 0.010 %/mA 

Tum-on Settling Time Ion To ±0.1% of final value 5 5 µS 

Quiescent Supply Current lsy No Load 1.0 1.4 1.0 1.4 mA 

Load Current IL 10 21 10 21 mA 

Sink Current Is 1Note 71 -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current lsc Vo= 0 30 30 mA 

ELECTRICAL CHARACTERISTICS at V1N = + 15V, -55°C ~TA~+ 125°C tor REF-01 A/E, and 0°C ~TA~+ 70°C tor REF-01 Hand 
IL= OmA, unless otherwise noted. 

PARAMETER 

Ouput Voltage Change with 
Temperature (Notes 1, 2) 

Output Voltage 
Tempereture Coefficient 

Change in V0 Temperature 
Coefficient with Output 

Adjustment 

Line Regulation 

(V1N = 13V to 33V) (Note 4) 

Load Regulation 
(IL =OtoSmA) (Note4) 

NOTES: 

SYMBOL 

TCVo 

CONDITIONS 

O'C:STA:S+70°C 
-55°C:s TA:s +125°c 

(Note3) 

Rp= 10k0 

o•c:sTA:s+1o•c 
-ss•c :s TA:s +125°C 

o•c :s T,..:s +1o•c 
-ss•c:sTA:s+125•c 

1. .1.VoT is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expreHed as a percentage of lOV: 

.1.V =IVMAx-VMtNlx 100 
OT lOV 

2 . .1.VoTspecification applies trimmed to +10.000Vor untrimmed. 
3. TCV0 is defined as .1.VoTdivided by the teml>erature range, i.e., 

REV. B 

REF-01A/E REF-01/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.06 0.07 0.17 
% 

0.06 0.15 0.18 0.45 

3.0 8.5 10.0 25.0 ppml°C 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 
'lolV 

0.009 0.015 0.009 0.015 

0.006 0.010 0.007 0.012 
%/mA 

0.007 0.012 0.009 0.015 

avOT 10° to +10°c1 
TCV0 10° to +10°c1 = 70.c 

.1.VoT 1-55° to +125°C1 
and TCVo (-55° to +125°C) = leo•c 

4. Line and Load Regulation specifications include the effect of self heating. 
5. Guaranteed by design. 
6. Sample tested. 
7. During sink current test the device meets the output voltage specified. 
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.REF01 
ELECTRICAL CHARACTERISTICS at V1N = +15V, TA= 25°C, unless otherwise noted. 

REF-01C 
PARAMl!TER SYMBOL. CONDITIONS MIN TYP MAX UNITS 

Output Voltage Vo IL=OmA 9.90 10.00 10.10 v 

Output Adjustment Range 4Vtrlm Re= 10k0 ±2.7 ±3.3 % 

Output Voltage Noise en!?:!! 0.1Hz to 10Hz (Note 6) 25 35 ,.vl!:e 

Line Regulation (Note 4) v,N= 13Vto 30V 0.009 0.015 %1V 

Load Regulation 1Note41 IL= 0 to BmA 0.006 0.015 %/mA 

Turn-on Settling Time toN To ±0.1% of final value 5 ,,. 
Quiescent Supply Current lsv No Load 1.0 1.6 mA 

Load Current IL 8 21 mA 

Sink Current Is 1Note 71 -0.3 -0.5 mA 

Short-Circuit Current lsc Vo=O 30 mA 

ELECTRICAL CHARACTERISTICS at V1N = + 15V°C s TA s + 70°C for REF-01 CJ, CZ, -40°C s TA s +85°C for REF-01 CP,CS, 
unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change 4VoT (Notea 1 and 2) 
with Temperature 

Output Voltage 
TCVo (Note3) 

Tamperatura Coafficient 

Change In V0 Temperatu"ie 
Coefficient with Output Rp= 10k0 
Adjustment 

Line Regulatton (Note 4) v,N = 13V to 30V 

Load Regulation (Note 4) IL= 0 to 5mA 

NOTES: 
1. 4VOT la defined .. the absolute dllferance between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 10V: 

4'l =IV11AX-VM1Nlx 100 
OT 10V 

2. 4VoT specification applies trimmed to +10.000V or untrimmed. 
3. TCV0 is defined as 4VoT divided by the temperature range, i.e .. 

OUTPUT ADJUSTMENT 

+15V 

VIN 

Vo !-'6'---0----<>---0 OUTPUT 

REF-01 

TRIM 6 10kn 

GND 

The REF-<>1. trim terminal can be used to adjust the output 
voltage over a 10V ±300mV range. This feature allows the 
system designer to trim system errors by setting the refer
ence to .a voltage other than 10V. Of course, the output can 
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MIN 
REF-01C 

TYP MAX 

0.14 0.45 

20 85 

0.7 

0.011 0.018 

o.oos 0.018 

_ 4VOT 
TCVo- 1oiC 

UNITS 

% 

Pf>ml"C 

PP~ 

%1V 

·%/mA 

4. Line and Load Regulation specifications include the effect of self 
heating. 

5. Guaranteed by design. 
6. Samp!e test11d. 
7. During sink current test the device meets the output voltage specified. 

BURN-IN CIRCUIT 

·? +1BV 

V1N 

REF-01 

GND 

1-1SV 

also be set to exactly 10.000V, or to 10.240V for binary 
applications. 

Adjustment of the output does not significantly affect the 
temperature performance of the device. The temperature 
coefficient change is approximately o. 7 ppm!° C for 100mVof 
output adjustment. 
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~ANALOG 
L.111 DEVICES 

+ 5V Precision Voltage 
Reference/Temperature Transducer 

FEATURES 
• 5 Volt Output ............................ ±0.3% Max 
• Temperature Voltage Output ................ 2.1mV/°C 
• Adjustment Range .......................... ±3% Min 
• Excellent Temperature Stability . . . . . . . 8.Sppm/° C Max 
• Low Noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15µVp-p Max 
• Low Supply Current ....................... 1.4mA Max 
• Wide Input Voltage Range . . . . . . . . . . . . . . . . . . 7V to 40V 
• High Load-Driving Capability ................... 20mA 
• No External Components 
• Short-Circuit Proof 
• MIL-STD-883 Screening Available 
• Available in Die Form 

ORDERING INFORMATION 1 

TA =25°C 
PACKAGE 

OPERATING 

V05 MAX CERDIP PLASTIC LCC TEMPERATURE 

(mV) T0-99 8-PIN 8-PIN 2().CONTACT RANGE 

.1s REF02AJ* REF02AZ" MIL 

.1s REF02EJ REF02EZ COM 

.2s REF02J* REF02Z* REF02RC/883 MIL 

.2s REF02HJ REF02HZ REF02HP COM 

.so REF02CJ REF02CZ COM 

.so REF02CP XIND 

.so REF02CStt XIND 

.100 REF02DJ REF02DZ REF02DP COM 

* For devices processed in total compliance to MIL-STD-883, add/883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages .. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

REF02 I 
GENERAL DESCRIPTION 
The REF-02 precision voltage reference provides a stable 
+5V output which can be adjusted over a ±6% range with 
minimal effect on temperature stability. Single-supply operation 
over an input voltage range of 7V to 40V, low current drain of 
1 mA, and excellent temperature stability are achieved with an 
improved bandgap design. Low cost, low noise, and low 
power make the REF-02 an excellent choice whenever a 
stable voltage reference is required. Applications include 
D/A and A/D converters, portable instrumentation, and 
digital voltmeters. The versatility of the REF-02 is enhanced 
by its use as a monolithic temperature transducer. For+ 10V 
references, see the REF-01 and REF-10 data sheets. 

PIN CONNECTIONS 

REF-02RC/883 
LCC (RC-Suffix) 

N.C. 
8 

N.C.07N.C. 
VIN 2 6 VQUT 

TEMP 3 5 TRIM 

4 
GROUND 

CASE 

T0-99 (J-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 
8-PIN SO 
(S-Suffix) 

----~~~~--~-------~-~INPUT 

RJ 

R1 
3 

TEMP•<>--.+-----' 

R2 

2 

OUTPUT 

' 
R12""6.1kn 

R9"" 1Bkil TRIM 

5 

R11 ""2kll 

'--------+-------------+.----~-~~ROUND 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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REF02 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Input Voltage 

REF-02A, E, H, RC, All DICE ......................................... 40V 
REF-02C, D .................................................................... 30V 

Output Short-Circuit Duration 
(to Ground or V1N) ................................................... Indefinite 

Storage Temperature Range 
J, RC, and Z Packages .............................. -65°C to+ 1 so0 c 
P Packages ................................................ -65°C to + 125°C 

Operaiing Temperature Range 
REF:o2A, REF-02, REF-02RC .................. -55°C to+ 125°C 
REF-02E, REF-02H ......................................... o·c to +70°C 
REF-02CJ,CZ, REF-020 ..................... , ........... 0°C to +70°C 
REF-02cP, cs ............................................ -40°C to +as•c 

Lead Temperature (Soldering, 60 sec) ........................... 300°C 

Junction Temperature (T1) ............................ -65°C to +150°C 

PACKAGE TYPE e 1A(NOTE2) e1c UNITS 

T0-99 (J) 170 24 ·ctw 

8-Pin Hermetic DIP (Z) 162 26 •ctw 

8-Pin Plastic DIP (P) 110 50 ·ctw 

20-Contact LCC (AC, TC) 120 40 ·ctw 

B·PinSO (S) 160 44 ·ctw 

20-Contact PLCC (PC) 80 39 ·ctw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless other

wise noted. 
2. e1A is specified for worst case mounting condttions. i.e .. e1A is specified for device 

in socket for TO. CerDIP, P-DIP, and LCC packages; e.A is specified for device 
soldered to printed circuit board for SO and PLCC packa~es. 

ELECTRICAL CHARACTERISTICS at V1N = +15V, TA= +25°C, unless otherwise noted. 

REF-02A/E REF-02/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =O 4.985 5.000 5.015 4.975 5.000 5.025 v 
Output Adjustment Range d.Vtrim R~= 10kn ±3 ±6 ±3 ±6 % 

Output Voltage Noise ene-e 0.1Hz to 10Hz (Note 7) 10 15 10 15 µVE!:~ 

Line Regulation (Note 2) v,N = av to 33V 0.006 0.010 0.006 0.010 %N 

Load Regulation (Note 2) IL =Oto 10mA 0.005 0.010 0.006 0.010 %/mA 

Turn-on Settling Time toN To ±0.1% of final value 5 5 µS 

Quiescent Supply Current lsv No Load 1.0 1.4 1.0 1.4 mA 

Load Current IL 10 21 10 21 mA 

Sink Current Is 1Note81 -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current lsc Vo= 0 30 30 mA 

Temperature Voltage Output Vr 1Note31 630 630 mV 

ELECTRICAL CHARACTERISTICS at V1N = + 15V, -55°CsTAS±125° C for REF-02A and REF-02, 0° Cs TAS + 70° C for 
REF-02E and REF-02H, IL= OmA, unless otherwise noted. · 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change with 
.!.Vor 

o•csTAs+1o•c 
Temperature (Notes 4, 5) -55°C s TAs +125°C 

Output Voltage 
TCVo (Note6) 

Temperature Coefficient 

Change in v0 Temperature 
Coefficient with Output Rp= 10kfl 
Adjustment 

Line Regulation o•c s TAs +10°c 

(V1N = 8 to 33V) (Note 2) -55°CsTAs+125•c 

Load Regulation o•csTAs+1o•c 
(IL= 0 to SmA) (Note 2) -55°CsTAs+125•c 

Temperature Voltage Output 
TCVr (Note3) 

Temperature Coefficient 

NOTES: 
1. Guaranteed by design. 
2. Line and Load Regulation specifications include the effect of self heating. 
3. Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
4. aVor is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 

av =lvMAX-VMINlx 100 
OT 1- 5V 
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REF-02A/E REF-02/H 
MIN TYP MAX MIN TYP MAX UNITS 

0.02 0.06 O.D7 0.17 
0.06 0.15 0.18 0.45 

% 

3 8.5 10 25 ppmt•c 

0.7 0.7 ppm/% 

0.007 0.012 0.007 0.012 
0.009 0.015 0.009 0.015 

%N 

0.006 0.010 0.007 0.012 
%/mA 

0.007 0.012 0.009 0.015 

2.1 2.1 mV/°C 

5. aVor specification applies trimmed to +5.000V or untrimmed. 
6. TCVo is defined as aV0 rdivided by the temperature range, i.e., 

.!.Vor 
TCV0 = 70.c 

7. Sample Tested. 
8. During sink current test the driver meets the output voltage specified. 
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REF02 
ELECTRICAL CHARACTERISTICS at V1N = +15V, TA= 25°C, unless otherwise noted. 

REF·02C REF-020 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage Vo IL =OmA 4.950 5.000 5.050 4.900 5.000 5.100 v 

Output Adjustment Range AV trim R~ = 10kfl ±2.7 ±6.0 ±2.0 ±6.0 % 

Output Voltage Noise ene-e 0.1Hz to 10Hz (Note 71 12 1a 12 µV~-~ 

Line Regulation (Note 21 v,N = av to 30V 0.009 O.Q15 0.010 0.04 %N 

Load Regulation (Note 21 
IL =OtoamA 0.006 O.Q15 

IL =Oto4mA O.Q15 0.04 
%/mA 

Turn-on Settling Time toN To ±0.1% of final value 5 5 µS 

Quiescent Supply Current lgy No Load 1.0 1.6 1.0 2.0 mA 

Load Current IL a 21 a 21 mA 

Sink Current Is 1Note81 -0.3 -0.5 -0.3 -0.5 mA 

Short-Circuit Current lsc v0 ~ o 30 30 mA 

Temperature Voltage Output Vr 1Note 31 630 630 mV 

ELECTRICAL CHARACTERISTICS at VIN=+ 15V; IL= OmA, o·c s TA s +70°C for REF-02CJ, CZ, DJ, DZ, DP; --40°C s TA s +85°C 111· 
for REF-02CP, CS; unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Ouput Voltage Change with 
AVoT (Notes 4 and 5) 

Temperature 

Output Voltage 
TCVo (Note6) 

Temperature Coettlcient 

Change in V0 Temperature 
Coefficient With Output Rp = 10kfl 
Adjustment 

Line Regulation (Note 2) v,N =av to 30V 

Load Regulation (Note 2) IL =Oto 5mA 

Temperature Voltage Output 
TCVr (Note3) 

Temperature Coefficient 

NOTES: 
1. Guaranteed by design. 
2. Line and Load Regulation specifications include the effect of self heating. 
3. Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
4. .lVor is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5V. 

AV =IVMAx-VM1Nlx 100 
OT 5V 

5. ilVor specification applies trimmed to +5.000V or untrimmed. 
6. TCV0 is defined as AVor divided by the temperature range, i.e .. 

7. Sample Tested. 

AVor 
TCVo= m 

a. During sink ~urrent test the device meets the output voltage specified. 
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REF·02C REF-020 
MIN TYP MAX MIN TYP MAX UNITS 

0.14 0.45 0.49 1.7 % 

20 65 70 250 ppmt•c 

0.7 0.7 ppm/% 

0.011 o.01a 0.012 0.05 %N 

o.ooa o.01a O.Q16 0.05 %Im A 

2.1 2.1 mvt•c 
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11111111111 DEVICES 

FEATURES 
• +2.5 Voll Output . . . . . . . . . . . . . . . . . . .. . . . . . . ±0.05% Max 
• Low Temperature Coefficient . . . . . . . . . . . . 10ppm/°C Max 
• Excellent Regulation 

Load Regulation ..................... 20ppm/mA Max 
Line Regulation . . . . . . . . . . . . . . . . . . . . . . . . 2ppm/V Max 

• Supply Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450µA Max 
• Temperature Voltage Output .................. +1.9mV/°C 
• Operating Voltage Range ................ +4.5V to +40V 
• Extended Industrial Temp Range ......... -40°C to +85°C 
• Available In Die Form 

ORDERING INFORMATION t 
PACKAGE OPERATING 

CERDIP PLASTIC LCC TEMPERATURE 
TCV0 T0-99 fl.PIN fl.PIN ZO.CONTACT RANGE 

10 REF43BJ' REF43BZ' REF43BRC/883' MIL 
10 REF43FJ REF43FZ XINO 
25 REF43GJ REF43GZ REF43GP XIND 
25 REF43GS XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The REF-43 is a low-power precision reference providing a 
stable +2.5Voutput independent of variations in supply voltage, 
load conditions or ambient temperature. It is suitable as a 
reference level for 8, 10 and 12-bit data acquisition systems, or 
wherever a stable, known. voltage is required. 

SIMPLIFIED SCHEMATIC 

TEMP 0--""~-. 

+ 2.5V Low Power Precision 
Voltage Reference 

REF43 I 
Tight output tolerances and low thermal drift are assured by 
zener-zap trimming of both output voltage and its temperature 
coefficient. A unique curvature correction circuit reduces the 
thermal curvature which is characteristic of many previous 
bandgap references. 

PIN CONNECTIONS 

REF-43BRC/883 
20-CONTACT LCC 

(RC-Suffix) 

*RESERVED FOR FACTORY TESTING. 

TEST* 

TEST·o
8 

7 N.C. 

Y1N 2 6 Your 

TEMP 3 5 TRIM 

• 
GROUND 
(CASE) 

T0-99 
(J-Suffix) 

8-PIN CERDIP 
(Z-Sulfix) 

8-PIN PLASTIC DIP 
(P-Sulfix) 

8-PINSO 
(S-Sufflx) 

MAKE NO ELECTRICAL CONNECTION TO THESE PINS. 

TRIM 

L-vv..~----.+-------+---+--.... ---r.----4---4--+----0 GROUND 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800446·6212. 
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The REF-43 may be operated with supply voltages from +4.SV 
to +40V. The output voltage changes by less than 178µV from 
one extreme of supply voltage to the other. With only 450µA 
maximum quiescent current, the REF-43 is ideally suited to 
applications where power dissipation must be minimized, as in 
precision battery-powered equipment. The low supply current 
minimizes drift due to self-heating after power-up. 

A temperature output provides a means of determining system 
ambient temperature. Applications of the REF-43 include A/D 
and D/A conversion, 4-20mA transmitter/receiver operation, log 
amplifiers, and power-supply regulators. 

For a low-cost 2.SV reference available in small-outline pack
ages consult the REF-03 data sheet. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................... 40V 

Output Short-Circuit Duration ................................... Indefinite 

REF43 
Operating Temperature Range 

REF-438 (J, Z) ........................................... -55°C to+ 12s0c 
REF-43F (J, Z) ............................................. -40°C to +85°C 
REF-43G (J, Z, P, S) .................................... -40°C to +85°C 

Storage Temperature Range ........................ -65°C to+ 175°C 
Junction Temperature Range ....................... -65°C to+ 175°C 
Lead Temperature (Soldering, 1 o sec) .......................... 300°C 

PACKAGE TYPE 9JA(Note2) 9JC UNITS 

T0-99(.J) 150 18 "C/W 
8-Pin Hermetic DIP (Z) 148 16 -cm 
8-Pin Plastic DIP (P) 103 43 -cm 
20-Contact LCC (RC) 9B 38 -cm 
8-PinSO(S) 158 43 -cm 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 9iA is specilied for worst case mounting conditions, i.e., 9.A is specified for 

device in socket for TO, CerDIP, P-DIP, and LCC packageJ; 9.A is specified 
for device soldered to printed circuit board for SO package. 1 

ELECTRICAL CHARACTERISTICS at V 1N = +SV, IL= OmA, TA= 25°C unless otherwise noted. 

REF-438 REF-43F REF-43G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Output Voltage 
No Load 0.04 0.1 0.02 0.06 0.04 0.1 % 

Tolerance 

Output Voltage Vo No Load 2.4975 2.5000 2.5025 2.4985 2.5000 2.5015 2.4975 2.5000 2.5025 v 

Output Voltage 10Hz to 1kHz 10 10 10 µVRMS 
Noise enRMS (Note 1) 

Line Regulation 
V1N= +4.5V 0.8 
to +40V 

0.8 0.8 ppm/V 

Load Regulation 
IL= OmA 
to10mA 

14 20 14 20 14 20 ppm/mA 

Quiescent 
lsv No Load 340 450 

Supply Current 
340 450 340 450 µA 

Load Current 
IL (Note 2) 10 20 

(Sourcing) 
10 20 10 20 mA 

Load Current 
Is (Note 3) 

(Sinking) 
-1.2 -1.2 -1.2 mA 

Short-Circuit 
lsc 

Output Shorted 
Output Current to Ground 

60 60 60 mA 

Temperature 

Voltage VTEMP 567 567 567 mV 
Output 

VouTAdjust ±95 ±95 ±95 mV 
Range 

Long-Term 
A Vo/Time (Note.4) ppm/month 

Output Drift 

NOTES: 
1. Guaranteed but not tested. 
2. Guaranteed by load regulation test. 
3. Output remains within 2.SV ±2.SmV. 
4. Calculated from accelerated life tests at TA= 150°C. 

Activation energy = 0. 7eV. 
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REf 43 
ELECTRICAL CHARACTERISTICS at V 1N • +5V, IL• OmA, -55°0sTAs+125°0 for the REF-438 and-40°C s TA s +85°C for the 
REF-43F/G, unless otherwise noted. 

REF-438 REF-43F REF-43G 
PARAMETER: SYMBOL CONDITIONS MIN TYP 

Output Voltage 
No Load 0.1 

Tolerance 

Output Voltage Vo No Load 2.495 2.500 

Output Voltage 
-ss•csTAs+12soe 6 

Temperature TCVo 
-40°C s TA s +85°C 

·coefficient 
(Note1) 

Line Regulation 
V1N=+4.5V 
to +40V 

Load Regulation 
IL•OmA 

25 
to10mA 

Quiescent 
lsv No Load 400 

Supply Current 

Load Current 
IL · (Note2) 10 20 

(Sourcing) 

Temperature 
Hysteresis of 4Ta±25°C 100 
Output Voltage 

Temperature 
Voltage TCVTEMP 
Output Tempco 

NOTES: 
1. Output voltage temperature coefficient Is measured by the box method. 

The tempco Is defined as the slope of the diagonal of a box drawn around 
the output voltage plotted against temperature. VouTis measured at T MINo 
25°C and T MAxfcirthe applicable temperature range. The lowest of these 
three readings is subtracted from the highest reading and the resulting 
difference ls divided by (T MAX - T MIN)· 

2. Guaranteed by Load Regulation test. 

BURN•IN CIRCUIT 

+11V 

+ 
1on :t'"•' 

v,. 
REF-43 

GND 

~'··· 
-18V 
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MAX MIN TYP MAx MIN TYP MAX 

0.2 0.06 0.12 0.1 0.2 

·2.505 2.497 2.500 2.503 2,4g5 2.500 2.505 

10 
6 10 10 25 

3 3 3 

40 20 35 25 40 

600 400 600 400 600 

10 20 10 20 

100 100 

1.9 1.9 

OUTPUT VOLTAGE TRIM METHOD 

V+ 

Y1N 8 
VoUT F---+---OYouT 

REF-43 TRIM 5 

GND IODkn 

UNITS 

% 

v 

ppml'C 

ppmN 

ppmlmA 

"" 
mA 

JLV 

mVFC 
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1111111111 ANALOG 
WDEVICES 

Precision Micropower, Low Dropout, 
Voltage References 

FEATURES 
Initial Accuracy: ±2 mV max 
Temperature Coefficient: 5 ppm/°C max 
Low Supply Current: 45 µA max 
Low Dropout Voltage 
Load Regulation: 4 ppm/mA 
Line Regulation: 4 ppm/V 
High Output Current: 30 mA 
Short Circuit Protection 
Shutdown Mode 

APPLICATIONS 
Portable Instrumentation 
A-to-D and D-to-A Converters 
Smart Sensors 
Solar Powered Applications 
Loop Current Powered Instruments 

GENERAL DESCRIPTION 
REFl 9x series precision bandgap voltage references utili 
patented temperature drift curvature correction circ 
trimming of highly stable thin-film resistors to 
temperature coefficient and a high initial ace 

The REFl 9x series are micropower, Low Dropou 
(LDV) devices providing a stable output voltage from s 1es 
as low as 100 mV above the output voltage and consuming less 
than 45 µA of supply current. In shutdown mode, which is en
abled by applying a low TTL or CMOS level to the shutdown 
pin, the output is turned off and supply current is further re
duced to less than 15 µA. 

The REFl 9x series references are specified over the extended 
industrial temperature range (-40°C to +85°C) and High Oper
ating Temperature (HOT) range (-40°C to+ 125°C) for appli
cations such as automotive. 

All grades are available in 8-pin SOIC and PDIP. Products are 
also available in die form. TSSOP 8-pin available Q4, 1994. 

*Protected by U.S. Patent No. 5291222. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REF190* 
REF191* 
REF192 
REFl93 
REF194 
REF195 
REF196 
REF198 

REFl9x Series* I 
PIN CONFIGURATIONS 

8-Lead Narrow-Body SO (S Suffix) 

8-Lead Epoxy DIP (P Suftlx) 

."~ 2 

, sflurt)owif. a 

;~o 4 
#;A.,~;:. ~---~ 

j:i~~(f CONNECT 

'f' TP PINS ARE FACTORY TEST POINTS -
NO USER CONNECTION 

Table I. 

Nominal Output Voltage (V) 

Adjustable 2 V to 6 V 
2.048 
2.50 
3.00 
4.50 
5.00 
3.30 
4.096 

*Contact factory for specifications and availablility. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REf 19x Series 

REFl 92-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= +2.6 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

INITIAL ACCURACY 
"E" Grade Vo louT= I mA 2.498 2.500 2.502 v 
"F" Grade 2.495 2.505 v 
"G" Grade 2.490 2.510 v 

LINE REGULATION 
"E" Grade l'!.Vo/l'!.VrN 2.6VSVsS 15V, IouT= I mA 2 4 ppmN 
"F & G" Grades 4 8 ppmN 
"E" Grade l'!.Vo!MLOAD Vs= 3.8 V, 0 S IouT S 30 mA 2 4 ppm/mA 
"F & G" Grades 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.0 V, !LOAD= 10 mA 0.50 v 
Vs= 3.8 V, !LOAD= 30 mA 1.30 v 

LONG-TERM STABILITY !'!.Vo 1000 Hours @ +I 50°C 2 mV 

NOISE VOLTAGE eN O.IHztolOHz 50 µVp-p 

ELECTRICAL CHARACTERISTICS (@Vs= +2.65 V, -40°C ~TA~ +B5°C unless 

Parameter Symbol Condition Typ Max Units 

TEMPERATURE COEFFICIENT 
"E" Grade TCVol°C 2 5 ppm/°C 
"F" Grade 5 10 ppm/°C 
"G" Grade 25 ppm/°C 

LINE REGULATION 
"E" Grade !Woll'!. VIN 5 10 ppmN 
"F & G" Grades 10 20 ppmN 
"E" Grade l'!.Vo!MLOAD 5 10 ppm/mA 
"F & G" Grades 10 20 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.0 V, !LOAD= 10 mA 0.50 v 
Vs= 3.8 V, !LOAD= 30 mA 1.30 v 

ELECTRICAL CHARACTERISTICS (@Vs= +2.7 V, -40°C ~TA ~ + 125°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

TEMPERATURE COEFFICIENT 
"E" Grade TCVo/°C louT =I mA 2 7 ppm/°C 
"F" Grade 5 15 ppm/°C 
"G" Grade 25 ppm/°C 

LINE REGULATION 
"E" Grade l'!.Voll'!.VIN 2.7VSVsS 15V,IoUT= I mA 10 20 ppm/V 
"F & G" Grades 20 30 ppm/V 
"E" Grade l'!.Vo/MwAD Vs= 3.8 V, 0 S IouT S 20 mA 10 20 ppm!mA 
"F & G" Grades 20 30 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.10 V, !LOAD= 10 mA 0.60 v 
Vs= 3.95 V, IrDAD = 30 mA 1.45 v 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 3.3 V 2.4 v 
Logic High Input Current IL -5 µA 
Logic Low Input Voltage VL 0.8 v 
Logic Low Input Current IL -5 µA 

SUPPLY CURRENT Vs= 3.3 V 45 µA 
Sleep Mode 15 µA 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REFl 9x Series 

REFl 93-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS!@Vs = +3.10 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

INITIAL ACCURACY 
"G" Grade Vo louT= I mA 2.990 3.0 3.010 v 

LINE REGULATION 
"G" Grade l'1Voll!N1N 3.05 Vs Vs s 15 V, loUT = I mA 4 8 ppmN 

/l..Vo//l..ILOAD Vs= 4.3 V, 0 s louT s 30 mA 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.50 V, !LOAD= 10 mA 0.50 v 
Vs= 4.30 V, IwAD = 30 mA 1.30 v 

LONG-TERM STABILITY /'..Vo 1000 Hours @ + 150°C 2 mV 

NOISE VOLTAGE eN 0.1 Hz to 10 Hz 50 µVp-p 

ELECTRICAL CHARACTERISTICS (@Vs= +3.15 V, -4D°C ~TA~ +85°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

TEMPERATURE COEFFICIENT ·• 
"G" Grade TCVo/'C loUT= I mA 

LINE REGULATION 
~ 

25 ppml°C 

"G" Grade l'1Vo/l'1V1N 3.05 Vs V8 :f,l,5:V,l0iJ+ = I mA 10 20 ppmN 
1'1Vo/1'11LOAD Vs': 4.3.y;p:~t6irr's 25!Ri: 10 20 ppm/mA 

DROPOUT VOLTAGE Vs-Vo ii"'-~;'3.:lp!V,"ILOAp"''l-oiiiA • 0.50 v 
_:,C Vs!" 4.30 \;'., ILqAU "',:J\! n\A 1.30 v 

ELECTRICAL CHARACTERISTICS(~ ·v~.,~ ~3-~ V, -4J~c:·~·T,. :+ 125°C unless otherwise noted) 
• ..;;$_ ••• ,. ••• •:·: •• • . .:;.:.. : 

Parameter Symbol •'~ \··.~nditio11. ';'\_... :;; Min Typ Max Units 

TEMPERATURE COEFFICIENT 
'~:' 

}1,.111~: "G" Grade TCVol°C lam 25 ppm/'C 

LINE REGULATION 
"G" Grade fl.. Vo/ fl.. VIN 3.05VSVss 15V,10 uT= I mA 20 30 ppmN 

fl..Vo//l..ILOAD Vs= 4.3 V, 0 S loUT S 20 mA 20 30 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.60 V, !LOAD= 10 mA 0.60 v 
Vs= 4.45 V, !LOAD= 30 mA 1.45 v 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 3.3 V 2.4 v 
Logic High Input Current IL -5 µA 
Logic Low Input Voltage VL 0.8 v 
Logic Low Input Current IL -5 µA 

SUPPLY CURRENT Vs= 3.3 V 45 µA 
Sleep Mode 15 µA 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 

REV. 0 VOLTAGE REFERENCES AND REGULA TORS 8-63 

II 



REFl 9xSeries 

REFl 94-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= +4.6 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

INITIAL ACCURACY 
"E" Grade Vo IouT= 1 mA 4.498 4.5 4.502 v 
"F" Grade 4.495 4.505 v 
"G" Grade 4.490 4.510 v 

LINE REGULATION 
"E" Grade !Woll!NrN 4.6 VS Vs S 15 V, IouT = 1 mA 2 4 ppm/V 
"F & G" Grades 4 8 ppmN 
"E" Grade 1Wo/AILOAD Vs= 5.8 V, 0 S louT S 30 mA 2 4 ppm/mA 
"F & G" Grades 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 5.00 V, !LOAD= 10 mA 0.50 v 
Vs= 5.8 V, !LOAD= 30 mA 1.30 v 

LONG-TERM STABILITY !'No 1000 Hours@ +150°C 2 mV 

NOISE VOLTAGE eN 0.1 Hz to 10 Hz 50 µVp-p 

ELECTRICAL CHARACTERISTICS (@Vs= +4.65 V, -4D°C::; TA::; +85°C unles 

Parameter Symbol Condition Typ Max Units 

TEMPERATURE COEFFICIENT 
"E" Grade TCVo/°C 2 5 ppm/°C 
"F" Grade 5 10 ppm/°C 
"G" Grade 25 ppm/°C 

LINE REGULATION 
"E" Grade 2 4 ppmN 
"F & G" Grades 4 8 ppmN 
"E" Grade 2 4 ppm/mA 
"F & G" Grades 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 5.00 V, !LOAD= 10 mA 0.50 v 
Vs= 5.8 V, !LOAD= 30 mA 1.30 v 

ELECTRICAL CHARACTERISTICS (@Vs= +4.70 V, -40°C::; TA::; +125°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

TEMPERATURE COEFFICIENT 
"E" Grade TCVo/°C louT= 1 mA 2 7 ppm/°C 
"F" Grade 5 15 ppm/°C 
"G" Grade 25 ppm/°C 

LINE REGULATION 
"E" Grade 11ValtN,N 4.70VSVsS 15V,IouT= 1 mA 2 4 ppmN 
"F & G" Grades 4 8 ppmN 
"E" Grade 11Vo/AILOAD Vs = 5.80 V, 0 S IouT S 20 mA 2 4 ppm/mA 
"F & G" Grades 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 5.10 V, !LOAD= 10 mA 0.60 v 
Vs= 5.95 V, !LOAD= 30 mA 1.45 v 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 3.3 V 2.4 v 
Logic High Input Current IL -5 µA 
Logic Low Input Voltage VL 0.8 v 
Logic Low Input Current IL -5 µA 

SUPPLY CURRENT Vs= 3.3 V 45 µA 
Sleep Mode 15 µA 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REFl 95-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= +5.10 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition Min Typ 

INITIAL ACCURACY 
"E" Grade Vo louT= l mA 4.998 5.0 
"F" Grade 4.995 
"G" Grade 4.990 

LINE REGULATION 
"E" Grade l'Noll'NrN 5.lOVSVsS 15V,louT= l mA 2 
"F & G" Grades 4 
"E" Grade i\Vo/MLOAD Vs= 6.30 V, 0 S louT S 30 mA 2 
"F & G" Grades 4 

DROPOUT VOLTAGE Vs-Vo Vs= 5.50 V, !LOAD= 10 mA 
Vs= 6.30 V, !LOAD= 30 mA 

LONG-TERM STABILITY i\Vo 1000 Hours @ + l 50°C 2 

NOISE VOLTAGE eN 0.1 Hz to 10 Hz 50 

ELECTRICAL CHARACTERISTICS (@Vs= +5.15 V, -40°C ~TA~ +85°C u11.liss otherwise noted) 
>}t>\':l~''-:,, '"1:~;~" 

Parameter 

TEMPERATURE COEFFICIENT 
"E" Grade 
"F" Grade 
"G" Grade 

LINE REGULATION 
"E" Grade 
"F & G" Grades 
"E" Grade 
"F & G" Grades 

DROPOUT VOLTAGE 

Symbol 

TCVo/°C 

Vs= 5.so'\r, !LOAD= 10 mA 
Vs= 6.30 V, !LOAD= 25 mA 

Min Typ 

2 
5 

2 
4 
2 
4 

ELECTRICAL CHARACTERISTICS (@Vs= +5.20 V, -40°C ~TA~ +125°C unless otherwise noted) 

Parameter Symbol Condition Min Typ 

TEMPERATURE COEFFICIENT 
"E" Grade TCVo/°C IoUT= l mA 2 
"F" Grade 5 
"G" Grade 

LINE REGULATION 
"E" Grade i\Vo/i\VrN 5.20VSVsS 15V,louT= 1 mA 2 
"F & G" Grades 4 
"E" Grade iWolMLOAD Vs= 6.450 V, 0 S louT S 20 mA 2 
"F & G" Grades 4 

DROPOUT VOLTAGE Vs-Vo Vs= 5.60 V, !LOAD= 10 mA 
Vs= 6.45 V, !LOAD= 20 mA 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 5.5 V 2.4 
Logic High Input Current IL 
Logic Low Input Voltage VL 
Logic Low Input Current IL 

SUPPLY CURRENT Vs= 5.5 V 
Sleep Mode 

Specifications subject to change without notice. 

REf 19x Series 

Max 

5.002 
5.005 
5.010 

4 
8 
4 
8 

0.50 
1.30 

Max 

5 
10 
25 

4 
8 
4 
8 

0.50 
1.30 

Max 

7 
15 
25 

4 
8 
4 
8 

0.60 
1.45 

-5 
0.8 
-5 

45 
15 

Units 

v 
v 
v 

ppmN 
ppmN 
ppm/mA 
ppm/mA 

v 
v 
mV 

µV p-p 

Units 

ppm/°C 
ppm/°C 
ppm/°C 

ppmN 
ppmN 
ppm/mA 
ppm/mA 

v 
v 

Units 

ppm/°C 
ppm/°C 
ppmi°C 

ppmN 
ppmN 
ppm/mA 
ppm/mA 

v 
v 

v 
µA 
v 
µA 

µA 
µA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REF19x Series 

REFl 96-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS(@Vs = +3.4 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

INITIAL ACCURACY 
"G" Grade Vo IouT = 1 mA 3.290 3.3 3.310 v 

LINE REGULATION 
"G" Grade liVo//W1N 3.40 V $Vs$ 15 V, IouT = 1 mA 4 8 ppm/V 

liVo/liILOAD Vs= 3.80 V, 0 S louT S 30 mA 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.80 V, !LOAD= 10 mA 0.50 v 
Vs= 4.60 V, !LOAD= 30 mA 1.30 v 

LONG-TERM STABILITY !iV0 1000 Hours @ + l 50°C 2 mV 

NOISE VOLTAGE eN 0.1Hzto10 Hz 50 µVp-p 

ELECTRICAL CHARACTERISTICS (@Vs= +3.45 V, -40°C ::::TA:::: +85°C unless otherwise noted) 

Parameter Symbol Condition Typ Max Units 

TEMPERATURE COEFFICIENT 
"G" Grade TCVo/°C louT= 1 mA 25 ppm/°C 

LINE REGULATION 
"G" Grade liVo/liV1N 4 8 ppm/V 

liVo/li!LOAD 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo 0.50 v 
1.30 v 

ELECTRICAL CHARACTERISTICS (@'~ 
Parameter Symbol Typ Max Units 

TEMPERATURE COEFFICIENT 
"G" Grade TCVo/°C louT = 1 mA 25 ppm/°C 

LINE REGULATION 
"G" Grade liVo/liV1N 3.50 VS Vs S 15 V, louT = 1 mA 4 8 ppm/V 

liVo/liILOAD Vs= 3.80 V, 0 S louT S 20 mA · 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 3.90 V, !LOAD= 10 mA 0.60 v 
Vs= 4.75 V, !LOAD= 20 mA 1.45 v 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 5.5 V 2.4 v 
Logic High Input Current IL -5 µA 
Logic Low Input Voltage VL 0.8 v 
Logic Low Input Current IL -5 µA 

SUPPLY CURRENT Vs= 5.5 V 45 µA 
Sleep Mode 15 µA 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REFl 98-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= +4.2 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Condition 

INITIAL ACCURACY 
"E" Grade Vo louT =I mA 
"F" Grade 
"G" Grade 

LINE REGULATION 
"E" Grade /'J.Vo/l'N1N 4.2 V <;Vs<; 15 V, louT = I mA 
"F & G" Grades 
"E" Grade /'J.Vo//'J.ILOAD Vs= 5.4 V, 0 <; louT <; 30 mA 
"F & G" Grades 

DROPOUT VOLTAGE Vs-Vo Vs= 4.6 V, !LOAD= 10 mA 
Vs= 5.4 V, !LOAD= 30 mA 

LONG-TERM STABILITY /'J.Vo 1000 Hours @ + l 50°C 

NOISE VOLTAGE eN 0.1Hzto10 Hz 

ELECTRICAL CHARACTERISTICS (@Vs= +4.2 V, -40°C s TA s +85°C 

Parameter 

TEMPERATURE COEFFICIENT 
"E" Grade 
"F" Grade 
"G" Grade 

LINE REGULATION 
"E" Grade 
"F & G" Grades 
"E" Grade 
"F & G" Grades 

DROPOUT VOLTAGE 

Symbol 

TCVo/'C 

Vs= 4.6 V, !LOAD= 10 mA 
Vs= 5.4 V, !LOAD= 30 mA 

Min 

4.094 
4.091 
4.086 

Min 

REFl9x Series 

Typ Max Units 

4.096 4.098 v 
4.101 v 
4.106 v 

2 4 ppmN 
4 8 ppmN 
2 4 ppm/mA 
4 8 ppm/mA 

0.50 v 
1.30 v 

2 mV 

50 µV p-p 

Typ Max Units 

2 5 ppmi°C 
5 10 ppm/°C 

25 ppmi°C 

2 4 ppm/V 
4 8 ppmN 
2 4 ppm/mA 
4 8 ppm/mA 

0.50 v 
1.30 v 

ELECTRICAL CHARACTERISTICS (@Vs= +4.2 V, -4D°C s TA s +125°C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

TEMPERATURE COEFFICIENT 
"E" Grade TCV0 /°C 2 7 ppm/°C 
"F" Grade 5 15 ppmi°C 
"G" Grade 25 ppmi°C 

LINE REGULATION 
"E" Grade /'J.Vo//'J.VIN 4.2 V <;Vs<; 15 V, loUT = 1 mA 2 4 ppmN 
"F & G" Grades 4 8 ppmN 
"E" Grade /'J.Vo//'J.ILOAD Vs= 5.0 V, 0 <; louT <; 20 mA 2 4 ppm/mA 
"F & G" Grades 4 8 ppm/mA 

DROPOUT VOLTAGE Vs-Vo Vs= 4.7 V, !LOAD= 10 mA 0.60 v 
Vs= 5.6 V, lwAD = 30 mA 1.50 v 

SHUTDOWN PIN 
Logic High Input Voltage VH Vs= 4.5 V 2.4 v 
Logic High Input Current IL -5 µA 
Logic Low Input Voltage VL 0.8 v 
Logic Low Input Current IL -5 µA 

SUPPLY CURRENT Vs= 4.5 V 45 µA 
Sleep Mode' 15 µA 

Specifications subject to change-without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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REf 19x Series 
WAFER TEST LIMITS (@ILDAo= D mA, Ta= +25°C unless otherwise noted) 

Parameter 

Initial Accuracy 
REF190 
REF191 
REF192 
REF193 
REF194 
REF195 
REF196 
REF198 

LINE REGULATION 

LOAD REGULATION 

DROPOUT VOLTAGE 

STANDBY MODE INPUT 
Logic Input High 
Logic Input Low 

SUPPLY CURRENT 
Standby Mode 

NOTE 

Symbol Condition 

Vo 

Vo+l.3 V <VIN< 15 V, IoUT = 30 mA 

!:Nof/J.IwAD 1mA<IwAD<30 mA, VIN= Vo+l.3 V 

Vo-V+ IwAD = 10 mA 
!LOAD= 30 mA 

No Load 

Umits 

Adjustable 
2.043/2.053 
2.495/2.505 
2. 990/3.010 
4.495/4.505 
4.995/5.005 
3.290/3.310 
4.09114.101 

0.5 
1.3 

Unitli 

v 
v 
v 
v 
v 
v 
v 
v 
mVN 

mV/mA 

v 
v 

v 
v 
µA 
µA 

For proper operation, a I itµF capacitor is required between the output. 
Due to variations in assembly methods and normal yield loss, yield 
tions based. on dice lot qualifications through sample lot assembly 

·cal tests and wafer probe to the limits shown. 
uct dice. Consult factory to negotiate specifica· 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ................................. + 18 
Output Short-Circuit Duration ................. Indefinite 
Storage Temperature Range 

P, S Packages ....................... -65°C to +150°C 
Operating Temperature Range 

REF19x ............................ -40°C to +85°C 
Junction Temperature Range 

Model 

REF19xGP 
REF19xGS 
REF19xGBC 

Temperature 
Range 

-40°C to +85°C 
-40°C to +85°C 
+25°.C 

Package 
Description 

Package 
Option* 

8-Pin Plastic DIP N-8 
8-Pin sore S0-8 
DICE 

P, S Packages ....................... -65°C to + 125°C *For outline infonnation see Package Information section. 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type 0i-A2 01c Units 

8-Pin Plastic DIP (P) 103 43 oc/W 
8-Pin sore (S) 158 43 oc/W 

NOTES 
'Absolute maximum ratings apply to both DICE and packaged parts, unless 
othenvise noted. 

201A is specified for the worst case conditions, i.e., 91A is specified for deyice in socket 
for P-DIP, and 01A is specified for device soldered in circuit board for SOIC 
package. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~cJ 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r Selection Trees - Operational Amplifiers 
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(/) LOW NOISE 

Single 

AD743 (5 nV /'l/Hz/2.8 V /µs) 
AD745 (5 nV /'l/Hz/12.5 V /µs) 

Low Power 
(7 V /µs @ 250 µA/ AMP) 

Dual 

OP282 

Quad 

OP482 

J-FET AMPLIFIERS 

FAST 

Single Dual 

(2/8 V /µs) 
AD542/ AD544 AD642/ AD644 

(16 V /µs) 
AD711 

OP42 

(40 V /µs) 
AD744 

AD712 
OP249 

AD746 

Single Supply 
Rail-to-Rail 

Single II Dual 

(3.5 V /µs) 
AD820 AD822 

Quad 

AD713 

PRECISION 

Dual 

(1 µV !°C) 
AD547 
AD645 
AD795 

AD647 

Low Power 

Single Dual 

(800 µA/ AMP) 
AD820 AD822 

(200 µA/ AMP) 
AD548 AD648 

(250 µA/ AMP) 
OP282 

Electrometers 

Single 

AD546 (1 pA) 
AD549 (60 fA) 

Quad 

OP482 
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PRECISION BIPOLAR 
AMPLIFIERS 

LOW INITIAL OFFSET/ 
INPUT BIAS CURRENT 

Single Dual Quad 

(75 µV /4 nA) 
OP07 

(25 µV /2 nA) 
OP77 OP200 OP400 

(10 µV /1 nA) 
OP177 
AD707 AD708 

Super Beta Versions 
Low Bias Current 

Single Dual Quad 

(25 µV /100 pA) 
OP97 OP297 OP497 
AD705 AD706 AD704 

LOW VOLTAGE NOISE/ 
INPUT BIAS CURRENT 

~ Dual r---1 Quad 

(1.2 nV /5 µA) 
AD797 

(6 nV /.65 µA) 
OP113 OP213 OP413 

SSM2135 

(5 nV /.35 µA) 
OP176 OP275 

OP285 

(3.5 n VI .04 µA) 
OP27 OP270 OP470 
OP37 OP271 OP471 

High Speed 

j Single I I Quad 

AD840 (400 V /µs) OP467 
AD841 (200 V /µs) 
AD842 (300 V /µs) 
AD846 (350 V /µs) 

I 
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*JFET 

VERY LOW 
POWER 

Single Dual 

+1.6 V Min Supply 

(15µA/AMP) 
OP90 OP290 

+3.0 V Min Supply 

(300 µA/ AMP) 
OP291 

+5.0 V Min Supply 

(55µA/AMP) 
OP220 

(230 µA/ AMP) 
OP221 

SINGLE SUPPLY HIGH 
SPEED 

Quad 

OP490 

OP491 

OP420 

RAIL-TO-RAIL 
INPUT & OUTPUT 

Single Dual 

+3 VMinRail 

(3 MHz, lour = 5 mA) 
OP291 

Rail-to-Rail 
Output Only 

+3 VMinRail 

(.07 MHz, lour = 20 mA) · 

Quad 

OP491 

OP295 OP495 

+5VMinRail 

(3.4 MHz, lour = 25 mA) 

AD820* AD822* 

(3.4 MHz, lour = 80 mA) 

OP279 

VOLTAGE 
FEEDBACK 

Single M Dual 

(30 MHz, Av = 1) 

AD817 AD826 

(76 MHz, Av = 2) 

AD818 AD828 

Current 
Feedback 

Dual 

60MHz 

Triple 

AD812 AD813 

Rail-to-Rail 
(0 to V5 -1 V) 

Single r---1 Dual 

+3 \T Min Supply 

(5 MHz, lour = 20 mA) 
OP183 OP283 

+5 V Min Supply 

(3.4 MHz, lour = 40 mA) 

Quad 

OP113 OP213 OP413 
SSM2135 

(4 MHz, lour= 8 mA) 

OP292 OP492 
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HIGH SPEED AMPLIFIERS 

VOLTAGE FEEDBACK 1-----------1 

±15VOR±5V 

First Generation 

Single Dual 

(ACL = 1, 50 MHz) 

AD847 AD827 

(AcL = 5) 
AD848 

(AcL = 25) 
AD849 

Second Generation 

(AcL =l, 45 MHz) 

AD817 AD826 

(AcL = 2, 90 MHz) 

AD818 AD828 

Low Noise 

AD829 (750 MHz) 
AD5539 (lGHz) 

Special Function 

AD830 (Differential Input Preamp) 

Quad 

OP467 

JFETS 

AD845 (13 MHz) 
AD843 (34 MHz) 

Single 

(215 MHz) 
AD9621(AcL=1, 350 MHz) 
AD9622 (AcL = 2, 230 MHz) 

AD9623 (AcL = 4, 270 MHz) 

AD9624 (i\cL = 6, 190 MHz) 

AD9631(AcL=1, 450 MHz) 

AD9632 (AcL = 2, 240 MHz) 

Clamp Amps 

AD8036 (AcL = 1, 350 MHz) 
AD8037 (AcL = 2, 230 MHz) 

BUFFERS 

AD9630 (750 MHz) 
AD9620 (600 MHz) 
BUF04 (100 MHz) 

I 

CURRENT FEEDBACK 
±15VOR±5V 

Single Dual 

(AcL = 1, 30 MHz) 

AD846 

(i\cL = 1, 60 MHz) 

AD844 

(AcL = 1, 65 MHz) 
AD810* AD812 
ADEL2020* 

AD811 (i\cL = 1, 140 MHz) 

±5 V Rails (Only) 

Single Dual 

AD9617 (Av= 1, 195 MHz) 

AD9618 (Av= 5, 160 MHz) 

(Av= 1, 800 MHz) 

Triple 

AD813* 

Quad 

AD8001 AD8002 AD8004 

*Output Disable Function 
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LOW POWER 

PRECISION 

Bipolar 

Single Dual Quad 

(800 µA/ AMP) 
AD705 AD706 AD704 
OP97 OP297 OP497 

FE Ts 

Single Dual Quad 

(800 µA/ AMP) 
AD820 AD822 

(250 µA/ AMP) 
OP282 OP482 

VERY LOW POWER 

Single Dual Quad 

(15 µA/AMP) 
OP90 OP290 OP490 

(300 µA/ AMP) 
OP291 OP491 

(55 µA/AMP) 
OP220 OP420 

(230 µA) 
OP221 
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Single Supply Amplifiers 
ISY Vos Supply GBW SR 
max max Voltage typ typ Package Temp 

Model mA mV RangeV MHz V/µs Options1 Ranges2 Comments Page3 

OP22 0.0002--0.4 0.3-1 +3 to +30 0.25 0.08 H,N,Q,R I, Ml Programmable A 2-597 
OP90 0.02 0.15-0.45 +1.6 to +36 0.02 - E,N,Q,R I, Mis Micropower, Low Voltage 9-375 
OP290 0.04 0.2--0.5 +1.6 to +36 0.02 - E,N,Q,R I, Mins Dual Micropower, Low Voltage 9-477 
OP20 0.08 0.25-1 +5 to +30 0.1 0.05 E,N,Q,R I, Ml Micropower, Low Cost A 2-585 
OP490 0.08 0.5-1 +1.6 to +36 0.02 - E,N,Q,R I, Mins Quad Micropower, Low Voltage 9-564 
OP220 0.17 0.15-0.75 +5 to +30 0.2 0.05 H,N,Q,R I, Mis Dual Micropower, Low Cost 9-436 
OP295 0.200 0.25-1.0 +2.4 to +36 0.08 0.02 N,Q,R I,M Rail-to-Rail Dual 9-518 
OP80 0.325 1.5 +5 to +16 0.3 0.4 N,Q,H I,M LowIB, CMOS A 2-727 
OP291/491 0.350 0.7 +2.7 to +12 3 0.5 N,R I Rail-to-Rail, Micropower 9-481 
OP420 0.36 2.5-6 +5 to +30 0.15 0.05 E,N,Q,R I, Mis Quad Micropower, Low Cost 9-538 
OP21 0.3--0.4 0.1--0.5 +5 to +30 0.6 0.25H, N,Q,R I, Ml Low C!Jst, Low Power A 2-591 
OP495 0.4 0.2--0.5 +3 to +36 0.08 0.02 N,Q,R I,M Quad Rail to Rail 9-518 
AD820 0.660 0.25-1 +4to +36 2 3.75 N,Q,R C,I,M Fast FET Input Rail to Rail 9-170 
OP221 0.8 0.15-0.5 +5 to +30 0.6 0.3 H,N,Q,R I,Mls Dual Low Cost, Low Power 9-439 
AD822 1.3 0.25-1 +4 to +36 2 3.75 N,Q,R C,I,M Dna1AD820 9-170 
OP183/283 1.5 1.0 +3to +18 5 10 N,R I 5 MHz, Low Noise 9-420 
OP421 1.8 2.5-6 +5to+30 1.9 0.5 N,Q,R I, M/0 Quad Low Cost, Low Power A 2-993 
OP279 2.5 4.0 +4.75 to +12 2 5 N,R I Rail-to-Rail Input/Output, 50 mA Out 9-459 
AD812 3.5 3.0 +3.0 to +15 50 125 N,R I Dual 50 MHz, Current Feedback 9-110 
AD813 3.5 3.0 +3.0 to +15 50 100 N,R I Triple Current Feedback Video Op Amp 9-127 
OP113/213/413 4 0.150 +5 to +30 3 1 E,N,P,Q,R I,M Low Noise, Low Drift Op Amp 9-382 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J =]-Leaded Ceramic Package; 
M =Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Ternperature Ranges: C = Commercial, O"C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +8S°C); M =Military, -55"C to +12s•c. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
Q Boldface Type: Data sheet information in this volume. 
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'fl Selection Guides-Operational Amplifiers c 
0 

High Speed Amplifiers ril 
~ 
:::! Settling Supply 

0 SR GBW Time AcL Vos Io UT Current 

~ V/p.s MHz ns to% min mV mA, mA Package Temp 
r- Model typ typ typ VN typ min typ Options1 Ranges2 Comments Page3 
):.. 

s:: AD8004 3000 400 10-0.1 1 5.0 50 3.5 N,R I Quad Very High Slew Rate Amplifier 9-291 
;!! AD8ll 2500 1000 65-0.01 1 0.5 100 typ 16.5 E,N,Q,R I,M Video Amp, 0.12%/0.01° Differential 9-107 
5:i Gain/Phase Error, 0.1 dB Flatness to 35 MHz 
!Tl 
:xi AD9624 2200 1800 14-6.01 6 2 60 23 N,Q,R I,M Voltage Feedback Amp; ±3 V Supply Operation 9-318 
(/) 

AD9623 2100 1080 14-6.01 4 2 60 23 N,Q,R l,M Voltage.Feedback Amp; -64 dB HD @ 20 MHz 9-315 
AD844 2000 900 100-0.1 1 0.05 20 6.5 N,Q,R I, Mis Constant 10 ns Rise Time for Any 9-245 

Pulse Input, Current Feedback 
AD9618 1800 8000 10-0.1 -1 0.2 60 31 N,Q,R,Z C, I, M/0 Low Distortion, Wideband, 9-303 

IMD :S -70 dBc at 20 MHz 
AD9617 1600 570 10-0.1 1 0.4 60 34 N,Q,R,Z C, I, Mins Low Distortion, Wide Bandwidth, 9-300 

IMD :S -70 dBc at 20 MHz 
AD8036 1600 350 16-6.01 1 2 70 typ 17 N,Q,R I,M Clamping, Voltage Feedback, ±3 V Supply 9-295 
AD8037 1600 240 16-6.01 2 2 70 typ 17 N,Q,R I,M Clamping, Voltage Feedback, ±3 V Supply 9-295 
AD812 1600 145 50-0.1 1 2 40 3.5 N,R I Low Power, Single Supply, Dual 9-llO 
AD9622 1500 440 14-o.Ol 2 2 60 23 N,Q,R l,M Voltage Feedback Amp; -66 dB HD @ 20 MHz 9-312 
AD9632 1500 250 ll-0.1 2 2 70 typ 17 N,Q,R I,M Low Distortion, Voltage Feedback, ±3 V Supply 9-324 
AD9631 1300 320 11-0.1 1 2 70 typ 17 N,Q,R l,M Low Distortion, Voltage Feedback, ±3 V Supply 9-324 
AD8001 1200 880 10-0.1 1 2.0 50 5 N,Q,R I Current Feedback, Low Power, 880 MHz 9-265 
AD8002 1200 880 10-0.1 1 2.0 50 5 N,R I DualAD8001 9-278 
AD9621 1200 350 11-0.01 1 2 60 23 N,Q,R l,M Voltage Feedback Amp; Wide BW; Low Noise 9-309 
AD810 1000 650 50-0.1 1 1.5 40 6.8/2.5 N,Q,R l,M Video Amp with Disable Feature 9-92 
OP260 1000 90 250-0.1 I 1 20 9 E, H, N, Q, R, I, M/08 Dual Current Feedback A 2-873 
AD5539 600 1400 12-1.0 5 2.0 15 14 N,Q C,M General Purpose, Higli Speed Amp 9-262 
AD830 530 100 25-0.1 1 1.5 50 14.5 N,Q,R C,l,M Video Difference Amplifier 9-218 
ADEL2020 500 300 60-0.1 1 1.5 30 6.8/2.1 N,R I Second Source to EL2020 9-329 
AD818 500 260 80-0.01 -1 0.5 50 7 N,R I Low Power, Video Amp 9-158 
AD828 500 260 80-0.01 -1 0.5 50 7 N,R I Dual AD818 9-203 
AD846 450 450 110-0.01 1 0.025 20 typ 5 N,Q I, Mins Higli Speed, Precision, Current Feedback 9-251 
AD813 450 100 50-0.1 1 2 30 3.5 N,R I Triple Low Power Video Amp 9-127 
AD840 400 400 100-0.01 10 O.l 50 10.5 E,N,Q C, Mins Wide Bandwidth Precision, 9-233 

Fast Settling, AvcL 2: 10 
AD842 375 80 100-0.01 2 0.3 100 13 E,H,N,Q C,M/0 Fast Settling, Higli Current Output, 9-239 

Cable Driver, AvcL 2: 2 
AD817 350 50 70-0.01 1 0.5 50 7 N,R I Low Power, General Purpose, Higli louT 9-145 
AD826 350 50 70-0.01 1 0.5 50 7 N,R I Dual AD817 9-187 ,.. 
AD849 300 725 80-0.1 25 0.3 20 typ 5.1 N,Q,R C,I,M/ High Speed, Low Power Preamp, 9-258 

Drives Capacitive Loads 
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Settling Supply 
SR GBW Time Ac.. Vos louT Current 
V/µs MHz nsto % min mV mA mA Package Temp 

Medel typ typ typ VIV typ min typ Options' Ranges2 Comments Page3 

AD848 300 175 100-0.1 5 o.i 20 typ 5.1 N,Q,R C,I,M/ High Speed, Low Power, 9-258 
Drives Capacitive Loads 

AD827 300 50 120-0.1 1 0.5 20 typ 10.5 N,Q,R C, I, M/0 Dual AD847 9-200 
AD847 300 50 120-0.01 1 0.5 20 typ 5.3 N,Q,R C, I, Mins High Speed, Low Power, 9-254 

Drives Capacitive Loads 
AD841 300 404 110-0.01 1 0.5 50 11 E,H,N,Q C, Mins High Speed, Precision, 9-236 

Drives Capacitive Loads 
AD843 250 344 135-0.01 1 0.5 50 12 E,H,N,Q,R C, I, Mins FET Input; Fast Settling, High Speed 9-242 
AD829 230 750 65-0.1 1 0.2 20 typ 5.3 N,Q,R C,I,M High Speed, Low Noise, Video Amp 9-215 
OP467 170 30 170-0.01 1 0.5 10 8 N,P,Q,R I,M Quad High Speed 9-541 
AD845 100 164 350-0.01 1 0.1 25 typ 10 N,Q,R I, Mis FET Input, Fast Settling, High Speed 9-248 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F: = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N =Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S =Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C =Commercial, O'C to +70'C; I= Industrial, -40'C to +85'C (Some older products -25'C to +85'C); M = Military, -55'C to +125°C. If a device has military grade offerings, the M 
remperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
4 -3 dBBW 
Boldface Type: Data sheet information in this volume. 

I 
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Low Voltage Noise Amplifiers ril 
~ Voltage Voltage Current 
:::! 
0 Noise Noise Noise 

~ en en In± In- Settling 

..... typ typ typ Ia Vos GBW SR Time AcL 
):,. lkHz lOkHz 1 kHz typ mV MHz V/µs ns to % min Package Temp 
s: Model nVYHZ nVYHZ pAvHZ nA typ typ typ typ VN Options1 Ranges2 Comments Page3 

~ AD797 0.9 0.9 2 500 0.025 110 20 - 1 N,Q,R I,M Ultralow Noise, Low Distortion 9-78 "ii 
iii AD829 1.7 1.7 1.5 3300 0.2 750 230 65-0.1 1 N,Q,R C,I,M High Speed, Low Noise, Video Amp 9-215 
::0 AD811 1.9 1.9 1.5/20 2000 0.5 1000 2500 65-0.01 1 E,N,Q,R I,M High Performance Video Op Amp 9-107 
(/) 

AD9617 2.0 1.3 32/32 12000 0.5 570 1400 10-0.1 ±1 N,Q,R,Z C, I, M/0 s Low Distortion, Wide Bandwidth 9-300 
AD9618 2.0 1.3 32/32 10000 0.5 8000 1800 9-0.1 +5, -1 N,Q,R,Z C, I, M/0 Low Distortion, Wide Bandwidth 9-303 
AD844 2 2.0 12/10 200 0.05 900 2000 100-0. l 1 N,Q,R I, Mis Current Feedback Amplifier 9-245 
AD846 2 2.0 6/20 100 0.025 450 450 110-0.01 1 N,Q I, Mfos Current Feedback, Precision 9-251 
ADEL2020 2.9 2.9 1.5/13 1000 1.5 300 500 60-0.1 1 N,R I EL2020 Second Source 9-329 
AD810 2.9 2.9 1.5/13 2000 1.5 650 1000 125-0.01 1 N,Q,R I,M Video Op Amp with Disable 9-92 
AD849 3 3.0 - 3300 0.3 725 300 80-0.1 25 N,Q,R C,I,M/ High Speed, Low Power 9-258 
OP27 3.0 3.0 0.4 10 0.01 8 2.8 - 1 E, H, N, Q, R C, I, Ml1s Low Noise, Precision 9-357 
OP227 3 3.0 0.4 10 0.02 8 2.8 1 Q C, I, M/08 Dual Matched Precision A 2-843 
OP37 3 3.0 0.4 10 0.01 63 17 - 1 E, H, N, Q, R C, I, M/08 Fast, Precision AvCL 2: 5 9-361 
AD745 3.2 2.9 0.007 0.150 0.1 20 12.5 5000-0.01 5 N,Q,R C,I,M Ultralow Noise, High Speed, BiFET Op Amp 9-58 
AD743 3.2 2.9 0.007 0.15 0.1 4.5 2.8 - 1 N,Q,R C,I,M Ultralow Noise FET Input 9-52 
OP270 3.2 3.2 0.6 5 0.01 5 2.4 - 1 E,N,Q,R I, Mfos Dual Monolithic 9-447 
OP470 3.2 3.8 0.4 6 0.1 6 2 - 1 E,N,Q,R I, Mfos Quad Monolithic, Low Noise 9-556 
AD9624 3.5 2.3 5.8 7000 2 1800 2200 14-0.01 6 N,Q,R I,M Low IMD at High Frequencies 9-318 
AD812 3.5 3.5 1.5/18 20000 2.0 145 1600 50-0.1 1 N,R I Dual, Single Supply, Current Feedback 9-110 
AD813 3.5 3.5 1.5/18 30000 2.0 100 450 50-0.1 1 N,R I Triple Video Amplifier 9-127 
AD840 4 - - 3500 0.1 400 400 100-0.01 10 E,N,Q C, Mfos Wide Bandwidth, Precision 9-233 
AD9623 4.2 2.6 8 6000 2 1080 2100 14-0.01 4 N,Q,R I,M Balanced High Impedance Inputs 9-315 
OP113/213/413 4.7 4.7 0.4 600 0.1 3.4 1.2 9000-0.01 1 N,Q,R I Single Supply-Single, Dual, Quad 9-382 
OP467 6 5.5 - 100 1 30 170 170 1 N,P,Q,R C,I,M Quad, High Speed 9-541 
OP275 6 6 - - 1 9 22 - 1 N,R I,M Dual Audio Amp 9-454 
AD848 5 - - 3300 0.2 175 300 100-0.1 5 N,Q,R C, I, Ml High Speed, Low Power 9-258 
AD9622 5.5 3.8 12 7000 2 450 1500 14-0.01 2 N,Q,R I,M Fast Pulse Response; Wide BW 9-312 
OP176 6.0 6.0 0.5 175 1.0 10 25 1000-0.01 1 N,R I Bipolar/JFET Audio Op Amp 9-397 
OP471 6.5 6.5 0.4 7 0.25 6.5 8 - 1 E,N,Q,R I, Mfos Quad Monolithic, Fast 9-560 
AD9621 6.6 5.5 8.2 7000 2 350 1200 11-0.01 1 N,Q,R I,M Fast Pulse Response; Wide BW 9-309 
AD795 11 9 0.0006 0.001 0.1 2 1 11,000-0.01 1 N,R c Low Power, Low Noise Photo Diode Preamp 9-64 
OP271 7.6 7.6 0.6 4 0.075 5 8.5 - 1 E,N,Q,R I, Mfos Dual Monolithic, Fast 9-451 
AD645 9 8 0.0006 0.0007 0.1 2 2 - 1 H,N C,I,M FET Input, Low Ia, OPAlll Second Source 9-34 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 



Low Current Noise, Low Input Bias Current Amplifiers 
Input Impedance CMRR Vos 

Is IN Differential Common Mode dB Vos TC BW 
pA f=l kHz .O.llpF f=l kHz mV µ V !°C MHz Package Temp 

Model max fA/VHz typ typ max max typ' Options2 Ranges3 Comments Page4 

AD549 0.06-0.25 0.11 1013111 1015110.8 62 0.25-1 5-20 1 H C,M/ Monolithic, Lowest Is 9-28 
AD515A 0.075--0.3 - 1013111.6 1015110.8 62 1-3 15-50 1 H c Lower Cost AD515 Replacement A 2-45 
OP80 0.25-1 - - 90 1.5 - 0.3 N,R,H I,M Low Cost CMOS A 2-727 
AD546 0.5-1 0.4 1013111 1015110.8 90 1-2 20 1 N c Low Cost 1 pA Amplifier 9-22 
AD545A 1-2 - 101'111.6 1015110.8 62 0.25-1 ·3-25 1 H c Lower Cost AD545 Replacement A 2-:-65 
AD795 1-3 0.6 1012112 1014112.2 110 0.25-0.5 10 2 N,R c Low Power, Low Noise, 9-64 

Photodiode Preamp 
AD645 1.5-3 0.6 1013111 1014113 94 0.25-0.5 1-5 2 N,H C,I,M Low Noise, Precision BiFET, 9-34 

(OPAlll Second Source) 
OP41 5-20 - - 98 0.25-2 5-10 0.5 N,R,H C, I, Ml High Stability JFET A 2-:-645 
AD548 10-20 1.8 1012113. 3 x 1012113 84 0.25-2 2-20 1 N,Q,R,H C,I,M/ Low Power, Low Cost 9-25 
AD648 10-20 1.8 1012113 312113 84 0.3-2 3-20 1 N,Q,R,H C,I,M/ DualAD548 9-37 
AD820 20-30 1.8 - - 100 0.25-1 5-10 2 N,Q,R C,I,M Single Supply, Fast, Rail-to-Rail 9-170 
AD822 20-30 1.8 - - 100 0.25-1 5-10 2 N,Q,R C,I,M DualAD820 9-170 
AD542 25-50 - - - 80 0.5-2 5-20 1 H C,M Precision . 9-19 
AD544 25-50 - - - 80 0.5-2 5-20 2 H C,M Precision, Low Distortion 9-19 
AD711 25-50 10 3 x 1012115.5 3 x 1012115.5 62 0.25-2 3-20 4 N,Q,R,H C, I, Ml Low Cost BiFET, Excellent AC 9-47 

and DC Performance 
AD642 35-75 - 1012116 1012116 90 0.5-2 - 1 H C,MI DUaI Precision 9-31 
PM156A 50 10 - 90 2 5 4.5 Q,H C, Ml1s Improved Industry Standard A 2-1065 
PM157A 50 10 - 90 2 5 20 Q,H C, Mins Improved Industry Standard A 2-1065 
AD712 50-75 10 312115.5 312115.5 94 0.3-3 5-20 4 N,Q,R,H C, I, Ml DualAD711 9-47 
AD744 50-100 10 3 x 1012115.5 3 x 1012115.5 88 0.25-1 3-20 13 H,N,Q,R C,l,M Fast Settling BiFET 9-55 
OP15 50-200 10 - 90 0.5-3 5-15 6 N,Q,R,H C, I, Mins Precision BiFET A2-571 
OP16 50-200 10 - 90 0.5-3 5-15 8 N,Q,R,H C, I, Mins Precision BiFET A 2-571 

0 OP17 50-200 10 - 90 0.5-3 5-15 30 N,Q,R,H C, I, Mins Fast, Precision BiFET A 2-571 
ril OP42 200-250 7 1012116 98 0.75-5 10 10 E,H,N,R,Q I,M Fast, Precision BiFET 9-365 
~ 
:::! 

'Unity gain small signal bandwidth. 0 

~ 'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
,.... M =Hermetic Metal Can DIP; N =Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS.= SSOP-Shrink Small Outline Package; S =Plastic 
):,. Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nol!hermetic CeramidGlass DIP; Y = Single-In-Line "SIP'' Package; Z = Ceramic Leaded Chip Carrier. 

~ 
'Temperature Ranges: C = Commercial, O"C to -i-70'C; I= Industrial, -40'C to +85"C (Some older products -25"C to +85'C); M = Military, -55'C to + 125'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. - 4 A = Amplifier Reference Manual. All other entries refer to this volume. 

~ Boldface Type: Data sheet information in this volume. 
~ 
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cp Selection Guides-Operational Amplifiers :ii:: 
0 
ril Precision Amplifiers 
~ 
::! Noise Slew CMRR 
0 Vos Vos TC µVp-p GBW Rate In dB 

~ µV µVl°C 0.1-10 Hz MHz V/µs nA f = 1 kHz Package Temp 
r- Model max max typ typ typ max typ Options1 Ranges2 Comments· Page3 

~ 

~ OP177 10-60 0.1-1.2 0.35 0.6 0.3 1.5-2.8 110 N,Q,R I, Ml Highest Precision 9-415 
AD707 15-90 0.1-1.0 0.23 0.9 0.3 1.0-2.5 100 H,N,Q,R C,I,M/ High Precision 9-44 :;; OP77 25-100 0.3-1.2 0.35 0.6 0.3 2-2.8 105 E, H, N, Q, R C, I, Mins Next Generation OP07 9-370 

~ AD705 25-90 0.6-1.2 0.5 0.8 0.15 0.1-0.15 110 N,Q,R C,I,M Low In Precision Bipolar 9-40 
OP97 25-75 0.6-2 0.5 0.9 0.2 0.1-0.15 100 E, H, N, Q, R I, Mins Low Power OP07 9-379 
OP27 25-100 0.6-1.8 0.08 8 2.8 40-80 125 E, H, N, Q, R C, I, Ml1s Low Noise, Precision 9-357 
OP37 25-100 0.6-1.8 0.08 63 17 40-80 125 E, H, N, Q, R C, I, Mins Fast, Low Noise, Precision AvCL"' 5 9-361 
OP07 25-150 0.6-2.5 0.35 0.6 0.3 2-12 98 E, H, N, Q, R C, I, MlnJs Low Offset Voltage 9-352 
AD846 25-200 0.8-5.0 - 75-450 450 250 - N,Q I, Mins High Precision, High Speed 9-251 
AD708 30-100 0.3-1.0 0.23 0.9 0.3 1.0-2.5 100 H,N,Q C,I,M/ DualAD707 9-44 
AD797 40-100 0.8-1.5 0.05 100 18 50-1000 (typ) 130 N,Q,R I,M Ultralow Noise, Low Distortion Amp 9-78 
AD706 50-100 0.5-1.0 0.5 0.8 0.15 0.11-0.20 110 N,Q,R C,I .DualAD705 9-40 
OP497 50-150 0.5-1.5 0.3 0.5 0.15 0.1-0.2 130 E,N,Q,R I,M/ Quad Precision, Low In 9-568 
OP297 50-200 0.6-2 0.3 0.5 0.15 0.1-0.2 105 N,Q,R I, Mis Dual Precision, Low Power, 9-530 

Low Iii 
OP113 75-150 0.8-1.5 0.12 3.4 1.2 50 116 N,Q,R I Single Supply, Low Noise 9-382 
AD704 75-150 1.0-1.5 0.5 0.8 0.1 0.15-0.27 110 N,Q,R C,I,M QuadAD705 9-40 
OP200 75-200 0.5-2 0.5 0.5 0.15 2-5 110 E,N,Q,R I, Mins Dual Monolithic, Precision 9-432 
OP270 75-250 1-3 0.08 5 2.4 20-60 115 E,N,Q,R I, Mins Dual Monolithic, Low Power 9-447 
OP227 80-180 1-1.8 0.08 8 2.8 40-80 125 Q I, Mins Dual Matched, Low Noise A 2-835 
OP207 100-200 1.3-1.8 0.35 0.6 0.2 3-7 98 Q C, Mins Dual Matched, Precision A 2-813 
OP213 100-250 0.8-1.5 0.12 3.4 1.2 50 116 N,Q,R I Dual Single Supply;Low Noise 9-382 
OP413 125-275 0.8-1.5 0.12 3.4 1.2 50 116 N,Q,R I Quad Single Supply, Low Noise 9-382 
AD844 150-300 5 - 900 2000 250 - N,Q,R I, Mis Precision, High Speed 9-245 
OP400 150-300 1.2-2.5 0.5 0.5 0.15 3-7 110 E,N,Q,R C, I, Mis Quad, Monolithic, Precision 9-534 
OP90 150-450 2-5 3 - - 15-25 80 E,N,Q,R I, Mis Micropower, Low Voltage, 9-375 

Single Supply 
OP221 150-500 1.5-3 - 0.6 0.3 80-120 60 H,N,Q,R C, I, Mis Dual Low Power, Single Supply 9-439 
OP220 150-750 1.5-3 - 0.2 0.05 20-30 30 H,N,Q,R C, I, Mis Dual Micropower, Single Supply 9-436 
OP05 150-1600 0.9-4.5 0.38 0.8 0.3 2.9 - H,N,Q C,MI Instrumentation Amplifier A 2-519 
OP271 200-400 2-5 - 5 8.5 20-60 125 E,N,Q,R I, Mins Dual, Fast, Low Noise 9-451 
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Noise Slew CMRR 
Vos Vos TC µV p-p GBW Rate Is dB 
µV µV!°C 0.1-10 Hz MHz V/µs nA f = 1 kHz Package Temp 

Model max max typ typ typ max typ Options1 Ranges2 Comments Page3 

OP290 200-500 3-5 3 0.02 - 15-25 100 N,Q,E,R I, Mins Dual Micropower, Low Voltage 9-477 
Single Supply 

OP467 200-1000 3.5 6 30 170 - 80 N,Q,P,R C,I,M Quad High Speed 9-541 
AD795 250-500 1-10 I 2 1 0.001-0.004 110 N,R,H C,l,M Low Power, Low Noise FET 9-64 
OP20 250-1000 1.5-7 - 0.1 0.05 25-40 30 N,Q,R,H C, I, Ml Micropower, Single Supply A 2-585 
AD744 250-1000 3-20 2 13 75 0.05-0.1 100 H,N,Q,R C,I,M Fast Settling BiFET 9-55 
AD820 250-1000 5-10 2 2 3.75 0.02-0.03 100 N,Q,R C,I,M Single Supply, Rail-to-Rail, 9-170 

FET Input 
AD822 250-1000 5-10 2 2 3.75 0.02-0.03 100 N,Q,R C, I,M FET Dual AD820 9-170 
AD711 250-2000 3-20 2 4 20 0.025-0.050 94 N,Q,R,H C, I, Ml Precision, High Speed 9-47 
AD548 250-2000 2-20 2 1 1.8 0.01-0.02 83 N,Q,R,H C, I, Ml Low Power BiFET 9-25 
OP41 250-2000 5-10 - 0.5 1.3 0.005-0.02 100 N,R,H C, I, Ml Low 18 A 2-645 
OP22 300-1000 1.5-3 - 0.25 0.08 5-10 60 N,Q,R,H C, I, Ml Micropower, Programmable A 2-597 
AD648 300-2000 3-20 2 1 1.8 0.01-0.02 83 N,Q,R,H C, I, Ml Dual AD548 9-37 
AD712 300-3000 5-20 2 4 20 0.05-0.075 94 N,Q,R,H C, I, Ml Dual AD711 9-47 
OP470 400-1000 2-4 0.08 6 2 25-60 110 N,Q,E,R C, I, Mins Quad, Low Noise 9-556 
AD713 500-1500 15-20 2 4 20 0.075-0.150 94 N,Q,R C, I, M/0 Dual AD711 9-47 
AD741 500-6000 5-20 - I 0.5 50-500 100 N,H C,MI General Purpose A 2-213 
OP291/491 700 1.1 typ 2 3 0.4 50 90 N,R I Dual, Quad, Rail-to-Rail, 2.7 V 9-481 
OP471 800-1800 4-7 0.25 6.5 8 25-60 108 N,Q,E,R C, I, Mf0 s Quad, Fast, Low Noise 9-560 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Low Power/Micropower Amplifiers ~ 
~ 
::! ISY Vos IB GBW SR 
0 max max max typ typ Package Temp 
~ Model mA mV nA MHz V/µs Options1 Ranges2 Comments Page3 
r--
),. OP22 0.0002-0.4 0.3--1 5-10 0.25 0.08 H,M,N,Q,R I, Ml Programmable, Single Supply A 2-597 
:s:: OP90 0.02 0.15--0.45 15-25 0.02 - E,N,Q,E I, Mis Micropower, Low Voltage Single Supply 9-375 
;:!:! OP290 0.04 0.2-0.5 15-25 0.02 - E, N, Q, E I, Mins Dual, Micropower, Low Voltage, Single Supply 9-477 

~ OP20 0.08 0.25-1 25-40 0.1 0.05 E,N,Q,R I, Ml Micropower, Single Supply, Low Cost A 2-585 

(/) OP490 0.08 0.5-1 15-25 0.02 - E,N,Q,R I, Mins Quad, Micropower, Low Voltage, Single Supply 9-564 
OP220 0.17 0.15--0.75 20-30 0.2 0.05 H,N,Q,R I, Mis Dual, Low Cost, Micropower, Single Supply 9-436 
AD548 0.2 0.25--0.2 0.01-0.02 1.0 1.8 H,N,Q C, I,M/ Precision Low Power BiFET Op Amp .9-25 
OP295 0.3 0.2-0.5 15 0.085 0.04 N,R I,M Dual Rail-to-Rail 9-518 
OP80 0.325 1.5 0.00025-0.001 0.3 0.4 H,N,R I,M Lowl8 ,CMOS A 2-727 
OP420 0.36 2.5-6 2o-40 0.15 0.05 E,N,Q,R I, Mis Quad, Low Cost, Micropower, Single Supply 9-538 
OP21 0.3--0.4 0.1-0.5 100-150 0.6 0.25 H,N,Q,R I, Ml Low Cost, Low Power, Single Supply A 2-591 
OP291/491 0.35 0.7 50 3 0;4 N,R I Rail-to-Rail, 2. 7 V Supply 9-481 
OP282 0.5 2.0 0.1 4 9 N,Q,R I Dual, High Speed, Low Power 9-461 
AD648 0.4 0.4-2.0 0.005-.01 1.0 1.8 H,N,Q C, I,M/ Dual,· Precision Low Power BiFET Op Amp 9-37 
OP97 0.6 0.025--0.075 0.1-0.15 0.9 0.2 E,H,N,Q,R I, Mins Precision, Low 18 9-379 
AD705 0.6 0.025--0.09 0.1-0.15 0.8 0.15 N,Q,R C,I,M Picoampere Input Current Bipolar Op Amp 9-40 
AD820 0.66 0.25-1 0.02-0.03 2 3.75 N,Q,R C,I,M Fast, Single Supply, Rail-to-Rail FET Input 9-170 
OP221 0.8 0.15--0.5 80-120 0.6 0.3 H,N,Q,R I, Mis Dual, Low Cost, Low Power, Single Supply 9-439 
OP41 1 0.25-2 0.005-0.02 0.5 1.3 N,Q,R I, Ml Low Power, Low 18 A 2-645 
OP482 1.0 3.0 0.1 4 9 N, P, Q, R I Quad, High Speed, Low Power 9-461 
AD706 1.2 0.05--0.1 0.11-0.2 0.8 0.15 N,Q,R C,I,M Dual, Picoampere Input Current Bipolar Op Amp 9-40 
OP297 1,25 0.05--0.2 0.1-0.2 . 0.5 0.15 E,N,Q,R I, Mis Dual, Precision, Low 18 9-530 
AD822 1.3 0.25-1 0.02-0.03 2 3.75 N,Q,R C,I,M Dual AD820 9-170 
OP200 1.45 0.075--0.2 2-5 0.5 0.15 E,N,Q,R I, Mins Dual, Precision 9-432 
OP183/283 1.5 1.0 600 5 10 N,R I 5 MHZ, Low Noise, Single/Dual 9-420 
OP421 1.8 2.5-6 50-150 1.9 0.5 N,Q,R I, M/0 Quad, Low Cost, Low Power, Single Supply A 2-993 
OP113/213/413 2.0 0.075--0.275 50 3.4 1.2 N,Q,R I Low Noise, Low Drift, Single/Dual/Quad 9-382 
AD704 2.4 0.075--0.150 0.15--0.17 1.0 0.15 N,Q,R C,I,M Quad, Picoampere Input Current Bipolar Op Amp 9-40 
OP02 2.4 0.5-5 30-100 1.3 0.5 H,N,Q C,MI Improved 741 A 2-503 
OP400 2.9 0.15--0.3 3--7 0.5 0.15 E,N,Q,R C, I, Mins Quad, Precision 9-534 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST= Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C =Commercial, 0°C to +70°C; I =Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -SS°C to + 125°C. If a device has military giade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 



Dual Operational Amplifiers 
Vos Vos TC IB BW Slew Rate Settling 
mV µV/"C nA MHz V/µs Time to Package Temp 

Model max max max typl typ 0.01% µs typ Options2 Ranges3 Comments Page4 

AD708 0.03-0.1 0.3-1.0 1-2.S 0.9 0.3 H,N,Q C,I,MI Highest DC Precision; Excellent 9-44 
Matching Between Amps, Dual AD707 

AD706 0.05-0.10 0.6-1.S 0.11--0.200 0.8 O.lS - N,Q,R C,I Dual AD70S, Low 18 Precision Bipolar 9-40 
OP297 0.05-0.2 0.6-2 0.1--0.2 o.s O.lS - N,Q,R I, Mis Precision, Low Power, Low 18 9-S30 
OP200 0.075-0.2 0.5-2 2-S o.s O.lS - E,N,Q,R I, Mf0 s Dual Monolithic, Precision 9-432 
OP270 0;075-0.2S 1-3 2()-6() 5 2.4 - E,N,Q,R I, Mfos Dual Monolithic, Low Noise 9-447 
OP227 0.08--0.18 1-1.8 40--80 8 2.8 - Q I, Ml0 s Dual Matched, Low Noise A 2-843 
OP207 0.1--0.2 1.3-1.8 3-7 0.6 0.2 - Q C, Mlos Dual Matched, Precision A 2-813 
OP213 O.l--0.2S 0.8-1.S so 3.4 1.2 9 N,Q,R I Low Noise, Low Drift, Single Supply 9-382 
OP221 0.15-0.S 1.5-3 80-120 0.6 0.3 - H,N,Q,R C, I, Mis Low Power, Single Supply 9-439 
OP220 0.15-0.7S 1.5-3 20-30 0.2 o.os - H,N,Q,R C,I,Ms Micropower, Single Supply 9-436 
OP271 0.2--0.4 2-S 26-60 5 8.5 - E,N,Q,R I, Mfos Dual Monolithic, Fast, Low Noise 9-451 
OP290 0.2--0.5 3-5 1S-2S 0.02 - - E,N,Q,R I, Mfos Micropower, Low Voltage Single Supply 9-477 
OP295 0.2--0.5 <10 lS 0.08S 0.04 - N,R l,M Rail-to-Rail 9-518 
OP28S 0.25 - lSO 8 20 - N,Q,R Dual High Performance, Low Power 9-464 
AD822 0.25-1 S-10 0.02--0.03 2 3.75 - N,Q,R C,I,M Single Supply, Rail-to-Rail, Fast FET Input 9-170 
.AD746 0.5-1 10-20 O.lS 13 75 o.s N,Q,R C, I, Ml Precision, Fast Settling, Dual AD7 44 9-61 
AD648 0.3-2 3-20 0.01--0.02 1 1.8 8 H,N,Q,R C, I, Ml Low Power, BiFET, Dual AD548 9-37 
AD712 0.3-3 S-20 0.05-0.07S 4 20 1 H,N,Q,R C, I,M/ Excellent AC and DC Performance, Dual AD711 9-47 
OP249 0.5-0.7 5-6 0.05-0.075 4.7 22 0.9 E,H,N,Q,R I, Mis Fast, Low Distortion 9-442 
AD642 0.5-2 1-3.S 0.035-0.075 1 3 - H C,MI Dual AD542 9-31 
AD644 0.5-2 - 0.035-0.07S 2 13 - H C,MI Dual AD544 9-31 
OP291 0.7 1.1 typ 50 3 0.4 22 N,R I Rail-to-Rail, 2.7 V Supply, Low Power 9-481 
OPl5 0.75-5 8-20 50--100 1.3 0.5 - H,N,Q,R I, Mlos Improved "1458" Dual A 2-571 
OP275 1 - 3SO 9 22 - N,R Dual Audio Amp 9-454 
OP283 1.0 4 typ 600 5 10 1.5 N,R I Low Power, Single Supply 9-420 
AD828 2 10 typ 6600 130 450 0.08 N,R I Low Power Video Amp 9-203 
OP215 1-4 10 0.1--0.3 5.7 18 0.9-0.1% E,H,N,Q,R C, I, Mlos High Speed, Precision A 2-819 

0 OP282 2.0 10 0.1 4.0 9 l.S N,Q,R I Dual High Speed, Low Power 9-461 

ril AD827 4.0 lS . 7000 50 300 0.120--0.1% N,Q,R C, I, M/0 Dual AD847, High Speed, Low Power 9-200 

~ OP279 4.0 4 typ 600 2 s - N,R I Rail-to-Rail, Single Supply, SO mA Out 9-4S9 

:::l OP260 3.5-7 10 1000--15000 90 1000 0.25-0.1% E,H,N,Q,R I, Mins Dual High Speed, Current Feedback A 2-873 
0 AD812 s lS typ 1000-20000 14S 1600 0.05-0.1% N,R I Dual Current Feedback, Low Power 9-110 

5; AD8002 s.s 10 typ 6000-2SOOO 880 1200 0.01--0.1% N,Q,R I 880 MHz, Low Power 9-278 
r-
~ 

1Unity gain small signal bandwidth. 

s:: 2Package Options: D =Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless_Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J =}-Leaded Ceramic Package; M =Hermetic 

ill Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic Quad Flatpack; ST= Thin - Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 
:!:! 3Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +8S°C (Some older products -25°C to + 85°C); M = Military, -SS°C to + 125°C. If a device has military grade offerings, the M temperature des-

~ ignator-will be followed by:J to_ indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

(/) 4 A =-Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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Quad Operational Amplifiers 
Vos Slew Settling 

Vos TC In BW Rate Time 
mV µVl°C nA MHz V/µs to 0.01% Package Temp 

Model max max max typl typ µs typ Options2 Ranges3 Comments Page4 

AD704 0.075--0.10 1.0-1.5 150-270 0.8 0.10 - N,Q,R C,I,M Quad AD705, Low In Precision Bipolar HO 
OP497 0.05--0.15 0.5-1.5 150-200 0.5 0.15 - E,N,Q,R I,M/ Low Power, Low In Precision Bipolar 9-.568 
OP413 0.125--0.275 0.8-1.5 50 3.4 1.2 9 N,Q,R I Low Noise, Low Drift, Single Supply 9-382 
OP400 0.15--0.3 1.2-2.5 3-7 0.5 0.15 - E,N,Q,R C, I, M/0 Quad Monolithic, Precision 9-534 
OP495 0.2--0.5 <10 15 0.085 0.04 - N,Q,R I,M Rail-to-Rail 9-518 
OP470 0.4-1 2-4 25-60 6 2 - E,N,Q,R C, I, Mf0 s Quad Monolithic, Low Noise 9-556 
OP467 0.5 3.5 100 30 170 170 N,P,Q,R 30 MHz, Low Power 9-541. 

OP491 0.7 1.1 typ 50 3 0.4 22 N,R I Rail-to-Rail, 2;7 V Supply; Low Power 9'481 
OP490 0.5-1 5 15-25 0.02 0.012 - E,N,Q,R I, Mfos Micropower, Low Voltage, Single Supply 9-564 
AD713 0.5-1.5 15 35-100 4 20 1 N,Q,R C, I, M/0 Superior AC and DC Performance, Quad AD711 9-47 
OPU 0.5-5 10-15 300-500 3 l - E,N,Q,R C,'J,M/ Improved Quad "741" A 2-547 
OP471 0.8-1.8 4-7 25-60 6.5 8 - E,N,Q,R C, I, Mf0 s Monolithic, Fast, Low Noise 9-560 
OP492 2.5 10 700 4 4 - N,R I Single Supply, Low Power, VO to Ground 9-500 
OP482 3.0 10 0.1 4.0 9 1.5 N,Q,P,R I High Speed, Low Power 9-461 
OP421 2.5-6 10-15 50-150 1.9 0.5 - N,Q,R I, Ml Low Power, Low Cost, Single Supply A 2-993 
OP420 2.5-6 10-25 20-40 0.15 0.05 - E,N,Q,R I, Mis Micropower, Low Cost, Single Supply 9-538 
AD8004 15 30 typ 15000-25000 400 3000 0.01--0.1% N,R I 3000V/µs, Low Power 9-291 

Unity Gain Buffers 
-3dB Settling Rise 
BW SR Time Time lo UT Vos lss 
MHz V/µs to 0.02% IV Step mA mV mA Package Temp 

Model typ min ns typ ns typ min typ max Options2 Ranges3 Comments Page4 

AD9630 750 1800 8 0.9 50 3 26 N,Q,R I,M/ High Performance, Wide-Band Buffer 9-321 
Al>9620 600 2200 8 0.8 40 2 48 D I,M· High Performance, Low Harmonic Distortion Buffer 9-306 
BUF04 110 2000 60 (0.1%) 1.3 40 2 8.5 N,Q,R I,M ±5 Volt Supply, High Slew 1).:.338 
BUF03 50 220 100 (0.1%) 7 (1/2 V) 70 10 25 H C,MI High Speed Voltage Follower/Buffer .A2-489 

'Unity gain small signal bandwidth. 
2Package Options: D =Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J =}-Leaded Ceramic Package; 
M. = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, O'C to + 70"C; I = Industrial, -40"C to +85"C (Some older products -25'C to +85'C); M = Military; -SS'C to + 125'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

4 A = Amplifer &ference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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FEATURES 
Ultralow Drift: 1 µV/°C (AD547L) 
Low Offset Voltage: 0.25 mV (AD547L) 
Low Input Bias Currents: 25 pA max 
Low Quiescent Current: 1.5 mA 
Low Noise: 2 µ V p-p 
High Open Loop Gain: 110 dB 
High Slew Rate: 13 V/µs 
Fast Settling to ±0.01%: 3 µs 
Low Total Harmonic Distortion: 0.0025% 
Available in Hermetic Metal Can and Die Form 
MIL-STD-883B Versions Available 
Dual Versions Available: AD642, AD644, AD647 

PRODUCT DESCRIPTION 
The BiFET series of precision, monolithic FET-input op amps 
are fabricated with the most advanced BiFET and laser trim
ming technologies. The AD542, AD544, AD547 series offers 
bias currents significantly lower than currently available BiFET 
devices, 25 pA max, warmed up. 

In addition, the offset voltage is laser trimmed to less than 
0.25 mV on the AD547L, which is achieved by utilizing Analog 
Devices' exclusive laser wafer trimming (LWT) process. When 
combined with the AD547's low offset drift (I µVl 0 C), these 
features offer the user performance superior to existing BiFET 
op amps at low BiFET pricing. 

The AD542 or AD547 is recommended for any operational am
plifier application requiring excellent de performance at low to 
moderate cost. Precision instrument front ends requiring accu
rate amplification of millivolt level signals from megohm source 
impedances will benefit from the device's excellent combination 
oflow offset voltage and drift, low bias current and low l/f 
noise. High common-mode rejection (80 dB, min on the "K" 
and "L" grades) and high open-loop gain, even under heavy 
loading, ensures better than "12-bit" linearity in high imped
ance buffer applications. 

The AD544 is recommended for any op amp applications re
quiring excellent ac and de performance at low cost. The 
2 MHz bandwidth and low offset of the AD544 make it the first 
choice as an output amplifier for current output DIA converters, 
such as the AD7541, 12-bit CMOS DAC. 

Devices in this series are available in four grades: the "J," "K,'' 
and "L" grades are specified over the 0°C to +70°C temperature 
range and the "S" grade over the -55°C to+ 125°C operating 
temperature range. All devices are offered in the hermetically 
sealed, T0-99 metal can package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV. 0 

High Performance, 
Bif ET Operational Amplifiers 

AD542/AD544/AD547 I 
CONNECTION DIAGRAM 

TAii 

-V 
NOTE: PIN 4 CONNECTED TO CASE 

PRODUCT HIGHLIGHTS 
1. Improved bipolar and JFET processing results in the lowest 

bias current available in a monolithic FET op amp. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the device 
will meet its published specifications in actual use. 

3. Advanced laser wafer trimming techniques reduce offset volt
age drift to 1 µVl°C max and offset voltage to only 0.25 mV 
max on the AD547L. 

4. Low voltage noise (2 µV p-p) and low offset voltage drift en
hance performance as a precision op amp. 

5. High slew rate (13 Vlµs) and fast settling time to 0.01 % (3 µs) 
make the AD544 ideal for DIA, AID, sample-hold circuits 
and high speed integrators. 

6. Low harmonic distortion (0.0025%) make the AD544 an 
ideal choice in audio applications. 

7. Bare die are available for use in hybrid circuit applications. 
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AD542/AD544/AD54 7-SPEClf ICAJIQNS (Vs =±15 V@TA = +25°C unless othenvise noted) 

AD542 AD544 AD547 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

OPEN-LOOP GAIN1 

Vour = ± 10 V, RL = 2 lill 
J Grade 100 30 100 V/mV 
K, L, S Grades 250 50 250 V/mV 

TA= TMINto TMAX 
}Grade 100 20 100 V/mV 
S Grade 100 20 100 V/mV 
K, LGrades 250 40 250 V/mV 

OUTPUT CHARACTERISTICS 
RL = 2 lill 

TA= TMINto TMAX ±10 ±12 ±10 ±12 ±10 ±12 v 
RL = IO Jill 

TA= TM1Nto TMAX ±12 ±13 ±12 ±13 ±12 ±13 v 
Short Circuit Current 25 25 25 mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0 2.0 1.0 MHz 
Full Power Response 50 200 50 kHz 
Slew Rate, Unity Gain 2.0 3.0 8.0 13.0 2.0 3.0 V/µs 
Total Harmonic Distortion 0.0025 % 

INPUT OFFSET VOLTAGE2 
J Grade 2.0 2.0 1.0 mV 
KGrade 1.0 1.0 0.5 mV 
LGrade 0.5 0.5 0.25 mV 
S Grade 1.0 1.0 0.5 mV 
vs. Temperature3 

J Grade 20 20 5 µV/°C 
KGrade 10 10 2 µv;oc 
LGrade 5 5 1 µV/°C 
S Grade 15 15 5 µV/°C 

vs. Supply, TA = T MIN to T MAX 
J Grade 200 200 200 µVN 
K, L, S Grades 100 100 100 µVN 

INPUT BIAS CURREN'f4 
Either Input 

J Grade 50 50 50 pA 
K, L, S Grades 10 25 10 25 10 25 pA 

Input Offset Current 
J Grade 5 15 5 15 5 15 pA 
K, L, S Grades 2 15 2 15 2 15 pA 

INPUT IMPEDANCE 
Differential 1012116 1012116 1012116 '1llPF 
Common Mode 1012113 1012113 1012113 '1llPF 

INPUT VOLTAGE5 

Differential ±20 ±20 ±20 v 
Common Mode ±10 ±12 ±10 ±12 ±10 ±12 v 
Common-Mode Rejection 

VIN= ±10 v 
J Grade 76 76 76 dB 
K, L, S Grades 80 80 80 dB 
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AD542/AD544/AD547 
AD542 AD544 AD547 

Parameter Min Typ Max Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating ±5 ±18 ±5 ±18 ±S ±18 v 
Quiescent Current 1.1 1.S 1.8 2.5 1.1 1.5 mA 

VOLTAGE NOISE 
0.1 Hz to 10 Hz 

J Grade 2.0 2.0 2.0 µVp-p 
K, L, S Grades 2.0 2.0 4.0 µVp-p 

lOHz 70 35 70 nViVHz 
100 Hz 45 22 4S nV/-./Hz 
I kHz 30 18 30 nViVHz 
lOkHz 2S 16 25 nVi-./Hz 

TEMPERATURE RANGE 
Operating, Rated Performance 

J, K, L Grades 0 to +70 0 to +70 0 to +70 cc 
S Grade -55 to +125 -55to+l2S -55 to + 12S cc 

Storage -65 to +ISO -6S to+ ISO -65 to +ISO cc 

TRANSISTOR COUNT 29 29 29 

NOTES 
10pen-Loop Gain is specified with V 0 8 both nulled and unnulled. 
2Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
3lnput Offset Voltage Drift is specified with the offset voltage unnulled. Nulling will induce an additional 3 µV/'C/mV of nulled offset. 
4Bias Current specifications are guaranteed at either input after 5 minutes of operation at TA= +25°C. For higher temperatures, the current doubles every 10°C. 
5Defined as the maximum safe voltage between inputs, such that neither exceeds ± 10 V from ground. 
Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ORDERING GUIDE 

Initial Offset Settling Time 
Offset Voltage to ±0.012% for Package Package 

Model Voltage Drift a lOVStep Description Option* 

AD542JCHIPS 2.0mV 20 µVice 5 µs Bare Die 
AD542JH 2.0mV 20 µVi°C 5 µs 8-Pin Hermetic Metal Can H-08A 
AD542KH 1.0 mV 10 µVice 5 µs 8-Pin Hermetic Metal Can H-08A 
AD542LH 0.5mV S µV/°C 5 µs 8-Pin Hermetic Metal Can H-08A 
AD542SH 1.0 mV 15 µVicC 5 µs 8-Pin Hermetic Metal Can H-08A 
AD542SH/883B 1.0 mV 15 µVice 5 µs 8-Pin Hermetic Metal Can H-08A 
AD544JH 2.0mV 20 µVicC 3 µs 8-Pin H:ermetic Metal Can H-08A 
AD544KH 1.0 mV 10 µVi°C 3 µs 8-Pin Hermetic Metal Can H-08A 
ADS44LH 0.5mV 5 µVi°C 3 µs 8-Pin Hermetic Metal Can H-08A 
AD544SH 1.0 mV IS µVi°C 3 µs 8-Pin Hermetic Metal Can H-08A 
AD544SH/883B l.OmV 15 µVi°C 3 µs 8-Pin Hermetic Metal Can H-08A 
AD547JH l.OmV S µVice 5 µs 8-Pin Hermetic Metal Can H-OSA 
AD547KH 0.SmV 2 µVice 5 µs 8-Pin Hermetic Metal Can H-08A 
AD547LH 0.2S mV 1 µVi°C 5 µs 8-Pin Hermetic Metal Can H-08A 
AD547SCHIPS 0.5mV 5 µVi°C 5 µs Bare Die 
AD547SH/883B O.SmV S µVice 5 µs 8-Pin Hermetic Metal Can H-08A 

*For outline information see Package Information section. 
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FEATURES 
DC PERFORMANCE 
1 mV max Input Offset Voltage 
Low Offset Drift: 20 µV/°C 
1 pA max Input Bias Current 
Input Bias Current Guaranteed Over Full 

Common-Mode Voltage Range 

AC PERFORMANCE 
3 V/µs Slew Rate 
1 MHz Unity Gain Bandwidth 
Low Input Voltage Noise: 4 µV p-p, 0.1 Hz to 10 Hz 
Available in a Low Cost, 8-Pin Plastic Mini-DIP 
Standard Op Amp Pinout 

APPLICATIONS 
Electrometer Amplifiers 
Photodiode Preamps 
pH Electrode Buffers 
Log Ratio Amplifiers 

PRODUCT DESCRIPTION 
The AD546 is a monolithic electrometer combining the virtues 
of low (I pA) input bias current with the cost effectiveness of a 
plastic mini-DIP package. Both input offset voltage and input 
offset voltage drift are laser trimmed, providing very high per
formance for such a low cost amplifier. 

Input bias currents are reduced significantly by using "topgate" 
JFET technology. The 1015 n common-mode impedance, result
ing from a bootstrapped input stage, insures that input bias 
current is essentially independent of Common-mode voltage 
variations. 

The AD546 is suitable for applications requiring both minimal 
levels of input bias current and low input offset voltage. Appli
cations for the AD546 include use as a buffer amplifier for cur
rent output tiansducers such as photodiodes and pH probes. It 
may also be used as a precision integrator or as a low droop rate 
sample and hold amplifier. The AD546 is pin compatible with 
standard op amps; its plastic mini-DIP package is ideal for use 
with automatic insertion equipment. 

The AD546 is available in two performance grades, all rated 
over the 0 to + 70°C commercial temperature range, and pack
aged in an 8-pin plastic mini-DIP. 

*Covered by Patent No. 4,639,683 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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1 pA Monolithic Electrometer 
Operational Amplifier 

AD546* I 
CONNECTION DIAGRAM 

NULL 

-IN 

+IN 

v-

8-Pin Plastic 
Mini-DIP Package 

TOP VIEW 

NC = NO CONNECT 

PRODUCT HIGHLIGHTS 

NC 

V+ 

OUTPUT 

NULL 

I. The input bias current of the AD546 is specified, 100% 
tested and guaranteed with the device in the fully warmed-up 
condition. 

2. The input offset voltage of the AD546 is laser trimmed to 
less than I mV (ADS46K). 

3. The AD546 is packaged in a standard, low cost, 8-pin 
mini-DIP. 

4. A low quiescent supply current of 700 µA minimizes any 
thermal effeets which might degrade input bias current and 
input offset voltage specifications. 

REV.A 



SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted} AD546 

AD546J AD546K 
Model Conditions Min Typ Max Min Typ Max Units 

INPUT BIAS CURRENT' 
Either Input VcM = 0 V 0.2 1 0.2 0.5 pA 
Either Input VcM=±IOV 0.2 I 0.2 0.5 pA 
Either Input 

@Tmax VcM = 0 V 40 20 pA 
Either Input VcM =±IO V 40 20 pA 
Offset Current VcM = 0 V 0.17 0.09 pA 
Offset Current 

@Tmax VcM = 0 V 13 7 pA 

INPUT OFFSET VOLTAGE2 

Initial Offset 2 1 mV 
Offset @ T max 3 2 mV 
vs. Temp. 20 20 µVl°C 
vs. Supply 100 100 µVN 
vs. Supply Tmin-Tmax 100 JOO µVN 
Long Term Stability 20 20 µV/momh 

INPUT VOLTAGE NOISE 
f = 0.1 Hz to IO Hz 4 4 µVp-p 
f = IO Hz 90 90 nV/VHz 
f = 100 Hz 60 60 nV/VHz 
f= I kHz 35 35 nV/VHz II 
f= IOkHz 35 35 nV/VHz 

INPUT CURRENT NOISE 
f = 0.1 Hz to IO Hz 1.3 1.3 fA rms 
f=IkHz 0.4 0.4 fA/VHz 

INPUT IMPEDANCE 
Differential VmFF = ±IV 1013//I 1013 // I n//pF 
Common Mode VcM = ±IOV IO's/I0.8 I0'5 ll0.8 n/lpF 

OPEN LOOP GAIN V0 = ±10 V 
RLOAo = 10 kn 300 1000 300 1000 V/mV 

Tmin-Tmax V0 = ±IOV 
RLoAo = 10 kn 300 800 300 800 V/mV 
V0 = ±IOV 
RLoAo = 2 kn 100 250 100 250 V/mV 

Tmin-Tmax V0 = ±IOV 
RLoAo = 2 kn 80 200 80 200 V/mV 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 v 
Common-Mode Voltage -10 +10 -10 +10 v 
Common-Mode 

Rejection Ratio VCM = ±IOV 80 90 84 JOO dB 
Tmin to Tmax 76 80 76 80 dB 

OUTPUT CHARACTERISTICS 
Voltage RLOAD =IO kn -12 +12 -12 +12 v 

RLoAo = 2 kn -10 +10 -10 +10 v 
Current Short Circuit 15 20 35 15 20 35 mA 
Load Capacitance 

Stability Gain= +I 4000 4000 pF 
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AD546 
AD546J AD546K 

Model Conditions Min Typ Max Min Typ Max Units 

FREQUENCY RESPONSE 
Gain BW, Small Signal G = -1 0.7 1.0 0.7 1.0 MHz 
Full Power Response V0 = 20Vp-p 50 50 kHz 
Slew Rate, Unity Gain G = -1 2 3 2 3 V/µs 
Settling Time to 0.1% 4.5 4.5 µs 

to 0.01% 5 5 µs 
Overload Recovery 50% Overdrive 

Gain=-1 2 2 µs 

POWER SUPPLY 
Rated Performance ±15 ±15 v 
Operating Range ±5 ±18 ±5 ±18 v 
Quiescent Current 0.60 0.7 0.60 0.7 mA 
Transistor Count # of Transistors 50 50 

PACKAGE 0PTIONS4 

Plastic Mini-DIP (N-8) AD546JN AD546KN 

NOTES 
1Bias current specifications are guaranteed maximum, at either input, after 5 minutes of operation at TA = +25°C. Bias current increases by a factor of 2.3 for 
every IO"C rise in temperature. 

2lnput offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25"C. 
3Defined as max continuous voltage between inputs, such that neither exceeds ± 10 V from ground. 
4For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are. tested on all production units at.final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation . , ................ 500 mW 
Input Voltage2 • • . • • • • • • • • • • • • • • • • • • • • • • • • ± 18 V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range ........... -65°C to + 125°C 
Operating Temperature Range .............. Oto +70°C 
Lead Temperature Range 

(Soldering 60 seconds) ..................... 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 
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ESD PRECAUTIONS 
Charges as high as 4000 V readily accumulate on the human 
body and test equipment and discharge without detection. 
Therefore, reasonable BSD precautions are recommended to 
avoid functional damage or performance degradation. Unused 
devices should be stored in conductive foam or shunts, and the 
foam should be discharged to the destination socket before 
devices are removed. For further information on ESD precau
tions, refer to Analog Devices' ESD Prevention Manual. 
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FEATURES 
Enhanced Replacement for LF441 and TL061 
DC Performance: 

200µA max Quiescent Current 
10pA max Bias Current, Warmed Up (AD548CI 
250µV max Offset Voltage (AD548C) 
2µVl"C max Drift (AD548C) 
2µV p-p Noise, 0.1to10Hz 

AC Performance: 
1.SV/µs Slew Rate 
1MHz Unity Gain Bandwidth 

Available in Plastic, Hermetic Cerdip and Hermetic 
Metal Can Packages and in Chip Form 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

MIL-STD-883B Parts Available 
Dual Version Available: AD648 
Surface Mount (SOIC) Package Available 

PRODUCT DESCRIPTION 
The AD548 is a low power, precision monolithic operational 
amplifier. It offers both low bias current (IOpA max, warmed 
up) and low quiescent current (200µA max) and is fabricated 
with ion-implanted FET and laser wafer trimming technologies. 
Input bias current is guaranteed over the AD548's entire common
mode voltage range. 

The economical J grade has a maximum guaranteed input offset 
voltage of less than 2m V and an input offset voltage drift of less 
than 20µVl"C. The C grade reduces input offset voltage to less 
than 0.25mV and offset voltage drift to less than 2µ V/°C. This 
level of de precision is achieved utilizing Analog's laser wafer 
drift trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Four additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

The AD548 is recommended for any dual supply op amp appli
cation requiring low power and excellent de and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD548's excellent 
combination of low input offset voltage and drift, low bias current 
and low l/f noise reduces output errors. High common-mode 
rejection (86dB, min on the "C" grade) and high open-loop gain 
ensures better than 12-bit linearity in high impedance, buffer 
applications. 

The AD548 is pinned out in a standard op amp configuration 
and is available in six performance grades. The AD548J and 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Precision, Low Power 
BiFET Op Amp 

AD548 I 
CONNECTION DIAGRAMS 

Plastic Mini-DIP (N) Package, 
Cerdip (Q) Package 

and 
SOIC (R) Package 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

TOP VIEW 

OFFSET 
NULL 

Vos TRIM 

TOP VIEW 

T0-99 
(H) Package 

v-
NOTE: PIN 4 CONNECTED TO CASE 

AD548K are rated over the commercial temperature range of 0 
to + 70°C. The AD548A, AD548B and AD548C are rated over 
the industrial temperature range of -40°C to + 85°C. The 
AD548S is rated over the military temperature range of - 55°C 
to + 125°C and is available processed to MIL-STD-883B, 
Rev. C. 

The AD548 is available in an 8-pin plastic mini-DIP, cerdip, 
T0-99 metal can, surface mount (SOIC), or in chip form. 

PRODUCT HIGHLIGHTS 
l. A combination of low supply current, excellent de and ac 

performance and low drift makes the AD548 the ideal op 
amp for high-performance, low-power applications. 

2. The AD548 is pin compatible with industi:y standard op 
amps such as the LF441, TL061, and AD542, enabling 
designers to improve performance while achieving a reduction 
in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2mV max) and drift 
(20µV/°C max) for the AD548J are achieved utilizing Analog 
Devices' laser drift trimming technology, eliminating the 
need for external trimming. 

4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its JJUblished specifica
tions in actual use. 

5. A dual version, the AD648 is also available. 
6. Enhanced replacement for LF441 and TL06l. 
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AD548-SPECIFICATIONS (@ +25"CandYs = ±15Ydc,unlessothenvisenoted) 

Model ADS48J/A/S 
Min Typ Max 

INPUTOFFSETVOLTAGE1 

Initial Offset 0.75 2.0 
TnUntoTmax 3.0/3.0/3.0 
vs. Temp. 20 
vs.Supply 80 

vs. Supply, T min to T max 76176176 
Long-Tenn Offset Stability 15 

INPUT BIAS CURRENT 
Either Input2, V CM= 0 5 20 
Eitherlnput2 atTmau VCM =0 0.45/1.3/20 
Max Input Bias Current Over 

Common-Mode Voltage Range 30 
Offset Current, V CM= 0 5 10 
Offset Current at T mu. 0.25/0.65/10 

INPUT IMPEDANCE 
Differential 1x1012113 
Common Mode 3 x 1012113 

INPUTVOLTAGERANGE 
Differential' ±20 
Common Mode ±11 ±12 
Common-Mode Rejection 

VcM= ±lOV 76 90 
TmintOTmax 76176n6 90 

VcM=±llV 70 84 
TmintOTmax 1onono 84 

INPUTVOLTAGENOISE 
VoltageO.!Hzto lOHz 2 

f= lOHz 80 
f= lOOHz 40 
f= !kHz 30 
f= lOkHz 30 

INPUT CURRENT NOISE 
f= lkHz 1.8 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 0.8 1.0 
Full Power Response 30 
Slew Rate, Unity Gain 1.0 1.8 
SettlingTimeto ±0.01% 8 

OPEN LOOPGAIN 
Vo=± IOV,RL"'IOkfi 300 1000 
T min to T mu1 RL~ lOkfi 300/300/300 700 
Vo= ±IOV,RL"'5kfi 150 500 
TmintoTmauRL2SkO 150/150/150 300 

OUTPUT CHARACTERISTICS 
Voltage@RL"'!Okfi, ±12 ±13 

TmmtoTmax ±12/±12/± 12 
Voltage@RL"'5kfi, ± 11 ±12.3 

TmmtoTmax ±Ill± 11/± 11 
Shon Circuit Current 15 

POWER SUPPLY 
Rated Performance ±15 
Operating Range ±4.5 ±18 
Quiescent Current 170 200 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70"C) AD548J 
Industrial (-40"C to + 85"C) AD548A 
Military ( - 55"C to + 125"C) AD548S 

PACKAGE OPTIONS4 

Plastic (N-8) AD548JN 

Cerdip (Q-8) AD548AQ 

Metal Can (H-08A) AD548AH,AD548SH 
AD548AR,AD548JR SOIC(R-8) 

Tape and Reel AD548AR-REEL, AD548JR-REEL 

ChipsAvailable AD548J CHIPS 
-

NOTES 
1 Input Offset Voltage specifications are guaranteed after S minutes of 
operation at TA= .+ 2S"C. 

2Bias Current specifications are guaranteed maximum at either input after 
S minutes of operation at TA= + 2S°C. For higher temperature, the 
current doubles every lO'C. 
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ADS48K/B ADS48C 
Min Typ Max Min Typ Max 

0.3 0.5 0.10 0.25 
0.710.8 0.4 
5 2.0 

86 86 
80 80 

15 15 

3 10 3 10 
0.25/0.65 0.65 

15 15 
2 5 2 5 

0.15/0.35 0.35 

1x1012113 1x1012113 
3 x 1012113 3 x 1012113 

±20 ±20 
± 11 ±12 ±11 ±12 

82 92 86 98 
82 92 86 98 
76 86 76 90 
76 86 76 90 

2 2 4.0 
80 80 
40 40 
30 30 
30 30 

1.8 1.8 

0.8 1.0 0.8 1.0 
30 30 

1.0 1.8 1.0 1.8 
8 8 

300 1000 300 1000 
300 700 300 700 
150 500 150 500 
150 300 150 300 

±12 ±13 ±12 ±13 
±12 ±12 
±11 ± 12.3 ±II ±12.3 
±11 ±11 

15 15 

±15 ± 15 
±4.5 ±18 ±4.5 ±18 

170 200 170 200 
-;-

AD548K 
AD548B AD548C 

AD548KN 
AD548BQ 
AD548BH AD548CQ 

AD548BR AD548CH 

AD548BR-REEL 

3Defmed as voltage& between ~puts, such that neither exceeds ± IOV 
from ground. 

4For outline information see Package Information section. 

SpecifiCations Subject to change without notice. 

Units 

mV 
mV 
µVl°C 
dB 
dB 
µV/month 

pA 
nA 

pA 
pA 
nA 

OllPF 
OllPF 

v 
v 

dB 
dB 
dB 
dB 

µV~ 
nV/ Hz 
nV/vHZ 
nV/vHZ 
nV/vHZ 

fA/vHZ 

MHz 
kHz 
V/µs 
µs 

V/mV 
V/mV 
V/mV 
V/mV 

v 

v 

mA 

v 
v 
µA 
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ABSOLUTEMAXIMUMRATINGS1 

Supply Voltage ..••...• 
Internal Power Dissipation2 • • 

METALIZATION PHOTOGRAPH 
. ±18V 
500mW 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

Input Voltage3 ••••••••• 

Output Shon Circuit Duration 
Differential Input Voltage • . • 
Storage Temperature Range (Q, H) 

(N, R) 
Operating Temperature Range 

. ±18V 
Indefinite 

+Vs and -Vs 
- 65°C to + 150°C 
- 65°C to + 125°C 

AD548J/K . . . . 0 to + 70"C 
AD548A/B/C . . . . . . . . -40"C to + 85°C 
AD548S . . . . . . . . . . . - 55°C to + 125°C 

Lead Temperature Range (Soldering 60sec) • . . . . • . 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections pf this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

2Thermal Characteristics 
8-Pln SOICPackage: 81A = UiO"CIW,81c=42°C/W 
8-PlnPJasticPackage: 9JA =90'C/W 
8-PlnCerdipPackage:&1c=22°CIW,91A= llO°CIW 
8-PlnMetalCanPackage: 81c=6S°CIW,81A = lSO°C/W 

3For supply voltages less than ± 18V, the absolute maximum input voltage is 
equal to the supply voltage. 

INVERTING 2 
INPUT 

NONINVERTING 3 
INPUT 

0.067 
11.7021 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur
on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 

0.072 
(1.8291 

O~ETNULL 

4 
v-

AD548 

1 v+ 

6 OUTPUT 

5 OFFSET 
NULL 
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FEATURES 
Ultralow Bias Current: 60 fA max (AD549L) 

250 fA max (AD549J) 
Input Bias Current Guaranteed Over Common-Mode 

Voltage Range . 
Low Offset Voltage: 0.25 inV max (AD549K) 

1.00 mV mllx (AD549J) 
Low Offset Drift: 5 ,,_vrc max (ADS49K) 

20 ,,_v/"C max (AD549J) 
Low Power: 700 ,,.A max Supply Current 
Low Input Voltage Noise: 4 Ji.V p-p 0.1 to 10 Hz 
MIL-STD-883B Parts Available 

APPLICATIONS 
Electrometer Amplifiers 
Photodiode Preamp 
pH Electrode Buffer 
Vacuum Ion Gage Measurement 

PRODUCT DESCRIPTION 
The AD549 is a monolithic electrometer operational amplifier 
with very low input bias current. Input offset voltage and input 
offset voltage drift are laser trimmed for precision performance. 
The AD549's ultralow input current is achieved with "Topgate" 
JFET technology, a process development exclusive to Analog 
Devices. This technology allows the fabrication of extremely low 
input current JFETs compatible with a standard junction
isolated bipolar process. The 1015 !l common-mode impedance, 
a result of the bootstrapped input stage, insures that the input 
current is essentially independent of common-mode voltage. 

The AD549 is suited for applications requiring very low input 
current and low input offset voltage. It excels as a preamp for a 
wide variety of current output transducers such as photodiodes, 
photomultiplier tubes, or oxygen sensors. The AD549 can also 
be used as a precision integrator or low droop sample and hold. 
The AD549 is pin compatible with standard FET and electrom
eter op amps, allowing designers to upgrade the performance of 
present systems at little additional cost. 

The AD549 is available in a T0-99 hermetic package. The case 
is connected to Pin 8 so that the metal case can be independently 
connected to a point at the same potential as the input termi
nals, minimizing stray leakage to the case. 

The AD549 is available in four performance grades. The J, K, 
and L versions are rated over the commercial temperature range 

*Protected by Patent No. 4,639,683. 

Tills ' an abridged cll!ta sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Ultralow Input Bias Current 
Operational Amplifier 

AD549* I 
CONNECTION DIAGRAM 

GUARD PIN, CONNECTED TO CASE 

v-

~ 
L-©-15V 

Vos TRIM 

0 to + 70°C. The S grade is specified over the military tempera
ture range of -55°C to + 125°C and is available processed to 
MIL-STD-883B, Rev C. Extended reliability PLUS screening is 
also available. PLUS screening includes 168-hour burn-in, as 
well as other environmental and physical tests derived from 
MIL-STD-883B, Rev C. 

PRODUCT HIGHLIGHTS 
l. The AD549's input currents are specified, 100% tested and 

guaranteed after the device is warmed up. Input current is 
guaranteed over the entire common-mode input voltage 
range. 

2. The ADS49's input offset voltage and drift are laser trimmed 
to 0.25 mV and 5 µVl°C (ADS49K), l mV and 20 µVl°C 
(ADS49J). 

3. A maximum quiescent supply current of 700 µA minimizes 
heating effects on input current and offset voltage. 

4. AC specifications include l MHz unity gain bandwidth and 
3 V/µs slew rate. Settling time for a 10 V input step is 5 µs 
to 0.01 %. 

5. The ADS49 is an improved replacement for the AD515, 
OPA104, and 3528. 
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SPECIFICATIONS (@ +25°C and V5 = +15 V de, unless otherwise noted) AD549 
Model AD549J ADS49K ADS49L AD549S 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

INPUT BIAS CURRENT' 
Either Input, V CM = 0 V 150 250 75 100 40 60 75 100 fA 
Either Input, V CM = ± 10 V 150 250 75 100 40 60 75 100 fA 
Either Input at T max• 

VcM = 0 V II 4.2 2.8 420 pA 
Offset Current 50 30 20 30 fA 
Offset Current at T max 2.2 1.3 0.85 125 pA 

INPUT OFFSET VOLTAGE2 

Initial Offset 0.5 1.0 0.15 0.25 0.3 0.5 0.3 0.5 mV 
Offset at T max 1.9 0.4 0.9 2.0 mV 
vs. Temperature 10 20 2 5 5 10 10 15 µ.Vl°C 
vs. Supply 32 100 10 32 10 32 10 32 µ.VN 
vs. Supply, T """ to T max 32 100 10 32 10 32 32 so µ.VN 
Long-Term Offset Stability 15 15 15 15 µ.V/Month 

INPUT VOLTAGE NOISE 
f= 0.1 Hz to IOHz 4 4 6 4 4 µ.V p-_p_ 
f= IOHz 90 90 90 90 nVf\/Hz 
f= JOO Hz 60 60 60 60 nV/VHz 
f=lkHz 35 35 35 35 nV/VHz 
f = 10 kHz 35 35 35 35 nV/VHz 

INPUT CURRENT NOISE 
f=O.IHztolOHz 0.7 0.5 0.36 0.5 fArms 
f= I kHz 0.22 0.16 0.11 0.16 fA/VHz -INPUT IMPEDANCE 
Differential 

VDIFF = ±1 1013111 1013111 1013111 1013111 OllpF 
Common Mode 

VcM = ±10 1015110.8 1015110.8 1015110.8 1015110.8 OllpF 

OPEN-LOOP GAIN 
Vo@±IOV,RL= !Ok 300 1000 300 1000 300 1000 300 1000 V/mV 
Vo@±IOV,RL= !Ok, 

Tmin to Tmax 300 800 300 800 300 800 300 800 V/mV 
Vo=±IOV,RL=2k 100 250 100 250 100 250 100 250 V/mV 
Vo=±IOV,RL=2k, 

Tmin to Tmax 80 200 80 200 80 200 25 150 V/mV 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 ±20 ±20 v 
Common-Mode Voltage -10. +10 -10 +10 -10 +10 -10 +10 v 
Common-Mode Rejection Ratio 

V=+IOV,-IOV 80 90 90 100 90 100 90 100 dB 
Tmin to Tmax 76 80 80 90 80 90 80 90 dB 

OUTPUT CHARACTERISTICS 
Voltage (<I, RL = 10 k, 

Tmin to Tmax -12 +12 -12 +12 -12 +12 -12 +12 v 
Voltage (<I, RL = 2 ~. 

Tmin to Tma:ii: . -10 +10 -10 +10 -10 +10 -10 +10 v 
Short Circuit Current 15 20 35 15 20 35 15 20 35 15 20 35 mA 

Tmin to Tmax 9 9 9 6 mA 
Load Capacitance Stability 

G =+I 4000 4000 4000 4000 pF 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 0.7 1.0 0.7 1.0 0.7 1.0 0.7 1.0 MHz 
Full Power Response 50 so 50 so kHz 
Slew Rate 2 3 2 3 2 3 2 3 V/µ.s 
Settling Time, 0.1% 4.5 4.5 4.S 4.5 µ.s 

0.01% 5 s s 5 µ.s 
Overload Recovery, 

SO% Overdrive, G = - I 2 2 2 2 µ.s 
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AD549 
Model AD549J AD549K AD549L AD549S 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 ±15 v 
Operating ±5 ±18 ±5 ±18 ±5 ±18 ±5 ±18 v 
Quiescent Current 0.60 0.70 0.60 0.70 0.60 0.70 0.60 0.70 mA 

TEMPERATURE RANGE 
Operating, Rated Performance 0 +70 0 +70 0 +70 -55 +125 'C 
Storage -65 +150 -65 +150 -65 +150 -65 +150 'C 

PACKAGE OPTION4 

T0-99 (H-08A) AD549JH AD549KH AD549LH AD549SH, AD549SH/883B 
Chips AD549JChips 

NOTES 
1Bias current specifications are guaranteed after 5 minutes of operation at TA= +25°C. Bias current increases by a factor of 2.3 for every l0°C rise in 
temperature. 

21nput offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C. 
3Defined as max continuous voltage between the inputs such that neither input exceeds ± 10 V from ground. 
4For outline information see Package Information section. 

Specifications subject to change without notice. 
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are 
used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Internal Power Dissipation .................. 500 mW 
Input Voltage ........................... ± 18 V2 

Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (H) ......... -65°C to + lSO'C 
Operating Temperature Range 

AD549J, K, L ....................... 0 to +70'C 
AD549S ....................... -55'C to + 125'C 

Lead Temperature Range (Soldering 60 sec) ....... + 300'C 

INVERTING 2 
INPUT 

NONINVERTING 3 
INPUT 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

0.075 
(1.905) 

CAUTION:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 
the human body and test equipment and discharge without detection. Therefore, reasonable ESD 
precautions are recommended to avoid functional damage or performance degradation. Unused 
devices should be stored in conductive foam or shunts, and the foam should be discharged to the 
destination socket before devices are removed. For further information on ESD precautions, refer 
to Analog Devices' ESD Prevention Manual. 
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FEATURES 
Matched Offset Voltage 
Matched Offset Voltage over Temperature 
Matched Bias Current 
Crosstalk: -124 dB @ 1 kHz · 
Low Bias Current: 35 pA max (Warmed Up) 
Low Offset Voltage: 250 µV max IAD647L) 
Low Input Voltage Noise: 2.0 µV p-p 
High Slew Rate: 13 V/µs (AD644l 
Low Quiescent Current 
Low Total Harmonic Distortion (0.0015%-AD644) 
Standard Dual Amplifier Pin-out 
MIL-STD-883B Versions Available 
Single Versions Offered: AD542, AD544, AD547 

PRODUCT DESCWPTION 
The AD642/AD644/AD647 series of precision, monolithic 
FET-input op amps are pairs of matched, high speed, BiFET op 
amps fabricated with the most advanced BiFET and laser trim
ming technologies. The AD642, AD644, AD647 series offers 
matched bias currents significantly lower than currently avail
able dual, BiFET devices, 35 pA max., warined up. In addition, 
the offset voltage is laser trimmed to less than 0.25 mV on the 
AD647L, using Analog Devices' laser wafer trimming (LWT) 
process. 

This product series achieves tight matching and temperature 
tracking between the amplifiers by using the most advanced ion
implantation and laser wafer drift trimming technologies. Ion
implantation permits the fabrication of precision, matched 
JFETs on a monolithic bipolar chip. This process optimizes the 
ability to produce matched amplifiers which have lower initial 
bias currents than other popular BiFET amplifiers. Laser wafer 
trimming each amplifier's input offset voltage ensures tight ini
tial match, and combined with superior wafer processing guar
antees offset tracking over the temperature range. 

The AD642, AD644 and AD647 are recommended for applica
tions requiring excellent ac and de performance. The matched 
amplifiers provide a low cost solution for true instrumentation 
amplifiers, low drift active filters, log ratio amplifiers, and out
put amplifiers for four quadrant multiplying D/A converters, 
such as the AD7541, 12-bit CMOS DAC. 

Devices in this series are available in four grades: the "J," "K," 
. and "L" grades are specified over the 0°C to +70°C temperature 

range and the "S" grade over the -55°C to+ 125°C operating 
temperature range. All devices are offered in the hermetically 
sealed, T0-99 metal can package. In addition, the AD647 is 
also offered in a 20-pin, hermetic, surface mount LCC package. 

This ls.an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Dual, Low Cost, Precision 
BiFET Operational Amplifiers 

AD642/AD644/AD647 I 
CONNECTION DIAGRAMS 

+V 

NOTE: -V 
PIN 4 CONNECTED TO CASE 

~ 
~ 6 ~ == ~ 
3 2 1 20 19 

INVE~~~: rn: :: ~~PUT 
NC 6 + 16 NC 

NONINVE~iJ:,~~ 7 16 :~~~RTING 
NC 8 14 NC 

9 10 11 12 13 

f;l >, f;l ~!:; f;l 
~~ 

NC = NO CONNECT ZI 
PRODUCT HIGHLIGHTS 
l. Tight matching specifications ensure high performance and 

eliminate the need to match individual devices. 

2. Analog Devices, unlike some manufacturers, specifies each 
device for the maximum bias current at either input in the 
warmed-up condition, thus assuring the user that the device 
will meet its published specifications in actual use. 

3. Advanced laser wafer trimming techniques reduce offset 
voltage to only 0.25 mV max and matched side to side to 
0.25 mV (AD647L), thus eliminating the need for external 
nulling. 

4. Low voltage noise (2 µV p-p) and high open-loop gain 
enhance performance as a precision op amp. 

5. High slew rate (13 V/µs) and fast settling time to 0,01 % 
(3.0 µs) make the AD644 ideal for DIA, AID, sample-hold 
circuits and high speed integrators . 

6. Low harmonic distortion (0.0015%) and low crosstalk 
(-124 dB) make the AD644 an ideal choice in stereo audio 
applications 

7. Bare die are available for use in hybrid circuit applications. 
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AD642/AD644/AD64 7-SPEClf ICAJIQNS (Vs= ±15 V@TA = +25°C unless otherwise noted) 

AD642 AD644 AD647 
Parameter Min 1."YP Max Min Typ Max Min Typ Max Units 

OPEN-LOOP GAIN 
VoUT=±lOV,RL=2kn 

]Grade 100 30 100 V/mV 
K, L, S Grades 250 so 250 V/mV 

TA= TMmto TMAX> RL = 2 kn 
]Grade 100 20 100 V/mV 
K, LGrades 250 40 250 V/mV 
S Grade 100 20 100 V/mV 

OUTPUT CHARACTERISTICS 
RL= 2 kn 

TA= TM1Nto TMAX ±10 ±12 ±10 ±12 ±10 ±12 v 
RL=lOlill 

TA= TM1Nto TMAX ±12 ±13 ±12 ±13 ±12 ±13 v 
Short Circuit Current 25 25 25 mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1.0 2.0 1.0 MHz 
Full Power Response 50 200 50 kHz 
Slew Rate, Unity Gain 2;0 3.0 8.0 13.0 2.0 3.0 V/µs 
Total Harmonic Distortion 0.0015 % 

INPUT OFFSET VOLTAGE' 
Initial Offset 

J Grade 2.0 2.0 1.0 mV 
KGrade 1.0 1.0 o.s mV 
LGrade 0.5 0.5 0.25 mV 
S Grade 1.0 1.0 o.s mV 

Input Offset Voltage, TMrnto TMAX 
JGrade 3.5 3.5 1.S mV 
KGrade 2.0 2.0 1.0 mV 
LGrade 1.0 1.0 o.s mV 
S Grade 3.S 3.5 1.5 mV 

vs. Supply, TA= TMmto TMAX 
]Grade 200 200 200 µVN 
K, L, S Grades 100 100 100 µVN 

INPUT BIAS CURRENT2 
Either Input 

J Grade 10 75 10 75 10 75 pA 
K, L, S Grades 10 35 10 ~s 10 35 pA 

Input Offset Current 
J Grade 5 10 5 pA 
K, L, S Grades 2 5 2 pA 

MATCHING CHARACTERISTICS3 

Input Offset Voltage 
J Grade 1.0 1.0 1.0 mV 
KGrade 0.5 0.5 0.5 mV 
L Grade 0.25 0.25 0.25 mV 
S Grade 0.5 0.5 0.5 mV 

Input Offset Voltage, T MIN to T MAX 
J Grade 3.5 3.5 1.S mV 
KGrade 2.0 2.0 1.0 mV 
LGrade 1.0 1.0 0.5 mV 
S Grade 3.5 3.5 1.S mV 

Input Bias Current 
J, S Grades 35 35 35 pA 
K, LGrades 25 25 25 pA 

Crosstalk -124 -124 -124 dB 
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AD642/AD644/AD647 
AD642 AD644 AD647 

Parameter Min Typ Max Min Typ Max Min Typ Max: Units 

INPUT IMPEDANCE 
Differential 1012116 1012Jl6 1012116 '1llpF 
Common Mode 1012116 1012113 1012116 nJlpF 

INPUT VOLTAGE RANGE 
Differential4 ±20 ±20 ±20 v 
Common Mode ±10 ±12 ±10 ±12 ±10 ±12 v 
Common Mode Rejection 

J Grade 76 76 76 dB 
K, L, S Grades 80 80 80 dB 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating ±5 ±18 ±5 ±18 ±5 ±18 v 
Quiescent Current 2.8 3.5 4.5 2.8 mA 

VOLTAGE NOISE 
0.1 Hz to 10 Hz 

J Grade 2.0 2.0 2.0 µVp-p 
K, L, S Grades 2.0 2.0 4.0 µVp-p 

IOHz 70 35 70 nV/.../Hz 
IOOHz 45 22 45 nV/../Hz 
I kHz 30 18 30 nV/.../Hz 
IO kHz 25 16 25 nV/.../Hz 

TEMPERATURE RANGE 
Operating, Rated Performance 

J, K, L Grades 0 to +70 0 to +70 0 to +70 oc 
S Grade -55 to +125 -55 to +125 -55 to +125 oc 

Storage -65 to +150 -65 to +150 -65 to +150 oc 
NOTES 
11nput Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
2Bias Current specifications are guaranteed at either input after 5 minutes of operation at TA= +25°C. For higher temperatures, the current doubles every 10°C. , 
'Matching is defined as the difference between parameters of the two amplifiers. 
4Defmed as the maximum safe voltage between inputs, such that neither exceeds ± 10 V from ground. 
Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and ma~ specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ORDERING GUIDE 

Model Package Description Package Qi>_tion* Model Package Description Package Option* 

AD642JCHIPS Bare Die AD647JCHIPS Bare Die 
AD642JH 8-Pin Hermetic Metal Can H-08A AD647JH 8-Pin Hermetic Metal Can H-08A 
AD642KH 8-Pin Hermetic Metal Can H-08A AD647KH 8-Pin Hermetic Metal Can H-08A 
AD642LH 8-Pin Hermetic Metal Can H-08A AD647LH 8-Pin Hermetic Metal Can H-08A 
AD642SH 8-Pin Hermetic Metal Can H-08A AD647SE 20-Pin Hermetic LCC E-20A 
AD642SH/883B 8-Pin Hermetic Metal Can H-08A AD647SE/883B 20-Pin Hermetic LCC E-20A 

AD644JH 8-Pin Hermetic Metal Can H-08A AD647SH 8-Pin Hermetic Metal Can H-08A 

AD644KH 8-Pin Hermetic Metal Can H-08A AD647SH/883B 8-Pin Hermetic Metal Can H-08A 

AD644LH 8-Pin Hermetic Metal Can H-08A *For outline information see Package Information section. 
AD644SCHIPS Bare Die 
AD644SH 8-Pin Hermetic Metal Can H-08A 
AD644SH/883B 8-Pin Hermetic Metal Can H-08A 
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NANALOG 
WDEVICES 

FEATURES 
Improved Replacement for Burr-Brown 
OPA-111 and OPA-121 Op Amp 

LOW NOISE 
2 tJ.V p-p max, 0.1 Hz to 10 Hz 
10 nVtv'Hz max at 10 kHz :\) 
11 fA p-p Current Noise 0.1 Hz to 10 Hz S<i) 
HIGH DC ACCURACY "-'~CJ .G"' 
250 tJ.V max Offset Voltage ,..,~~~~'-
11J.V/°C max Drift .... ~r V 
1.5 pA max Input Bias Current 
114 dB Open-Loop Gain 
Available in Plastic Mini-DIP, 8-Pin Header Packages, or 

Chip Form 

APPLICATIONS 
Low Noise Photodiode Preamps 
CT Scanners 
Precision 1-V Converters 

PRODUCT DESCRIPTION 
The AD645 is a low noise, precision PET input op amp. It 
offers the pico amp level input currents of a PET input device 
coupled with offset drift and input voltage noise comparable to a 
high performance bipolar input amplifier. 

The AD64 5 has been improved to offer the lowest offset drift in 
a PET op amp, 1 µVfC, Offset voltage drift is measured and 
trimmed at wafer level for the lowest cost possible. An inher
ently low noise architecture and advanced manufacturing tech
niques result in a device with a guaranteed low input voltage 
noise of 2 µ V p-p, 0.1 Hz to 10 Hz. This level of de perfor
mance along with low input currents make the AD645 an excel
lent choice for high impedance applications where stability is of 
prime concern. 
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Figure 1. AD645 Voltage Noise Spectral Density 
vs. Frequency 

This is an abridged data sbeet. To obtain the most recent version or 
complete data sheet, call oor fax retrieval syst!'lll at 1-800-446-6212. 
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Low Noise, Low Drift 
FET Op Amp 

AD645 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP 
(N) Package 

NC = NO CONNECT 

T0-99 (H) Package 

CASE 

-v 
NOTE: CASE IS CONNECTED 
TOPINB 

The AD645 is available in six performance grades. The AD645J 
and AD645K are rated over the commercial temperature range 
of 0°C to + 70°C. The AD645A, AD645B, and the ultraprecision 
AD645C are rated over the industrial temperature range of 
-40°C to 85°C. The AD645S is rated over the military tempera
ture range of -55°C to 125°C and is available processed to 
MIL-STD-883B. 

The AD645 is available in an 8-pin plastic mini-DIP, 8-pin 
header, or in die form. 

PRODUCT HIGHLIGHTS 
I. Guaranteed and tested low frequency noise of 2 µ V p-p max 

and 20 nV/y'Hz at 100 Hz makes the AD645C ideal for low 
noise applications where a PET input op amp is needed. 

2. Low Vos drift of 1 µVfC max makes the AD645C an excel
lent choice for applications requiring ultimate stability. 

3. Low input bias current and current noise (11 fA p-p 0.1 Hz 
to 10 Hz) allow the AD645 to be used as a high precision 
preamp for current output sensors such as photodiodes, or as 
a buffer for high source impedance voltage output sensors. 

-2.5 -2.o -1.s -1.0 -o.·s o.o o.s 1.0 1.s 2.0 2.s 

INPUT OFFSET VOLTAGE DRIFT-µV/°C 

Figure 2. Typical Distribution of Average Input Offset 
Voltage Drift (196 Units) 
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted) AD645 
Model AD645J/A AD64SK/B AD645C AD645S 

Conditions Min Typ Max Min Typ Max Min Typ Mu: Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 100 500 50 250 50 250 100 500 µ.V 
Offset TMnrTMAX 300 1000 100 400 75 300 500 1500 µ.V 
Drift (Average) 3 10/5 1 512 0.5 1 4 10 µ.Vl°C 
vs. Supply (PSRR) 90 llO 94 llO 94 llO 90 llO dB 
vs. Supply TM11rTMAX 100 90 100 90 100 86 95 dB 

INPUT BIAS CURRENT2 

Either Input VCM = 0 v 0.7/l.8 3/5 0.7/l.8 1.5/3 1.8 3 l.8 5 pA 
Either Input 

@TMAx VCM = 0 v 16/115 16/ll5 ll5 1800 pA 
Either Input VCM = +lOV 0.8/l.9 0.8/l.9 1.9 1.9 pA 
Offset Current VcM = 0 V 0.1 1.0 0.1 0.5 0.1 0.5 0.1 1.0 pA 
Offset Current 

@TMAx VcM = 0 V 2/6 2/6 6 100 pA 

INPUT VOLTAGE NOISE 0.1to10 Hz 1.0 3.0 1.0 2.5 l 2 1.0 3.3 µ.V p-p 
f= lOHz 20 50 20 40 20 40 20 50 nV/y'Hz 
f = 100 Hz 10 30 10 20 10 20 10 30 nV/v'Hz 
f=lkHz 9 15 9 12 9 u 9 15 nV/v'Hz 
f=lOkHz 8 10 8 10 8 10 8 10 nV/y'Hz 

INPUT CURRENT NOISE f = 0.1 to 10 Hz ll 20 ll 15 ll 15 ll 20 fAp-p 
f = 0.1 thru 20 kHz 0.6 l.l 0.6 0.8 0.6 0.8 0.6 l.l fAfv'Hz 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 2 2 2 2 MHz 
Full Power Response V0 = 20Vp-p 

RLOAD = 2k0 16 32 16 32 16 32 16 32 kHz 
Slew Rate, Unity Gain VouT = 20 V p-p 

RLOAD = 2 kO l 2 l 2 l 2 l 2 V/µ.s 

SETTLING TIME3 

To0.1% 6 6 6 6 µ.s 
To0.01% 8 8 8 8 µ.s 
Overload Recovery" 50% Overdrive 5 5 5 5 µ.s 
Total Harmonic f=;lkHz' 

Distortion RLOAD"' 2k0 
V0 =3Vnns 0.0006 0.0006 0.0006 0.0006 % 

INPUT IMPEDANCE 
Differential VDIFF = .. ±1 v 1012111 1012111 1012111 10•2111 OllpF 
Common-Mode 1014112.2 101•112.2 10••112.2 1014112.2 OllpF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 ±20 v 
Common-Mode Voltage ±10 + ll,-10.4 ±10 + ll,-10.4 ±10 +ll,-10.4 ±10 + ll,-10.4 v 
Over Max Oper. Range ±10 ±10 ±10 ±10 v 
Commo11-Mode 

Rejection Ratio VCM = ±lOV 90 llO 94 llO 94 llO 90 llO dB 
TM...--TMAX 100 90 100 90 100 86 100 dB 

OPEN-LOOP GAIN V0 = ±lOV 
RLOAD"' 2k0 114 130 120 130 120 130 ll4 130 dB 
TMI,,.-TMAX ll4 ll4 110 dB 

OUTPUT .CHARACTERISTICS 
Voltage RLOAD"' 2 kO ±10 ±ll ±10 ±ll ±10 ±ll ±10 ±11 v 

T MIN"'" T MAX ±10 ±10 ±10 ±10 v 
Current VoUT = ±lOV ±5 ±10 ±5 ±10 ±5 ±10 ±5 ±10 mA 

Short Circuit ±15 ±15 ±15 ±15 mA 

POWER SUPPLY 
Rated Perfoi:mance ±15 ±15 ±15 ±15 v 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 ±5 ±18 v 
Quiescent Current 

.:l 
3.0 3.5 3.0 3.5 3.0 3.5 3.0 3.5 mA 

Transistor Count # of Transistors 62 62 62 62 

NOTES . · · 
1Input offset voltage ~lions are guaranteed after 5 minutes of operation at TA= +25°C. 
2Bias curtent specilic:ations .are paranteed maximum at either input ·after 5 minutes of operation at TA = + 25"C. For higher temperature, the current doubles evel-y JO"C. 
'Gain = -1, RLOAD = 2 kfi. 
4Defined as the time required for the amplifier's output to return to normal operation after remoilal of a 50% overload from the amplifier input. 
'Defined as the maximum continuous voltage between the inputs such that neither input exceed• ± 10 V from ground. 
All min and max specifications are guaranteed. 
Specilic:ations subject to change without notice. 
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AD645 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 (@TA = +25"C) 

8-Pin Header Package .................... 500 mW 
8-Pin Mini-DIP Package .................. 750 mW 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration . . . . . . . . . . . . . . . Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (H) ......... -65"C to + 150°C 
Storage Temperature Range (N) ......... -65"C to + 125"C 
Operating Temperature Range 

AD645J/K ........................ o•c to +1o·c 
AD645A/B/C .................... -4o"C to +85°C 

AD645S .............. ·.. . .. . .. -55"C to + 125"C 
Lead Temperature Range 

(Soldering 60 seconds) . . . . . . . . . . . . . . . . . . . . . 300"C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at ~cse or any other conditions above those indicated 
in the operational section of this specification is not implied, Exposure to 
absolute maximum rating conditions for extended perioda may affect device 
reliability. 

2Thermal Characteristics: 
8-Pin Plastic Mini-DIP Package: e1A = IOO'C/Watt 
8-Pin Header Package: eJA = 200'C/Watt 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on 
the human body and test equipment and discharge without detection. Therefore, reasonable 
ESD precautions are recommended to avoid functional damage or performance degradation. 
Unused devices should be stored in conductive foam or shunts, and the foam should be dis
charged to the destination socket before devices are removed. For further information on ESD 
precautions, refer to Analog Devices' BSD Prevention Manual. 

WARNING! cJ 
~~LDEVICE 

ORDERING GUIDE 

Temperature 
Model1 Range 

AD645JN o•c to + 70"C 
AD645KN o•c to + 70"C 
AD645AH -40°C to +85°C 
AD64S:6H -40°C to +85°c 
AD645CH -40°C to +85"C 
AD645SH/883B -5s0c to + 125°c 

NOTES 
'Chips are also available. 

Package 
Option2 

N-8 
N-8 
H-08A 
H-08A 
H-08A 
H-08A 

METALIZATION PHOTOGRAPH 
Dimensions Shown in incbes and (mm). 
Contact factory for latest dimensions. 

·1·-v-1+~---0.098 12.491-----··1 

2N = Plastic mini-DIP; H = Metal Can. For outline information 
see Packase Information section. 
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Figure 3. AD645 Offset Null Configuration 
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Figure 4. Typical Distribution of Input 
Offset Voltage {1855 Units) 
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~ANALOG 
WDEVICES 

FEATURES 
DC Performance 

400 µA max Quiescent Current 
10 pA max Bias Current, Warmed Up (AD648C) 
300 µV max Offset Voltage (AD648C) 
3 µV/°C max Drift (AD648C) 
2 µV p-p Noise, 0.1 Hz to 10 Hz 

AC Performance 
1.8 V/µs Slew Rate 
1 MHz Unity Gain Bandwidth 

Available in Plastic Mini-DIP, Cerdip, Plastic. SOIC 
and Hermetic Metal Can Packages 

MIL-STD-883B Parts Available 
Surface Mount (SOIC) Package Available in Tape 

and Reel in Accordance with EIA-481A Standard 
Single Version: AD548 

PRODUCT DESCRIPTION 
The AD648 is a matched pair of low power, precision mono
lithic operational amplifiers. It offers both low bias current 
(10 pA max, warmed up) and low quiescent current (400 µA 
max) and is fabricated with ion-implanted FET and laser wafer 
trimming technologies. Input bias current is guaranteed over the 
AD648's entire common-mode voltage range. 

The economical J grade has a maximum guaranteed offset volt
age of less than 2 m V and an offset voltage drift of less than 
20 µ V/°C. The C grade reduces offset voltage to less than 
0.30 mV and offset voltage drift to less than 3 µ Vl°C. This level 
of de precision is achieved utilizing Analog's laser wafer drift 
trimming process. The combination of low quiescent current 
and low offset voltage drift minimizes changes in input offset 
voltage due to self-heating effects. Five additional grades are 
offered over the commercial, industrial and military temperature 
ranges. 

The AD648 is recommended for any dual supply op amp appli
cation requiring low power and excellent de and ac performance. 
In applications such as battery-powered, precision instrument 
front ends and CMOS DAC buffers, the AD648's excellent com
bination of low input offset voltage and drift, low bias current 
and low l/f noise reduces output errors. High common-mode 
rejection (86 dB, min on the "C" grade) and high open-loop 
gain ensures better than 12-bit linearity in high impedance, 
buffer applications. 

The AD648 is pinned out in a standard dual op amp configura
tion and is available in seven performance grades. The AD648J 
and AD648K are rated over the commercial temperature range 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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Dual Precision, 
Low Power BiFET Op Amp 

AD648 I 
CONNECTION DIAGRAMS 

T0-99 (H) Package 

+v. 

-v. 
PIN 4 IS IN ELECTRICAL 

CONTACT WITH THE CASE 

TOPV1EW 

Plastic Mini-DIP (N) Package, 
Plastic SOIC (R) Package 

and 
Cerdip (Q) Package 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

TOP VIEW 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

of 0 to + 70°C. The AD648A, AD648B and AD648C are rated 
over the industrial temperature range of -40°C to + 85°C. The 
AD648S and AD648T are rated over the military temperature 
range of -55°C to + 125°C and are available processed to MIL
STD-883B, Rev. C. 

The AD648 is available in an 8-pin plastic mini-DIP, cerdip, 
SOIC, T0-99 metal can, or in chip form. 

PRODUCT HIGHLIGHTS 
1. A combination of low supply current, excellent de and ac 

performance and low drift makes the AD648 the ideal op 
amp for high performance, low power applications. 

2. The AD648 is pin compatible with industry standard dual op 
amps such as the LF442, TL062, and AD642, enabling 
designers to improve performance while achieving a reduc
tion in power dissipation of up to 85%. 

3. Guaranteed low input offset voltage (2 mV max) and drift 
(20 µV/°C max) for the AD648J are achieved utilizing Analog 
Devices' laser drift trimming technology. 

4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its published speci
fications in actual use. 

5. Matching characteristics are excellent for all grades. The 
input offset voltage matching between amplifiers in the 
AD648J is within 2 mV, for the C grade matching is within 
0.4 mV. 

6. Crosstalk between amplifiers is less than - 120 dB at l kHz. 

7. The AD648 is available in chip form. 
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AD648-SPECIFICATIONS (@ +25°C and V5 = ±15 V de, unless otherwise potedl 

Model AD648J/A/S AD648K/B!I' AD648C ' Min • Typ Max Min Typ Max •Min Typ Max' Units 

INPUT OFFSET VOLTAGE' ''i· 

Initial Offset o.75 2.0 0.3 1.0 0.10 0.3 mV 
Tmin to Tmax 3.0/3.0/3.0 1.5/1.5/2.0 0.5 mV 
vs.Temp. 20 10 3.0 µ,V/'C 
vs. Supply 80 86 86 dB 

VS. Supply, Tmin to Tmax 76176176. 80 . 80 dB 
Long-Tenn Offset Stability 15 15 15 µ,V/month 

INPUT BIAS CURRENT 
Either Input,2 V CM = 0 5 20 3 10 3 10 pA 
Either Inpur' at T _, V CM = 0 0.45/1.3/20 0.25/0.65/10 0.65 nA 
Max Inp11t Bias Current Over 

Common-Mode Voltage Range 30 15 15 pA 
Offset Current, V CM = 0 5 10 2 5 2 5 pA 
Offset Current at T ~· 0.25/0.7/10 0.15/0.35/5 0.35 nA 

MATCHING CHARACTERISTICS' 
Input Offset Voltage 1.0 2.0 0.5 1.0 0.2 0.4 mV 
Input Offset Voltage T min to T mu 3.0/3.0/3.0 1.5/1.5/2.0 0.5 mV 
Input Offset Voltage vs. Temp 8 5 2.5 µ,V/'C 
Input Bias Current 10 5 5 pA 
Crosstalk -120 -120 -120 dB 

INPUT IMPEDANCE 
Differential lxl012113 IX1012113 IX1012ll3 OllpF 
Common Mode 3xl012113 3xl0'2113 3xl012113 OllpF 

INPUT VOLTAGE RANGE 
Differential4 ±20 ±20 ±20 v 
Common Mode ±II ±12 ±II ±12 ±11 ±12 v 
Common-Mode Rejection 

VCM = ±IOV 76 82 86 dB 
Tmin to Tmax. 76176176 82 86 dB 

VCM = ±HV 70 76 76 dB 
Tmio to Tmax 10nono 76 76 dB 

INPUT VOLTAGE NOISE 
Voltage 0.1 Hz to 10 Hz 2 2 2 4.0 µ,V.E::!? 

f=lOHz 80 80 80 nV/Hz 
f = 100 Hz 40 40 40 nV/Hz 
f= I kHz 30 30 30 nV/Hz 
f= lOkHz 30 30 30 nV/Hz 

INPUT CURRENT NOISE 
f=lkHz 1.8 1.8 1.8 fA/Hz 

FREQUENCY RESPONSE 
,. 

Unity Gain, Small Signal 0.8 1.0 0.8 1.0 0;8 1.0 MHz 
Full Power Response 30 30 30 kHz 
Slew Rate, Unity Gain 1.0 1.8 1.0 1.8 1.0 1.8 V/µ,s 
Settling Time to·±0.01% 8 8 8 µ,s 

OPEN-LOOP GAIN 
V0 = ±10 V, RL"' 10 kO 300 1000 300 1000 300 1000 V/mV 
TmintoTIDIUl:,RL~ lOk.O 300/300/300 700 300 700 300 700 V/mV 
V0 = ±10 V, RL"' 5 kO 150 500 150 500 150 500 V/mV 
Tmin to T_, RL"' 5 kO .150/150/150 300 150 300 150 300 V/mV 

OUTPUT CHARACTERISTICS 
Voltage @ RL ;,, 10 kO, 

Tmin to Tmair: ±12/±12/±12 ±13 ±12 ±13 ±12 ±13 v 
Voltage @ RL ;,, 5 kO, 

Tmm to Tn:wi: ±II/± II/± II ±12 ±II ±12 ±11 ±12 v 
Shon Circuit Current 15 15 15 mA 

POWER SUPPLY 
Rated Perfonilance ±15 ±15 ±15 v 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 v 
Qniescent Current (Both Amplifiers) 340 400 340 400 340 400 µ,A 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70'C) AD648J AD648K 
Industrial (-40'C to +85'C) AD648A AD648B AD648C 
Military ( -55°C to + 125'C) AD648S AD648T 

PACKAGE OPTIONS' 
SOIC(R-8) AD648JR AD648KR 
Plastic (N-8) AD648JN AD648KN 
Cerdip (Q-8) AD648AQ, AD648SQ, AD648SQ/883B AD648BQ, AD648TQ, AD648TQ/883B AD648CQ 
Metal Can (H-08A) AD648AH AD648BH, AD648TH/883B 
Tape and Reel AD648JR-REEL AD648KR-REEL 
Chips Available AD648JChips, AD648SChips 
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AD648 
NOTES 
1Input·Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
2Bias Current specifications are guaranteed maximum at either input after S minutes of operation at TA = + 25°C. For higher temperature, the current doubles 
every !0°C. 

3Matching is defined as the difference between parameters of the two amplifiers. 
4Defined as voltages between inputs, such that neither exceeds ± 10 V from ground. 
5For outline information see Package Information section. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 • • • • • • • • • • • • • ••••• 500 mW 
Input Voltage' ........................... ± 18 V 
Output Short Circuit Duration . . . . . . ....... Indefinite 
Differential Input Voltage . . . . . . . . . . . .... +Vs and - Vs 
Storage Temperature Range (Q, H) ....... -65°C to + 150°C 

(N, R) -65°C to +125°C 
Operating Temperature Range 

AD648J/K ......................... o to + 70°C 
AD648NB/C .................... -40°C to +85°C 
AD648S/T ..................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ......... 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Thermal Characteristics 
8-Pin Plastic DIP Package: e1A = 165°C/Watt 
8-Pin Cerdip Package: eJC = 22°C/Watt; eJA = 110°C/Watt 
8-Pin Metal Can Package: Sic = 65°C/Watt; eJA = 150°C/Watt 
8-Pin sore Package: eJC = 42°C/Watt; eJA = 160°C/Watt 

3For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

METALIZATION PHOTOGRAPH 

REV.B 
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Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
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FEATURES 
HIGH DC PRECISION 

Low Offset Voltage 
(75 µV max: AD704) 
(35 µV max: AD705) 
(50 µV max: AD706) 

Low Offset Drift 
(1.0 µVl°C max: AD704) 
(0.6 µV/°C max: AD705) 
(0.6 µV/°C max: AD706) 

Low Input Bias Currents 
(150 pA max: AD704) 
(100 pA max: AD705) 
(110 pA max: AD706) 

LOW NOISE 
0.5 µV p-p typ Voltage Noise (0.1 Hz to 10 Hz) 

LOW POWER 
600 µA max Supply Current per Amplifier 

AC PERFORMANCE 
0.15 V/µs Slew Rate 
800 kHz Unity Gain Crossover Frequency 
10,000 pf Capacitive Load Drive Capability 

LOW COST 
MIL-STD-8838 Versions Available (Single or Quad) 
Single: AD705 
Dual: AD706 
Quad: AD704 

APPLICATIONS 
Industrial/Process Controls 
Weigh Scales 
Medical Instrumentation (ECG/EKG) 
Low Frequency Active Filters 
Precision Integrators 

PRODUCT DESCRIPTION 
The AD704/AD705/AD706 series are low power, bipolar op 
amps that have the low input bias current of BiFET amplifiers, 
but offer a significantly lower IB drift over temperature. This se
ries offers many of the advantages of BiFET and bipolar op 
amps without their inherent disadvantages. They utilize 
superbeta bipolar input transistors to achieve the picoampere in
put bias current levels of FET input amplifiers (at room tem
perature), while their 18 typically increases 5 times vs. BiFET 
amplifiers which exhibit a I OOOx increase over temperature. 
Superbeta bipolar technology also permits these amplifiers to 
achieve the microvolt offset voltages and low noise characteris
tics of a precision bipolar input amplifier. 

Since these amplifiers have only 1/20 of the input bias current of 
an industry standard OP07, the AD704/AD705/AD706 do not 
require the commonly used "balancing" resistor. Furthermore, 
the current noise is 1/5 that of the OP07, which makes these 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Picoampere Input Current, 
Bipolar Operational Amplifiers 

AD704/AD705/AD706 I 
FUNCTIONAL BLOCK DIAGRAMS 
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NC= NO CONNECT 

18 +IN4 

17 NC 

16 v 
15 NC 

14 +IN3 

amplifiers usable with much higher source impedances. At 1/6 
the supply current (per amplifier) of the OP07, these amplifiers 
are better suited for today's higher density systems and battery 
powered applications. 

The AD704, AD705 and AD706 are excellent choices for use in 
low frequency active filters for 12- and 14-bit data acquisition 
systems, in precision instrumentation, and as high quality inte
grators. These amplifiers are internally compensated for unity 
gain and are available in various performance grades. The 'T' 
and "K" grades are rated over the commercial temperature 
range of 0°C to +70°C. The "A" and "B" grades are rated over 
the industrial temperature range of-40°C to +85°C. The "T" 
grade is rated over the military temperature range of -55°C to 
+ 125°C. Select versions are available processed to MIL-STD-
883B, Rev. C. 
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SPEC If I CATIONS (VcM =D V, Vs= ±15 V@TA = +25°C unless otherwise noted) AD704/AD705/AD706 
JIA K/B/S err 

Parameter Conditions Model Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Initial Offset AD704 50 150 30 75 30 100 µV 

AD705 30 90 10 35 10 25 µV 
AD706 30 100 10 50 IO 50 µV 

Offset TMIN to TMAx AD704 100 250 50 150 80 150 µV 
AD705 45 150 25 60 25 60 µV 
AD706 40 150 25 100 25 100 µV 

vs. Temp, Average TC AD704 0.2 1.5 0.2 1.0 1.0 µV/°C 
AD705 0.2 1.2 0.2 0.6 0.2 0.6 µV/°C 
AD706 0.2 1.5 0.2 0.6 0.2 0.6 µV/°C 

vs. Supply (PSRR) Vs;±2Vto±l8V AD704 100 132 112 132 112 132 dB 
AD705 110 129 110 129 114 129 dB 
AD706 110 132 112 132 112 132 dB 

vs. Supply, T MIN to TMAx Vs ;±2.5Vto±l8V All 100 126 108 126 108 126 dB 
Long-Term Stability All 0.3 0.3 0.3 µV/Month 

INPUT BIAS CURRENT 1 VcM; 0 V AD704 100 270 80 150 80 200 pA 
AD705 60 150 30 100 30 100 pA 
AD706 50 200 30 110 30 120 pA 

VcM;±l3.5V AD704 300 200 250 pA 
AD705 80 200 50 150 50 150 pA 
AD706 250 160 170 pA 

vs. Temp, Average TC AD704 0.3 0.2 1.0 pN°C 
AD705 0.3 0.3 0.6 pN°C 
AD706 0.3 0.2 0.2 pN°C Ill 

TMIN to TMAx VcM; 0 V AD704 300 200 600 pA 
AD705 80 250 50 150 90 250 pA 
AD706 300 200 400 pA 

TMIN to TMAX VcM;±J3.5V AD704 400 300 700 pA 
AD705 100 450 70 350 120 450 pA 
AD706 400 300 600 pA 

INPUT OFFSET CURRENT VcM; 0 V AD704 80 250 30 100 50 150 pA 
AD705 40 150 30 100 30 100 pA 
AD706 30 150 30 100 30 100 pA 

VcM; ±13.5 V AD704 300 150 200 pA 
AD705 40 200 30 150 30 150 pA 
AD706 250 200 200 pA 

vs. Temp, Average TC AD704 0.6 0.4 0.4 pN°C 
AD705 0.3 0.3 0.4 pA/°C 
AD706 0.3 0.2 0.2 pN°C 

TM1N to TMAX VcM; 0 V AD704 100 300 80 200 80 400 pA 
AD705 80 250 50 150 90 250 pA 
AD706 80 250 80 200 80 300 pA 

TM.IN to TMAX VcM; ±13.5 V AD704 100 400 80 300 100 500 pA 
AD705 80 450 50 350 80 450 pA 
AD706 80 350 80 300 80 450 pA 

MATCHING CHARACTERISTICS 
Offset Voltage AD704 250 130 150 µV 

AD706 150 75 75 µV 

TMIN to TMAx AD704 400 200 250 µV 
AD706 250 150 200 µV 

Input Bias Current2 AD704 500 300 400 pA 
AD706 300 150 200 pA 

TMIN to TM.AX AD704 600 400 600 pA 
AD706 500 250 400 pA 

Common-Mode Rejection 3 AD704 94 110 104 dB 
AD706 106 110 110 dB 

TM1N to TMAX AD704 94 104 104 dB 
AD706 106 108 108 dB 

Power Supply Rejection4 AD704 94 110 110 dB 
AD706 106 110 110 dB 

TMIN to TMAx AD704 94 106 106 dB 
AD706 104 106 106 dB 

Crosstalk@ f; I 0 Hz RL; 2 kQ AD704/6 150 150 150 dB 
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AD704/AD705/AD706 

J/A K/B/S 
Parameter Conditions Model Min Typ Max Min Typ 

INPUT OFFSET VOLTAGE 
UNITY GAIN 

Crossover Frequency All 0.8 0.8 
Slew Rate G=-J All O.J5 0.15 

TMIN to TMAX All 0.15 0.15 

INPUT IMPEDANCE 
Differential All 40112 40112 
Common Mode All 300112 300112 

INPUT VOLTAGE RANGE 
Common-Mode Voltage All ±J3.5 ±J4 ±13.5 ±J4 
Common-Mode VcM = ±13.5 V AD704 JOO 132 114 132 

Rejection Ratio AD705 llO J32 JJ4 J32 
AD706 JJO J32 114 J32 

TMIN to TMAX AD704 98 128 J08 J28 
AD705 J08 J28 108 J28 
AD706 J08 J28 108 J28 

INPUT CURRENT NOISE 0.1 Hz to JO Hz All 3 3 
f= IO Hz All 50 50 

INPUT VOLTAGE NOISE 0.1 Hz to JO Hz AD704 0.5 0.5 
AD705/6 0.5 0.5 

f= IO Hz All 17 17 
f= 1 kHz All 15 22 15 

OPEN LOOP GAIN Vo=±12V 
RL= IOkQ All 200 2000 400 2000 
TMIN to TMAX All 150 1500 300 1500 
Vo=±lO·V 
RL=2kn All 200 1000 300 1000 
TMIN to TMAX All 150 1000 200 1000 

OUTPUT CHARACTERISTICS 
Voltage Swing, RL = I 0 kn TMIN to TMAX All ±13 ±14 ±13 ±14 
Current Short Circuit All ±15 ±15 
Capacitive Load Drive G=+l All 10,000 10,000 

POWER SUPPLY 
Rated Performance All ±15 
Operating Range All ±2 ±18 ±2 
Quiescent Current AD704 1.5 2.4 1.5 

AD705 0.38 0.6 0.38 
AD706 0.75 1.2 0.75 

TMIN to TMAX AD704 1.6 2.6 1.6 
AD705 0.4 0.8 0.4 
AD706 0.8 1.4 0.8 

TRANSISTOR COUNT # of Transistors AD704 180 180 
AD705 45 45 
AD706 90 90 

NOTES 
1Bias current specifications are guaranteed maximum at either input. 
2Input bias current match is the maximum difference between corresponding inputs of all amplifiers on the chip. 
3CMRR match i~ the difference of !1V0 g/!:lVcM between any two amplifiers. 
4PSRR match is the difference between AV08/!1V SUPPLY for any two amplifiers. 
Specifications subject to change without notice. 
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err 
Max Min Typ Max Units 

0.8 MHz 
0.15 V/µs 
0.15 V/µs 

40112 M'111PF 
300112 GnllPF 

±13.5 ±14 v 
110 132 dB 
114 132 dB 
Jl4 132 dB 
J08 128 dB 
J08 128 dB 
J08 J28 dB 

3 pAp-p 
50 Wfflz 

2.0 0.5 2.0 µVp-p 
1.0 0.5 1.0 µVp-p 

17 nV/Nz 
22 15 22 nV/Nz 

400 2000 V/mV 
300 1500 V/mV 

200 1000 V/mV 
100 1000 V/mV 

±13 ±J4 v 
±15 mA 
10,000 pF 

±15 ±15 v 
±18 ±2 ±18 v 
2.4 1.5 2.4 mA 
0.6 0.38 0.6 mA 
1.2 0.75 1.2 mA 
2.6 1.6 2.6 mA 
0.8 0.4 0.8 mA 
1.4 0.8 1.4 mA 

J80 
45 
90 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ................................ ± 18 V 
Internal Power Dissipation2 ••••••••••••••••••• 650 mW 
Input Voltage ................................... ±Vs 
Differential Input Voltage3 • • • • • • • . • • • . . • • • • • • • • ±0.7 V 
Output Short Circuit Duration . . . . . . . . . . . . . . . . Indefinite 
Storage Temperature Range (N, R) ....... -65°C to +125°C 
Storage Temperature Range (Q, H) ....... -65°C to +150°C 
Operating Temperature Range 

AD70xJ/K ........................... 0°C to +70°C 
AD70xA/B . . . . . . . . . . . . . . . . . . . . . . . . . -40°C to +85°C 
AD70xS/T ........................ -55°C to +125°C 

Lead Temperature ~ange (Soldering 60 sec) ........ +300°C 

AD704/AD705/AD706 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package: OJA= 165°C/Watt 
8-Pin Cerdip Package: OJA= l 10°C/Watt 
8-Pin Small Outline Package: OJA= 155°C/Watt 
14-Pin Plastic Package: 0JA = 150°C/Watt 
14-Pin Cerdip Package: OJA= l 10°C/Watt 
16-Pin SOIC Package: 0JA = 100°C/Watt 
20-Terminal LCC Package: 0JA = 150°C/Watt 

3The input pins of these amplifiers are protected by back-to-back diodes. If the 
differential voltage exceeds ±0.7 V, external series protection resistors should be 
added to limit the input current to less than 25 mA. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD704AN -40°C to +85°C 14-Pin Plastic DIP N-14 
AD704AQ -40°C to +85°C 14-Pin Ceramic DIP Q-14 
AD704AR-16 -40°C to +85°C 16-Pin Plastic SOIC R-16 
AD704AR-16-REEL -40°C to +85°C 16-Pin Plastic SOIC R-16 
AD704AR-16-REEL7 -40°C to +85°C 16-Pin Plastic SOIC R-16 
AD704BQ -40°C to +85°C 14-Pin Ceramic DIP Q-14 
AD704JCHIPS 0°C to +70°C Bare Die 
AD704JN 0°C to +70°C 14-Pin Plastic DIP N-14 
AD704JR-16 0°C to +70°C 16-Pin Plastic SOIC R-16 
AD704JR-16-REEL 0°C to +70°C 16-Pin Plastic SOIC R-16 
AD704JR-16-REEL7 0°C to +70°C 16-Pin Plastic SOIC R-16 
AD704KN 0°C to +70°C 14-Pin Plastic DIP N-14 
AD704SE/883B -55°C to + l 25°C 20-Pin Ceramic LCC E-20A 
AD704TQ -55°C to + 125°C 14-Pin Ceramic DIP Q-14 
AD704TQ/883B -55°C to + l 25°C 14-Pin Ceramic DIP Q-14 
AD705AQ -40°C to +85°C 8-Pin Ceramic DIP Q-8 
AD705BQ -40°C to +85°C 8-Pin Ceramic DIP Q-8 
Ai.:>70?JCHIPS 0°C to +70°C Bare Die 
AD705JN 0°c to +70°C 8-Pin Plastic DIP N-8 
AD705JR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD705JR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD705JR-REEL7 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD705KN 0°c to +70°C 8-Pin Plastic DIP N-8 
AD705TQ -55°C to +125°C 8-Pin Ceramic DIP Q-8 
AD705TQ/883B -55°C to+ 125°C 8-Pin Ceramic DIP Q-8 
AD706AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD706AQ -40°C to +85°C 8-Pin Ceramic DIP Q-8 
AD706AR -40°C to +85°C 8-Pin Plastic SOIC R-8 
AD706AR-REEL -40°C to +85°C 8·Pin Plastic SOIC R-8 
AD706AR-REEL7 -40°C to +85°C 8-Pin Plastic SOIC R-8 
AD706BQ -40°C to +85°C 8-Pin Ceramic DIP Q-8 
AD706JCHIPS 0°c to +70°C Bare Die 
AD706JN 0°c to +70°C 8-Pin Plastic DIP N-8 
AD706JR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD706JR-REEL 0°c to +70°C 8-Pin Plastic SOIC R-8 
AD706JR-REEL7 0°c to +70°C 8-Pin Plastic SOIC R-8 
AD706KN 0°C to +70°C 8-Pin Plastic N-8 
*For outline information see Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

REV.O 

WARNING! ~ 
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L.1111 DEVICES 

FEATURES 
Very High DC Precision 

Low Offset Voltages 
(15 µV max: AD707l 
(30 µV max: AD708) 

Low Offset Drift 
(0.1 µVJ°C max: AD707) 
(0.3 µ V J°C max: AD708l 

Low Input Bias Current: 1 nA max 
Low Noise: 0.35 µV p-p max (0.1 Hz to 10 Hz) 
130 dB min CMRR 
120 dB min PSRR 
AC Performance 

0.3 V/µs Slew Rate 
900 kHz Closed-Loop Bandwidth 

Matching Characteristics 
30 µV max Offset Voltage Match 
0.3 µV/°C max Offset Drift Match 
130 dB min CMRR Match 

MIL-STD-883B Versions Available 
Single: AD707 
Dual: AD708 

PRODUCT DESCRIPTION 
The AD707 (single) and AD708 (dual) are very high precision, 
monolithic operational amplifiers. Each device offers excellent 
de precision with the best available max offset voltage and max 
offset voltage drift of any single/dual bipolar combination 
available. 

The AD707 and AD708 seoiew standards for precision op 
amps by providing 5 V/µV min open-loop gain and guaranteed 
max input voltage noise of 350 nV p-p (0.1Hzto10 Hz). All 
de specifications show excellent stability over temperature, with 
offset voltage drift typically 0.1 µV/.°C and input bias current 
drift of25 pA/°C max. Both CMRR (130 dB max) and PSRR 
(120 dB max) are an order of magnitude improved over any 
available monolithic op amp. 

The AD707 and AD708 are available in seven performance 
grades. The "J" and "K" grades are rated over the commercial 
temperature range of 0°C to +70°C. The "A," "B" im.d "C" 
grades are rated over the industrial temperature range of -40°C 
to +85°C. The "S" and "T" grades are rated over the military 
temperature range of -55°C to + 125°C. Select versions are also 
available processed to MIL-STD-883B, Rev. C. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Ultralow Offset and Drift 
Operational Amplifiers 

AD707 /AD708 I 
FUNCTIONAL BLOCK DIAGRAMS 

NULL 

NOTE: -V 
PIN 4 CONNECTED TO CASE 

+V 

NOTE: -V 
PIN 4 CONNECTED TO CASE 

NC = NO CONNECT 

PRODUCT HIGHLIGHTS 
1. The combination of outstanding matching and individual 

specifications make the AD707 and AD708 ideal for con
structing high gain, precision instrumentation amplifiers. 

2. The low offset voltage drift and low noise of the AD707 and 
AD708 allow the user to amplify very small signals without 
sacrificing overall system performance. 

3. The AD707 and AD708 can be used where chopper amplifi
ers are required, but without the inherent noise and applica
tion problems. 

4. The AD707 is an improved, pin-for-pin replacement for the 
LTlOOl, and the AD708 is an improved, pin-for-pin replace
)llent for the LT1002. 

REV.O 



SPEC I Fl CATIONS !Yoo= ±15 V@TA = +25°C unless otherwise noted) AD707/AD708 
J/A K/B/S err 

Parameter Conditions Model Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 1 

Initial Offset AD707 30 90 10 25 5 15 µV 
AD708 30 100 15 65165150 µV 

vs. Temperature TMIN to TMAX AD707 50 100 15 45 7/8 25 µV 
AD708 50 150 15 65 µV 

Drift AD707 0.3 1.0 0.1 0.3 0.03 0.1 µV/°C 
AD708 0.3 1.0 0.1 0.4/0.4/0.4 µV/'C 

Adjustment Range AD707 ±4 ±4 ±4 mV 
Long-Term Stability Both 0.3 0.3 0.2 µV/Month 

INPUT BIAS CURRENT AD707 1.0 2.5 0.5 1.5 0.5 1.0 nA 
AD708 1.0 2.5 0.5 1.0 nA 

vs. Temperature TM1N to TMAX AD707 2.0 4.0 1.5 3.0 1.0 2.0 nA 
AD708 2.0 4.0 1.0 2.0/2.0/4.0 nA 

Average Drift AD707 15 40 15 25/25/35 I 25 pN'C 
AD708 15 40 10 25/25/30 pN'C 

INPUT OFFSET CURRENT VcM = 0 V AD707 0.5 2.0 0.3 1.5 0.1 1.0 nA 
AD708 0.5 2.0 0.1 1.0 nA 

TM1N to TMAx AD707 2.0 4.0 1.5 3.0 0.2 1.5 nA 
AD708 2.0 4.0 0.2 1.5/1.5/1.5 nA 

Average Drift AD707 2 40 I 25/25/35 I 25 pN'C 
AD708 2 60 I 25 pN'C 

MATCHING CHARACTERISTICS' 
Offset Voltage AD708 80 50/50/50 µV 

TMIN to TMAX AD708 150 75175/75 µV 
Offset Voltage Drift AD708 1.0 0.4/0.4/0.4 µV/°C 
Input Bias Current AD708 4.0 1.0 nA 

TM1N to TMAx AD708 5.0 2.0/2.0/2.0 nA • Common-Mode Rejection AD708 120 300 130/130/120 140 dB 
TMJN to TMAX AD708 110 600 130/130/115 dB 

Power Supply Rejection AD708 110 120 dB 
TMIN to TMAX AD708 110 500 120 dB 

.Channel Separation AD708 135 140 dB 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz AD707 0.23 0.6 0.23 0.6 0.23 0.35 µVp-p 
AD708 0.23 0.6 0.23 0.6/0.6/0.6 µV?ttz 

f = 10 Hz AD707 10.3 15.0 10.3 14.0 10.3 13.0 nV/ Hz 
AD708 10.3 18.0 10.3 12.0 nV/fflz 

f=IOOHz AD707 10.0 13.0 10.0 12.0 10.0 11.0 nV/fflz 
AD708 10.0 13.0 10.0 11.0 nV/vHz 

f= I kHz AD707 9.6 11.0 9.6 11.0 9.6 11.0 nV/fflz 
AD708 9.6 11.0 9.6 11.0 nV/.vHz 

INPUT CURRENT NOISE 0.1 Hz to 10 Hz AD707 14 35 14 30 14 30 pAp-p 
AD708 14 35 14 35 pAp-p 

f= 10 Hz AD707 0.32 0.9 0.32 0.8 0.32 0.8 pNfflz 
AD708 0.32 0.9 0.32 0.8 pNfflz 

f= 100 Hz AD707 0.14 0.27 0.14 0.23 0.14 0.23 pNfflz 
AD708 0.14 0.27 0.14 0.23 pNfflz 

f= I kHz AD707 0.12 0.18 0.12 0.17 0.12 0.17 pNfflz 
AD708 0.12 0.18 0.12 0.17 pNfflz 

COMMON-MODE 
REJECTION RATIO VcM=±13V Both 120 140 130 140 130 140 dB 

TMIN to TMAX Both 120 140 130 140 130 140 dB 

OPEN-LOOP GAIN Vo=±IOV 
RL~ 2 kn AD707 3 13 5 13 8 13 V/µV 

AD708 3 10 51514 10 V/µV 
TMIN to TMAx AD707 3 13 5 13 8 13 V/µV 

AD708 3 10 51514 1011017 V/µV 

POWER SUPPLY 
REJECTION RATIO Vs=±3Vto±18V AD707 110 130 115 130 120 130 dB 

AD708 120 130 120 130 dB 
TMIN to TMAX AD707 110 130 115 130 120 130 dB 

AD708 110 130 120 130 dB 

FREQUENCY RESPONSE 
Closed Loop Bandwidth Both 0.5 0.9 0.5 0.9 0.5 0.9 MHz 
Slew Rate Both 0.15 0.3 0.15 0.3 0.15 0.3 V/µs 
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AD707 /AD708 
J/A 

Parameter Conditions Model Min Typ Max 

INPUT RESISTANCE 
Differential AD707 24 100 

AD708 60 
Common Mode AD707 200 

AD708 200 

OUTPUT CHARACTERISTICS 
Voltage RL<:lOkO Both 13.5 14.0 

RL<: 2 kn Both 12.5 13.0 
RL<: 1 kQ Both 12.0 12.5 
RL<: 2 kn 
TMIN to TMAX Both 12.0 13.0 

OPEN-LOOP OUTPUT 
RESISTANCE Both 60 

POWER SUPPLY 
Quiescent Current AD707 2.5 3.0 

AD708 4.5 5.5 
Power Consumption, Vs=±l5V AD707 75 90 

No Load AD708 135 165 
Vs= ±3 V AD707 7.5 9.0 

AD708 12 18 
Both ±3 ±18 

NOTES 
11nput offset voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
2Matching is defined as the difference between parameters of the two amplifiers. 

K/B/S err 
Min Typ Max Min Typ Max Units 

45 200 60 200 MO 
200 MO 
300 400 GO 
400 GO 

13.5 14.0 13.5 14.0 ±V 
12.5 13.0 12.5 13.0 ±V 
12.0 12.5. 12.0 12.5 ±V 

12.0 13.0 12.0 13.0 ±V 

60 60 Q 

2.5 3.0 2.5 3.0 mA 
4.5 5.5 mA 
75 90 75 90 mW 
135 165 mW 
7.5 9.0 7.5 9.0 mW 
12 18 mW 

±3 ±18 ±3 ±18 v 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate 
outgoing quality levels. 
Specifications. subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ................................. ±22 V 
Internal Power Dissipation2 ...•.•....•••...•••• 500 mW 
Input Voltage ................................... ±Vs 
Differentia!Input Voltage ................... +Vs and -Vs 
Output Short Circuit Duration ................. Indefinite 
Storage Temperature Range (N, R) ........ -65°C to + 125°C 
Storage Temperature Range (Q, H) ........ -65°C to + 150°C 
Operating Temperature Range 

AD70xJ/K ............................ 0°C to +70°C 
AD70xA/B .......................... -40°C to +85°C 
AD70xS/T ......................... -55°C to +125°C 

Lead Temperature Range 
(Soldering 60 sec) .......................... +300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 8-pin plastic.package, 01A = 165°C/Watt; 8-
pin cerdip package, 0rA = l 10°C/Watt; 8-pin small outline package, 01A = 15S.°C/ 
Watt; 8-pin header package, eJA = 200°C/Watt. 

Model 

AD707AH 
AD707AQ 
AD707AR 
AD707AR-REEL 
AD707 AR-REEL7 
AD707BH 
AD707BQ 
AD707CH 
AD707CQ 
AD707JN 
AD707JR 
AD707JR-REEL 
AD707JR-REEL7 
AD707KN 
AD707KR 
AD707KR-REEL 
AD707KR-REEL7 
AD707SH/883B 
AD707SQ/883B 
AD707TH/883B 
AD707TQ/883B 

AD708AH 
AD708AQ 
AD708BH 
AD708BQ 
AD708JCHIPS 
AD708JN 
AD708SQ 
AD708SQ/883B 

ORDERING GUIDE 

Temperatnre Package 
Range Description 

-40°C to +85°C 8-Pin Metal Can 
-40°C to +85°C 8-Pin Ceramic DIP 
-40°C to +85°C 8-Pin Plastic SOIC 
-40°C to +85°C 8-Pin Plastic SO!C 
-40°C to +85°C 8-Pin Plastic SOIC 
-40°C to +85°C 8-Pin Metal Can 
-40°C to +85°C 8-Pin Ceramic DIP 
-40°C to +85°C 8-Pin Metal Can 
-40°C to +85°C 8-Pin Ceramic DIP 
0°C to +70°C 8-Pin Plastic DIP 
0°C to +70°C 8-Pin Plastic SO!C 
0°C to +70°C 8-Pin Plastic SOIC 
0°C to +70°C 8-Pin Plastic SOI C 
0°C to +70°C 8-Pin Plastic DIP 
0°C to +70°C 8-Pin Plastic SO!C 
0°C to +70°C 8-Pin Plastic SOIC 
0°C to +70°C 8-Pin Plastic SOIC 
-55°C to + 125°C 8-Pin Metal Can 
-55°C to +125'C 8-Pin Ceramic DIP 
-55°C to + l 25°C 8-Pin Metal Can 
-55°C to +125°C 8-Pin Ceramic DIP 

-40°C to +85°C 8-Pin Metal Can 
-40°C to +85°C 8-Pin Ceramic DIP 
-40°C to +85°C 8-Pin Metal Can 
-40°C to +85°C 8-Pin Ceramic DIP 
0°C to +70°C Bare Die 
0°C to +70°C 8-Pin Plastic DIP 
-55°C to +125°C 8-Pin Ceramic DIP 
-55°C to + 125°C 8-Pin Ceramic DIP 

*For outline information see Package Information section. 
CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Package 
Option* 

H-08A 
Q-8 
R-8 
R-8 
R-8 
H-08A 
Q-8 
H-08A 
Q-8 
N-8 
R-8 
R-8 
R-8 
N-8 
R•8 
R-8· 
R-8 
H-08A 
Q-8 
H-08A 
Q-8 

H-OSA 
Q-8 
H-OSA 
Q-8 

N-8 
Q-8 
Q-8 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD707 and AD708 feature proprietary ESD protection circuitry, permanent dam
age may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! ~ 

~~EDEVICE 
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a.ii DEVICES 

FEATURES 
Enhanced Replacements for 

TL081;TL082;TL084 
LF411;LF412; LF347 

AC PERFORMANCE 
Settles to ±0.01 % in 1.0 µs 
16 V/µs min Slew Rate 
3 MHz min Unity Gain Bandwidth 
0.0003% Total Harmonic Distortion (THO) 

DC PERFORMANCE 
Low Offset Voltages 

(0.25 mV max-AD711C) 
(0.30 mV max-AD712C) 
(0.50 mV max-AD713Kl 

Low Offset Drift 
(3 µVl°C max-AD711C) 
(5 µV/°C max-AD712C) 

200 V /mV min Open-Loop Gain 
Low Noise (0.1 Hz to 10 Hz) 

(4 µV p-p max-AD711Cl 
(4 µV p-p max-AD712Cl 

MIL-STD-883B Versions Available 
Single: AD711 
Dual: AD712 
Quad: AD713 

APPLICATIONS 
Active Filters 
Output Buffers for 12- and 14-Bit DACs 
Input Buffers for Precision ADCs 
Photo Diode Preamplifier Applications 

PRODUCT DESCRIPTION 
The AD71 l/AD712/AD713 series are high speed, precision, 
monolithic operational amplifiers offering high performance at 
very modest prices. Their very low offset voltage and offset 
voltage drift are results of advanced laser wafer trimming tech
nology. These benefits allow the user to easily upgrade existing 
designs that use older precision BiFETs and, in many cases, 
bipolar op amps. 

The superior ac and de performance of these op amps make 
them suitable for active filter designs. With a slew rate of 16 V/µs 
and settling times of 1 µs to 0.01 %, the AD71 l/AD712/AD713 
series is ideal for use as buffers for 12-bit DI A and AID convert
ers and as high speed integrators. The settling time is unmatched 
by any similar IC amplifier. The combination of excellent noise 
performance and low input current also make these amplifiers 
useful for photo diode preamplifiers. Common-mode rejection 
of 88 dB and open loop gain of 400 V/mV insure 12-bit per
formance even in high speed, unity gain, buffer circuits. These 
amplifiers are pinned out in standard op amp configurations and 
are available in various performance grades. The "J" and "K" 
grades are rated over the commercial temperature range of 
0°C to +70°C. The "A," "B," and "C" grades are rated over the 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.O 

Precision, Low Cost, 
High Speed, Bif ET Op Amps 

AD711/AD712/AD713 I 
CONNECTION DIAGRAMS 

-IN 2\ + /6 OUTPUT 

3 AD711@ 
+IN '©,....... NULL 

-V 
NOTE: PIN 4 CONNECTED TO CASE 

NOTE: PIN 4 CONNECTED TO CASE 

OUTPUT 

OUTPUT -IN 

-IN +IN 

+IN -Vs 

+Vs -v. +IN 

+IN 

OUTPUT 

NC = NO CONNECT 

industrial temperature range of -40°C to +85°C. The "S" and 
"T" grades are rated over the military temperature range of 
-55°C to + 125°C. Select versions are available processed to 
MIL-STD-883B, Rev. C or Standard Military Drawings. 

PRODUCT HIGHLIGHTS 
1. The AD7 l 1/ AD7 l 2/ AD713 series offers excellent overall 

performance at competitive prices. 

2. Analog Devices' advanced processing technology and 100% 
testing guarantees a low input offset voltage (0.25 mV max 
AD711C; 0.30 mV max AD712C). Input offset voltages are 
specified in the warmed up condition. Analog Devices' laser 
wafer drift trimming process reduces input offset voltage 
drifts to 3 µV/°C (AD711C) or 5 µV/°C (AD712C). 

3. Along with precision de performance, the AD7 l l, AD.712 
and AD713 offer excellent dynamic response. They settle to 
±0.01%in1 µsand have a 100% tested minimum slew rate 
of 16 V/µs. This makes these parts ideal for DAC and ADC 
buffers, which require a combination of superior ac and de 
performance. 

4. Analog Devices' well matched, ion-implanted JFETs ensure 
low input bias currents and low input offset currents. Both 
input bias and offset currents are guaranteed in the warmed
up condition. 
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AD711/AD712/AD713-SPECIFICATIONS 
AD 711 (Vs = ~ 15 V @TA = +25°C unless .otherwise .noted) 

JINS K/Bff c 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.3 21111 0.2 o.s 0.10 0:2s mV 

TMIN to TMAX 31212 1.0 0.4S mV 
vs. Temp 7 20/20120 5 10 2 s µV/'C 
vs. Supply 76 95 80 100 86 110 dB 

TMIN to TMAx 76176176 80 86 dB 
Long-Term Stability 15 15 15 µV/Month 

INPUT BIAS CURRENT' 

VcM = 0 V 15 so 15 so 15 2S pA 

VcM=OV@TMAX 1.113.2/51 1.113.2/51 1.6 nA 
VcM=±IOV 20 100 20 100 20 so pA 

INPUT OFFSET CURRENT 
VcM= OV 10 2S 5 2S 5 10 pA 

VcM=OV@TMAx 0.6/1.6/26 0.6/1.6126 0.65 nA 

FREQUENCY RESPONSE 
Small Signal Bandwidth 3.0 4.0 3.4 4.0 3.4 4.0 MHz 
Full Power Response 200 200 200 kHz 
Slew Rate 16 20 18 20 18 20 Vlµs 
Settling Time to 0.0 I% 1.0 1.2 1.0 1.2 1.0 1.2 µs 
Total Harmonic Distortion 0.0003 0.0003 0.0003 % 

INPUT IMPEDANCE 
Differential 3 x 10''115.5 3 x 1012115.5 3 x 101'115.5 nllpF 
Common Mode 3 x 1012115.5 3 x 1012115.5 3 x 101'115.5 nllPF 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 v 
Common-Mode Voltage4 +14.5;-11.5 +14.5, -11.5 +14.5, -11.5 

TM1Nto TMAx "."Vs+ 4 +Vs-2 -Vs+ 4 +Vs -2 -Vs+ 4 +Vs-2 v 
Common-Mode 
Rejection Ratio 

VcM=±lOV 76 88 80 88 86 94 dB 

TM1Nto TMAX 76176176 84 80 84 86 90 dB 

VcM=±ll V 70 84 76 84 76 90 dB 

TMrNtoTMAx 70170170 80 74 80 74 84 dB 

INPUT VOLTAGE.NOISE 2 2 2 4 µVp-p 
45 45 45 nV/fflz 
22 22 22 nV/fflz 
18 18 18 ~V/fflz 
16 16 16 nV/fflz 

INPUT CURRENT NOISE 0.01 0.01 0.01 pNfflz 

OPEN-LOOP GAIN ISO 400 200 400 200 400 V/mV 
I 00/1001100 100 100 V/mV 

OUTPUT CHARACTERISTICS 
Voltage +13, -12.S +13.9, -13.3 +13, -12.$ +13.9, -13.3 +13, -12.S +13.9, -13.3 v 

±121±121±12 +13.8, -13.1 ±12 +13.8, -13.1 ±12 +13.8, -13.1 v 
Current 25 25 25 mA 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating Range ±4.S ±18 ±4.S ±18 ±4.S ±18 v 
Quiescent Current 2.5 3.4 2.5 3.0 2.5 2.8 mA 

NOTES 
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C. 
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA= +25°C. For higher temperatures, the current doubles every'l0°C. 
3Defined as voltage between inputs, such that neither exceeds ± 1.0 V from ground. 
4Typically exceeding-14.1 V negative common-mode voltage on either input results in an output phase reversal. 

Specifications subject to change without nQfice. 
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AD711/AD712/AD713 

AD 712 (Vs = ± 15 V @ TA = +25°C unless otherwise noted) 

J/A/S K/Bff c 
Parameter Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.3 311/1 0.2 1.0/0. 7/0. 7 0.1 0.3 mV 

TMIN toTMAx 4/2/2 2.0/1.5/1.5 0.6 mV 
vs. Temp 7 20/20/20 7 10 3 5 µV/oc 
vs. Supply 76 95 80 100 86 110 dB 

TM1N to TMAx 76/76/76 80 86 dB 
Long-Term Stability 15 15 15 µVi Month 

INPUT BIAS CURRENT' 
VcM = 0 V 25 75 20 75 20 50 pA 
VcM = 0 V@TMAx 0.6/1.6/26 I. 7/4.8/77 0.5/1.3/20 1.7/4.8/77 1.3 3.2 nA 
VcM=±lOV 100 100 75 pA 

INPUT OFFSET CURRENT 
VcM = O V 10 25 5 25 5 10 pA 
VcM=OV@TMAx 0.3/0.7/11 0.6/1.6/26 0.1/0.3/5 0.6/1.6/26 0.3 0.7 nA 

MATCHING CHARACTERISTICS 
Input Offset Voltage 3/1/1 1.0/0. 710. 7 0.3 mV 

TMIN to TMAx 41212 2.0/1.5/1.5 0.6 mV 
Input Offset Voltage Drift 20/20/20 10 5 µV/°C 
Input Bias Current 25 25 10 pA 
Crosstalk @ f = I kHz 120 120 120 dB 

@f= 100 kHz 90 90 90 dB 

FREQUENCY RESPONSE 
Small Signal Bandwidth 3.0 4.0 3.4 4.0 3.4 4.0 MHz 
Full Power Response 200 200 200 kHz 
Slew Rate 16 20 18 20 18 20 V/µs 
Settling Time to 0.01 % 1.0 1.2 1.0 1.2 1.0 1.2 µs 
Total Harmonic Distortion 0.0003 0.0003 0.0003 % 

INPUT IMPEDANCE 
Differential 3 x 1012115.5 3 x 1012115.s 3 x 1012115.S !'!llPF 
Common Mode 3 x 1012115.5 3 x 1012115.5 3 x 1012115.5 !'!llPF 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 ±20 v 
Common-Mode Voltage4 +14.5, -11.5 +14.5, -11.5 +14.5, -11.5 

TMIN to TMAx -Vs+ 4 +Vs-2 -Vs+ 4 +Vs -2 -Vs+ 4 +Vs-2 v 
Common-Mode 
Rejection Ratio 

VcM=±IOV 76 88 80 88 86 94 dB 
TMiNtoTMAX 76/76/76 84 80 84 86 90 dB 

VcM=±ll V 70 84 76 84 76 90 dB 
TM1NtoTMAX 70/70/70 80 74 80 74 84 dB 

INPUT VOLTAGE NOISE 2 2 2 µVp-p 
45 45 45 nV/vHz 
22 22 22 nV/fflz 
18 18 18 nV/fflz 
16 16 16 nV/fflz 

INPUT CURRENT NOISE 0.01 0.01 0.01 pA/fflz 

OPEN-LOOP GAIN 150 400 200 400 200 400 V/mV 
I 00/ l 001100 100 100 V/mV 

OUTPUT CHARACTERISTICS 
Voltage +13, -12.5 +13.9, -13.3 +13, -12.5 +13.9, -13.3 +13, -12.5 +13.9, -13.3 v 

±121±121±12 +13.8,-13.1 ±12 +13.8, -13.1 ±12 +13.8, -13.1 v 
Current 25 25 25 mA 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 v 
Quiescent Current 5.0 6.8 5.0 6.0 5.0 5.6 mA 

NOTES 
1Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA= +25°C. For higher temperatures, the current doubles every 10°C. 
3Defined as voltage between inputs, such that neither exceeds± 10 V from ground. 
4Typically exceeding-14.1 V negative common-mode voltage on either input results in an output phase reversal. 

Specifications subject to change without notice. 
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AD711/AD712/AD713-SPECIFICATIONS 
AD713 (Vs= ±15 V@ TA= +25°C unless otherwise noted) 

JIAIS KIBIT 
Parameter Conditions Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE1 

Initial Offset 0.3 1.5 0.2 0.5 mV 
Offset TMIN to TMAx 0.5 2/2/2 0.4 0. 7/0. 7/1.0 mV 
vs. Temp 5 5 20/20/15 µV/°C 
vs. Supply 78 95 84 100 dB 
vs. Supply TMIN to TMAx 76/76/76 95 84 100 dB 
Long-Term Stability 15 15 µVi 

Month 

INPUT BIAS CURRENT' VcM = 0 V 40 150 40 75 pA 
VcM=OV@TMAx 3.4/9.6/154 1.7/4.8177 nA 
VcM=±lOV 55 200 55 120 pA 

INPUT OFFSET CURRENT VcM = 0 V 10 75 10 35 pA 
VcM=OV@TMAX 1.7/4.8/77 0.8/2.2/36 nA 

MA TCH!NG CHARACTERISTICS 
Input Offset Voltage 0.5 1.8 0.4 0.8 mV 
Input Offset Voltage TMIN to TMAx 0.7 2.3/2.3/2.3 0.6 1.0/1.0/1.3 mV 
Input Offset Voltage Drift 8 6 25 µV/°C 
Input Bias Current 10 100 10 35 pA 
Crosstalk f= 1 kHz -130 -130 dB 

f= 100 kHz -95 -95 dB 

FREQUENCY RESPONSE 
Small Signal Bandwidth Unity Gain 3.0 4.0 3.4 4.0 MHz 
Full Power Response Vo=20Vp-p 200 200 kHz 
Slew Rate Unity Gain 16 20 18 20 V/µs 
Settling Time to 0. 01 % 1.0 1.2 1.0 1.2 µs 
Total Hannonic Distortion f= 1 kHz; RL<: 2 k.O; 0.0003 0.0003 % 

V0 =3Vrms 

INPUT IMPEDANCE 
Differential 3xl012ll5.5 3xl01'll5.5 flllPF 
Common Mode 3xl012ll5.5 3xl01'll5.5 flllPF 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 v 
Common-Mode Voltage' +14.5, -11.5 +14.5, -11.5 v 

TM1N to TMAx -11 +13 -11 +13 v 
Common Mode VcM=±lOV 78 88 84 94 dB 
Rejection Ratio TMIN to TMAx 76176/76 84 82 90 dB 

VcM=±ll V 72 84 78 90 dB 
TM1NtoTMAX 70170/70 80 74 84 dB 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 2 2 µVp-p 
f=HlHz 45 45 nV/~Hz 
f=lOOHz 22 22 nV/~Hz 
f= 1 kHz 18 18 nV/fflz 
f= 10 kHz 16 16 nV/fflz 

INPUT CURRENT NOISE f= 1 kHz 0.01 0.01 pN~Hz 

OPEN-LOOP GAIN Vo= ±10 V; RL<: 2 kfl 150 400 200 400 V/mV 
TMIN to TMAx 100/100/100 100 V/mV 

OUTPUT CHARACTERISTICS 
Voltage RL<: 2 k.Q +13, -12.5 +13.9, -13.3 +13, -12.5 +13.9, -13.3 v 

TMIN to TMAx ± 12/± 12/±12 +13.8, -13.1 ±12 +13.8, -13.1 v 
Current Short Circuit 25 25 mA 

POWER SUPPLY 
Rated Performance ±15 ±15 v 
Operating Range ±4.5 ±18 ±4.5 ±18 v 
Quiescent Current 10.0 13.5 10.0 12.0 mA 

TRANSISTOR COUNT # of Transistors 120 120 

NOTES 
1lnput Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C. 
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA;;;; +25°C. For higher temperatures, the current doubles every 10°C. 
3Defined as voltage between inputs, such that neither exceeds ± 10 V from ground. 
4Typically exceeding -14.1 V negative common-mode voltage on either input results in an output phase reversal. 

Specifications subject to change without notice. 
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ABSOLITTE MAXIMUM RATINGS 1 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 18 V 
Internal Power Dissipation2 

Input Voltage ................................... ±Vs 
Differential Input Voltage .................. +Vs and -Vs 
Output Short Circuit Duration (Single Amplifier) ... Indefinite 
Storage Temperature Range (N, R) ........ -65°C to + 125°C 
Storage Temperature Range (Q) .......... -65°C to + l 50°C 
Operating Temperature Range 

AD7lxJ/K ............................ 0°C to +70°C 
AD7lxA/B .......................... --40°C to +85°C 
AD7lxS/T ......................... -55°C to +125°C 

Lead Temperature Range (Soldering 60 sec) ........ + 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above· those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package 81A = 165°C/Watt 
8-Pin Cerdip Package eJA = 110°C/Watt 
8-Pin Metal Can Package 01A = 150°C/Watt 
8-Pin Small Outline Package 01A = 155°C/Watt 
14-Pin Plastic Package 01A = l 50°C/Watt 
14-Pin Cerdip Package eJA = 110°C/Watt 
16-Pin SOIC Package 01A = I 00°C/Watt 

REV. 0 

AD711/AD712/AD713 
ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD711AH -40°C to +85°C 8-Pin Metal Can H-08A 
AD711AQ -40'C to +85°C 8-Pin Ceramic DIP Q-8 
AD711BH -40°C to +85°C 8-Pin Metal Can H-08A 
AD711BQ -40°C to +85'C 8-Pin Ceramic DIP Q-8 
AD711CH -40°C to +85°C 8-Pin Metal Can H-08A 
AD71!CQ -40'C to +85°C 8-Pin Ceramic DIP Q-8 
AD71!JN 0°C to +70°C 8-Pin Plastic DIP N-8 
AD71!JR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD71 IJR-REEL 0°c to +70°C 8-Pin Plastic SOIC R-8 
AD711JR-REEL7 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD711KN 0°C to +70°C 8-Pin Plastic DIP N-8 
AD711KR 0°c to +70°C 8-Pin Plastic SOIC R-8 
AD711KR-REEL 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD71 IKR-REEL7 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD71 ISCHIPS -55°C to +125°C Bare Die 
AD711 SQ/883B -55°C to +125°C 8-Pin Ceramic DIP Q-8 
AD7 I I TQ/883B -55°C to +125°C 8-Pin Ceramic DIP Q-8 

AD712ACHIPS -40°C to +85°C Bare Die 
AD712AH -40°C to +85°C 8-Pin Metal Can H-08A 
AD712AQ -40°C to +85'C 8-Pin Ceramic DIP Q-8 
AD712BH -40'C to +85°C 8-Pin Metal Can H-08A 
AD712BQ -40°C to +85°C 8-Pitt Ceramic DIP Q-8 II 
AD712CH -40°C to +85'C 8-Pin Metal Can H-08A 
AD712CQ -40'C to +85°C 8-Pin Ceramic DIP Q-8 
AD712JN O'C to +70°C 8-Pin Plastic DIP N-8 
AD712JR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712JR-REEL 0°c to +70°C 8-Pin Plastic SOIC R-8 
AD712JR-REEL7 O'C to +70°C 8-Pin Plastic SOIC R-8 
AD712KN 0°C to +70°C 8-Pitt Plastic DIP N-8 
AD712KR 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712KR-REEL O'C to +70°C 8-Pin Plastic SOIC R-8 
AD712KR-REEL7 0°C to +70°C 8-Pin Plastic SOIC R-8 
AD712SCHIPS -55°C to +12s 0 c Bare Die 
AD712SQ -55°C to + 125°C 8-Pin Ceramic DIP Q-8 
AD712SQ/883B -55'C to +125°C 8-Pin Ceramic DIP Q-8 
AD712TQ -55°C to + 125°C 8-Pin Ceramic DIP Q-8 
AD712TQ/883B -55°C to + 125°C 8-Pin Ceramic DIP Q-8 

AD7!3AQ -40°C to +85°C 14-Pin Ceramic DIP Q-14 
AD713BQ -40°C to +85°C 14-Pin Ceramic DIP Q-14 
AD713JCHIPS O'C to +70°C Bare Die 
AD713JN 0°C to +70°C 14-Pin Plastic DIP N-14 
AD713JR-16 0°C to +70°C 16-Pin Plastic SOIC R-16 
AD713JR-l6-REEL 0°C to +70°C 16-Pin Plastic SOIC R-16 
AD713JR-16-REEL7 O'C to +70°C 16-Pin Plastic SOIC R-16 
AD713KN 0°C to +70°C 14-Pin Plastic DIP N-14 
AD713SCHIPS -55°C to +125°C Bare Die 
AD713SQ -55'C to +125°C 14-Pin Ceramic DIP Q-14 
AD713SQ/883B -55°C to +125'C 14-Pin Ceramic DIP Q-14 
AD713TQ -55°C to +125°C 14-Pin Ceramic DIP Q-14 
AD7 i 3TQ/883B -55°C to +125°C 14-Pin Ceramic DIP Q-14 
5962-906330 I MCA -55'C to +125°C 14-Pin Ceramic DIP Q-14 
5962-9.063302MCA -55°C to +125°C 14-Pin Ceramic DIP Q-14 

*For outline information see Package Information section. 
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WDEVICES 

FEATURES 

UL TRALOW NOISE PERFORMANCE 
2.9nVIVHzat10 kHz 
0.38 1LV I>;>, 0.1to10 Hz 
· 1;9 fA/VHz Current Noise at 1 kH~ 

EXCELLENT DC PERFORMANCE 
0.5 mV max Offset Voltage 
250 pA max Input Blas Current 
1000 VlmV min Open-Loop Gain 

AC. PERi=ORMANCE 
2.8 V/p.s Slew Rate 
4.5 MHz Unity-Gein .. Benclwidth 
THD = 0.0003% @ 1 kHz 
Available In Tepe and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Sonar Preemplifiers 
High Dynamic Range Filters (>140 dBi 
Photodiode end IR Detec:tor Amplifiers 
Accelerometers · 

PRODUCT DESCRIPTION 
The AD743 is an ultralow noise pi-ecision, FET input, mono
lithic operational amplifier. It offers a combination of the 
ultralow voltage noise generally associated with bipolar input op 
amps and the very low input current of a PET-input device. 
Furthermore, the AD743 does not exhibit an output pbase 
reversal when; the negative comnion~mode voltage limit is 
exceeded, 

The ~D743's guaranteed, maximum input voltage noise of 
4.0 nV/y'Hz at 10 kHz is unsurpassed for a FET·input mono
lithic op amp, as is the maximum 1.0 IJ.V p-p, 0.1to10 Hz 
noise. The AD743 also has excellent de performance with 
iso pA maximum input bias current and O.S mV maximum off· 
set voltage. · · 

The AD743 is specifically designed f!>I' use as a preamp in' 
capacitive senson, such as ceramic hy(\rophones. It is available· 
in five perfqrmance gI'Rlies. The AD743J and AD743K are rated 
over the commercial temperature range of OOC ,to + 70-C. The 
AD743A and AD743B are rated over the industrial temperature 
range of -40"C to +8S°C. The AD743S is rated over the mill· 
tary ~perature range of -SS°C to + 12S°C and is available pro
cessed to MIL·STD·883B, Rev. C. 

The AD743 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
16-pin SOIC, or in chip form. 

Tllis is an alniclpd data lheet. To obtain the !BOit receat venioa or 
eomplete data lheet, call oor fa retrieYal .,- at l-IN-44U212. 
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Uttralow Noise 
BiFET Op Amp 

AD743 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) 
and 

16·Pin SOIC (R) Package 

8-Pin Cerdip (Q) Packages 

PRODUCT HIGHLIGHTS 

NC 

NC 

NC 

+Ifs 
OUTPUT 

OFFSET 
NULL 

NC 

1. The low offset voltage and low input offset voltage drift Qf 
the AD743 coupled with its ultralow noise performance mean 
that the AD743 can be used for upgrading many applications 
now using bipolar amplifiers. 

2. The combination of low voltage and low current noise make 
the AD743 ideal for charge sensitive applications such as 
accelerometers and hydrophones. 

3. The low input offset voltage and low noise level of the 
AD743 provide >140 dB dynamic range. 

4. The typical 10 kHz noise level of 2.9 nV/y'Hz permits a 
three op amp instrumentation amplifier, using three AD743s, 
to be built which exhibits less than 4.2 nV/y'Hz noise at . 
10 kHz and which has low input bias currents. 
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted) 

Model AD743J/A AD743K/B AD743S 
Conditions Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.25 1.0/0.8 0.1 0.5/0.25 0.25 1.0 
Initial Offset Tmin to Tmax 1.5 1.0/0.50 2.0 
vs. Temp. Tmin to Tmax 2 I 2 
vs. Supply (PSRR) 12 V to 18 V2 90 % 100 106 90 % 
vs. Supply (PSRR) Tmin tO Tmax 88 98 100 88 

INPUT BIAS CURRENT' 
Either Input VCM = 0 v 150 400 150 250 150 400 
Either Input 

@Tmu VCM = 0 v 8.8/25.6 5.5/16 413 
Either Input VcM=+lOV 250 600 250 400 300 600 
Either Input, V 5 = ~5 V VcM = 0 V 30 200 30 125 30 200 

INPUT OFFSET CURRENT VCM = 0 v 40 150 30 75 40 150 
Offset Current 

@Tm,. VcM = 0 V 2.2/6.4 1.1/3.2 102 

FREQUENCY RESPONSE 
Gain BW, Small Signal G = -1 4.5 4.5 4.5 
Full Power Response V0 =20Vp-p 25 25 25 
Slew Rate, Unity Gain G = -1 2.8 2.8 2.8 
Settling Time to 0.01 % 6 6 6 
Total Harmonic f=lkHz 

Distortion4 G = -1 0.0003 0.0003 0.0003 

INPUT IMPEDANCE 
Differential 1 x 10'0 1120 I x 10w1120 1 x 10101120 
~ommonMode 3 x 1011 1118 3 x 10111118 3 x 10111118 

INPUT VOLTAGE RANGE 
Differential5 ±20 :t20 ±20 
Common-Mode Voltage + 13.3, -10.7 + 13.3, -10.7 + 13.3, -10.7 
Over Max Operating Range6 -10 +12 -10 +12 -10 +12 
Common-Mode 

Rejection Ratio VcM = ±lOV 80 95 90 102 80 95 

Tmin to Tmax 78 88 78 

INPUT VOLTAGE NOISE 0.1to10 Hz 0.38 0.38 1.0 0.38 
f = 10 Hz 5.5 5.5 10.0 5.5 
f = 100 Hz 3.6 3.6 6.0 3.6 
f=lkHz 3.2 5.0 3.2 5.0 3.2 5.0 
f = 10 kHz 2.9 4.0 2.9 4.0 2.9 4.0 

INPUT CURRENT NOISE f=lkHz 6.9 6.9 6.9 

OPEN LOOP GAIN V0 =±10V 

RLOAD 2 2 k!l 1000 4000 2000 4000 1000 4000 
Tmin to Tm,. 800 1800 800 
RLOAo = 600 n 1200 1200 1200 

OUTPUT CHARACTERISTICS 
Voltage RLoAo 2 600 n +13, -12 +13, -12 +13, -P 

RLoAo 2 600 n + 13.6, -12.6 + 13.6, -12.6 + 13."6, -12.6 

Tmin to Tmax +12, -10 +12, -10 +12, -10 
RL~Ao 2 2kn ±12 + 13.8, -13.1 ±12 + 13.8, -13.1 ±12 + 13.8, -13.1 

Current Shon Circuit 20 40 20 40 20 40 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 
Operating Rll!liC ±4.8 ±18 ±4.8 ±18 ±4.8 ±18 
Quiescent Current ,8.1 10.0 8.1 10.0 8.1 10.0 

TRANSISTOR COUNT # of Transistors 50 50 50 

NOTES 
1Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 2S°C. 
2Test conditions: +Vs= 15 V, -Vs= 12 V to 18 V and +Vs= 12 V to +18 V, -V5 =IS V. 
3Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +2S°C. For higher temperature, the current doubles every IO°C. 
4Gain = -1, RL = 2 kn, CL= IO pF. 
5Defmed as YQltage between inputs, such that neither exceeds ± 10 V .from common. 
6The AD743 does not exhibit an output phase reversal when the negative common~mode limit is exceeded. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 

AD743 

Units 

mV 
mV 
p.Vrc 
dB 
dB 

pA 

nA 
pA 
pA 

pA 

nA 

MHz 
kHz 
V/µs 
µs 

% 

illlpF 
illlPF 

v 
v 
v 

dB 
dB 

µVp-_r_ 
nV/y'Hz 
nV/yHZ 
nV/yHZ 
nV/yHZ 

fA/y'Hz 

V/mV 
V/mV 
V/mV 

v 
v 
v 
v 
mA 

v 
v 
mA 
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AD743 
ABSOLUTE MAXIMUM RATINGS' NOTES 
Supply Voltage ........................... ±18V 
Internal Power Dissipation2 

Input Voltage ............................. ±Vs 
Output Short Circuit Duration . . . . . . ......... Indefinite 
Differential Input Voltage . . . . . . . . . . . . . . . +Vs and - Vs 

1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD743J/K ........................ 0°C to +70°C 

28-pin plastic package: OJA = I00°C/Watt, OJc = SO"C/Watt 
8-pin cerdip package: OJA = ll0°C/Watt, OJc = 30"C/Watt 
16-pin plastic SOIC package: OJA = I00°C/Watt, OJc = 30°C/Watt 

ESD SUSCEPTIBILITY 
AD743A/B ...................... -40°C to +85°C 
AD743S ....................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) ...... 300°C 

An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD743. The AD743 is a class 1 
device, passing at 1000 V and failing at 1500 V on mill pins 1 
and 5, when tested, using an IMCS 5000 automated ESD tester. 
Pins other than null pins fail at greater than 2500 V. 

ORDERING GUIDE 

Package 
Model Temperature Range Option* 

AD743JN 0°C to +70°C N-8 
AD743KN 0°C to +70°C N-8 
AD743AN -40°C to +85°C N-8 
AD743JR-16 0°C to +70°C R-16 
AD743KR-16 0°C to +70°C R-16 
AD743AR-16 -40°C to +85°C R-16 
AD743AQ -40°C to +85°C Q-8 
AD743BQ -40°C to +85°C Q-8 
AD743SQ -55°C to + I25°C Q-8 
AD743SQ/883B -55°C to + 125°C Q-8 
AD743JCHIPS 0°C to +70°C Die 
AD743JR-16-REEL 0°C to +70°C Tape & Reel 
AD743KR-16-REEL 0°C to +70°C Tape & Reel 
AD743AR-16-REEL -40°C to +85°C Tape & Reel 

*N = Plastic DIP; R = Small Outline IC; Q = Cerdip. For outline informa
tion see Package Information section. 
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METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
500ns Settling to 0.01% for 10V Step 
1.Sp.s Settling to 0.0025% for 10V Step 
75V/p.s Slew Rate 
0.0003% Total Harmonic Distortion (THD) 
13MHz Gain Bandwidth - Internal Compensation 
>200MHz Gain Bandwidth IG = 1000) 

External Decompensation 
>1000pF Capacitive Load Drive Capability with 

10V/p.s Slew Rate - External Compensation 

DC PERFORMANCE 
0.25mV max Offset Voltage IAD744C) 
3p.Vl°C max Drift IAD744CI 
250V/mV min Open-Loop Gain IAD744BI 
4p.V p-p max Noise, 0.1Hz to 10Hz (AD744C) 
Available in Plastic Mini-DIP, Plastic SOIC, Hermetic 

Cerdip, Hermetic Metal Can Packages and Chip Form 
MIL-STD-883B Processing Available' 
Surface Mount ISOIC) Package Available in Tape 

and Reel in Accordance with EIA-481A Standard 

APPLICATIONS 
Output Buffers for 12-Bit, 14-Bit and 16-Bit DACs, 

ADC Buffers, Cable Drivers, Wideband 
Preamplifiers and Active Filters 

PRODUCT DESCRIPTION 
The AD744 is a fast-settling, precision, FET input, monolithic 
operational amplifier. It offers the excellent de characteristics of 
the AD711 BiFET family with enhanced settling, slew rate, and 
bandwidth. The AD744 also offers the option of using custom 
compensation to achieve exceptional capacitive load drive 
capability. 

Tbe single-pole response of the AD744 provides fast. settling: 
SOOns to 0.01 %. This feature, combined with its high de precision, 
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit 
or 16-bit DACs and ADCs. Furthermore, the AD744's low total 
harmonic distortion (THD) level of 0.0003% and gain bandwidth 
product of 13MHz make it an ideal amplifier for demanding 
audio applications. It is also an excellent choice for use in active 
filters in 12-bit, 14-bit and 16-bit data acquisition systems. 

The AD744 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
two or greater. External compensation may be applied to the 
AD744 for stable operation as a unity gain follower. External 
compensation also allows the AD744 to drive lOOOpF capacitive 
loads, slewing at lOV/JLs with full stability. Alternatively, external 
dec0mpensatioil may be used to in~ the gain bandwidth of 

This is an abriclgecl data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.B 

Precision, 500ns Settling 
BiFET Op Amp 

AD744 I 
CONNECTION DIAGRAMS 

T0.99 (H) Package 

NULL/ 
COMPENSATION 

-v 
NOTE: l'tN 4 CONNECTED 
TO CASE 

Plastic Mini-DIP (N), 
Small Outline (R) and 
Cerdip (Q) Packages 

NULL/ 
DECOMPENSATION 

the AD744 to over 200MHz at high gains. This makes the AD744 • 
ideal for use as ac preamps in digital signal processing (DSP) 
front ends. 

Tbe AD744 is available in seven performance grades. The AD744J 
and AD744K are rated over the commercial temperature range 
of 0 to + 70"C. The AD744A, AD744B and AD744C are rated 
over the industrial temperature range of - 40"C to + 85°C. The 
AD744S and AD744T are rated over the military temperature 
range of - 55°C to + 125°C and are available processed to MIL
STD-8838, Rev. C. 

Extended reliability PLUS screening is available, specified over 
the commercial and industrial temperature ranges. PLUS screening 
includes a 168-hour bum-in, as well as other environmental and 
physical tests. 

The AD744 is available in an 8-pin plastic mini-DIP, 8-pin 
small outline, 8-pin cerdip or T0-99 metal can. 

PRODUCT IUGHLIGHTS 
1. Tbe AD744 is a high-speed BiFET op amp that offers excellent 

performance at competitive prices. It outperforms the OPA602/ 
OPA606, LF356 and LF400. 

2. The AD744 offers exceptional dynamic response. It settles to 
0.01% in SOOns and has a 100% tested minimum slew rate of 
SOV/JLS (AD744B). 

3. The combination of Analog Devices' advanced processing 
technology, laser wafer drift trimming and well-matched ion
implanted JFETs provide outstanding de precision. Input 
offset voltage, input bias current, and input offset current 
are specified in the warmed-up condition; all are 100% 
tested. 

4. The AD744 has a guaranteed and tested maximum voltage 
noise of 4JLV p-p, O.lHz to lOHz (AD744C). 
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AD744-SPEClflCATIQNS (@ +25°C and ±15V de, unless otherwise noted) 

Model AD744j/AIS AD744K/B/T AD744C 
Conditions Mia Typ Max 

INPUTOFFSETVOLTAGE1 

Initial Offset 0.3 1.0 
Offset Tmm-Tmax 2/2/2 
vs. Temp 5 20/20/20 
vs.Supply' 82 95 
vs. Supply Tm••-T- 82/82182 

Long-Term Stability 15 
lNPUTBIASCURRENT' 

Either Input VcM=OV 30 100 
Either Input (ffT mu= VcM=OV 

J,K 70'C 0.7 2.3 
A,B,C 85'C l.9 6.4 
S,T 125'C 31 102 

Either Input VcM= + lOV 40 150 
Offset Current VcM=OV 20 50 
Offset Current (i"t'T m111. = VcM=OV 

J,K 70'C 0.4 l.l 
A,B,C 85'C 1.3 3.2 
S,T 125'C 20 52 

FREQUENCY RESPONSE 
Gain BW, Small Signal G= -1 8 13 
Full Power Response V0 =20Vp-p l.2 
Slew Rate, Unity Gain G=-1 45 75 
ScttlingTimeto0.01%" G= -1 0.5 0.75 
TocalHannonic f= lkHz 

Distortion Rl2=2kfl 
Vo=3Vrms 0.0003 

INPUT IMPEDANCE 
Differential 3 x 1012115.5 
Common Mode 3x 1012115.5 

INPUTVOLTAGERANGE 
Differentia15 ±20 
Common-Mode Voltage + 14.5, -11.S 
Over Max Operating Range6 -11 +13 
Common-Mode Rejection Ratio VcM= ± lOV 78 88 

TmmtoTnw: 76176176 84 
VCM= ±llV 72 84 
TmintOTm111. 70170170 80 

INPUT VOLTAGE NOISE 0.1 tolOHz 2 
f= lOHz 45 
f=lOOHz 22 
f= !kHz 18 
f=lOkHz 16 

INPUT CURRENT NOISE f=lkHz 0.01 

OPENLOOPGAIN7 Vo= ±IOV 
RLOAo2:2kfl 200 400 
TminlOTmax 100/100/100 

OUTPUT CHARACTERISTICS 
Voltage RLoAo2:2kO +13, -12.S + 13.9, -13.3 

TminlOTmax ±12/±12/±12 + 13.8, -13.1 
Current Short-Circuit 25 
Capacitive Load1 Gain= -1 1000 

POWER SUPPLY 
Rated Performance ±15 
Operating Range ±4.5 ±18 
Quiescent Current 3.5 5.0 

TEMPERATURE RANGE 
Operating, Rated Perfonnance 

Commetcial(Oto +70"C) AD744J 
Industrial ( -.40'C to + 85'C) AD744A 
Military ( - 55'C to + 125'C) AD744S 

PACKAGE OPTIONS' 1 
8-PinPlasticMini-DIP(N-S)and: 

AD744JN,AD744JR SOIC(R-8) 
8-PiaCerdip(Q·8) AD744AQ 
T0-99 Metal Can (H-08A) AD744AH 
Tape and Reel, AD744JR-REEL 

_gti~-~~able AD744JChips 

NOTES 
1Input Offset Voltage specifications arc guaranteed after S minutes of operation at TA= + 2S"C. 
2PSRRtestconditions: +Vs= lSV, -Vs= -12Vto -18Vand +Vs= 12Vtol8V, -Vs= - ISV. 

Mia Typ Max Mia 

0.25 0.5 
1.0 

5 10 
88 100 92 
88 92 

15 

30 100 

0.7 2.3 
l.9 6.4 
31 102 
40 150 
10 50 

0.2 l.l 
0.6 3.2 
10 52 

9 13 9 
l.2 

50 75 50 
0.5 0.75 

0.0003 

3x 1012115.5 
3x 1012115.5 

±20 
+ 14.5, -11.5 

-11 +13 -11 
82 88 86 
80 84 86 
78 84 80 
74 80 76 

2 
45 
22 
18 
16 

o.oi 

250 400 250 
100 150 

+13, -12.S + 13.9, -13.3 +13, -12.s 
±12 + 13.8, -13.1 ±12 

25 
1000 

±15 
±4.5 ±18 ±4.5 

3.5 4.0 

AD744K 
AD744B 
AD744T 

AD744KN,AD744KR 
AD744BQ 

AD744KR-REEL 

3Bias Current Specifications arc guaranteed maximum at either input after S minutes ofopcracion at TA = + 25°C. For hlgher temperature, the current doubles every 1 O"C. 
4Gain= -1,RL=Zk,CL= 10pF,rcfertoFigure25. 
5Defincd as voltage between inputs, such that neither exceeds ± l OV fr~ ground. 
'Typically exceeding - 14.1 V negative common-mode voltage ort either input results in an output phase reversal. 
70pen-LoopGain is specified with Vos both nulled and unnulled. 

TYP 

0.10 

2 
llO 

15 

30 

l.9 

40 
10 

0.6 

13 
l.2 
75 
0.5 

0.0003 

3x 1012115.S 
3x 1012115.5 

±20 
+ 14.S, -11.5 

94 
90 
90 
84 

2 
45 
22 
18 
16 

0.01 

400 

+ 13.9, -13.3 
+ 13.8, -13.1 
25 

±15 

3.5 

AD744C 

AD744CQ 

'Capacitive load drive specified for CcoMP = 20pF with the device connected as shown in Figure 32. Under these conditions, slew rate = I 4V IJJ.S and 0.01 % settling time = 1.5,...s typical. 
Refer to Table Il for optimum compensation while driving a capacitive load. 

'For outline information see Package Information section. 
Specifications subject to change without notice. 

Max Units 

0.25 mV 
0.45 mV 
3 µV/"C 

dB 
dB 
µV/month 

50 pA 

nA 
3.2 nA 

nA 
100 pA 
20 pA 

nA 
l.3. nA 

nA 

MHz 
MHz 
V/µs 

0.75 µs 

% 

nllpF 
nflpF 

v 
v 

+13 v 
dB 
dB 
dB 
dB 

4 µVp-£_ 
nV!v'Hz 
nV/'V'Jh 
nV/\!Hz 
nV/VHz 

pA/VHz 

VlmV 
V/mV 

v 
v 
mA 

1000 ...E!' 

v 
±18 v 
4.0 mA 

Specifications in boldface arc tested on all production units at final electrical test. Results from those tests arc used to calculate outgoing quality levels. All min and max spccif1attions are guaranteed, although 
only those shown in boldface are tested on all production units. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage .....• 
Internal Power Dissipation2 • • 

Input Voltage3 • • • • ••••• 

Output Short Circuit Duration 
Differential Input Voltage . . . 
Storage Temperature Range (Q, H) 
Storage Temperature Range (N, R) 
Operating Temperature Range 

AD744J/K 
AD744A/B/C ...... . 
AD744S/T ....... . 

Lead Temperature Range (Soldering 60 sec) 

. ±18V 
SOOmW 

. ±18V 
Indefinite 

+V8 and -V8 

- 6S0c to + 1so0c 
- 6S0c to + 12s·c 

... o to +70°c 
-400C to +ss•c 

- ss·c to + 12s·c 
.. .... 3000C 

AD744 
NOTES 
1 Stresses above tbose listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above tbose indi
ted in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 
'Thermal Characteristics 

8-PinPlasticPackage: 01c = 33°CIW,o1,. = IOO°C/W 
8-PinCerdipPackage: 01c = 22°CIW,91A = llO°C/W 
8-Pin Metal Can Package: 81c = 6S°C/W, 81A = ISO°C/W 
8-PinSOICPackage: 01c = 42°C/W,91A = 160°C/W 

3For supply voltages less than ± 18V, tbe absolute maximum input voltage 
is equal to the supply voltage. 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

1 
NULL/COMPENSATION 

8 
NULL/COMPENSATION 

-1-:· 
+IN 

0.063 

(1.l") .. 

__ -vs 

REV.B 

5 
;;;,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;_ ... _.. COMPENSATION 

48 
_._ ______ 0.0&3 ___ -_v_s_-11~ 

(1.60) 
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111111111 ANALOG 
LllllllDEVICES 

FEATURES 
ULTRALOW NOISE PERFORMANCE 
2.9 nV/YHz at 10 kHz 
0.38 µV p-p, 0:1 Hz to 10 Hz 
6.9 fA/YHz Current Noise at '1 kHz 

EXCELLENT AC PERFORMANCE 
12.5 V/µs Slew Rate 
20 MHz Gain Bandwidth Product 
THO = 0.0002% @ 1 kHz 
Internally Compensated for Gains of +5 (or -41 or 

Greater 

EXCELLENT DC PERFORMANCE 
0.5 mV max Offset Voltage 
250 pA max Input Bias Current 
2000 V/mV min Open Loop Gain 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Sonar 
Photodiode and IR Detector Amplifiers 
Accelerometers 
Low Noise Preamplifiers 
High Performance Audio 

PRODUCT DESCRIPTION 
The AD745 is an ultralow noise, high speed, FET input opera· 
tional amplifier. It offers both the ultralow voltage noise and 
high speed generally associated with bipolar input op amps and 
the very low input currents of FET input devices . .Its 20 MHz 
bandwidth and 12.5 V/µs slew rate makes the AD745 an ideal 
amplifier for high speed applications demanwng low noise and 
high de precision. Furthermore, the AD745 does not exhibit an 
output phase reversal. 

gsi•o 
!R::RCE 

<' 

I 
AD745 & RESISTOR 

OR 

1k 10k 100k 1M 1011 

SOURCE RESISTANCE - g 

This is an abridged data sheet. To obtain the most recent version en 
complete data sheet, call our fu retrieval system at 1·800-446·6212. 
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Ultralow Noise, High 
Speed, BiFET Op Amp 

AD745 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) & 
8-Pin Cerdip (Q). Packages 

16-Pin SOIC (R) Package 

OFFSET 
NULL 

NC 

OFFSET 
NULL 

OFFSET 
---, ___ _,.-~ NULL 

NC = NO CONNECT 

OFFSET 
NULL 

The AD745's guaranteed, tested maximum input voltage noise 
..• of 4 nV/VHz at.10 kHz is unsurpassed for a PET-input mono· 

lithic op amp, as is its maximum 1.0 µV p-p noise in a 0.1 to 
10 Hz bandwidtli.. The AD745 also has excellent de performance 
with 250 pA maximum inputbias current and 0.5 mV maxi· 
mum offset voltage. 

The .internal compensation of the AD745 is optimized for higher 
gains, providing 'a much higher bandwidth and a faster slew 
rate. This makes the AD745 especially useful as a preamplifier 
where low level signals require an amplifier that provides both 
high amplification and wide bandwidth at these higher gains. 
The AD745 is available in five performance grades. The AD745J 
and AD745K are rated over the commercial temperature range 
of 0°C to +70°C; The AD745A and AD745B are rated over the 
industrial temp~ture range of -40°C to +85°C. The AD745S 
.is rated over the military temperature range of -55°C to + 125°C 
and is available processed to MIL-STD-883B, Rev. C. 

The AD745 is available in 8-pin plastic mini-DIP, 8-pin cerdip, 
16-pin SOIC, or in chip form. 

~ -60 
iS" 
~ 

I~ 
I! i!i -100 .. 
~ 
~ -120 e 

-140 
10 

GAIN=+10 H 
GAIN= +100 ~ 
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y GAtN:.....t 
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UICI 1k 

FREQUENCY- Hz 

1.0 
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted) AD745 
Model AD745J/A AD745K/B AD745S 

Conditions Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.25 1.0/0.8 0.1 0.510.25 0.25 1.0 
Initial Offset Tmin to Tmax 1.5 1.0/0.50 2.0 
vs. Temp. Tmin to Tmax 2 2 2 
vs. Supply (PSRR) 12 V to 18 V2 90 96 100 106 90 96 
vs. Supply (PSRR) Tmln to Tmax 88 98 105 88 

INPUT BIAS CURRENT' 
Either Input VcM = 0 V 150 400 150 250 150 400 
Either Input 

0 Tm,. VcM = 0 V 8.8/25.6 5.5116 413 
Either Input VcM=+lOV 250 600 250 400 300 600 
Either Input, V 5 = ±5 V VcM = 0 V 30 200 30 125 30 200 

INPUT OFFSET CURRENT VcM = 0 V 40 150 30 75 40 ISO 
Offset Current 

@Tmax VcM = 0 V 2.2/6.4 l.l/3.2 102 

FREQUENCY RESPONSE 
Gain BW, Small Signal G = -4 20 20 20 
Full Power Response V0 = 20Vp-p 120 120 120 
Slew Rate G = -4 12.5 12.5 12.5 
Settling Time to 0.01% 5 5 5 
Total Harmonic f=lkHz 

Distortion4 G = -4 0.0002 0.0002 \ 0.0002 

INPUT IMPEDANCE 
Differential 1 x 10101120 I x 10 101120 1 x 10101120 
Common Mode 3 x 1011 1118 3 x 10"1118 3 x 10"1118 

INPUT VOLTAGE RANGE 
Differential5 ±20 ±20 ±20 
Common-Mode Voltage + 13.3, -10. 7 + 13.3, -10. 7 + 13.3, -10. 7 

Over Max Operating R:;i.nge6 -10 +12 -10 +12 -10 +12 
Common-Mode 

Rejection Ratio VcM = ±IOV 80 95 90. 102 80 95 

Tmin to Tmax 78 88 78 

INPUT VOLTAGE NOISE 0.1to10 Hz 0.38 0.38 1.0 0.38 
f = 10 Hz 5.5 5.5 10.0 5.5 
f = 100 Hz 3.6 3.6 6.0 3.6 
f=lkHz 3.2 5.0 3.2 5.0 3.2 5.0 
f= lOkHz 2.9 4.0 2.9 4.0 2.9 4.0 

INPUT CURRENT NOISE f=lkHz 6.9 6.9 6.9 

OPEN LOOP GAIN V0 = ±lOV 

RLOAD ;::= 2 k!l 1000 4000 2000 4000 1000 4000 

Tmin to Tmax 800 1800 800 

RLoAo = 600 n 1200 1200 1200 

OUTPUT CHARACTERISTICS 
Voltage RLoAo ;::= 600 n +13, -12 +13, -12 +13, -12 

RLoAo ;::= 600 n + 13.6, -12.6 + 13.6, -12.6 + 13.6, -12.6 

Tmin to Trnax +12, -10 +12, -10 +12, -10 

RLOAD;:;:; 2 kO ±12 + 13.8, -13.l ±12 + 13.8, -13.l ±12 + 13.8, -13.1 

Current Shon Circuit 20 40 20 40 20 40 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 
Operating Range ±4.8 ±18 ±4.8 ±18 ±4.8 ±18 
Quiescent Current 8 10.0 8 10.0 8 10.0 

TRANSISTOR COUNT # of Transistors 50 50 50 

NOTES 
1Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C. 
2Test conditions: +Vs= 15 V, -V5 = 12 V to 18 V and +Vs= 12 V to +18 V, -V5 = 15 V. 
3Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C. For higher temperature, the current doubles every lO"C. 
4Gain = -4, RL = 2 kn, cL = 10 pF. 
5Defined as voltage between inputs, such that neither exceeds ± 10 V from common. 
6The AD74S does not exhibit an output phase reversal when the negative common-mode limit is exceeded. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 

REV.B OPERA T/ONAL AMPLIFIERS 

Units 

mV 

mV 
µVrC 
dB 
dB 

pA 

nA 
pA 
pA 

pA 

nA 

MHz 
kHz 
V/µs 
µs 

% 

flllpF 

DllPF 

v 
v 
v 

dB 

dB 

µV p-.r_ 
nVl\/fu 
nV/Vfu 
nV/Vfu 
nV/yHz 

fN\!Hz 

V/mV 
V/mV 
V/mV 

v 
v 
v 
v 
mA 

v 
v 
mA 
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AD745 
ABSOLUTE MAXIMUM RATINGS1 NOTES. 

Supply Voltage .....•......•.......• ~ ..... :t 18 V 
Internal Power Dissipation2 -

Plastic Package . . . . . . . . . " . . . . . . . . . . . . . . . . 1. 3 W 
Cerdip Package .•........................ 1.1 W 
SOIC Package •......................... 1.2 W 

1Stresses above those listed under "/\bsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section. of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Input Voltage . • . . . . . . . . . . . . . . . . . . . . . . . . . . . :t Vs 
Output Short Circuit Duration . . . . • . . . . . . . . . . Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q) •.....•.. -65°C to + 150°C 

28-pin plastic package: 91A = IOO'CIWatt, 91c = SO'C/Wan 
8-pin cerdip package: 91A = llO'CIWatt, 91c = 30'CIWatt 
16-pin plastic SOIC paci<age: 91A = IOO'C/Watt, 91c = 30'C/Watt 

ESD SUSCEPTIBILITY 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD745J/K ........................ o•c to +10°c 
AD745AIB ...................... -40°c to +85°C 
AD745S ....................... -55°C to +125°C 

Lead Temperature Range (Soldering 60 seconds) . ~ .... 300°C 

An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD745, which is a class 1 device. 
Using an IMCS 5000 automated ESD tester, the two null pins 
will pass at voltages up to 1000 volts, while all other pins will 
pass at voltages exceeding 2500 volts. 

2 
INVERTING 

INPUT 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

v+ 
7 

OUTPUT 
6 

, ___________ 0.1232 -----------1~1 
(3.13) 

ORDERING GUIDE 

Package 
Model Temperature Range Options* 

AD74SJN o·c to +70°C N-8 
AD74SKN O°C to+70°C N-8 
AD74SAN -40°C to +8S°C N-8 
AD74SJR-16 O'C to +70°C R-16 
AD745AR-16 -40°C to +8s0c R-16 
AD74SAQ -40°C to +85°C Q-8 .. 
AD74SBQ -40°C to +8S°C Q-8 
AD74SSQ -SS°C to + 12S°C ... Q-8 
AD74SSQ/883B -SS°C to + 12S°C Q-8 
AD745J Chips o•c to +70°C 

*N = Plastic DIP; R = Small Outline IC; Q = Cerdip. For outline infor
mation see Package Information section. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
500 ns Settling to 0.01% for 10 V Step 
75 VI µs Slew Rate 
0.0001% Total Harmonic Distortion (THO) 
13 MHz Gain Bandwidth 
Internal Compensation for Gains of +2 or Greater 

DC PERFORMANCE 
0.5 mV max Offset Voltage (AD746B) 
10 µV/°C max Drift (AD746B) 
175 V/mV min Open Loop Gain (AD746B) 
2 µV p-p Noise, 0.1 Hz to 10 Hz 
Available in Plastic Mini-DIP, Cerdip 

and Surface Mount Packages 
Available in Tape and Reel in Accordance with 

EIA·481A Standard 
MIL-STD-883B Processing also Available 
Single Version: AD744 

APPLICATIONS 
Dual Output Buffers for 12· and 14-Bit DACs 
Input Buffers for Precision ADCs, Wideband 

Preamplifiers and Low Distortion Audio Circuitry 

PRODUCT DESCRIPTION 
The AD746 is a dual operational amplifier, consisting of two 
AD744 BiFET op amps on a single chip. These precision mono
lithic op amps offer excellent de characteristics plus rapid set· 
tling times, high slew rates and ample bandwidths. In addition, 
the AD746 provides the close matching ac and de characteristics 
inherent to amplifiers sharing the same monolithic die. 

The single pole response of the AD746 provides fast settling: 
500 ns to 0.01 %. This feature, combined with its high de preci
sion, makes it suitable for use as a buffer amplifier for 12· or 
14-bit DACs and ADCs. Furthermore, the AD746's low total 
harmonic distortion (THD) level of 0. 0001 % and very close 
matching ac characteristics make it an ideal amplifier for many 
demanding audio applications. 

The AD746 is internally compensated for stable operation as a 
unity gain inverter or as a noninverting amplifier with a gain of 
2 or greater. It is available in four performance grades. The 
AD746J is rated over the commercial temperature range of 0 to 
+ 70°C. The AD746A and AD746B are rated over the industrial 
temperature range of -40°C to +85°C. The AD746S is rated 
over the military temperature range of -55°C to + 125°C and is 
available processed to MIL-STD-883B, Rev. C. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 

REV. B 

Dual Precision, 500 ns 
Settling, BiFET Op Amp 

CONNECTION DIAGRAM 

Plastic Mini-DIP (N) 
Cerdip (Q) and 

Plastic SOIC (R) Packages 

OUTPUT 

-IN 

+IN 

v-

AD746 I 

The AD746 is available in three 8-pin packages: plastic mini· 
DIP, hermetic cerdip and surface mount (SOIC). 

PRODUCT HIGHLIGHTS 
l. The AD746 offers exceptional dynamic response for high 

speed data acquisition systems. It settles to 0.01 % in 500 ns 
and has a 100% tested minimum slew rate of 50 V/µs 
(AD746B). 

2. Outstanding de precision is provided by a combination of 
Analog Devices' advanced processing technology, laser wafer 
drift trimming and well-matched ion-implanted JFETs. Input 
offset voltage, input bias current and input offset current are 
specified in the warmed-up condition and are 100% tested. 

3. Differential and multichannel systems will benefit from the 
AD746's very close matching of ac characteristics. Input 
offset voltage specs are fully tested and guaranteed to a maxi
mum of 0.5 mV (AD746B). 

4. The AD746 has very close, guaranteed matching of input 
bias current between its two amplifiers. 

5. Unity gain stable version AD712 also available. 
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AD746-SPEClflCAJIQNS (@ +25°C and ±15 V de, unless otherwise noted) 

AD746J/A AD746B AD746S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

-
INPUT OFFSET VOLTAGE' 

Initial Offset 0.3 1.5 0.25 0.5 0.3 1.0 mV 
Offs~t Tmin to Tmax 2.0 0.7 1.5 mV 
vs. Temperature 12 20 5 10 12 20 µV/"C 
vs. Supply' (PSRR) 80 9S 84 100 80 9S dB 
vs. Supply (PSRR) Tmin to Tmax 80 84 80 dB 

Long Term Stability IS IS IS µV/month 

INPUT BIAS CURRENT' 
Either Input VCM = 0 v 110 250 110 150 110 250 pA 
Either Input @ T max VCM = 0 v 2.sn S.7/16 7 9.6 113 2S6 nA 
Either Input VcM = +10V 14S 3SO 14S 200 14S 350 pA 
Offset Current VCM = 0 v 45 125 45 75 45 125 pA 
Offset Current @ T max VcM = 0 V 1.0/3 2.8/8 3 4.8 45 128 nA 

MATCHING CHARACTERISTICS 
Input Offset Voltage 0.6 1.5 0.3 0.5 0.6 1.0 mV 
Input Offset Voltage Tmin to Tmax 2.0 0.7 1.5 mV 
Input Offset Voltage Drift 20 20 20 µV/°C 
Input Bias Current 125 75 125 pA 
Crosstalk @!kHz 120 120 120 dB 

@100kHz 90 90 90 dB 

FREQUENCY RESPONSE 
Gain BW, Small Signal G= -1 8 13 9 13 8 13 MHz 
Slew Rate, Unity Gain G= -1 45 7S so 7S 45 7S V/µs 
Full Power Response V0 =20Vp-p 600 600 600 kHz 
Settling Time to 0.01%4 G=I o.s 0.7S 0.5 0.7S o.s 0.7S µs 
Total Harmonic f=lkHz 

Distortion Rl22 kfl 
V0 = 3.V rms 0.000! 0.0001 0.0001 % 

INPUT IMPEDANCE 
Differential 2.S x 1011115.5 2.sx10"11s.s 2.Sx 10"11S.S flllpF 
Common Mode 2.s x 10"11s.s 2.Sx 10"115.5 2.5x 101111s.s flllpF 

INPUT VOLTAGE RANGE 
Differential5 ±20 ±20 ±20 v 
Common-Mode V<;Mage + 14.S, -11.5 + 14.S, -11.S +14.S, -11.5 v 
Over Max Operating Range6 '-11 +13 -11 +13 -11 +13 v 
Common-Mode Rejection Ratio VcM=±10 V 78 88 82 88 78 88 dB 

Tm.in to Tmax 76 84 80 84 76 84 dB 
VCM=±ll v 72 84 78 84 72 84 dB 
Tmin to Tmax 70 80 74 80 70 80 dB 

INPUT VOLTAGE NOISE 0.1 to 10 Hz 2 2 2 µVp-p 
f= 10Hz 45 45 4S nV/yHZ 
f= 100Hz 22 22 22 nV/y'fu 
f= l kHz 18 18 18 nV/y'fu 
f= IOkHz 16 16 16 nV/yHZ 

INPUT CURRENT NOISE f= !kHz 0.01 0.01 0.01 pA/yHZ 

OPEN LOOP GAIN V0 =±10V 
RLOAD:::::2 kfi 150 300 175 300 150 300 V/mV 
Tmin to Tmax 75 200 75 200 65 17S V/mV 

OUTPUT CHARACTERSTICS 
Voltage RLoAn~2k!l +13,-12.S +13.9, -13.3 +13, -12.S +13.9, -13.3 +13,-12.S + 13.9, -13.3 v 

Tmin to Tmax ±12 +13.8, '-13.1 ±12 + 13.8, -13.l ±12 + 13.8, -13.1 v 
Current Short Circuit 25 2S 2S mA 
Max Capacitive Load Gain= -1 50 50 so pF 

Driving Capability Gain= -10 soo 500 500 pF 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating Range ±4.S ±18 ±4.S ±18 ±4.S ±18 v 
Quiescent Current 7 10 7 8.0 7 10 mA 

TEMPERATURE RANGE 
Rated Performance 0 to +70/-40 to +SS -40 to +85 -S5 to +12S 'C 

PACKAGE OPTIONS7 

8-Pin Plastic Mini-DIP (N-8) AD746JN 
8-Pin Cerdip (Q-8) AD746AQ AD746BQ AD746SQ 
8-Pin Surface Mount (R-8) AD746JR 
Tape and Reel AD746JR-REEL 
Chips AD746SCH!PS 

TRANSISTOR COUNT 54 54 54 
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NOTES 
'Input Offset Voltage specifications are guaranteed after S minutes of operation at TA= +2S"C. 
2PSRR test conditions: +Vs= IS V, -Vs= -12 V to -18 V and +Vs= 12 V to 18 V, -V8 =-IS V. 
'Bias Current Specifications are guaranteed maximum at either input after S minutes of operation at TA= +2S"C. For higher temperature, the current doubles every IO'C. 
4Gain= -l,Rl=2k,CI= IOpF. 
5Deftned as voltage between inputs, such that neither exceeds ±IO V from ground. 
6Typicany exceeding -14.1 V negative common-mode voltage on either input results in an output phase reversal. 
7For outline information see Package Information section. 
Specifications subject to change without notice. 
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Input Voltage ...•......................... ±Vs 
Oiitput Short Circuit Duration 

(For One Amplifier) .................... Indefinite 
Differential Input Voltage ........•...... +Vs and -Vs 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD746J .•..........•.............. Oto +70°C 
AD746A/B ...................... -40°C to +85°C 

AD746S ....................... -55°C to + 125°C 
Lead Temperature Range 

(Soldering 60 seconds) .................... + 300°C 

NOTES 
'Stresses above those listed under "Absolute ~um Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect ·device 
reliability. 

28-Pin Plastic Package: OJA = IOO'C/Watt, OJc = SO'C/Watt 
8-Pin Cerdip Package: OJA = llO'CIWatt, 61c = 30'C/Watt 
8-Pin Small Outline Package: OJA = 160'C/Watt, 8Jc = 42'C/Watt -METALIZATION PHOTOGRAPH 

Contact factory for latest dimensions. 
Dimensions sbown in inches and (mm). 
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NANALOG 
LlllllDEVICES 

FEATURES 
Low Power Replacement for Burr-Brown 
OPA-111, OPA-121 Op Amps 
Low Noise 

2.5 p.V p-p max, 0.1 Hz to 10 Hz 
11 nV/VHz max at 10 kHz 
0.6 fA/VHz at 1 kHz 

High DC Accuracy 
250 p.V max Offset Voltage 
3 p. V /°C max Drift 
1 pA max Input Bias Current 
Low Power: 1.5 mA Max Supply Current 

Available in Low Cost Plastic Mini-DIP and Surface 
Mount (SOIC) Packages 

APPLICATIONS 
Low Noise Photodiode Preamps 
CT Scanners 
Precision 1-to-V Converters 

PRODUCT DESCRIPTION 
The AD795 is a low noise, precision, FET input operational 
amplifier. It offers both the low voltage noise and low offset 
drift of a bipolar input op amp and the very low bias current of 
a FET-input device. The 1014 0 common-mode impedance 
insures that input bias current is essentially independent of 
common-mode voltage and supply vqltage vw;iations. 

The AD795 has both excellent de Performance and a guaranteed 
and tested maximum input voltage noise. It features l pA maxi
mum input bias current and 250 µ. V maximum offset voltage, 
along with low supply current of 1.5 mA max' 

........ ....... 

1 
10 100 1k 

FREQUENCY - Hz 

AD795 Voltage Noise Spectral Density 

9-64 OPERATIONAL AMPLIFIERS 

10k 

Low Power, Low Noise 
Precision FET Op Amp 

AD795 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) 
Packages · 

8-Pin SOIC (R) Package 

NC = NO CONNECT 

Furthermore, the AD795 features a guaranteed low input noise 
of 2.5 µ.V p-p (0.1 Hz to 10 Hz) and a 11 nV/y'Hz max noise 
level at 10 kHz. The AD795 has a fully specified and tested 
input offset voltage drift of only 3 µ. V re max. 

. The AD795 is useful for many high.input impedance, low noise 
applieations. The AD795Jand AD795K are rated over the com
mercial temperature range of o-C to + 70°C. 

The AD795 is available in 8-pin plastic mini-DIP and 8-pin sur
face mount (SOIC) packages. 

40 1---1--.i----+-.i----

i 
I!; 30 t--t--t--t--t:::= .. 
I 

I n !---+--+---+--

o ....... -3 -2 _,. 0 3 4 

INPUT OFFSET VOLTAGE DRIFT- µVfC 

Typical Distribution of Average Input Offset Voltage Drift 
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted) AD795 
AD795JN/JR AD795K Units 

Parameter Conditions Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 100 500 50 250 µV 

Offset TMnrTMAx 300 1000 100 400 µV 
vs. Temperature 3 10 1 3 µVl°C 
vs. Supply (PSRR) 86 110 90 110 dB 
vs. Supply (PSRR) TM1~TMAX 84 100 87 100 dB 

INPUT BIAS CURRENT2 

Either Input VCM = 0 v 1 2/3 1 1 pA 
Either Input @ T MAX = VCM = 0 v 23 23 pA 
Either Input VcM=+lOV 1 1 pA 
Offset Current VcM = 0 V 0.1 1.0 0.1 0.5 pA 
Offset Current @ T MAX = VCM = 0 v 2 2 pA 

OPEN-LOOP GAIN V0 = ±lOV 
RLOAD ?.. 10 k0 110 120 110 120 dB 
RLOAD ?. 10 k0 100 108 100 108 dB 

INPUT VOLTAGE NOISE 0.1 Hz to 10 Hz 1.0 3.3 1.0 2.5 µV p-p 
f=lOHz 20 50 20 40 nV/y'Hz 
f = 100 Hz 12 40 12 30 nV/y'Hz 
f=lkHz 11 17 11 15 nV/y'Hz 
f= lOkHz 9 11 9 11 nV/y'Hz 

INPUT CURRENT NOISE f = 0.1 Hz to 10 Hz 13 13 fAp-p 
Ill 

f=lkHz 0.6 0.6 fNy'Hz 

FREQUENCY RESPONSE 
Unity Gain, Small Signal G = -1 1.6 1.6 MHz 
Full Power Response V0 = 20Vp-p 

RLOAD = 2 kO 16 16 kHz 
Slew Rate, Unity Gain VoUT = 20 V p-p 

RLOAD = 2 kO 1 1 V/µs 

SETTLING TIME3 

To 0.1% 10 V Step 10 10 µs 
To 0.01% 10 V Step 11 11 µs 
Overload Recovery4 50% Overdrive 2 2 µs 
Total Harmonic f=lkHz 

Distortion Rl?. 10 kO 
V0 = 3 V rms -108 -108 dB 

INPUT IMPEDANCE 
Differential VnIFF = ±1 V 1012112 1012112 OllPF 
Common Mode 1014112.2 101412.2 OllPF 

INPUT VOLTAGE RANGE 
Differential5 ±20 ±20 v 
Common-Mode Voltage ±10 ±11 ±10 ±11 v 
Over Max Operating Temperature ±10 ±10 v 
Common-Mode Rejection Ratio VCM = ±lOV 90 110 94 110 dB 

TMIN toTMAx 86 100 90 100 dB 

OUTPUT CHARACTERISTICS 
Voltage RLOAD ?_ 2 kO V8 -4 V8 -2.5 V8 -4 V8 -2.5 v 

TM1~TMAx V8 -4 V8 -4 v 
Current VoUT = ±lOV ±5 ±10 ±5 ±10 mA 

Short Circuit ±15 ±15 mA 

POWER SUPPLY 
Rated Performance ±15 ±15 v 
Operating Range ±4 ±18 ±4 ±18 v 
Quiescent Current 1.3 1.5 1.3 1.5 mA 
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AD795 
NOTES 
1lnput offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C. 
2Bias current specificatiQns are guaranteed maximum at either input after 5 m.inUtes of operation at TA = + 25°C. For higher temperatur.e, the current doubles 
every !0°C. 

'Gain = -1, RI = IO kn. 
4Defined as the time required for the amplifier's output to return to normal operation after removal of a 50% overload from the amplifier input. 
5Defined as the maxilnum continuous voltage between the inputs such that neither input exceeds ± 10 V from ground. 

All min and max specifications are guaranteed. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage . . . . . . . . . . . . . . . . . . ... ± 18 V 
Internal Power Dissipation2 (@TA= +25°C) 

SOIC Package ......................... 500 mW 
8-Pin Mini-DIP Package .................. 750 mW 

Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±Vs 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage . . . . . . . . . . . . . . . +Vs and - Vs 
Storage Temperature Range (N, R) . -65°C to + 125°C 
Operating Temperature Range 

AD795J/K ....................... 0°c to +70°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

28-Pin Plastic Mini-DIP Package: 01A = IOOOC/Watt 
8-Pin Small Outline Package: 01A = 155°C/Watt 
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ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD795 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

Model 

AD795JN 
AD795KN 
AD795JR 

ORDERING GUIDE 

Temperature Range 

0°C to +70°C 
0°C to +70°C 
0°C to +70°C 

Package Option* 

N-8 
N-8 
R-8 

*N = Plastic mini-DIP; R = SOIC package. For outline information see 
Package Information section. 
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AD795-Typical Characteristics 
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Figure 14. Output Swing and Error vs. Settling Time 
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10k!l 

Figure 24. Unity Gain Inverter Figure 25. Unity Gain Inverter 
Large Signal Pulse Response 

Figure 26. Unity Gain Inverter 
Small Signal Pulse Response 

Figure 27. Unity Gain Follower 
Figure 28. Unity Gain Follower 
Large Signal Pulse Response 

Figure 29. Unity Gain Follower 
Small Signal Pulse Response 

MINIMIZING INPUT CURRENT 
The AD795 is guaranteed to I pA max input current with ± 15 
volt supply voltage at room temperature. Careful attention to 
how the amplifier is used will maintain or possibly better this 
performance. 

The amplifier's operating temperature should be kept as low as 
possible. Like other JFET input amplifier's, the AD795's input 

REV.A 

current will double for every l0°C rise in junction temperature 
(illustrated in Figure 6). On-chip power dissipation will raise the 
device operating temperature, causing an increase in input cur
rent. Reducing supply voltage to cut power dissipation will 
reduce the AD795's input current (Figure 4). Heavy output 
loads can also increase chip temperature, maintaining a mini
mum load resistance of 10 kO in recommended. 
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AD795 
CIRCUIT BOARD NOTES 
The AD795 is designed for throughhole mounting on PC 
boards, using either mini-DIP or surface mount (SOIC). Main
taining picoampere resolution in those environments requires a 
lot of care. Both the board and the amplifier's package have 
finite resistance. Voltage differences between the input pins and 
other pins as well as PC board metal traces will cause parasitic 
currents -(Figure 30) larger than the AD79S's input current 
unless special precautions are taken. Two methods of minimiz
ing parasitic leakages are guarding of the input lines and main
taining adequate insulation resistance. 

Figures 31 and 32 show the recommended guarding schemes for 
follower and inverted topologies. Note that for the mini-DIP, 
the guard trace should be on both sides of the board. On the 
SOIC, Pin 1 is not connected, and can be safely connected to 
the guard. The high impedance input trace should be guarded 
on both edges for its entire length. 

Figure 30. Sources of Parasitic Leakage Currents 

Figure 31. Guarding Scheme-Inverter 

Figure 32. Guard Scheme-Follower 
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NOTE: 
ON THE "R" PACKAGE 
PINS 1, 5AND8ARE OPEN 
AND CAN BE CONNECTED 
TO ANALOG COMMON OR 
TO THE DRIVEN GUARD TO 
REDUCE LEAKAGE. 
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Leakage through the bulk of the circuit board will still occur 
with the guarding schemes shown in Figures 31 and 32. Stan
dard "G 1 O" type printed circuit board material may not have 
high enough volume resistivity to hold leakages at the sub
picoampere level particularly under high humidity conditions. 
One option that eliminates all effects of board resistance is 
shown in Figure 33. The AD795's sensitive input pin (either Pin 
2 when connected as an inverter, or Pin 3 when connected as a 
follower) is bent up and soldered directly to a Teflon* insulated 
standoff. Both the signal input and feedback component leads 
must also be insulated from the circuit board by Teflon 
standoffs or low-leakage shielded cable. 

INPUT PIN: 
PIN 2 FOR INVERTER 
OR PIN 3 FOR FOLLOWER 

TEFLON INSULATED STANDOFF 

Figure 33. Input Pin to Insulating Standoff 

Contaminants such as solder flux on the board's surface and on 
the amplifier's package can greatly reduce the insulation resis
tance between the input pin and those traces with supply or sig
nal voltages. Both the package and the board must be kept clean 
and dry. An effective cleaning procedure is to first swab the 
surface with high grade isopropyl alcohol, then rinse it with 
deionized water and, finally, bake it at 1 OO°C for 1 hour. Poly
propylene and polystyrene capacitors should not be subjected to 
the lOO°C bake as they will be damaged at temperatures greater 
than 81l°C. 

Other guidelines include making the circuit layout as compact as 
possible and reducing the length of input lines. Keeping circuit 
board components rigid and minimizing vibration will reduce 
ttiboelectric and piezoelectric effects. All precision high imped
ance circuitry requires shielding from electrical noise and inter
ference. For example, a ground plane should be used under all 
high value (i.e., greater than 1 MO) feedback resistors. In some 
cases, a shield placed over the resistors, or even the entire 
amplifier, may be needed to minimize electrical interference 
originating from other circuits. Referring to the equation in Fig
ure 30, this coupling can take place in either, or both, of two 
different forms-coupling via time varying fields: 

dV 
dTCp 

or by injection of parasitic currents by changes in capacitance 
due to mechanical vibration: 

dCpV 
dt 

*Teflon is a registered trademark of E.I. du Pont Co. 
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Both proper shielding and rigid mechanical mounting of 
components help minimize error currents from both of these 
sources. 

OFFSET NULLING 
The AD795's input offset voltage can be nulled (mini-DIP pack
age only) by using balance Pins 1 and 5, as shown in Figure 34. 
Nulling the input offset voltage in this fashion will introduce an 
added input offset voltage drift component of 2.4 µ Vl°C per 
millivolt of nulled offset. 

+Vs 

-Vs 

Figure 34. Standard Offset Null Circuit 

The circuit in Figure 35 can be used when the amplifier is used 
as an inverter. This method introduces a small voltage in series 
with the amplifier's positive input terminal. The amplifier's 
input offset voltage drift with temperature is not affected. How
ever, variation of the power supply voltages will cause offset 
shifts. 

Figure 35. Alternate Offset Null Circuit for Inverter 
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AD795 
AC RESPONSE WITH HIGH VALUE SOURCE. AND 
FEEDBACK RESISTANCE . 
Source and feedback resistances greater than 100 kn will mag
nify the effect of input capacitances (stray and inherent to the 
AD795) on the ac behavior of the circuit. The effects of common
mode and differential input capacitances should be taken into 
account since the circuit's bandwidth and stability can be 
adversely affected. 

In a follower, the source resistance, Rs, and input common
mode capacitance, Cs (including capacitance due to board and 
capacitance inherent to the AD795), form a pole that limits cir
cuit bandwidth to 112 'IT RsCs. Figure 36 shows the follower 
pulse response from a 1 Mn source resistance with the amplifi
er's input pin isolated from the board, only the effect of the 
AD79S's input common-mode capacitance is seen. 

Figure 36. Follower Pulse Response from 1 Ma Source 
Resistance 

In an inverting configuration, the differential input capacitance 
forms a pole in the circuit's loop transmission. This can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. The inverter 
pulse response with RF and Rs equal to 1 Mn, and the input 
pin isolated from the board appears in Figure 37. Figure 38 
shows the response of the same circuit with a 1 pF feedback 
capacitance. Typical differential input capacitance for the 
AD795 is 2 pF. 

Figure 37. Inverter Pulse Response with 1 Ma Source and 
Feedback Resistance 
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Figure 38. Inverter Pulse Response with 1 Ma Source and 
Feedback Resistance, 1 pF Feedback Capacitance 

OVERLOAD ISSUES 
Driving the amplifier output beyond its linear region causes 
some sticking; recovery to normal operation is within 2 µs of 
the input voltage returning.within the linear range. 

If either input is driven below the negative supply, the amplifi
er's output will be driven high, causing a phenomenon called 
phase reversal. Normal operation is resumed within 30 µs of the 
input voltage returning within the linear range. 

Figure 39 shows the AD79S's input currents versus differential 
input voltage. Picoamp level input current is maintained for dif
ferential voltages up to several hundred millivolts. This behavior 
is only important if the AD795 is in an open-loop application 
where substantial differential voltages are produced. 

:: t--tJ.-'f--.J~ I L J. 

{ 1o-< t---11-'"__, -t-1r-,n___,1rr---r-r--r--tlCr--r~--rt-_•t-1,.__, 
~ 10-7t--t---ir--r-~-+--t---ir-....--r-r--;---i 
I ,_ 
~ 1o-a 
§ 1()-9 1--r-r--+--t1-+--t--t--1H--t-+--r-; 
u 
~ 10-10 1--r-r--+--t+-+--t--t-1-+--r-+--r-; 
iii 
~ 10-11 1--r-r--+--t-<~t-+-t--t--t-t-+--t--t---1 

i!i 1(}-" r1:::1==::i::~;:;;:f"-r...:~r==r::=t:::i::::r1 
10-13 1--+--r--+--t-+--+--r--+--t-+--r-; 

10-14 -6~--S.,__-4_-3 __ -2 ____ 1_0_-:-~2,--~3-..,.4-~~6 

DIFFERENTIAL INPUT VOLTAGE - ±VOits 

Figure 39. Input Bias Current vs. Differential Input Voltage 
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INPUT PROTECTION 
The AD795 safely handles any input voltage within the supply 
voltage range. Some applications may subject the input termi
nals to voltages beyond the supply voltages-in these cases, the 
following guidelines should be used to maintain the AD79S's 
functionality and performance. 

If the inputs are driven more than a 0.5 V below the minus sup
ply, milliamp level currents can be produced through the input 
terminals. That current should be limited to I 0 mA for "tran
sient" overloads (less than 1 second) and 1 mA for continuous 
overloads, this can be accomplished with a protection resistor in 
the input terminal (as shown in Figures 40 and 41). The protec
tion resistor's Johnson noise will add to the amplifier's input 
voltage noise and impact the frequency response. 

Driving the input terminals above the positive supply will cause 
the input current to increase and limit at 40 µA. This condition 
is maintained until IS volts above the positive supply-any 
input voltage within this range does not harm the amplifier. 
Input voltage above this range causes destructive breakdown and 
should be avoided. 

Figure 40. Inverter with Input Current Limit 
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Figure 41. Follower with Input Current Limit 

Figure 42 is a schematic of the AD795 as an inverter with an 
input voltage clamp. Bootstrapping the clamp diodes at the 
inverting input minimizes the voltage across the clamps and 
keeps the leakage due to the diodes low. Low leakage diodes 
(less than l pA), such as the FD333's should be used, and 
should be shielded from light to keep photocurrents from being 
generated. Even with these precautions, the diodes will measur
ably increase the input current and capacitance. 

In order to achieve the low input bias currents of the AD795, it 
is not possible to use the same on-chip protection as used in 
other Analog Devices op amps. This makes the AD795 sensitive 
to handling and precautions should be taken to minimize ESD 
exposure whenever possible. 

Figure 42. Input Voltage Clamp with Diodes 
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AD795 
10pF 

109 Q 

OUTPUT 

r----..;)-----..., 
I Lc>=FILTERED I 
I OUTPUT I 
I I 
I · I 
I . I 
I I 

: OPTIONAL 26Hz : 
I FILTER I 

1...----------...l 
Figure 43. The AD795 Used as a Photodiode Preamplifier 

Preamplifier Applications 
The low input current and offset voltage levels of the AD795 
together with its low voltage noise make this amplifier an excel
lent choice for preamplifiers used in sensitive photodiode appli
cations. In a typical preamp circuit, shown in Figure 43, the 
output of the amplifier is equal to: 

V 0ur =In (Rf) = Rp (P) Rf 

where: 

I0 = photodiode signal current (Amps) 

Rp = photodiode sensitivity (Amp/Watt) 

Rf = the value of the feedback resistor, in ohms. 

P = light power incident to photodiode surface, in watts. 

An equivalent model for a photodiode and its de error sources is 
shown in Figure 44. The amplifier's input current, I8 , will con
tribute an output voltage error which will be proportional to the 
value of the feedback resistor. The offset voltage error, Vos• 
will cause a "dark" current error due to the photodiode's finite 
shunt resistance, Rd. The resulting output voltage error, VE• is 
equal to: 

VE= (I+ Rf/Rd) Vos+ Rf IB 

A shunt resistance on the order of 109 ohms is typical for a 
small photodiode. Resistance Rd is a junction resistance which 

PHOTODIODE r-------------1 
I 
I 
I 
I Cd 

! lo ~~pF 

I I 
L-------------...l 

Cf 
10pF 

la 

Rf 
10"!2 

OUTPUT 

Figure 44. A Photodiode Model Showing DC Error 
Sources 
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will typically drop by a factor of two for every l0°G rise in tem
perature. In the AD795, both the offset voltage and drift are 
low, this helps minimize these errors. 

Minimizing Noise Contributions 
The noise level limits the resolution obtainable from any pream
plifier. The total output voltage noise divided by the feedback 
resistance of the op amp defines the minimum detectable signal 
current. The m.inimum detectable current divided by the photo
diode sensitivity is the minimum detectable light power. 

Sources of noise in a typical preamp are shown in Figure 45. 
The total noise contribution is defined as: 

- - 2 T> - 2 ( Rf \ (-')(! ~ (' + s (Cd) R~) 
Vout= ii, +it +i,) l+s(CfJRf} +en +Rd l+s(CfJRf} 

PHOTODIODE , r----------------1 
I 
I 
I 
I Cd l TSOpF 

I \7 I 

L----------------...l 

Cl 
10pF 

OUTPUT 

Figure 45. Noise Ccmtributions of Various Sources 

Figure 46, a spectral density versus frequency plot of each 
source's noise contribution, shows that the bandwidth of the 
amplifier's input voltage noise contribution is much greater than 
its signal bandwidth. In addition, capacitance at the summing 
junction results in a "peaking'' of noise gain in this configura
tion. This effect can be substantial when large photodiodes with 
large shunt capacitances are used. Capacitor Cf sets the signal 
bandwidth and also limits the peak in the noise gain. Each 
source's rms or root-sum-square contribution to noise is 
obtained by integrating the sum of the squares of all the noise 
sources and then by obtaining the square root of this sum. Mini
mizing the total area under these curves will optimize the 
preamplifier's overall noise performance. 

An output filter with a passband close to that of the signal can 
greatly improve the preamplifier's signal to noise ratio. The 
photodiode preamplifier shown in Figure 45-without a band
pass filter-has a total output noise of 50 µV rms. Using a 
26 Hz single pole output filter, the total output noise drops to 
23 µ. V rms, a factor of 2 improvement with no loss in signal 
bandwidth. 
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Figure 46. Voltage Noise Spectral Density of the Circuit of 
Figure 45 with and without an Output Filter 

10pF 

Rf 

Ro 
10kQ 

Figure 47. A Photodiode Preamp Employing a "T" 
Network for Added Gain 

Using a "T" Network 

Your 

A "T" network, shown in Figure 47, can be used to boost the 
effective transimpedance of an I to V converter, for a given 
feedback resistor value. However, amplifier noise and offset 

REV.A 
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voltage contributions are also amplified by the "T" network 
gain. A low noise, low offset voltage amplifier, such as the 
AD795, is needed for this type of application. 

A pH Probe Buffer Amplifier 
A typical pH probe requires a buffer amplifier to isolate its 106 

to 109 n source resistance from external circuitry. Just such an 
amplifier is shown in Figure 48. The low input current of the 
AD795 allows the voltage error produced by the bias current 
and electrode resistance to be minimal. The use of guarding, 
shielding, high insulation resistance standoffs, and other such 
standard methods used to minimize leakage are all needed to 
maintain the accuracy of this circuit. 

The slope of the pH probe transfer function, 50 m V per pH 
unit at room temperature, has a + 3300 ppm/°C temperature 
coefficient. The buffer of Figure 48 provides an output voltage 
equal to 1 volt/pH unit. Temperature compensation is provided 
by resistor RT which is a special temperature compensation 
resistor, part number Q81, 1 kO, 1%, +3500 ppm/°C, available 
from Tel Labs Inc. 

Vos ADJUST +Vs .. 1 +15V 
100kQ 

~COM 
-Vs "'!1 T O.lµF -15V 

1VOLT/pH UNIT 

Figure 48. A pH Probe Amplifier 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Low Noise 

0.9 nVIYHz typ (1.2 nVIVHz max) Input Voltage 
Noise at 1 kHz 

50 nV p-p Input Voltage Noise, 0.1to10 Hz 
Low Distortion 

-120 dB Total Harmonic Distortion at 20 kHz 
Excellent AC Characteristics 

800 ns Settling Time to 16 Bits (10 V Step) 
110 MHz Gain Bandwidth (G = 1000) 
8 MHz Bandwidth (G = 10) 
280 kHz Full Power Bandwidth at 20 V p-p 
20 V/µs Slew Rate 

Excellent DC Precision 
80 µV max Input Offset Voltage 
1.0 µVl°C V0 s Drift 

Specified for ±5 V and ±15 V Power Supplies 
High Output Drive Current of 50 mA 

APPLICATIONS 
Professional Audio Preamplifiers 
IR, CCD, and Sonar Imaging Systems 
Spectrum Analyzers 
Ultrasound Preamplifiers 
Seismic Detectors 
l:.1 ADCIDAC Buffers 

PRODUCT DESCRIPTION 
The AD797 is a very low noise, low distortion operational 
amplifier ideal for use as a preamplifier. The low noise of 
0.9 nV/y'Hz and low total harmonic distortion of -120 dB 
at audio bandwidths give the AD797 the wide dynamic range 

1£ 4 t----t---+---t----t---t----t 

~ 
I 

~ 3 t----t---+---t----t---t----t 
g 
w 

" :!: 2 1-----+---+---t----+---+----1 ... 
g~ t; .. 
i!5 

oL-~--'~~-'-~~-'-~~-'-~~.&--~--' 

10 100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

AD797 Voltage Noise Spectral Density 

*Patent pending. 
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Ultralow Distortion, 
Ultralow Noise Op Amp 

AD797* I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) 

Packages 

OFFSET NULL 

DECOMPENSATION & 
DISTORTION 
NEUTRALIZATION 

necessary for preamps in microphones and mixing consoles. 
Furthermore, the AD797's excellent slew rate of 20 V/µs and 
110 MHz gain bandwidth make it highly suitable for low fre
quency ultrasound applications. 

The AD797 is also useful in IR and Sonar Imaging applications 
where the widest dynamic range is necessary. The low distortion 
and 16-bit settling time of the AD797 make it ideal for buffering 
the inputs to S.1 ADCs or the outputs of high resolution DACs 
especially when they are used in critical applications such as 
seismic detection and spectrum analyzers. Key features such as a 
50 mA output current drive and the specified power supply volt
age range of ± 5 to ± 15 volts make the AD797 an excellent gen
eral purpose amplifier. 

m ... 
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MEASUREMENT --I Llr l 
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THD vs. Frequency 
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SPECIFICATIONS (@TA= +25°C and Vs= ±15 V de, unless otherwise noted) 

AD797A/S1 

Model Conditions 

INPUT OFFSET VOLTAGE 
TMIN to TMAX 

Offset Voltage Drift 

INPUT BIAS CURRENT 
TMIN to TMAx 

INPUT OFFSET CURRENT 
TMIN to TMAx 

OPEN-LOOP GAIN VouT = ±lOV 
RLoAD = 2 kn 
TMrN-TMAX 
RLOAD = 60on 
TMIN to TMAx 
@ 20 kHz2 

DYNAMIC PERFORMANCE 
Gain Bandwidth Product G = 1000 

G = 10002 

-3 dB Bandwidth G = 10 
Full Power Bandwidth3 V0 =20Vp-p, 

RLoAD = 1 kn 
Slew Rate RLoAo = 1 kn 
Settling Time to 0.0015% 10 V Step 

COMMON-MODE REJECTION VcM = CMVR 
TMrN toTMAx 

POWER SUPPLY REJECTION Vs=±5Vto±l8V 
TM1Nto TMAX 

INPUT VOLTAGE NOISE f = 0.1 Hz to 10 Hz 
f=lOHz 
f= !kHz 
f = 10 Hz-1 MHz 

INPUT CURRENT NOISE f = 1 kHz 

INPUT COMMON-MODE 
VOLTAGE RANGE 

OUTPUT VOLTAGE SWING RLoAo = 2 kn 
RLoAo = 600 n 
RLoAo = 600 n 

Short-Circuit Current 
Output Current4 

TOTAL HARMONIC DISTORTION RLoAo = 1 kn, cN = 5o pF 
f = 250 kHz, 3 V rms 
RLoAo = 1 kn 
f=20kHz,3Vrms 

INPUT CHARACTERISTICS 
Input Resistance (Differential) 
Input Resistance (Common Mode) 
Input Capacitance (Differential)5 

Input Capacitance (Common Mode) 

OUTPUT RESISTANCE Av= + 1, f = 1 kHz 

POWER SUPPLY 
Operating Range 
Quiescent Current 

NOTES 
'See standard military drawing for 883B specifications. 
2Specified using external decompensation capacitor, see applications section. 
'Full Power Bandwidth = Slew Rate/2 'lT V PEAK. 

40utput Current for IVs - VouTI > 4 V, A0 L > 200 k!l. 

Vs Min Typ 

±5V,±15V 25 
50 

±5V,±15V 0.2 

±5V, ±15V 0.25 
0.5 

±5V, ±15V 100 
120 

±15 v 
I 20 
1 6 
I 15 
1 5 
14000 20000 

±15 v 110 
±15 v 450 
±15 v 8 

±15 v 280 
±15 v 12.5 20 
±15 v 800 

±5V,±15V 114 130 
110 120 

114 130 
110 120 

±15 v 50 
±15 v 1.7 
±15 v 0.9 
±15 v 1.0 

±15 v 2.0 

±15 v ±II ±12 
±5V ±2.5 ±3 

±15 v ±12 ±13 
±15 v ±II ±13 
±5 v ±2.5 ±3 
±5V,±15V 80 
±5V,±15V 30 50 

±15 v -98 

±15 v -120 

7.5 
100 
20 
5 

3 

±5 
±5V,±15V 8.2 

'Differential input capacitance consists of 1.5 pF package capacitance and 18.5 pF from the input differential pair. 

Specifications subject to change without notice. 

Max 

80 
125/180 
1.0 

1.5 
3.0 

400 
600/700 

1200 

1.2 
1.3 

-90 

-110 

±18 
10.5 

AD797 
AD797B 

Min Typ Max Units 

10 40 µV 
30 60 µV 
0.2 0.6 µV/°C 

0.25 0.9 µA 
0.25 2.0 µA 

80 200 nA 
120 300 nA 

2 20 V/µV 
2 10 V/µV 
2 15 V/µV 
2 7 V/µV 
14000 20000 VN 

110 MHz 
450 MHz 
8 MHz 

280 kHz 
12.5 20 V/µs 

800 1200 ns 

120 130 dB 
114 120 dB 

120 130 dB 
114 120 dB 

50 nVp-p 
1.7 2.5 nV/y'Hz 
0.9 1.2 nV/y'Hz 
1.0 1.2 µVrms 

2.0 pA/yHz 

±II ±12 v 
±2.5 ±3 v 
±12 ±13 v 
±II ±13 v 
±2.5 ±3 v 

80 mA 
30 50 mA 

-98 -90 dB 

-120 -110 dB 

7.5 kn 
100 Mn 
20 pF 
5 pF 

3 mn 

±5 ±18 v 
8.2 10.5 mA 
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AD797 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation @ + 25°C2 

Input Voltage ........................ : .... ±Vs 
Differential Input Voltage3 ••••••••••••••••••• ±0.7 V 
Output Short Circuit Duration ....... Indefinite Within max 

Internal Power Dissipation 
Storage Temperature Range (Q) ......... -65°C to + 1S0°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD797AIB ...................... -40°c to +8s0c 
AD797S ....................... -ss·c to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the deVice at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Internal Power Dissipation: 
8-Pin sore = 0.9 Watts - (TA -25'C)/01A 
8-Pin Plastic DIP and Cerdip = 1.3 Watts - (TA -25'C)/01A 
Thermal Characteristics 
8-Pin Plastic DIP Package: 01A = 95'C/W 
8-Pin Cerdip Package: 01A = l IO'C/W 
8-Pin Small Outline Package: 01A = 155'C/W 

'The AD797's inputs are protected by back-to-back diodes. To achieve low 
noise, internal current limiting resistors are not incorporated into the design of 
this amplifier. If the differential input voltage exceeds ±0.7 V, the input 
current should be limited to less than 25 mA by series protection resistors. 
Note, however, that this will degrade the low noise performance of the device. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD797 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD797AN -40°C to +8s0c 8-Pin Plastic DIP N-8 
AD797BN -40°c to +8s0c 8-Pin Plastic DIP N-8 
AD797BR -40°C to + 8S°C 8-Pin Plastic SOIC R-8 
AD797AR -40°c to +8s0c 8-Pin Plastic SOIC R-8 
5962-9313301MPA -ss·c to+ 12s·c 8-Pin Cerdip Q-8 
AD797 A Chips -40°c to +8s0c Die 

*For outline information see Package Information section. 

METALIZATION PHOTO 

DECOMP/ 
DISTORTION 8 

NEUTRALIZATION 

OFFSET 
NULL 

NOTE 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm) 

2 3 
-IN +IN 

The AD797 has double layer metal. Only one layer is shown here for clarity. 
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5 OFFSET 
NULL 

0.0661 
(1.68) 
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Typical Characteristics 
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Figure 1. Common-Mode Voltage Range vs. Supply 
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AD797 - Typical Characteristics 
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Typical Characteristics 
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Figure 14. Open-Loop Gain & Phase vs. Frequency 
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Figure 15. Input Offset Current vs. Temperature 
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Figure 16. Slew Rate & Gain/Bandwidth Product vs. 
Temperature 
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Figure 17. Open-Loop Gain vs. Resistive Load 
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Figure 18. Magnitude of Output Impedance vs. Frequency 
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AD797 - Typical Characteristics 

Hiil 

v,. 

.. SEE FIGURE 3Z -Vs 

Figure 19. Inverter 
Connection 

100ll 

-v.· 
• VAwE OF SOURCE RESISTANCE -

Sl!E TEXI' 
.. SEE FIGURE 3Z 

Figure 22. Follower 
Connection 

See Figure 40 for settling time 
test circuit. 
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Figure 20. Inverter Large Signal 
Pulse Response 

Figure 23. Follower Large Signal 
Pulse Response 

Figure 26. 16-Bit Settling Time 
Positive Input Pulse 

Figure 21. Inverter Small Signal 
Pulse Response 

Figure 24. Follower Small 
Signal Pulse Response 

Figure 26. 16-Bit Settling Time 
Negative Input Pulse 
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THEORY OF OPERATION 
The new architecture of the AD797 was developed to overcome 
inherent limitations in previous amplifier designs. Previous pre
cision amplifiers used three stages to ensure high open-loop 
gain, Figure 27b, at the expense of additional frequency com
pensation components. Slew rate and settling performance are 
usually compromised, and dynamic performance is not adequate 
beyond audio frequencies. As can be seen in Figure 27b, the 
first stage gain is rolled off at high frequencies by the compensa
tion network. Second stage noise and distortion will then appear 
at the input and degrade performance. The AD797 on the other 
hand, uses a single ultrahigh gain stage to achieve de as well as 
dynamic precision. As shown in the simplified schematic (Figure 
28), nodes A, B, and C all track in voltage forcing the operating 
points of all pairs of devices in the signal path to match. By 
exploiting the inherent matching of devices fabricated on the 
same IC chip, high open-loop gain, CMRR, PSRR, and low 
Vos are all guaranteed by pairwise device matching (i.e., NPN 
to NPN & PNP to PNP), and not absolute parameters such as 
beta and early voltage. 

REV.B 

GAIN= gmR1-sx1o" 

a. 

C2 

GAIN = gmR1 *A2 *A3 

b. 

Figure 27. Model of AD797 vs. That of a Typical 
Three-Stage Amplifier 

Figure 28. AD797 Simplified Schematic 

AD797 
This matching benefits not just de precision but since it holds 
up dynamically, both distortion and settling time are also 
reduced. This single stage has a voltage gain of > S x 106 and 
Vos <80 µ V, while at the same time providing THD + noise 
of less than -120 dB and true 16 bit settling in less than 800 ns. 
The elimination of second stage noise effects has the additional 
benefit of making the low noise of the AD797 ( <0.9 nV/y'Hz) 
extend to beyond I MHz. This means new levels of performance 
for sampled data and imaging systems. All of this performance 
as well as load drive in excess of 30 mA are made possible by 
Analog Devices' advanced Complementary Bipolar (CB) process. 

Another unique feature of this circuit is that the addition of a 
single capacitor, CN (Figure 28), enables cancellation of distor
tion due to the output stage. This can best be explained by 
referring to a simplified representation of the AD797 using ide
alized blocks for the different circuit elements (Figure 29). 

A single equation yields the open-loop transfer function of this 
amplifier, solving it (at Node B) yields: 

gm 

V1N CN . C . Cc . 
AJW- N)W-AJW 

gm = the transconductance of QI and Q2 
A = the gain of the output stage, (-1) 
V 0 = voltage at the output 
VIN = differential input voltage 

When CN is equal to Cc this gives the ideal single pole op amp 
response: 

Va= gm 
Vm jwC 

The terms in A, which include the properties of the output 
stage such as output impedance and distortion, cancel by simple 
subtraction, and therefore the distortion cancellation does not 
affect the stability or frequency response of the amplifier. With 
only 500 µA of output stage bias the AD797 delivers a 1 kHz 
sine wave into 600 n at 7 V rms with only 1 ppm of distortion. 

Figure 29. AD797 Block Diagram 
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AD797 
NOISE AND SOURCE IMPEDANCE CONSIDERATIONS 
The AD797's ultralow voltage noise of 0.9 nVyHz is achieved 
with special input transistors running at nearly l · mA of collector 
current. It is important then to consider the total input referred 
noise (eNtotal), which includes contributions from voltage noise 
(eN), current noise (iN), and resistor noise (y4 kTrs). 

eNtotal = [eN2 + 4 kTrs +4 (i~s)2] 112 Equation l 

where rs = total input source resistance. 

This equation is plotted for the AD797 in Figure 30. Since opti
mum de performance is obtained with matched source resis
tances, this case is considered even though it is clear from 
Equation 1 that eliminating the balancing source resistance will 
lower the total noise by reducing the total rs by a factor of two. 

At very low source resistance (rs <SO !l), the amplifiers' voltage 
noise dominates. As source resistance increases the Johnson 
noise of rs dominates until at higher resistances (rs >2 k!l) the 
current noise component is larger than the resistor noise. 

100 

t: 10 

~ 
I 

TOTAL N3!_SE 

J&:F' 
~ i....-

~ v:: v 
I\ 

RESISTOR t-
I-: j;:::P NOISE - ONLY +-

~ z 
[Z 

0.1 
10 100 1000 10000 

SOURCE RESISTANCE - Q 

Figure 30. Noise vs. Source Resistance 

The AD797 is the optimum choice for low noise performance 
provided the source resistance is kept < l k!l. At higher values 
of source resistance, optimum performance with respect to noise 
alone is obtained with other amplifiers from Analog Devices (see 
Table I). 

Table I. Recommended Amplifiers for Different Source 
Impedances 

rs, ohms 

0 to <l k 
lkto<lOk 
10 k to <100 k 
>100 k 

Recommended Amplifier 

AD797 
AD707, AD743/AD745, OP-27/0P-37, OP-07 
AD705, AD743/AD745, OP-07 
ADS48, ADS49, AD645, AD711, 
AD743/AD745 
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LOW FREQUENCY NOISE 
Analog Devices specifies low frequency noise as a peak to peak 
(p-p) quantity in a 0.1 Hz to 10 Hz bandwidth. Several tech
niques can be used to make this measurement. The usual 
technique involves amplifying, filtering, and measuring the 
amplifiers noise for a predetermined test time. The noise band
width of the filter is corrected for and the test time is carefully 
controlled since the measurement time acts as an additional low 
frequency roll-off. 

The plot in Figure 4 was made using a slightly different tech
nique. Here an FFT based instrument (Figure 31) is used to 
generate a 10 Hz "brickwall" filter. A low frequency pole at 
0.1 Hz is generated with an external ac coupling capacitor, the 
instrument being de coupled. 

Several precautions are necessary to get optimum low frequency 
noise performance: 

l. Care must be used to account for the effects of rs, even a 
10 n resistor has 0.4 nVyHz of noise (an error of 9% when 
root sum squared with 0.9 nVyHz). 

2. The test set up must be fully warmed up to prevent e0 s drift 
from erroneously contributing to input noise. 

3. Circuitry must be shielded from air currents. Heat flow out 
of the package through its leads creates the opportunity for a 
thermo-electric potential at every junction of different metals. 
Selective heating and cooling of these by random air currents 
will appear as l/f noise and obscure the true device noise. 

4. The results must be interpreted using valid statistical 
techniques. 

100kQ 

-Vs 

HP3465 
DYNAMIC SIGNAL 
ANALYZER 
(10Hz) 

~ USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 31. Test Setup for Measuring 0.1 Hz to 10 Hz 
Noise 

WIDEBAND NOISE 
The AD797, due to its single stage design, has the property that 
its noise is flat over frequencies from less than 10 Hz to beyond 
l MHz. This is not true of most de precision amplifiers where 
second stage noise contributes to input referred noise beyond 
the audio frequency range. The AD797 offers new levels of per
formance in wideband imaging applications. In sampled data 
systems, where aliasing of out of band noise into the signal band 
is a problem, the AD797 will out perform all previously avail
able IC op amps. 
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BYPASSING CONSIDERATIONS 
To take full advantage of the very wide bandwidth and dynamic 
range capabilities of the AD797 requires some precautions. 
First, multiple bypassing is recommended in any precision 
application. A 1.0 µF-4.7 µF tantalum in parallel with 0.1 µF 
ceramic bypass capacitors are ·Sufficient in most applications. 
When driving heavy loads a larger demand is placed on the sup
ply bypassing. In this case selective use of larger values of tanta
lum capacitors and damping of their lead inductance with small 
value (1.1 0 to 4. 7 0) carbon resistors can be an improvement. 
Figure 32 summarizes bypassing recommendations. The symbol 
(**)is used throughout this data sheet to represent the parallel 
combination of a 0.1 µF and a 4. 7 µF capacitor. rrv· 
0.1µF 4.7µF 

1 ov. 
4.7-22.0µF 

l 0.1µF OR 

1.1-4.m 

KELVIN RETURN 

%oAD 
CURRENT 

Figure 32. Recommended Power Supply Bypassing 

THE NONINVERTING CONFIGURATION 
Ultralow noise requires very low values of r88' (the internal par
asitic resistance) for the input transistors ("' 6 0). This implies 
very little damping of input and output reactive interactions. 
With the AD797, additional input series damping is required for 
stability with direct input to output feedback. A 100 0 resistor 
in the inverting input (Figure 33) is sufficient; the 100 0 bal
ancing resistor (R2) is recommended, but is not required for 
stability. The noise penalty is minimal (eNtotal "'2.1 nVy'Hz), 
which is usually insignificant. Best response flatness is obtained 
with the addition of a small capacitor (CL <33 pF) in parallel 
with the 100 0 resistor (Figure 34). The input source resistance 
and capacitance will also affect the response slightly and experi
mentation may be necessary for best results. 

R1 
1000 

+Vs 

-v. 
**USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 33. Voltage Follower Connection 

Low noise preamplification is usually done in the noninverting 
mode (Figure 35). For lowest noise the equivalent resistance of 
the feedback network should be as low as possible. The 30 mA 
minimum drive current of the AD797 makes it easier to achieve 
this. The feedback resistors can be made as low as possible with 
due consideration to load drive and power consumption. Table 
II gives some representative values for the AD797 as a low noise 
follower. Operation on 5 volt supplies allows the use of a 100 0 

REV.B 

AD797 
or less feedback network (Rl + R2). Since the AD797 shows no 
unusual behavior when operating near its maximum rated cur
rent, it is suitable for driving the AD600/AD602 (Figure 47) 
while preserving their low noise performance. 

Optimum flatness and stability at noise gains > 1 sometimes 
requires a small capacitor (Cd connected across the feedback 
resistor (Rl, Figure 35). Table II includes recommended values 
of CL for several gains. In general, when R2 is greater than 
100 n and CL is greater than 33 pF, a 100 0 resistor should be 
placed in series with CL. Source resistance matching is assumed, 
and the AD797 should never be operated with unbalanced 
source resistance > 200 kntG. 

*SEE TEXT 
** USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 34. Alternative Voltage Follower Connection 

+Vs 

-v. 
•• USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 35. Low Noise Preamplifier 

Table II. Values for Follower with Gain Circuit 

Noise 
Gain Rl R2 CL (Excluding rs) 

2 1 k!l 1 kO ""20pF 3.0nVy'Hz 
2 3000 300 o "'lOpF 1.8 nVy'Hz 
10 33.2 o 300 o ..,5 pF 1.2 nVy'Hz 
20 16.S o 316 o 1.0 nVy'Hz 
>35 100 (CJ-1) 100 0.98 nVyHZ 

The 1-to-V converter is a special case of the follower configura
tion. When the AD797 is used in an l~to-V converter, for 
instance as a DAC buffer, the circuit of Figure 36 should be 
used. The value of CL depends on the DAC and again, if CL is 
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AD797 
20-120pF 1000 

*SEE TEXT 
•USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 36. 1-to-V Converter Connection 

greater than 33 pF a 100 n series resistor is required. A 
by-passed balancing resistor (Rs and Cs) can be included to 
minimize de errors. 

THE INVERTING CONFIGURATION 
The inverting configuration (Figure 37) presents a low input 
impedance, RI, to the source. For this reason, the goals of both 
low noise and input buffering are at odds with one another. 
Nonetheless, the excellent dynamics of the AD797 will make it 
the preferred choice in many inverting applications, and with 
careful selection of feedback resistors the noise penalties will 
be minimal. Some examples are presented in Table II and 
Figure 37. 

Gain 

-1 
-1 
-10 

R2 

v,. 

*SEE TEXT 
• USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 37. Inverting Amplifier Connection 

Table m. Values for Inverting Circuit 

Noise 
RI R2 CL (Excluding rs) 

1 kn I kn =20pF 3.0nVVHz 
300 n 300n ""10 pF 1.8 nVVHz 
150 n 1500 n ,..5 pF 1.8 nVVHz 
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DRIVING CAPACITIVE LOADS 
The capacitive load driving capabilities of the AD797 are· dis
played in Figure 38. At gains over 10 usually no special precau
tions are necessary. If more drive is desirable the circuit in 
Figure 39 should be used. Here a 5000 pF load can be driven 
cleanly at any noise gain > = 2. 

1pF~~~~~~~~~~~~~~~~ 

1 10 100 
CLOSED-LOOP GAIN 

Figure 38. Capacitive Load Drive Capability vs. 
Closed-Loop Gain 

20pF 

1k!l 

200pF 100'2 

v,. 

-v. 
•USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

1k 

Figure 39. Recommended Circuit for Driving a High 
Capacitance Load 

SETTLING TIME 
The AD797 is unique among ultralow noise amplifiers in that it 
settles to 16 bits (<150 µV) in less than 800 ns. Measuring this 
performance presents a challenge. A special test setup (Figure 
40) was developed for this purpose. The input signal was 
obtained from a resonant reed switch pulse generator, available 
from Tektronix as calibration Fixture No. 067-0608-00. When 
open, the switch is simply 50 n to ground and settling is purely 
a passive pulse decay and inherently flat. The low repetition rate 
signal was captured on a digital oscilloscope after being ampli
fied and clamped twice. The selection of plug-in for the oscillo
scope was made for minimum overload recovery. 
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TO TEKTRONIX i- ----i 
OSCILLOS;;:: 1MOt +20pF: 

PREA~~~~~ I I 

4.28kO L-----.J 2260 
r-'VV\r-e--../\/1,.,....--~ 

2x 
HP2835 

r----, 
I TEKTRONIX I 
I CALIBRATION I 
I RXTURE I 

: r.:~9t4'\N'f-+{ 
I I 
I I 
L----.J 

(VIA LESS THAN 1 FT 
50!l COAXIAL CABLE) 

NOTE: 

2x 
HP2835 

USE CIRCUIT 
BOARD 
WITH GROUND 
PLANE 

Figure 40. Settling Time Test Circuit 

DISTORTION REDUCTION 
The AD797 has distortion performance (THD < -120 dB, @ 
20 kHz, 3 V rms, RL = 600 0) unequaled by most voltage 
feedback amplifiers. 

At higher gains and higher frequencies THD will increase due 
to reduction in loop gain. However in contrast to most conven
tional voltage feedback amplifiers the AD797 provides two effec
tive means of reducing distortion, as gain and frequency are 
increased; cancellation of the output stage's distortion and gain 
bandwidth enhancement by decompensation. By applying these 
techniques gain bandwidth can be increased to 450 MHz at 
G = 1000 and distortion can be held to -100 dB at 20 kHz for 
G = 100. 

The unique design of the AD797 provides for cancellation of the 
output stage's distortion (patent pending). To achieve this a 
capacitance equal to the effective compensation capacitance, usu
ally 50 pF, is connected between Pin 8 and the output (C2 in 
Figure 41). Use of this feature will improve distortion perfor
mance when the closed loop gain is more than 10 or when fre
quencies of interest are greater than 30 kHz. 

Bandwidth enhancement via decompensation is achieved by con
necting a capacitor from Pin 8 to ground (Cl in Figure 41) 
effectively subtracting from the value of the internal compensa
tion capacitance (50 pF), yielding a smaller effective compensa
tion capacitance and, therefore, a larger bandwidth. The 
benefits of this begin at closed loop gains of 100 and up. A max
imum value of .., 33 pF at gains of 1000 and up is recom
mended. At a gain of 1000 the bandwidth is 450 kHz. 

Table IV and Figure 42 summarize the performance of the 
AD797 with distortion cancellation and decompensation. 
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R1 

a. 

R1 

b. 

SOpF 

C1, SEE TABLE 
C2 = 50pF-C1 

AD797 

Figure 41. Recommended Connections for Distortion 
Cancellation and Bandwidth Enhancement 

Table IV. Recommended External Compensation 

A/B A B 
RI R2 Cl C2 3dB Cl C2 3dB 
0 0 (pF) BW (pF) BW 

G = 10 909 100 0 50 6MHz 0 50 6MHz 
G = 100 lk 10 0 50 lMHz 15 33 1.5 MHz 
G = 1000 10 k 10 0 50 110 kHz 33 15 450 kHz 

-90 

m ,, -100 ,__ _ __._ _ __, __ _,_. " -.L-1.--11---10.001 .:. 
I 

D 
j!: 

100 300 1k 

j!: 

0.0001 

3k 10k 30k 100k 300k 

FREQUENCY - Hz 

Figure 42. Total Harmonic Distortion (THO) vs. Frequency 
@3 V rms for Figure 47b 
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AD797 
Differential Line Receiver 
The differential receiver circuit of Figure 43 is useful for many 
applications from audio to MRI imaging. It allows extraction of 
a low level signal in the presence of common-mode noise. As 
shown in Figure 44, the AD797 provides this function with only 
9 nV/yHz noise at the output. Figure 45 shows the AD797's 
20-bit THD performance over the audio band and 16-bit accu
racy to 250 kHz. 

DIFFERENTIAL 
INPUT 

1k!l 

20pF 

-Vs 

1k!l 

20pF 

OUTPUT 

*OPTIONAL 
- use POWER SUPPLY 
BYPASSING SHOWN IN 
FIGURE32. 

Figure 43. Differential Line Receiver 

16 

6 
10 100 1k 10k 100k 

FREQUENCY - Hz 

j_ 
v 

1M 10M 

Figure 44. Output Voltage Noise Spectral Density for 
Differential Line Receiver 
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A General Purpose ATEllnstrumentation Input/Output Driver 
The ultralow noise and distortion of the AD797 may be com
bined with the wide bandwidth, slew rate, and load drive of a 
curren,t feedback amplifier to yield a very wide dynamic range 
general purpose driver. The circuirof Figure 46 combines the 
AD797 with the AD811 in just such an application. Using the 

-so ~------~-~------~o.ooa 

-1001----+----I--+---+~ 0.001 

~ ~ 
I -110 l----+----1--+---'---'----+-,f---l o.0003 ~ 

C MEASUREMENT :i: 

~ ~rr ~ 

-130'----'----'---'---'---.._ _ _._ _ __. 

100 300 1k 3k 10k 30k 100k 300k 
FREQUENCY - Hz 

Figure 45. Total Harmonic Distortion (THO) vs. Frequency 
for Differential Line Receiver 

component values shown, this circuit is capable of better than 
-90 dB THD with a ±5 V, 500 kHz output signal. The circuit 
is therefore suitable for driving high resolution AID converters 
and as an output driver in automatic test equipment (ATE) sys
tems. Using a 100 kHz sine wave, the circuit will drive a 600 0 
load to a level of 7 V rms with less than -109 dB THD, and a 
10 k!l load at less than -117 dB THD. 

-use POWER SUPPLY 
BYPASSING SHOWN IN 
FIGURE32. 

22pF 

Figure 46. A General Purpose A TE/Instrumentation 
Input/Output Driver 
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Ultrasound/Sonar Imaging Preamp 
The AD600 variable gain amplifier provides the time controlled 
gain (TCG) function necessary for very wide dynamic range 
sonar and low frequency ultrasound applications. Under some 
circumstances, it is necessary to buffer the input of the AD600 
to preserve its low noise performance. To optimize dynamic 
range this buffer should have at most 6 dB of gain. The combi
nation of low noise and low gain is difficult to achieve. The 
input buffer circuit shown in Figure 47 provides 1 nVy'Hz 
noise performance at a gain of two (de to 1 MHz) by using 
26. l 0 resistors in its feedback path. Distortion is only - 50 dBc 
@ 1 MHz at a 2 volt p-p output level and drops rapidly to bet
ter than -70 dBc at an output level of 200 mV p-p. 

26.rn 

• USE POWER SUPPLY Vs= .SVdc 
.. BYPASSING SHOWN IN FIGURE 32. 

Figure 47. An Ultrasound Preamplifier Circuit 

Amorphous (Photodiode) Detector 
Large area photodiodes Cs ~ 500 pF and certain image detec
tors (amorphous Si), have optimum performance when used in. 
conjunction with amplifiers with very low voltage rather than 
very low current noise. Figure 48 shows the AD797 used with 
an amorphous Si (Cs = 1000 pF) detector. The response is 
adjusted for flatness u~ng capacitor Cu while the noise is domi
nated by voltage noise amplified by the ac noise gain. The 797's 
excellent input noise performance gives 27 µ V rms total noise in 
a 1 MHz bandwidth, as shown by Figure 49. 

+Vs 

Is 

-v • 

.. USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 48. Amorphous Detector Preamp 
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AD797 

-eoi----.i..---=1:::::::::....iL-~..L.~....l...~_J 
100 1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 49. Total Integrated Voltage Noise & VouT of 
Amorphous Detector Preamp 

Professional Audio Signal Processing-DAC Buffers 
The low noise and low distortion of the AD797 make it an ideal 
choice for professional audio signal processing. An ideal 1-to-V 
converter for a current output DAC would simply be a resistor 
to ground, were it not for the fact that most DACs do not oper
ate linearly with voltage on their output. Standard practice is to 
operate an op amp as an· 1-to-V converter creating a virtual 
ground at its inverting input. Normally, clock energy and cur
rent steps must be absorbed by the op amp's output stage. 
However, in the configuration of Figure 50, Capacitor CF 
shunts high frequency energy to ground, while correctly repro
ducing the desired output with extremely low THD and IMD. 

AD1862 
DAC 

c, 
82pF 

+Vs 

-Vs 

.. USE POWER SUPPLY BYPASSING SHOWN IN FIGURE 32. 

Figure 50. A Professional Audio DAC Buffer 

+V,. 

Figure 51. Offset Null Configuration 
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1111111111 ANALOG 
LlllllDEVICES 

FEATURES 
High Speed 

80 MHz Bandwidth (3 dB, G = +1) 
75 MHz Bandwidth (3 dB, G = +2) 
1000 VI p.s Slew Rate 
50 ns Settling Time to 0.1% (V0 = 10 V Step) 

Ideal for Video Applications 
30 MHz Bandwidth (0.1 dB, G = +2) 
0.02% Differential Gain 
0.04° Differential Phase 

Low Noise 
2.9 nV/YHz Input Voltage Noise 
13 pA/YHz Inverting Input Current Noise 

Low Power 
8.0 mA Supply Current max 
2.1 mA Supply Current (Power-Down Mode) 

High Performance Disable Function 
Turn-Off Time 100 ns 
Break Before Make Guaranteed 
Input to Output Isolation of 64 dB (OFF State) 

Flexible Operation 
Specified for :!:5 V and ±15 V Operation 
:!:2.9 V Output Swing Into a 150 n Load IVs= :!:5 VI 

APPLICATIONS 
Professional Video Cameras 
Multimedia Systems 
NTSC, PAL & SECAM Compatible Systems 
Video Line Driver 
ADC/DAC Buffer 
DC Restoration Circuits 

N !:S:::: GAIN = +2 
1-4---1--+-~~~~":"...'""""-H-

1
++ RL=150Q

1
-+

PHASE I,~ .... 
~ oi---+--+-+-14-.._.l.::---+-+~-Ml\~,F-l·..,.~f--v~sr=-•1rSV+-I 
z GAIN -~ l\'..1- •SY 
~-11-----l--+--+-l+--~~~-l-l~=l--+-+--l-l 

\'I]\ ~ <2.SV g -2 ~-+-+-H+--+--tii \L\.~-H-'==J---t--f-+l 
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Closed-Loop Gain and Phase vs. Frequency, G = +2, 
RL = 150, RF= 715ll 
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Low Power 
Video Op Amp with Disable 

AD810 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), SOIC (R) and Cerdip (Q) Packages 

PRODUCT DESCRIPTION 
The AD810 is a composite and HDTV compatible, current 
feedback, video operational amplifier, ideal for use in systems 
such as multimedia, digital tape recorders and video cameras. 
The 0.1 dB flatness specification at bandwidth of 30 MHz 
(G = + 2) and the differential gain and phase of 0.02% and 
0.04° (NTSC) make the AD810.ideal for any broadcast quality 
video system~ All these specifications are under load conditions 
of ISO n (one 75 n back terminated cable). 

The AD810 is ideal for power sensitive applications such as 
video cameras, offering a low power supply current of 8.0 mA 
max. The disable feature reduces the power supply current to 
only 2.1 mA, while the amplifier is not in use, to conserve 
power. Furthermore the AD810 is specified over a power supply 
range of ±5 V to ±15 V. · 

The AD810 works well as an ADC or DAC buffer in video systems 
due to its unity gain bandwidth of 80 MHz. Because the AD810 
is a transimpedance amplifier, this bandwidth can be maintained 
over a wide range of gains while featuring a low noise of 
2.9 nV/y'Hz for wide dynamic range applications. 
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SPECIFICATIONS (@Ta= +25°C and Vs= ±15 V dc,RL = 150 n unless otherwise noted) AD810 

AD810A AD810S1 
Parameter Conditions Vs Min Typ Max Min Typ Max Units 

DYNAMIC PERFORMANCE 
3 dB Bandwidth (G = +2) RFD = 715 ±5V 40 50 40 50 MHz 

(G = +2) RFD= 715 ±15V 55 75 55 75 MHz 
(G = +I) RFD= IOOO ±15 v 40 80 40 80 MHz 
(G = + 10) RFD = 270 ±15V 50 65 50 65 MHz 

0.1 dB Bandwidth (G = +2) RFD= 715 ±5V 13 22 13 22 MHz 
(G = +2) RFD= 715 ±15 v 15 30 15 30 MHz 

Full Power Bandwidth V0 =20V p-p, 
RL = 4000 ±15 v 16 16 MHz 

Slew Rate2 RL = 1500 ±5V 350 350 V/µ,s 
RL = 4000 ±15 v IOOO IOOO V/µ,s 

Settlins Time to 0.1 % IO V Step, G = - I ±15 v 50 50 ns 
Settlins Time to 0.01% IO V Step, G = - I ±15 v 125 125 ns 
Differential Gain f = 3.58 MHz ±15 v 0.02 0.05 0.02 0.05 % 

f = 3.58 MHz ±5V 0.04 0.o7 0.04 0.07 % 
Differential Phase f = 3.58 MHz ±15V 0.04 0.o7 0.04 0.07 Degrees 

f = 3.58 MHz ±5V 0.045 0.08 0.045 0.08 Degrees 
Total Harmonic Distortion f = 10 MHz, V 0 = 2 V p-p 

RL = 400 o, G = +2 ±15V -61 -61 dBc 

INPUT OFFSET VOLTAGE ±5V,±15V 1.5 6 1.5 6 mV 
TM1N'"'"TMAX ±5 v, ±15 v 2 7.5 4 15 mV 

Offset Voltage Drift 7 15 µ,V/'C 

INPUT BIAS CURRENT 
Ill 

-Input TM1N'"'"TMAx ±5 v, ±15 v 0.7 5 0.8 5 µ,A 
+Input TM1N'"'"TMAx ±5 v, ±15 v 2 7.5 2 IO µ,A 

OPEN-LOOP TM1N'"'"TMAX 
TRANSRESISTANCE Vo= ±IOV,RL=4000 ±15 v 1.0 3.5 1.0 3.5 Mn 

V0 = ±2.5 V, RL = 1000 ±5 v 0.3 1.2 0.2 1.0 MO 

OPEN-LOOP TM1N'"'"TMAX 
DC VOLTAGE GAIN Vo= ±IOV,RL = 4000 ±15 v 86 100 80 100 dB 

V0 = ±2.5 V, RL = 100 .. 0 ±5V 76 88 72 88 dB 

COMMON-MODE REJECTION TMIN'"'"TMAX 
Vos VCM=±l2V ±15 v 56 64 56 64 dB 

VCM = ±2.5 v ±5V 52 60 50 60 dB 
±Input Cuqent TM1N'"'"TMAX ±5V, ±15V 0.1 0.4 0.1 0.4 µ,NV 

POWER SUPPLY REJECTION ±4.5 V to ±18 V 
Vos TM1N'"'"TMAX 65 72 60 72 dB 
±Input Current TM1N'"'"TMAX 0.05 0.3 0.05 0.3 µ,NV 

INPUT VOLTAGE NOISE f=lkHz ±5V, ±15V 2.9 2.9 nVi\/Hz 

INPUT CURRENT NOISE -llN, f = I kHz ±5V, ±15V 13 13 pA/\/Hz 
+IIN; f = I kHz ±5V, ±15V 1.5 1.5 pAl\/Hz 

INPUT COMMON-MODE ±5V ±2.5 ±3.0 ±2.5 ±3 v 
VOLTAGE RANGE ±15V ±12 ±13 ±12 ±13 v 

OUTPUT CHARACTERISTICS 
Output Voltage Swing' RL = 150 o, TMnrTMAX ±5V ±2.5 ±2.9 ±2.5 ±2.9 v 

RL=4000 ±15 v ±12.5 ±12.9 ±12.5 ±12.9 v 
RL = 400 o, TM1,.-TMAX ±15 v ±12 ±12 v 

Short-Circuit Current ±15 v 150 150 mA 
Output Current TMl,.-TMAX ±5V,±15V 40 60 30 60 mA 

OUTPUT RESISTANCE Open Loop (5 MHz) 15 15 o 
INPUT CHARACTERISTICS 

Input Resistance +Input 15 v 2.5 IO 2.5 10 MO 
-Input 15 v 40 40 0 

Input Capacitance +Input 15 v 2 2 pF 

DISABLE CHARACTERISTICS4 

OFF Isolation f = 5 MHz, See Figure 43 64 64 dB 
OFF Output Impedance See Figure 43 (RF+Rc,)1113 pF (RF+Rc,)1113 pF 
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AD8·10 
AD810A AD810S1 

Parameter Conditions v. Min Typ Max Min Typ Max Units 

·Turn On Time' ZouT = Low, SeeFigure 54 170 170 ns 
Turn Off Time ZouT =High 100 100. ns· 
Disable Pin Current Disable Pin = 0 V ±5V 50 75 50 75 µA 

±15V i90 400 290 400 µA 
Min Disable Pin Current to 

Disable TM1rrTMAx ±5V,±15V ·30 30 µA 

POWER SUPPLY 
Operating Range +25°C to TMAx ±2.5 ±18 ±2.5 ±18 v 

TMIN ±3.0 ±18 ±3.5 ±18 v 
Quiescent Current ±5V 6.7 7.5 6.7 7.5 mA 

±15 v 6.8 8.0 6.8 8.0 mA 
TM1?<TMAX ±5V,±15V 8.3 10.0 9 11.0 mA 

Power-Down Current ±5V 1.8 2.3 1.8 2.3 mA 
±15 v . 2.1 2.8 2.1 2.8 mA 

NOTES 'See Analog Devices Military Data Sheet for 883B Specifications. 
'Slew rate measurement is based on· 10% to 90% rise time. with the amplifier configured for a gain of -10. 
'Voltage Swing is defined as useful operating range, not the saturation range. · · 
'Disable guaranteed break before make. · 
'Turn On Time is defmed with ±5' V supplies using complementary output CMOS to drive the disable pin. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage ................... ±V5 

Differential Input Voltage ...................... ±6 V 
Storage Temperature Range 

Plastic DIP ..................... -65°C to + 125°C 
Cerdip ........................ -65°C to + 1S0°C 
Small Outline IC ................. -65°C to + 125°C 

Operating Temperature Range 
AD8IOA ....................... -40°C to +8S°C 
AD810S ....................... -ss0 c to + 12s0c 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
1Suesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage co the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum ratiµg conditions for extended periods may affect device 
reliability. . 

28-Pin Plastic Package: eJA = 90°C/Watt; 8-Pin Cerdip Package: eJA = 
110°C/Watt; 8-Pin SOIC Package: e1A = 150°C/Watt. 

ESD SUSCEPTIB.ILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge Without 
detection. Although the AD810 features ESD protection cir
cuitry, permanent damage may still occur on these devices if 
they are subjected to high energy electrostatic discharges. There
fore, proper ESD precautions are recommended to avoid any 
performance degradation or loss of functionality. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD810AN -40°C to +8s0c 8-Pin Plastic DIP N-8 
AD810AR -40°c to +8s0c 8-Pin Plastic SOIC R,.8 
AD810AR-REEL -40°c to +8s0c 8-Pin Plastic SOIC R-8 
5962-9313201MPA -ss0c to+ 12s0c 8-Pin Cerdip Q-8 

*For outline information see Package Information si:ctlen. 
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MAXIMUM POWER DISSIPATION 
.The maximum power that can be safely dissipated by the 
· AD810 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera
ture is 145°C. For the cerdip package, the maximum junction 
temperature is 175°C. If these maximums are exceeded momen
tarily, proper circuit operation will be restored as soon as the die 
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temperature is reduced. Leaving the device in the "overheated" 
condition for an extended period can result in device ·burnout. 
To ensure proper operation, it is important to observe the derat
ing curves. 

While the AD8 l 0 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem
perature is not exceeded under all conditions. 

~ 
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AD810-Typical Characteristics 
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AD8l0 - Typical Characteristics, Noninverting Connection 
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Figure 19. Noninverting Amplifier Connection 
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Figure 21. Closed-Loop Gain and Phase vs. Frequency, 
G = + 1. RF= 1 kfl for± 15 V, 910 fl for ±5 Vand ±2.5 V 
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Figure 22. Closed-Loop Gain and Phase vs. Frequency, 
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Figure 25. Small Signal Pulse Response, Gain = + 10, 
RF = 442 fl, RL = 150 fl, Vs = ± 15 V 
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Figure 27. Closed-Loop Gain and Phase vs. Frequency, 
G = + 10, RL = 150 a 
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Figure 29. -3 dB Bandwidth vs. Supply Voltage, 
Gain"" +10, RL = 150 a 
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Figure 26. Large Signal Pulse Response, Gain = + 10, 
RF= 442f1, RL = 400f1, Vs= ±15 V 
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Figure 28. Closed-Loop Gain and Phase vs. Frequency, 
G = +10, RL.= 1 kf1 
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AD810 - Typical Characteristics, Inverting Connection 
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Figure 31. Inverting Amplifier Connection 
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Figure 33. C:losed-Loop Gain and Phase vs. Frequency, 
G = -1, RL = 150{}, RF= 681 n for ±15 v, 620{l for 
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Figure 32. Small Signal Pulse Response, Gain = -1, 
RF = 681 n, RL = 150 {}, Vs = ±5 v 
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Figure 34. Closed-Loop Gain and Phase vs. Frequency, 
G = -1, Rt = 1 kn, RF = 681 n for Vs = ± 15 v, 620 n 
for ±5 V and ±2.5 V 
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Figure 36. -3 dB Bandwidth vs. Supply Voltage, 
Gain= -1, RL = 1 kn 
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Figure 37. Small Signal Pulse Response, Gain = -10, 
RF = 442 a, RL = 150 a, Vs = ± 15 v 
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Figure 39. Closed-Loop Gain and Phase vs. Frequency, 
G = -10, RL = 150[l 
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Figure 41. -3 dB Bandwidth vs. Supply Voltage, 
G = -10, RL = 150fl 
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Figure 38. Large Signal Pulse Response, Gain = -10, 
RF= 442 a, RL = 400 a, V5 = ±15 v 
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Figure 40. Closed-Loop Gain and Phase vs. Frequency, 
G=-10,RL=1kfl 
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Figure 42. -3 dB Bandwidth vs. Supply Voltage, 
G = -10, RL = 1 kfl 
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ADB 1 0 - Applications 
GENERAL DESIGN CONSIDERATIONS 
The AD810. is a current feedback amplifier optimized for use in 
high performance video and data acquisition systems. Since it 
uses a current feedback architecture, its closed-loop bandwidth 
depends oµ the value of the feedback resistor. Table. I below 
contains recommended resistor values for some useful closed
loop gains and supply voltages. As you ca.n see in the table, the 
closed-loop bandwidth is not a strong function of.gain, as it 
would be for a voltage feedback amp. Thi: recommended resis
tor values will result in maximum bandwidths with less than 0.1 
dB of peaking in the gain vs. frequency response. 

The - 3 dB bandwidth is also somewhat dependent on the 
power supply voltage. Lowering the supplies increases the 
values of internal capacitances, reducing the bandwidth. To 
compensate for this, smaller values of feedback resistor are 
sometimes used at lower supply voltages. The characteristic 
curves illustrate that bandwidths of over 100 MHz on ·30 V total 
and over 50 MHz on 5 V total supplies can be achieved. 

Table I. -3 dB Bandwidth vs. Closed-Loop Gain and 
Resistance Values (RL = 150 !l) 

Vs= :tl5 V 
Closed-Loop -3dBBW 
Gain RFD. RG (MHz) 

+l 1 kn 80 
+2 715 n 715 n 75 
+10 270 n 30 n 65 
-1 681 n 681 n 70 
-10 249 n 24.9 n 65 

Vs= :!:5 V 
Closed-Loop -3 dB BW 
Gain RFD RG (MHz) 

+l 910 n 50 
+2 715 n 715 n 50 
+ 10 270 n 30 n 50 
-1 620 n 620 n 55 
-10 249 n 24.9 n 50 

ACHIEVING VERY FLAT GAIN RESPONSE AT HIGH 
FREQUENCY 
Achieving and maintaining gain flatness of better than 0 .1 dB 
above 10 MHz is not difficult if the recommended resistor val
ues are used. The following issues should be considered to 
ensure consistently excellent results. 

CHOICE OF FEEDBACK AND GAIN RESISTOR 
Because the 3 dB bandwidth depends on the feedback resistor, 
the fine scale flatness will, to some extent, vary with feedback 
resistor tolerance. It is recommended that resistors with a 1 % 
tolerance be used if it is desired to maintain exceptional flatness 
over a wide range of production lots. 
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PRINTED CIRCUIT BOARD LAYOUT 
As with all wideband amplifiers, PC board parasitics can affect 
the overall close.-loop' performance. Most important are stray 
capacitances .at the output and inverting input n~des. (An added 
capacitance of 2 pF between the inverting input and ground will 
add about 0.2 dB of peaking in the gain of 2 response, and 
increase the bandwidth to.105 MHz.) A space (3/16" is plenty) 
should be left around the signal lines to minimize coupling. 
Also, signal lines connecting the feedback and gain resistors 
should be short enough so that their associated inductance does 
not cause high frequency gain errors. Line lengths less than 114" 
are recommended. 

QUALITY OF COAX CABLE 
Optimum flatness when driving a coax cable is possible only 
when the driven cable is terminated at each end with a resistor 
matching its characteristic impedance. If coax were ideal, then 
the resulting flatness would not be affected by the length of the 
cable. While outstanding results can be achieved using inexpen
sive cables, some variation in flatness due to varying cable 
lengths is to be expected. 

POWER SUPPLY BYPASSING 
Adequate power supply. bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance .in 
the power supply leads can contribute to. resonant circuits that 
produce peaking in the amplifier's response. In addition, if farge 
current transients must be delivered to the load, then bypass 
capacitors (typically greater than 1 µF) will be required to pro
vide the best settling time and lowest distortion. Although the 
recommended 0.1 µF power supply bypass capacitors will be 
sufficient in most applications, more elaborate bypassing (such 
as using two paralleled capacitors) may be required in some 
cases. 

POWER SUPPLY OPERATING RANGE 
The AD810 will operate with supplies from ±18 V down to 
about ±2.5 V. On ±2.5 V the low distortion output voltage 
swing will be better than 1 V peak to peak. Single supply 
operation can be realized with excellent results by arranging for 
the input common-mode voltage to be biased at the supply 
midpoint. 

OFFSET NULLING 
A 10 kn pot connected between Pins 1 and 5, with its wiper 
connected to V +, can be used to trim out the inverting input 
current (with about ±20 µA of range). For closed-loop gains 
above about 5, this may not be sufficient to trim the output off
set voltage to zero. Tie the pot's wiper to ground through a 
large value resistor (50 kn for ±5 V supplies, 150 kn for ± 15 
V supplies) to trim the output to zero at high closed-loop gains. 
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CAPACITIVE LOADS 
When used with the appropriate feedback resistor, the AD810 
can drive capacitive loads exceeding 1000 pF directly without 
oscillation. By using the curves in Figure 4S to chose the resis
tor value, less than 1 dB of peaking can easily be achieved with
out sacrificing much bandwidth. Note that the curves were 
generated for the case of a 10 kn load resistor, for smaller load 
resistances, the peaking will be less than indicated by Figure 4S. 

Another method of compensating for large load capacitances is 
to insert a resistor in series with the loop output as shown in 
Figure 43. In most cases, less than SO n is all that is needed to 
achieve an extremely flat gain response. 

Figures 44 to 46 illustrate the outstanding performance that can 
be achieved when driving a 1000 pF capacitor. 

Figure 43. Circuit Options for Driving a Large Capacitive 
Load 
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Figure 44. Performance Comparison of Two Methods for 
Driving a Large Capacitive Load 
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Figure 45. Max Load Capacitance for Less than 1 dB of 
Peaking vs. Feedback Resistor 

Figure 46. AD810 Driving a 1000 pF Load, Gain = +2, 
RF= 750 {1, R5 = 11 {},, RL = 10.kll 

DISABLE MODE 
By pulling the voltage on Pin 8 to common (0 V), the AD810 
can be put into a disabled state. In this condition, the supply 
current drops to less than 2.8 mA, the output becomes a high 
impedance, and there is a high level of isolation from input to 
output. In the case of a line driver for example, the output 
impedance will be about the slime as for a 1.S kn resistor (the 
feedback plus gain resistors) in parallel with a 13 pF capacitor 
(due to the output) and the input to output isolation will be bet
ter than 6S dB at 1 MHz. 

Leaving the disable pin disconnected (floating) will leave the 
AD810 operational in the enabled state. 

In cases where the amplifier is driving a high impedance load, 
the input to output isolation will decrease significantly if the 
input signal is greater than about 1.2 V peak to peak. The isola
tion can be restored back to the 6S dB level by adding a dummy 
load (say ISO n) at the amplifier output. This will attenuate the 
feedthrough signal. (This is not an issue for multiplexer applica
tions where the outputs of multiple AD810s are tied together as 
long as at least one channel is in the ON state.) The input 
impedance of the disable pin is about 3S kn in parallel with a 
few pF. When grounded, about SO 1.1.A flows out of the disable 
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AD810 
the disable pin for ±5 V supplies. If driven by-complementary 
output CMOS logic (such as the 74HC04), the disable time 
(until the output goes high imi>edance) is about 100 ns and the 
enable time (to low impedance output) is about 170 ns on ±5 V 
supplies. The enable time can be extended to about 750 ns by 
using open drain logic such as the 74HC05. 

When operated on ± f5 V supplies, the AD810 disable pin may 
be driven by open drain logic such as the 74C906. In this case, 
adding a 10 kO pull-up resistor from the disable pin to the plus 
supply will decrease the enable time to about 150 ns. If there is 
a nonzero voltage present on the amplifier's output at the time it 
is switched to the disabled state, some additional decay time will 
be required for the output voltage to relax to zero. The total 
time for the output to g0 to zero will generally be about 250 ns 
and is somewhat dependent on the load impedance. 

OPERATION AS A VIDEO LINE DRIVER 
The AD810 is designed to offer outstanding performance at 
closed-loop gains of one or greater. At a gain of 2, the AD810 
makes an excellent video lin-.: driver. The low differential gain 
and phase errors and wide -0.1 dB bandwidth are. nearly 
independent of supply voltage .and load (as seen in Figures 49 
and 50). · 

715ll 7150 

Figure 47. A Video Line Driver Operating at a .Gain of +2 
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Figure 48. Closed-Loop Gain and Phase vs. Frequency, 
G = +2, RL = 150, RF = 715 a · 
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Figure 49. Differential Gain and Phase vs. Supply Voltage 
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Figure 51. -3 dB Bandwidth vs. Supply Voltage, 
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2:1 VIDEO MULTIPLEXER 
The outputs of two AD810s can be wired together to form a 
2: 1 mux without degrading the flatness of the gain response. 
Figure 54 shows a recommended configuration which results in 
-0.1 dB bandwidth of 20 MHz and OFF channel isolation of 
77 dB at 10 MHz on ±5 V supplies. The time to switch 
between channels is about 0. 75 µs when the disable pins are 
driven by open drain output logic. Adding pull-up resistors to 
the logic outputs or using complementary output logic (such as 
the 74HC04) reduces the switching time to about 180 ns. The 
switching time is only slightly affected by the signal level. 

Figure 52. Channel Switching Time for the 2:1 Mux 
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Figure 53. 2: 1 Mux OFF Channel Feedthrough vs. 
Frequency 
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AD810 
N:l MULTIPLEXER 
A multiplexer of arbitrary size can be formed by combining 
the desired number of AD810s together with the appropriate 
selection logic. The schematic in Figure 58 shows a recommen
dation for a 4:1 mux which may be useful for driving a high 
impedance such as the input to a video AID converter (such as 
the AD773). The output series resistors effeetively compensate 
for the combined output capacitance of the OFF channels plus 
the input capacitance of the AID while maintaining wide band
width. In the case illustrated, the -0. l dB bandwidth is about 
20 MHz with no peaking. Switching time and OFF channel iso
lation (for the 4:1 mux) are about 250 ns and 60 dB at 10 MHz, 
respectively. 
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Figure 56. 4: 1 Mux ON Channel Gain and Phase 
vs. Frequency 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
High Speed 

140 MHz Bandwidth (3 dB, G = +1) 
120 MHz Bandwidth (3 dB, G = +2) 
35 MHz Bandwidth (0.1 dB, G = +2) 
2500 VI µs Slew Rate 
25 ns Settling Time to 0.1% (For a 2 V Step) 
65 ns Settling Time to 0.01% (For a 10 V Step) 

Excellent Video Performance (RL =150 0) 
0.01% Differential Gain, 0.01° Differential Phase 
Voltage Noise of 1.9 nVVHz 

Low Distortion: THO= -74 dB@ 10 MHz 
Excellent DC Precision 

3 mV max Input Offset Voltage 
Flexible Operation 

Specified for ±5 V and ±15 V Operation 
±2.3 V Output Swing into a 75 n Load (Vs = ±5 V) 

APPLICATIONS 
Video Crosspoint Switchers, Multimedia Broadcast 

Systems 
HDTV Compatible Systems 
Video Line Drivers, Distribution Amplifiers 
ADC/DAC Buffers 
DC Restoration Circuits 
Medical-Ultrasound, PET, Gamma & Counter 

Applications 

PRODUCT DESCRIPTION 
The AD811 is a wideband current-feedback operational ampli
fier, optimized for broadcast quality video systems. The - 3 dB 
bandwidth of 120 MHz at a gain of + 2 and differential gain and 
phase of 0.01 % and 0.01° (RL = 150 fl) make the AD811 an 
excellent choice for all video systems. The AD811 is designed to 
meet a stringent 0.1 dB gain flatness specification to a band
width of 35 MHz (G = + 2) in addition to the low differential 
gain and phase errors .. This performance is achieved whether 
driving one or two back terminated 75 n cables, with a low 
power supply current of 16.5 mA. Furthermore, the AD811 is 
specified over a power supply range of ±4.5 V to ± 18 V. 
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This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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High Performance 
Video Op Amp 

AD811 I 
CONNECTION DIAGRAMS 

8-Pin Plastic (N-8), 
Cerdip (Q-8) and 
SOIC (R-8) Packages 

NC = NO CONNECT 

20-Pin LCC (E-20A) Package 

~~~~~ 

~:651::~ 
~tN6 _ 16 +Vs 
NC7 15 NC 

+IN 8 14 OUTPUT 

9 10 1112 13 

~~~~~ 
NC = NO CONNECT 

16-Pin SOIC (R-16) Package 20-Pin SOIC (R-20) Package 

NC = NO CONNECT 

NC = NO CONNECT 

The AD811 is also excellent for pulsed applications where tran
sient response is critical. It can achieve a maximum slew rate of 
greater than 2500 VI µs with a settling time of less than 25 ns to 
0.1% on a 2 volt step and 65 ns to 0.01% on a 10 volt step. 

The AD811 is ideal as an ADC or DAC buffer in data acquisi
tion systems due to its low distortion up to 10 MHz and its wide 
unity gain bandwidth. Because the AD8 ll is a current feedback 
amplifier, this bandwidth can be maintained over a wide range 
of gains. The AD8 ll also offers low voltage and current noise of 
1.9 nV/yHz and 20 pA/yHz, respectively, and excellent de 
accuracy for wide dynamic range applications. 
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. AD81 l-SPECIFICATIONS (@Ta= +25°C and V5 = ±15 V de, RLOAa = 150 O unless otherwise noted) 

Model Conditions Vs 
DYNAMIC PERFORMANCE 

Small Signal BandWidth (No Peaking) 
-3dB 

G =+I RPB = 562 o :tl5 v 
G = +2 RPB = 6490 :tl5 v 
G = +2 RPB = 562 o :t5 v 
G = +10 RPB = 5U o :tl5 v 

0.1 dB Flat 
G = +2 RPB = 562 o :t5 v 

RFB = 6490 :tl5 v 
Full Power BandWidth3 VoUT = 20 V p-p ±15 v 
Slew Rate VoUT=4Vp-p :t5 v 

VoUT = 20 V p-p ±15 v . 
Settling Time to 0.1% 10 V Step, Av= -1 ±15 v 
Settling Time to 0.01% 
Settling Time to 0.1 % 2VStep,Av= -I :t5 v 
Rise Time, Fall Time RFB = 649, Av= +2 :tl5 v 
Differential Gain f = 3.58 MHz ±15 v 
Differential Phase f = 3.58MHz :tl5 v 
THD@fc = IOMHz VoUT = 2 V p-p, Av= +2 ±15 v 
Third Order Intercept• @fc=lOMHz :t5 v 

±15 v 
INPUT OFFSET VOLTAGE :t5V, :tl5V 

TM1NtoTMAX 
Offset Voltage Drift 

INPUT BIAS CURRHNT 
-Input ±5V, ±15V 

TM1NtoTMAx 
+Input ±SV, :tl5V 

TMIN toTMAx 
TRANSRESIST ANCE TM1N""TMAx 

VouT = ·±10 V 
RL = :x: ±15 v 
RL = 2000 :tlS V 

V(mT = ±2.5 V 
RL = 1500 ±5V 

COMMON-MODE REJECTION 
Vos (vs. Common Mode) 

TM1N""TMAX VCM = ±2.S ±5V 
TM1N""TMAX VCM = :tlOV :tlS V 

Input Current (vs. Common Mode) T>uN""TMAX 
POWER SUPPLY REJECTION Vs= ±4.5 V to ±18 V 

Vos TM1N""TMAX 
+Input Current TMIN""TMAX 
~Input Current TM1N""TMAX 

INPUT VOLTAGE NOISE f=lkHz 

INPUT CURRENT NOISE f=lkHz 

OUTPUT CHARACTERISTICS 
Voltage Swing, Useful Operating Range' :t5 v 

±IS V 
Output Current Tj = +25°C 
Short-circuit Current 

Output Resistance (Open Loop @ 5 MHz) 

INPUT CHARACTERISTICS 
+Input Resistance 
- Input Resistance ·' 
Input Capacitance +Input 
Common-Mode Voltage Range ±5V 

:tl5 v 
POWER SUPPLY 

Opersting Range 
Quiescent Current :t5 v 

:tlS V 
TRANSISTOR COUNT # of Transistors 

NOTES 
1The AD811JR is specified with :t5 V power supplies only, with operstion up to :t 12 volts. 
2See Analog Devices' military data sheet for 8838 tested specifications. 
3FPBW = slew rate/(2 " V PEAK) 
40utput power level, tested at a closed loop gain of two. 
'Useful opersting range is defined as the output voltage at which linearity begins to degrade. 
Specifications subject to change without notice. 
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AD811J/A1 AD811S2 

Min Typ Max Min Typ Max Units 

140 140 MHz 
120 120 MHz 
80 80 MHz 
100 100 MHz 

25 25 MHz 
35 35 MHz 
40 40 MHz 
400 400 V/µs 
2500 2500 V/µs 
50 50 ns 
65 65 ns 
25 25 ns 
3.5 3.5 ns 
0.01 0.01 % 
0.01 0.01 Degree 
-74 -74 dBc 
36 36 dBm 
43 43 dBm 
0.5 3 0.5 3 mV 

5 5 mV 
5 5 µVfC 

2 5 2 5 µA 
15 30 µA 

2 10 2 10 µA 
20 25 µA 

0.75 1.5 0.75 1.5 M!l 
0.5 0.75 0.5 0.75 M!l 

0.25 0.4 0.125 0.4 M!l 

56 60 50 60 dB 
60 66 56 66 ·dB 

1 3 1 3 µA/V 

60 70 60 70 dB 
0.3 2 0.3 2 µA/V 
0.4 2 0.4 2 µA/V 

1.9 1.9 nV/y'Hz 

20, 20 pA/y'Hz 

:t2.9 :t2.9 v 
:tl2 :tl2 v 
100 100 mA 
150 150 mA 
9 9 n 

1.5 1.5 M!l 
14 14 o 
7.5 7.5 pF 
±3 :t3 v 
:tl3 :t13 v 

±4.S :tl8 :t4.5 :tl8 v 
14.S 16.0 14.5 16.0 mA 
16.5 18.D 16.5 18.0 mA 
40 40 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage .......................... ± 18 V 
AD811JR Grade Only ..................... ± 12 V 

Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Shon Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage .................. ±Vs 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . ± 6 V 
Storage Temperature Range (Q, E) . . . . . . -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD811J .......................... 0°c to +70°C 
AD811A ....................... -40°C to +8s0c 
AD811S ....................... -SS°C to +12s0c 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
NOTES 
1 S~ses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

28-Pin Plastic Package: eJA = 90"C!Watt 
8-Pin Cerdip Package: e1A = llO"C/Watt 
8-Pin SOIC Package: 81A = 155°C/Watt 
16-Pin sore Package: eJA = 85°C/Watt 
20-Pin sore Package: eJA = 80"C!Watt 
20-Pin LCC Package: 81A = 70"C!Watt 

ORDERING GUIDE 

Model Temperature Range 

AD811AN -40°C to +85°C 
AD811AR-16 -40°C to +8S°C 
AD811AR-20 -40°C to +8S°C 
AD811JR o·c to +70°c 
AD811SQ/883B -ss0c to +12s0c 
5962-9313001MPA -ss0c to + 125°C 
AD811SE/883B -ss0c to + 12s0c 
5962-9313001M2A -SS°C to + 125°C 
AD8l1ACHIPS -40"C to + 85°C 
AD811SCHIPS -ss0c to + 125°C 

Package* 

N-8 
R-16 
R-20 
R-8 
Q-8 
Q-8 
E-20A 
E-20A 
Die 
Die 

*E = Ceramic Leadless Chip Carrier; N = Plastic DIP; Q = Cerdip; 
R = Small Outline IC (SOIC). For outline information see Package Infor
mation section. 

• -INPUT 

AD811 
MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
AD8 ll is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera
ture is 145°C. For the cerdip and LCC packages, the maximum 
junction temperature is l 75°C. If these maximums are exceeded 
momentarily, proper circuit operation will be restored as soon as 
the die temperature is reduced. Leaving the device in the "over
heated" condition for an extended period can result in device 
burnout. To ensure proper operation, it is important to observe 
the derating curves in Figures 17 and 18. 

While the ADS 11 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem
perature is not exceeded under all conditions. One imponant 
example is when the amplifier is driving a reverse terminated 
75 0 cable and the cable's far end is shorted to a power supply. 
With power supplies of ± 12 volts (or less) at an ambient tem
perature of + 25°C or less, if the cable is shorted to a supply 
rail, then the amplifier will not be destroyed, even if this condi
tion persists for an extended period. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD811 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- · 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

METALIZATION PHOTOGRAPH 
Contact Factory for Latest Dimensions. 
Dimensions Shown in Inches and (mm). 
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1'111111 ANALOG 
1111111111 DEVICES 

FEATURES 
Two Video Amplifiers in One 8-Pin SOIC Package 
Optimized for Driving Cables in Video Systems · 
Excellent Video Specifications IRL = 150 0): 

Gain Flatness 0.1 dB to 40 MHz 
0.02% Differential Gain Error 
0.02° Differential Phase Error 

Low Power 
Operates on Single +3 V Supply 
5.5 mA/ Amplifier Max Power Supply Current 

High Speed · 
145 MHz Unity Gain Bandwidth (3 dBi 
1600 V/µs Slew Rate 

Easy to Use 
50 mA Output Current 
Output Swing to 1 V of Rails 1150 o Load) 

APPLICATIONS 
Video Line Driver 
Professional Cameras 
Video Switchers 
Special Effects 

PRODUCT DESCRIPTION 
The AD812 is a low power, single supply, dual video amplifier. 
Each of the amplifiers have 50 mA of output current and are 
optimized for driving one back terminated video load (150 0) each. 
Each amplifier is a current feedback amplifier and features gain 
flatness of 0.1 dB to 40 MHz while offering differential gain and 
phase error of 0.02% and 0.02°. This makes the AD812 ideal for 
professional video electronics such as cameras and video switchers. 

OA--~~~~~~~~~T~-T~~ 

o.3 t---+-+-+-1+---11---t--+-++ ~=.+:son -+-I 

0.2 t---+-+-+-t+---11---+--+-++-+---l-+-+I 

I o.11---+-+-+-+-+---11---+--+-++-+----1--+-+1 
I 

~ 

I 
01---1-~t-t-+t--+~+-1-+ ..... !El=-...::+-t--tt 

-a.1 t---t--t-+++---+--+-+-++--~ .... -.._+-J+Nft-+-t-1 

~~1--+--+-+-t+--f"-----t-f"-t+-~++~l++I 
Vs:t15V-i:\- r\ 

-0~>--+-+-+-+-+--1---+-+-+--i;-+tSY-,-I-++~~....__.,_ ...... 

-OA,__..-+--+-..._,1-1--+--...+-+--+-+--+-1-+--<,._..+< 
sv- ri 

-0.5t---+-+-+-t+---ll---+--+-++-+-l+-f~H-I 

I 3v+ ll -0.6 ............. _ _._......, ...... ~.._ .................... ~ ......................... 
100k 1M 10M 100M 

FREQUENCY - Hz 

Fine-Scale Gain Flatness vs. Frequency, Gain = +2, 
RL = 1500 
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Dual, Current Feedback 
Low Power Op Amp 

AD812 I 
PIN CONFIGURATION 

8-Pin Plastic 
Mini-DIP & SOIC 

The AD812 offers low power of 4.0 mA per amplifier max CVs = 
+5 V) and can run on a single +3 V power supply. The outputs of 
each amplifier swing to within one volt of either supply rail to easily 
accommodate video signals of 1 Vp-p. Also, at gains of +2 the 
AD812 can swing 3 V p-p on a single +5 V power supply. All this 
is offered in a small 8-pin plastic DIP or 8-pin SOIC package. 
These features make this dual amplifier ideal for portable and 
battery powered applications where size and power is critjcal. 

The outstanding bandwidth of 145 MHz along with 1600 V/µs of 
slew rate make the AD812 useful in many general purpose high 
speed applications where a single +5 V or dual power supplies up to' 
± 15 V are available. The AD812 is available in the industrial 
temperature range of -40°C to +85°C. 

~~~~--.~~~~~~~--.~~~o.oe~ 

~ ~ 
~iERJiTIAL1iAIN O.o41 

I o.oa 1--1---1--1...::::~"""~~-.1--1-•--1 0.02~ 

Eo.oe~ ~ 
in ~ DIFFERENTIAL PHASE 

i o.ocl---+-+---l,..........:::...i.,;:::---1---+-+---I--+-~ I ~ 1--l..-l--1--l-"""'l-1~-..lt--_..l+--==:t::=::::.b-I 
8 9 10 11 12 13 14 15 
SUPPLY VOLTAGE - ±Volts 

Differential Gain and Phase vs. Supply Voltage, Gain = +2, 
RL = 1500 
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SPECIFICATIONS AD812 
Dual Supply (@TA= +25°C, Rt= 150 n, unless otherwise noted) 

AD812A 
Model Conditions v. Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2, No Peaking ±5V 50 65 MHz 

±15 v 75 100 MHz 
Gain= +1 ±15 v 100 145 MHz 

Bandwidth for 0.1 dB Flatness G = +2 ±5V 20 30 MHz 
±15 v 25 40 MHz 

Slew Rate' G = +2, RL = 1 k.Q ±5 v 275 425 V/µs 
20 V Step ±15 v 1400 1600 V/µs 
G=-1,RL=lkf.l ±5V 250 V/µs 

±15 v 600 V/µs 
Settling Time to 0 .1 % G=-1,RL= 1 k.Q 

V0 = 3 VStep ±5V 50 ns 
V0 = 10 V Step ±15 v 40 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion fc=lMHz,RL=lk.Q ±15 v -90 dBc 
Input Voltage Noise f= 10 kHz ±5 V, ±15 V 3.5 nV/fflz 
Input Current Noise f= 10 kHz, +In ±5V,±15V 1.5 pA/../Hz 

f = 10 kHz, -In ±5V,±15V 18 pA/../Hz 
Differential Gain Error NTSC, G = +2, RL = 150 n ±5V 0.05 0.1 % Ill 

±15 v 0.02 0.06 % 
Differential Phase Error ±5V 0.07 0.15 Degrees 

±15 v 0.02 0.06 Degrees 

DC PERFORMANCE 
Input Offset Voltage ±5V,±15V 2 5 mV 

TMIN -TMAX 12 mV 
Offset Drift ±5 v, ±15 v 15 µV/°C 
-Input Bias Current ±5V,±15V 7 20 µA 

TMIN -TMAX 38 µA 
+Input Bias Current ±5V,±15V 0.3 1.0 µA 

TMIN -TMAx 1.0 µA 
Open-Loop Voltage Gain V0 =±2.5V,RL=l500 ±5V 70 76 dB 

TMIN -TMAX 69 dB 
V0 =±lOV,RL=lkf.l ±15 v 78 82 dB 
TMIN -TMAx 75 dB 

Open-Loop Transresistance Vo=±2.5V,RL=l500 ±5V 350 550 k.Q 

TMIN -TMAX 270 k.Q 

V0 =±lOV,RL=lk.Q ±15 v 500 800 k.Q 

TMIN -TMAX 370 k.Q 

INPUT CHARACTERISTICS 
Input Resistance +Input ±15 v 15 Mn 

-Input 65 n 
Input Capacitance +Input 1.7 pF 
Input Common-Mode ±5V 4.0 ±V 
Voltage Range ±15 v 13.5 ±V 
Common Mode Rejection Ratio 

Input Offset Voltage VcM =±2.5 V ±5V 54 58 dB 
-Input Current 2 3.0 µA/V 
+Input Current 0.07 0.15 µA/V 
Input Offset Voltage VcM=±l2V ±15 v 56 60 dB 
-Input Current 1.5 3.0 µA/V 

+Input Current 0.05 0.1 µA/V 
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AD812-SPECIFICATIONS 
Dual Supply ccontinuedJ 

AD812A 
Model Conditions v. Min Typ Max Units 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL = 150 n, TMIN -TMAX ±5V 3.5 3.8 ±V 

RL = 1 kn, T MIN - T MAX ±15 v 13.6 14.0 ±V 
Output Current ±5V 30 40 mA 

±15V 40 50 mA 
Short Circuit Current G= +2, RF= 115 n ±15V 100 mA 

VIN= 2 v 
Output Resistance Open-Loop ±15 v 15 n 

MATCHING CHARACTERISTICS 
Dynamic 

Crosstalk G = +2, f = 5 MHz ±5V,±15V -75 dB 
Gain Flatness Match G = +2, f = 40 MHz ±15V 0.1 dB 

DC 
Input offset Voltage TMIN -TMAX ±5V,±15V 0.5 3.6 mV 
-Input Bias Current TMIN -TMAX ±5V,±15V 2 16 µA 

POWER SUPPLY 
Operating Range ±1.2 ±18 v 
Quiescent Current Per Amplifier ±5V 3.5 4.0 mA 

±15 v 4.5 5.5 mA 
TMIN -TMAX ±15V 6.0 mA 

Power Supply Rejection Ratio 
Input Offset Voltage V,=±l.5Vto±l5V 72 80 dB 
-Input Current 0.3 0.6 µAN 
+Input Current 0.005 0.05 µAN 
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AD812 

Single Supply (@TA= +25°C, RL = 150 a, unless otherwise noted) 

AD812A 
Model Conditions Vs Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2·, No Peaking +5 v 35 50 MHz 

+3 v 30 40 MHz 
Bandwidth for 0.1 dB 

Flatness G = +2 +5V 13 20 MHz 
+3V 10 18 MHz 

Slew Rate' G = +2, RL = 1 ldl +5 v 125 V/µs 
+3V 60 V/µs 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise f= 10 kHz +5 v, +3 v 3.5 nV/fflz 
Input Current Noise f= 10 kHz, +In +5 v, +3 v 1.5 pA/vHz 

f= 10 kHz, -In +5 v, +3 v 18 pA/fflz 
Differential Gain Error' NTsc, G = +2, RL = 150 n +5 v 0,07 % 

G = +l +3 v 0.15 % 
Differential Phase Error' G= +2 +5V 0.06 Degrees 

G=+l +3 v 0.15 Degrees 

DC PERFORMANCE 
Input Offset Voltage +5 v, +3 v 1.5 3 mV II 

TMIN -TMAX 4.5 mV 

Offset Drift +5 v, +3 v 7 µV/°C 
-Input Bias Current +5 v, +3 v 2 10 µA 

TMIN -TMAX 12 µA 
+Input Bias Current +5 v, +3 v 0.2 1.0 µA 

TMIN -TMAX 1.0 µA 
Open-Loop Voltage Gain V0 = +2.5 V p-p +5V 69 73 dB 

V0 =+0.7Vp-p +3V 70 dB 

Open-Loop Transresistance V0 = +2.5 V p-p +5 v 250 400 ldl 
V0 = +0.7 V p-p +3 v 300 ldl 

INPUT CHARACTERISTICS 
Input Resistance +Input +5 v 15 MO 

-Input +5V 90 n 
Input Capacitance +Input 2 pF 

Input Common-Mode +5 v 1.0 4.0 v 
Voltage Range +3 v 1.0 2.0 v 
Common-Mode Rejection Ratio 

Input Offset Voltage VcM = 1.25 V to 3.75 V +5V 52 55 dB 

-Input Current 3 5 µA/V 

+Input Current 0.1 0.2 µA/V 

Input Offset Voltage VcM = 1Vto2 V +3 v 52 dB 

-Input Current 3.5 µA/V 

+Input Current 0.1 µA/V 

REV.A OPERATIONAL AMPLIFIERS 9-113 



AD812-SPECIFICATIONS 
Single Supply (Continued) 

Model Conditions v. 
OUTPUT CHARACTERISTICS 

Output Voltage Swing p-p RL= 1 kn, TMIN -TMAX +5V 
RL = 150 n, TMIN -TMAX +5V 

+3 v 
Output Current +5V 

+3V 
Short Circuit Current G=+2,RF=715Q +5V 

VIN: 1 V 

MATCHING CHARACTERISTICS 
Dynamic 

Crosstalk G = +2, f = 5 MHz +5 V, +3 V 
Gain Flatness Match G = +2, f '= 20 MHz +5V,+3V 

DC 
Input offset Voltage TMIN -TMAX +5 V, +3 V 
-Input Bias Current TMIN -TMAx +5 v, +3 v 

POWER SUPPLY 
Operating Range 
Quiescent Current Per Amplifier +5 v 

+3 v 
TMIN-TMAX +5 v 

Power Supply Rejection Ratio 
Input Offset Voltage Vs= +3Vto +30V 
-Input Current 
+Input Current 

TRANSISTOR COUNT 

NOTES 
'Slew rate measurement is based on 10% to 90% rise time in the specified closed-loop gain. 
2Single supply differential gain and phase are measured with the ac coupled circuit of Figure 50. 
Specifications subject to change without notice. 
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AD812A 
Min Typ Max Units 

3.0 3.2 Vp-p 
2.8 3.1 Vp-p 
1.0 1.3 Vp-p 
20 30 mA 
15 25 mA 

40 mA 

-72 dB 
0.1 dB 

0.5 2.8 mV 
2 11 µA 

2.4 36 v 
3.2 4.0 mA 
3.0 3.5 mA 

4.5 mA 

72 80 dB 
0.3 0.6 µAN 
0.005 0.05 µAN 

56 
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ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ................................. ± 18 V 
Internal Power Dissipation2 

Plastic (N) ............................... 1.3 Watts 
Small Outline (R) .......................... 0.9 Watts 

Input Voltage (Common Mode) .................... ±Vs 
Differential Input Voltage ....................... ±1.2 V 
Output Short Circuit Duration 

. . . . . . . . . . . . . . . . . . . . . . Observe Power Derating Curves 
Storage Temperature Range N, R ......... -65°C to +125°C 
Operating Temperature Range ............. -40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 8-Pin Plastic Package: 01A = 90°C/Watt; 8-Pin 
SO!C Package: 0JA = 140°C/Watt. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD812AN -40°C to +85°C 8-Pin Plastic DIP 
AD812AR-8 -40°C to +85°C 8-Pin Plastic SOIC 

*For outline information see Package Information section. 

METALIZATION PHOTO 
Dimensions shown in inches and (mm). 

------- 0.0783 --------<•~1 (1.99) 

OUT2 -IN2 
7 6 

1 
OUT1 

2 
-IN1 

3 
+IN1 

4 
v-

Package 
Option* 

N-8 
R-8 

AD812 
MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
ADS 12 is limited by the associated rise in junction temperature. 
The maximum safe junction temperature for the plastic encap
sulated parts is· determined by the glass transition temperature 
of the plastic, about 150°C. Exceeding this limit temporarily 
may cause a shift in parametric performance due to a change in 
the stresses exerted on the die by the package. Exceeding a 
junction temperature of l 75°C for an extended period can result 
in device failure. 

While the AD8 l 2 is internally short circuit protected, this may 
not be sufficient to guarantee that the maximum junction tem
perature (150 degrees) is not exceeded under all conditions. To 
ensure proper operation, it is important to observe the derating 
curves. 

It must also be noted that in high (noninverting) gain configura
tions (with low values of gain resistor), a high level of input 
overdrive can result in a large input error current, which may re
sult in a significant power dissipation in the input stage. This 
power must be included when computing the junction tempera
ture rise due to total internal power. 
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Plot of Maximum Power Dissipation vs. Temperature 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD812 features proprietary ESD protection circuitry, permanent damage may occur on devices 
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recom
mended to avoid performance degradation or loss of functionality. 

~~c:J 
ESO SENSITIVE DEVICE 
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AD812 
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SUPPLYVOLTAGE-±Volts 

Figure 1. Input Common-Mode Voltage Range vs. Supply 
Voltage 
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Figure 2. Output Voltage Swing vs. Supply 
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Figure 3. Output Voltage Swing vs. Load Resistance 
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Figure 4. Total Supply Current vs. Junction Temperature 
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Figure 5. Total Supply Current vs. Supply Voltage 
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Figure 6. Input Bias Current vs. Junction Temperature 
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Vs:±SV 
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Figure 7. Input Offset Voltage vs. Junction Temperature 
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Figure 8. Short Circuit Current vs. Junction Temperature 

~ 
I 60t--t---t-"'c""'"t-:::;=f"--+--t---+--+--t-----t 

I 501---+--lol"-l----l' ...... -+--°" ........ --+--+--+--f 
() 

5 
§ 40 

-40 -20 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE - °C 

Figure 9. Linear Output Current vs. Junction Temperature 
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Figure 10. Linear Output Current vs. Supply Voltage 
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Figure 13. Input Current and Voltage Noise vs. Frequency 
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Figure 17. Harmonic Distortion vs. Frequency 
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Figure 20. Large Signal Pulse Response, Gain= +1, 
(RF= 750 Q, RL = 150 0., Vs= ±5 VJ 
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Figure 22. Maximum Slew Rate vs. Supply Voltage 

Figure 23. Small Signal Pulse Response, Gain = + 1, 
(RF= 750 Q, RL = 150 Q, Vs= ±5 VJ 
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Figure 24. -3 dB Bandwidth vs. Supply Voltage, G = + 1 
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Figure 25. Large Signal Pulse Response, Gain= +10, 
(RF= 3570, RL = 5000, V5 =±15 VJ 
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Figure 26. Closed-Loop Gain and Phase vs. Frequency, 
Gain= +10, RL = 1500 
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Figure 27. -3 dB Bandwidth vs. Supply Voltage, 
Gain= +10, RL = 1500 
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Figure 28. Small Signal Pulse Response, Gain = + 10, 
(RF=357il, RL = 1500, V5 =±5 VJ 
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Figure 29. Closed-Loop Gain and Phase vs. Frequency, 
Gain= +10, RL = 1 kO. 
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Figure 30. -3 dB Bandwidth vs. Supply Voltage, 
Gain= +10, RL = 1 kn 
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Figure 31. Large Signal Pulse Response, Gain= -1, 
(R,= 7500., R, = 1500., V5 =±5 V) 
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Figure 32. Closed-Loop Gain and Phase vs. Frequency, 
Gain= -1, R, = 150 n 
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Figure 33. -3 dB Bandwidth vs. Supply Voltage, 
Gain=-1,R,=1500. · 

REV.A 

AD812 

Figure 34. Small Signal Pulse Response, Gain= -1, 
(R,= 7500., R, = 1500., V5 =±5 V) 
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Figure 35. Closed-Loop Gain and Phase vs. Fre
quency, Gain= -10, R, = 1 kn 
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A0812 
General Considerations 
The AD812 is a wide baµdwidth, dual video amplifier which offers 
a high level of performance on less thari 5.5 mA per amplifier of 
quiescent supply current. It is designed to offer outstanding 
performance at closed-loop inverting·or noninverting gains of one 
or greater. 

Built on a low cost, complementary bipolar process, and achieving 
bandwidth .in excess of 100 MHz, differential gain and phase errors 
of better than 0.1%and0.1° (into 150 Q), and output current 
greater than .40 mA, the AD812 is an exceptionally efficient video 
amplifier. Using .a conventional current feedback architecture, its 
high performance is achieved through careful attention to design 
details: 

Choice of Feedback & Gain Resistors 
Because it is a current feedback amplifier, the closed-loop band
width of the AD812 depends on the value of the feedback resistor. 
The bandwidth also depends on the supply voltage. In addition, 
attenuation of the open-loop response when driving load resistors 
Jess than about 250 n will affect the bandwidth. Table I contains 
data showing typical bandwidths at different supply voltages for 
som.e useful closed-loop gains when driving a load of 150 n. 
(Bandwidths will be about 20% greater for foad resistances above a 
few hundred ohms.) 

The choice of feedback resistor is not critical unless it is important 
to maintain the widest, flattest frequency response. The resistors 
recommended in the table are those (metal film values) that will 
result in the widest 0.1 dB bandwidth. In those ·applications where 
the best control of the bandwidth is desired, 1 % metal l:ilm resistors 
are adequate. ·Wider bandwidths can be attained by reducing the 
magnitude of the feedback resistor (at the expense of increased 
peaking), while peaking can be reduced by increasing the magni
tude of the feedback resistor. 

Table I. -3 dB Bandwidth vs. Closed-Lo0p Gain and 
Feedback Resistor CR._= ISO il) 

v. Gain Rp,n BW,MHz 

±IS V +1 866 145 
+2 715 100 
+10 357 65 
-1 715 100 
-10 357 60 

±SV +1 750 90 
+2 681 65 
+10 154 45 
-1 715 70 
-10 154 45 

+5V +1 750 60 
+2 681 50 
+10 154 35 
-1 715 50 
-10 154 35 

+3V +1 750 50 
+2 681 .40 
+10 154 30 
-1 715 40 
-10 154 25 
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To estimate the -3 dB bandwidth for closed-loop gains or feedback 
resistors not listed in the above table, the following two pole model 
for the AD812 many be used: 

G . 
ACL = '[(.'R +Gr \ c ] ' sz p IN/ T +S(.R +Gr 1 C +1 

21CJz F IN/; T 

where: Ao. = closed-loop gain 
G =l+R,JR,; 

= input resistance of the inverting input 
= "transcapacitance," which forms the open-loop 

dominant pole with the tranresistance 
RF = feedback resistor 

Ro 
f, 
s 

= gain resistor 
= frequency of second (non-dominant) pole 
= 2 njJ 

Appropriate values for the model parameters at different supply 
voltages are listed in Table II. Reasonable approximations for these 
values at supply voltages not found in the table can be obtained by 
a simple linear interpolation between those tabulated values which 
"bracket" the desired condition. 

Table II. Two-Pole Model Parameters at Various 
Suppy Voltages 

v. rlN ('1) Cr (pF) r, (MHz) 

±IS 85 2.5 150 
±S 90 3.8 125 
+S 105 4.8 105 
+3 115 5.5 95 

As discussed in many amplifier and electronics textbooks (such as 
Roberge's Operational Amplifiers: Theory and Practice), the 
-3 dB bandwidth for the 2-pole model can be obtained as: 

J, =JN { 1 - 2d' + (2 - 4d' + 4d')"'J 111 

where: 

[ Jz ]"' 
JN = (Rp + Gr1.J CT 

and: 
d = (112) [{, (RF+ Gr1,J CT]'11 

This model will predict -3 dB bandwidth within about 10 to 15% 
of the correct value when the load is 150 n. However, it is not an 
accurate enough to predict ·either the phase behavior or the 
frequency response peaking of the AD812. 

Printed Circuit Board Layout Guidelines 
As with all wideband amplifiers, printed circuit board parasitics can 
affect the overall closed-loop performance. Most important for 
controlling the 0.1 dB bandwidth are stray capacitances at the 
output and inverting input nodes. Increasing the space between 
signal lines and ground plane will minimize the coupling. Also, 
signal lines connecting the feedback and gain resistors should be 
kept short enough that their associated inductance does not cause 
high frequency gain errors. 
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Power Supply Bypassing 
Adequate power supply bypassing can be very important when 
optimizing the performance of high speed circuits. Inductance in 
the supply leads can (for example) contribute to resonant circuits 
that produce peaking in the amplifier's response. In addition, if 
large current transients must be delivered to a load, then large 
(greater than 1 !JP) bypass capacitors are required to produce the 
best settling time and lowest distortion. Although 0 .1 !JP capacitors 
may be adequate in some applications, more elaborate bypassing is 
required in other cases. 

When multiple bypass capacitors are connected in parallel, it is 
important to be sure that the capacitors themselves do not form 
resonant circuits. A small (say 5 Q) resistor may be required in 
series with one ofthe capacitors to minimize this possibility. 

As discussed below, power supply bypassing can have a significant 
impact on crosstalk performance. 

Achieving Low Crosstalk 
Measured crosstalk from the output of amplifier 2 to the input of 
amplifier 1 of the AD812 is shown in Figure 37. The crosstalk 
from the output of amplifier 1 to the input of amplifier 2 is a few 
dB better than this due to the additional distance between critical 
signal nodes. 

A carefully laid-out PC board should be able to achieve the level of 
crosstalk shown in the figure. The most significant contributors to 
difficulty in achieving low crosstalk are inadequate power supply 
bypassing, overlapped input and/or output signal paths, and 
capacitive coupling between critical nodes. 

The bypass capacitors must be connected to the ground plane at a 
point close to and between the ground reference points for the two 
loads. (The bypass of the negative power supply is particularly 
important in this regard.) There are two amplifiers in the package, 
and low impedance signal return paths must be provided for each 
load. (Using a paraJlel combination of 1 µF, 0.1 µF, and 0.01 !JP 
bypass capacitors will help to achieve optimal crosstalk.) 

-10 

RL:150'2 

~ v 
v 

.)-1 
1-1 

-100 

-110 
100k 1M 10M 100M 

FREQUENCY - Hz 

Figure 37. Crosstalk vs. Frequency 
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The input and output signal return paths must also be kept from 
overlapping. Since ground connections are not of perfectly zero 
impedance, current in one ground return path can produce a 
voltage drop in another ground return path if they are allowed to 
overlap. 

Electric field coupling external to (and across) the package can be 
reduced by arranging for a narrow strip of ground plane to be run 
between the pins (parallel to the pin rows). Doing this on both 
sides of the board can reduce the high frequency crosstalk by about 
5dBor6dB. 

Driving Capacitive Loads 
When used with the appropriate output series resistor, any load 
capacitance can be driven without peaking or oscillation. In most 
cases, less than 50 n is all that is needed to achieve an extremely 
flat frequency response. As illustrated in Figure 41, the AD812 can 
be very attractive for driving largely capacitive loads. In this case, 
the AD812's high output short circuit current allows for a 150 V/µs 
slew rate when driving a 510 pF capacitor. 

RF 

Figure 38. Circuit for Driving a Capacitive Load 
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Figure 39. Response to a Small Load Capacitor at±5 V 
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Figure 40. Response to Large Load Capacitor, Vs = ± 15 V 

Figure 41. Pulse Response of Circuit of Figure 38 with 
CL= 510 pF, RL = 1 kn, RF= RG = 715 0., Rs= 15 0. 

Overload Recovery 
There are three important overload conditions to consider. They 
are due to input common mode voltage overdrive, input current 
overdrive, and output voltage overdrive . When the amplifier is 
configured for low closed-loop gains, and its input common-mode 
voltage range is exceeded, the recovery time will be very fast; 
typically under 10 ns. When configured for a higher gain, and 
overloaded at the output, the recovery time will also be short. For 
example, in a gain of+ 10, with 6 dB of input overdrive, the 
recovery time of the AD812 is about 10 ns. 
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Figure 42. 6 dB Overload Recovery; G = 10, 
RL = 5000., vs ;±5 v 

In the case of high gains with very high levels of input overdrive, a 
longer recovery time may occur. For example, if the input 
common-mode voltage range is exceeded in a gain of+ 1 O, the 
recovery time will be on the order of 100 ns. This is primarily due 
to current overloading of the input stage. 

AB noted in the warning under "Maximum Power Dissipation", a 
high level of input overdrive in a high noninverting gain circuit can 
result in a large current flow in the input stage. For differential 
input voltages of less than about 1.25 V, this will be internally 
limited to Jess than 20 mA (decreasing with supply voltage). For 
input overdrives which result in higher differential input voltages, 
power dissipation in the input stage must be considered. It is 
recommended that external diode clamps be used in cases where 
the differential input voltage is expected to exceed 1.25 V. 

High Performance Video Line Driver 
At a gain of +2, the AD812 makes an excellent driver for a back 
terminated 75 0. video line. Low differential gain and phase errors 
and wide 0 .1 dB bandwidth can be realized over a wide range of 
power supply voltage. Outstanding gain and group delay matching 
are also attainable over the full operating supply voltage range. 

Figure 43. Gain of +2 Video Line Driver (RF = RG from 
Table I) 
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Figure 44. Closed-Loop Gain and Phase vs. Frequency 
for the Line Driver 
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Figure 45. -3 dB Bandwidth vs. Supply Voltage, 
Gain= +2, RL = 150 n 
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Figure 46. Differential Gain and Phase vs. Supply 
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REV.A 

0.4 

0.3 

0.2 

0.1 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 
100k 1M 

AD812 
T T 

G=+2 -+-
RL = 150!! 

' _jj 
[ 

Vs=115V- :\ n 
15V- :. 
5V-

3V f-- [~ 
10M 100M 

FREQUENCY - Hz 

Figure 47. Fine-Scale Gain Flatness vs. Frequency, 
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Figure 48. Closed-Loop Gain Matching vs. Frequency, 
Gain= +2, RL = 150 n 
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'AD812 
Operation Using a Single Supply 
The AD812 will operate with total supply voltages from 36 V down 
to 2.4 V. With proper biasing (see _Figlire 50), it can be an 
outstanding single supply video amplifier. Since the input and 
output voltage ranges extend to within 1 volt of the supply rails, it 
will handle a 1.3 V p-p signal on a single 3.3 V supply, or a 3 V p-p 
signal on a single 5 V supply. The.small signal, 0.1 dB bandwidths 
will exceed · 10 MHz in either case, and the large signal bandWidths 
will eJtceed 6 MHz.. ' 

The capacitively coupled cable driver in Figure 50 will achieve 
outstanding differential gain and phase errors of 0.07% arid 0.06 
degrees respectively on a single 5 V supply. Resistor R2, in this 
circuit, is selected to optimize the differential gain and phase by 
operating the amplifier in its most linear region. To optimize the 
circuit for a 3 V supply, a value of 8 k!l is recommended for R2. 

ri3 \J ~pF 
c. 

1pF.I 
V R1 

9kll 

C1 
2pF 

V11<>--i 1---1...,--1 

64811 

Cour 75'2 . 

,.:~ 

Figure 50. Biasing For Single Supply Operation 
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Figure 51. Closed-Loop Gain and Phase vs, Frequency, 
Circuit of Figure 50 

Figure 52. Pulse Response of the Circuit of Figure 50 with 
V5 =5 v 
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L.lllDEVICES 

FEATURES 
Low Cost 
Three Video Amplifiers in One Package 
Optimized for Driving Cables in Video Systems 
Excellent Video Specifications IRL = 150 n1 

Gain Flatness 0.1 dB to 50 MHz 
0.03% Differential Gain Error 
0.06° Differential Phase Error 

Low Power 
Operates on Single +3 V to ±15 V Power Supplies 
5.5 mA/ Amplifier Max Power Supply Current 

High Speed 
125 MHz Unity Gain Bandwidth (-3 dBi 
500 V /µs Slew Rate 

High Speed Disable Function per Channel 
Turn-Off Time 80 ns 

Easy to Use 
50 mA Output Current 
Output Swing to 1 V of Rails 

APPLICATIONS 
Video Line Driver 
LCD Drivers 
Computer Video Plug-In Boards 
Ultrasound 
RGB Amplifier 
CCD Based Systems 

PRODUCT DESCRIPTION 
The AD813 is a low power, single supply triple video amplifier. 
Each of the three current feedback amplifiers has 50 mA of output 
current, and is optimized for driving one back terminated video 
load (150 n). The AD813 features gain flatness of 0.1 dB to 

G=+2 
RL = 1500 

0.2 

m 0.1 ... 
I 

z 0 

~ 
Q .. -0.1 

~ -0.2 

~ IC -0.3 
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z -0.4 

10Dlc 

± 
"""" .LJ •15V 

~ ~.D \ 

3V,.. ~ 
5V-1~ 

ll 
1M 10M 

FREQUENCY - Hz 

Fine-Scale Gain Flatness vs. Frequency, 
G = +2, R, = 1500 
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100M 

Single Supply, Low Power 
Triple Video Amplifier 

PIN CONFIGURATION 

14-Pin DIP & SOIC Package 

OUT2 

-IN2 

+IN2 

v.
+IN3 

AD813 I 

50 MHz while offering differential gain and phase error of 0.03% 
and 0.06°. This makes the AD813 ideal for broadcast and 
consumer video electronics. 

The AD813 offers low power of 5.5 mA per amplifier max and runs • 
on a single +3 V power supply. The outputs of each amplifier 
swing to within one volt of either supply rail to easily accommodate 
video signals. While operating on a single +5 V supply the AD8 I 3 
still achieves 0.1 dB flatness to 20 MHz and 0.05% & 0.05° of 
differential gain and phase performance. All this is offered in a 
small 14-pin plastic DIP or SOIC package. These features make 
this triple amplifier ideal for portable and battery powered applica-
tions where size and power are critical. 

The outstanding bandwidth of 125 MHz along with 500 V/µs of 
slew rate make the AD813 useful in many general purpose, high 
speed applications where a single + 3 V or dual power supplies up to 
± 15 V are needed. Furthermore the AD813 contains a high speed 
disable function for each amplifier in order to power down the 
amplifier or high impedance the output. This can then be used in 
video multiplexing applications. The AD813 is available in the 
industrial temperature range of -40°C to +85°C in plastic DIP and 
SOIC packages as well as chips. 

Channel Switching Characteristics for a 3:1 Mux 
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AD813-SPECIFICATIONS 
Dual Supply (@TA=+ 25°C, RL = 150 n, unless otherwise noted) 

Model AD813A 
Conditions v. Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2, No Peaking ±5V 45 65 MHz 

±15 v 75 100 MHz 
Bandwidth for O.ldB 

Flatness G=+2 ±5V 15 25 MHz 
±15 v 25 50 MHz 

Slew Rate' G = +2, RL = 1 kn ±5V 150 V/µs 
±15 v 150 250 V/µs 

G=-1,RL= 1 kn ±5V 225 V/µs 
±15 v 450 V/µs 

Settling Time to 0.1 % G=-1, RL=lkn 
V0 = 3 V Step ±5V 50 ns 
V0 = 10 V Step ±15 v 40 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion f,;=lMHz,RL=lkQ ±15 v -90 dBc 
Input Voltage Noise f= 10 kHz ±5V,±15V 3.5 nV'1Hz 
Input Current Noise f= 10 kHz, +In ±5V,±15V 1.5 pA"l/Hz 

-In ±5V,±15V 18 pA"l/Hz 
Differential Gain Error NTSC, G = ±2, RL = 150 n ±5V 0.08 % 

±15 v 0.03 0.09 % 
Differential Phase Error ±5V 0.13 Degrees 

±15 v 0.06 0.12 Degrees 

DC PERFORMANCE 
Input Offset Voltage ±5V,±15V 2 5 mV 

TMnrTMAX 12 mV 
Offset Drift ±5V,±15V 15 µV/°C 
-Input Bias Current ±5V,±15V 5 30 µA 

TMIN-TMAX 35 µA 
+Input Bias Current ±5V,±15V 0.5 1.5 µA 

TMIN-TMAx 2 µA 
Open-Loop Voltage Gain V0 =±2.5V,RL= 1500 ±5V 69 76 dB 

TMI,,-TMAX 66 dB 
V0 =±10V,RL=lkn ±15 v 76 82 dB 
TMnrTMAx 75 dB 

Open-Loop Transresistance Vo= ±2.5 v, RL= 150 n ±5V 300 500 kn 
TMIN-TMAX 200 kn 
V 0 = ± 10 V, ~ = 1 kn ±15 v 500 900 kn 
TMll<TMAX 370 kn 

INPUT CHARACTERISTICS 
Input Resistance +Input ±15 v 15 MQ 

-Input ±15 v 65 n 
Input Capacitance +Input ±15 v 1.7 pF 
Input Common Mode ±5V ±4.0 v 
Voltage Range ±15 v ±13.5 v 
Common-Mode Rejection Ratio 

Input Offset Voltage VcM =±2.5 V ±5V 54 58 dB 
-Input Current 2 3 µA/V 
±Input Current 0.o7 0.15 µA/V 
Input Offset Voltage VcM =±lOV ±15 v 57 62 dB 
-Input Current 1.5 2.5 µA/V 
+Input Current 0.05 0.1 µA/V 
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AD813 

Model AD813A 
Conditions v. Min Typ Max Units 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL = 150 n, TM1N-TMAX ±5V 3.5 3.8 ±V 

RL = 1 kn, TMIN-TMAX ±15 v 13.6 14.0 ±V 
Output Current ±5V 25 40 mA 

±15 v 30 50 mA 
Short Circuit Current G= +2, RF= 715 n ±15 v 100 mA 

VIN= 2 v 
MATCHING CHARACTERISTICS 

Dynamic 
Crosstalk G = +2, f= 5 MHz ±5V,±15V -65 dB 
Gain Flatness Match G = +2, f = 40 MHz ±15 v 0.1 dB 

DC 
Input Offset Voltage TMl~TMAX ±5V,±15V 0.5 2.5 mV 
-Input Bias Current TMIN-TMAX ±5V,±15V 2 10 µA 

POWER SUPPLY 
Operating Range ±1.2 ±18 v 
Quiescent Current Per Amplifier ±5 v 3.5 4.0 mA 

±15 v 4.5 5.5 mA 
TMIN-TMAX ±15 v 6.7 mA • Quiescent Current, Powered Down Per Amplifier ±5 v 0.5 0.6 mA 

±15 v 0.75 0.9 mA 
Power Supply Rejection Ratio 

Input Offset Voltage Vs =±l.5Vto±15V 72 80 dB 
-Input Current 0.3 0.7 µNV 
+Input Current 0.005 0.05 µNV 

DISABLE CHARACTERISTICS 
Off Isolation f= 5 MHz ±5V,±15V -57 dB 
Off Output Impedance G = +l ±5V,±15V 12.5 pF 
Channel-to-Channel 2 or 3 Channels ±5V,±15V -65 dB 
Isolation Mux,f= 5 MHz 
Tum-On Time ±5V,±15V 100 ns 
Tum-Off Time 80 ns 

NOTES 
'Slew rate measurement is based on 10% to 90% rise time in the specified'' dosed-loop gain. 

Specifications subject to change without notice. 
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AD813-SPECIFICATIONS 
Single Supply (@TA=+ 2s0 c, RL = 150 n, unless otherwise noted) 

Model AD813A 
Conditions v. Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2, No Peaking +5V 35 50 MHz 

+3 v 25 40 MHz 
Bandwidth for 0.1 dB 

Flatness G = +2 +5 v 12 20 MHz 
+3 v 8 15 MHz 

Slew Rate' G = +2, RL = 1 kn +5V 100 V/µs 
+3V 50 V/µs 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise f=lOkHz +5 V, +3 V 3.5 nV'1Hz 
Input Current Noise f= 10 kHz, +In +5 v, +3 v 1.5 pA;/Hz 

-In +5 v, +3 v 18 pA;/Hz 
Differential Gain Error' NTSC, G = +2, RL = 150 n +5 v 0.05 % 

G= +1 +3V 0.2 % 
Differential Phase Error' G= +2 +5V 0.05 Degrees 

G= +1 +3 v 0.2 Degrees 

DC PERFORMANCE 
Input Offset Voltage +5 v, +3 v 1.5 3 mV 

TMl>'TMAX 10 mV 
Offset Drift +5 v, +3 v 7 µV/°C 
-Input Bias Current +5 v, +3 v 7 30 µA 

TMIN-TMAX 35 µA 
+Input Bias Current +5 v, +3 v 0.5 1.5 µA 

TMm-TMAX 2 µA 
Open-Loop Voltage Gain V0 = +2.5 V p-p +5V 67 70 dB 

V0 = +0.7 V p-p +3 v 69 dB 
Open-Loop Transresistance V0 = +3Vp-p +5V 200 300 kn 

V0 = +1 Vp-p +3 v 225 kn 

INPUT CHARACTERISTICS 
Input Resistance +Input +5 V, +3 V 15 Mn 

-Input +5 v 90 n 
Input Capacitance +Input 2 pF 
Input Common Mode +5 v 1.0 4.0 v 
Voltage Range +3V 1.0 2.0 v 
Common-Mode Rejection Ratio 

Input Offset Voltage VcM = 1.25 V to 3.75 V +5V 54 58 dB 
-Input Current 3 5 µA/V 
+Input Current 0.1 0.2 µA/V 
Input Offset Voltage VcM = 1Vto2 V +3V 56 dB 
-Input Current 3.5 µA/V 
+Input Current 0.1 µA/V 
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AD813 

Model AD813A 
Conditions Vs Min Typ Max Units 

OUTPUT CHARACTERISTICS 
Output Voltage Swing p-p RL = 150 0, TMl,.--TMAX +5V 3.0 3.2 ±Vp-p 

+3V 1.0 1.3 ±Vp-p 
Output Current +5V 20 30 mA 

+3V 15 25 mA 
Short Circuit Current G = +2, RF= 715 0 +5V 40 mA 

v,N= 1 V 

MATCHING CHARACTERISTICS 
Dynamic 

Crosstalk G = +2, f = 5 MHz +5 v, +3 v -65 dB 
Gain Flatness Match G = +2, f = 20 MHz +5 V, +3 V 0.1 dB 

DC 
Input Offset Voltage TMI,.--TMAX +5 v, +3 v 0.5 2.5 mV 
-Input Bias Current TMIN-TMAX +5 V, +3 V 2 10 µA 

POWER SUPPLY 
Operating Range 2.4 36 v 
Quiescent Current Per Amplifier +5V 3.2 4.0 mA 

+3V 3.0 3.5 mA 
TM1,,-TMAx +5V 5.0 mA 

Quiescent Current, Powered Down Per Amplifier +5V 0.4 0.5 mA 
+3V 0.4 0.5 mA 

Power Supply Rejection Ratio 
Input Offset Voltage Vs =+3.0Vto+30V 76 dB 
-Input Current 0.3 µAN 
+Input Current 0.005 µAN 

DISABLE CHARACTERISTICS 
Off Isolation f= 5MHz +5 v, +3 v -55 dB 
Off Output Impedance G= +l +5V,+3V 13 pF 
Channel-to-Channel 2 or 3 Charinel +5V, +3V -65 dB 
Isolation Mux,f= 5 MHz 
Tum-On Time +5 v, +3 v 100 ns 
Tum-Off Time 80 ns 

TRANSISTOR COUNT 111 

NOTES 
1 Slew rate measurement is based on 10% to 90% rise time in the specified closed-loop gain. 
'Single supply. differential gain and phase are measured with the ac coupled circuit of Figure 49. 

ABSOLOTE MAXIMUM RATINGS' 
SupplyVoltage ....... :....... . .. ±18V 
Internal Power.Dissipation' 

Plastic (N) . . . . . . . . . . . . . . . . . . . . . 1. 6 Watts 
Small Outline (R). . . . . . . . ........ 1.0 Watts 

Input Voltage (Common Mode) ............... ±V, 
Differential Input Voltage . . . . . . . . . . . . . . . . . . ± 6 V 
Output Short Circuit Duration ... Observe Power Derating Curves 
Storage Temperature Range N, R ........ -65°C to +125°C 
Operating Temperature Range 

AD813A ...................... -40°c to +85°c 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 

REV.A 

NOTES 
1Stresses above those listed undCr "Absolute Maximum Ratings" may cause penna
nent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operatj.onal section 
of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

2Specification is for device in free air: 
14-Pin Plastic DIP Package: 0,A = 75°C/Wan 
14-Pin SOIC Package: 0JA = 120°C/Watt 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD813AN -40°c to +s5°c 14-Pin Plastic DIP 
AD813AR-14 -40°c to +s5°c 14-Pin Plastic SOIC 
AD813A Chips -40°c to +85°C Die Form 

*For outline information see Package Information section. 

Package 
Options* 

N-14 
R-14 
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AD813 
Maximum Power Dissipation 
The maximum power that can be safely dissipated by the AD813 is 
limited by the associated rise in junction temperature. The 
maximum safe junction temperature for the plastic encapsulated 
parts is determined by the glass transition temperature of the 
plastic, about l 50°C. Exceeding this limit t~mporarily may cause a 
shift in: parametric performance due to a change in the stresses 
exerted on the die by the package. Exceeding a junction tempera
ture of l 75°C for an extended period can result in device failure. 

While the AD813 is internally short circuit protected, this may not 
be enough to guarantee that the maximum junction temperature 
(l 50°C) is not exceeded under all conditions. To ensure proper 
operation, it is important to observe the derating curves. 

It must also be noted that in (noninverting) gain configurations 
(with low values of gain resistor), a high level of input overdrive can 
result in a large input error current, which may result in a signifi
cant power dissipation in the input stage. This power must be 
included when computing the junction temperature rise due to total 
internal power. 

~5r--T""""T"'"""T"'-r--r-...-...-..-..-...-,........,1..--,1,....... 

I 1'. TJ = +1&o°C 

I ~ l 
~ 2.0 t--+--+--t-t-"''i:~--1C-+--+--t--t--1C-.+-!-+--t . i t--. ~1 IMP PACKAGE 

i5 1.5 l-+"'l-d-l-+-+-+--+~l-+-+-+-J--1 

I ,~~ 
! 1~1--+--+--+-1-+-+-+--""l"""l-+-+-f"-:1--I 
:& N 1' 
~ ~ t'-+.-

0.5 -~---~-~---~---~-__.__. 
-50 -40 -30 -20 -10 0 10 20 30 40 50 &o 70. 80 90 

AMBIENT TEMPERATURE- •c 

Maximum Power Dissipation vs. Ambient Temperature 

METALIZATION PHOTO 
Dimensions shown in inches and (mmi. 

-IN2 13 

OUT2 14 

DISABLE! 1 

Vs+ 

V-

11 

V- V-

11 11 

5 
+IN1 

+IN3 
10 

6 
-IN1 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
BSD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD813 featu.res-proprietary BSD.protection circuitry, permanent damage may occur on devices 
subjected to high energy electrostatic discharges. Therefore, proper BSD precautions are recom
mended to avoid performance degradation or loss of functionality. 
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Figure 25. Large Signal Pulse Response, Gain= +10, 
(R, = 357 Q, RL = 500 Q, vs=± 15 V) 
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Figure 26. Closed-Loop Gain and Phase vs. Frequency, 
G = +10, RL = 1500 
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Figure 27. -3 dB Bandwidth vs. Supply Voltage, 
G = +10, RL = 1500 

REV.A 

AD813 

v,. 

Vour 

Figure 28. Small Signal Pulse Response, Gain = + 10, 
(R, = 357 Q, RL = 150 Q, Vs= ±5 V) 

FREQUENCY - Hz 

Figure 29. Closed-Loop Gain and Phase vs. Frequency, 
G = + 10, RL = 1 kQ 

G=+10 
1----+--!-___,l----f--+--+--+- RL=1k.Q--I 

~o--+---+--<--+---<,_____._---+-~l-l-+---< 
~ aor----t--r---1---t--t---t""7'~~--Rr'=-3_sr1n--; 
I z 
~ 701----+-+-___,'----+--~-+--+--l---+----l 

~m!'i~ 6050l--+---t~n""'1 /l~-k---"'t---+-::?-1""'---1--+--t---I - RF=154'Y'~ _....-t- RF=649il 

m ~v ~ 
7401--+,~#-JI~ /lb-"9--+--t----t~f--+-~ 

30t--~-"'"t--"7"'f~~-+--t----t--+----t--+--+----1 _y 
201----'+--+-___,l---+--+---+--+--l---+----l 

10 12 14 16 
SUPPLY VOLTAGE - .. volts 

Figure 30. -3 dB Bandwidth vs. Supply Voltage 
G = +10, RL = 1 kQ 
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Figure 31. Large Signal Pulse Response, Gain= -1, 
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Figure 32. Closed-Loop Gain and Phase vs. Frequency, 
G=-1,R,=1500 
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Figure 33. -3 dB Bandwidth vs. Supply Voltage, G = ~1, 
R, = 150D. 

9~ 138 OPERATIONAL AMPLIFIERS 

Figure 34. Small Signal Pulse Response, Gain= -1, 
(R, = 750 Q, R, = 150 Q, V5 = ±5 VJ 
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Figure 35. · Closed-Loop Gain and Phase vs. Frequency, 
G=-10,R,=1kn 
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Figure 36. -3 dB Bandwidth vs. Supply Voltage, 
G = -10, R, = 1 kQ 
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General Consideration 
The AD813 is a wide bandwidth, triple video amplifier that offers a 
high level of performance on less than 5.5 mA per amplifier of 
quiescent supply current. With its fast acting power down switch, it 
is designed to offer outstanding functionality and performance at 
closed-loop inverting or noninverting gains of one or greater. 

Built on a low cost, complementary bipolar process, and achieving 
bandwidth in excess of I 00 MHz, differential gain and phase errors 
of better than 0.1 % and 0.1° (into 150 Q), and output current 
greater than 40 mA, the AD813 is an exceptionally efficient video 
amplifier. Using a conventional current feedback architecture, its 
high performance is achieved through careful attention to design 
details. 

Choice of Feedback & Gain Resistors 
Because it is a current feedback amplifier, the closed-loop band
width of the AD8 l 3 depends on the value of the feedback resistor. 
The bandwidth also depends on the supply voltage. In addition, 
attenuation of the open-loop response when driving load resistors 
less than about 250 Q will also affect the bandwidth. Table I 
contains da.ta showing typical bandwidths at different supply 
voltages for some useful closed-loop gains when driving a load of 
150 Q. (Bandwidths will be about 20% greater for load resistances 
above a few hundred ohms.) 

Table I. -3 dB Bandwidth vs. Closed-Loop Gain and 
Feedback Resistor , (RL = 150 Q) 

Vs (V) Gain Rp(O) BW(MHz) 

±15 +l 866 125 
+2 681 100 
+IO 357 60 
-] 681 100 
-10 357 55 

±5 +I 750 75 
+2 649 65 
+10 154 40 
-] 649 70 
-10 154 40 

+5 +l 715 60 
+2 619 50 
+10 154 30 
-] 619 50 
-10 154 30 

+3 +I 681 50 
+2 619 40 
+10 154 25 
-] 619 40 
-10 154 20 

The choice of feedback resistor is not critical unless it is important 
to maintain the widest, flattest frequency response. The resistors 
recommended in the table are those (metal film values) that will 
result in the widest 0.1 dB bandwidth. In those applications where 
the best control of the bandwidth is desired, I% metal film resistors 
are adequate. Wider bandwidths can be attained by reducing the 
magnitude of the feedback resistor (at the expense of increased 
peaking), while peaking can be reduced by increasing the magni
tude of the feedback resistor. 
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To estimate the -3 dB bandwidth for closed-loop gains or feedback 
resistors not listed in the above table, the following two pole model 
for the AD813 may be used: 

Where: 

G 

s2[(Rp+GrIN)CT]+s (R +Gr ) C +1 
2 7t j, F IN T 

AcL = closed-loop gain from "transcapacitance" 
G. 1 +Rp/~ 
r1N input resistance of the inverting input 
CT "transcapacitance,'' which forms the 

open-loop dominant pole with the 
transresistance 

RF feedback resistor 

~ gain resistor 

f2 frequency of second (nondominant) pole 

2 !tj f 

Appropriate values for the model parameters at different supply 
voltages are listed in Table II. Reasonable approximations for these 
values at supply voltages not found in the table can be obtained by 
a simple linear interpolation between those tabulated values which 
'bracket' the desired condition. 

Table II. Two Pole Model Parameters at Various Supplies 

Vs(V) rIN (Q) CT (pF) f, (MHz) 

±15 85 2.5 150 
±5 90 3.8 125 
+5 105 4.8 105 
+3 115 5.5 95 

As discussed in many amplifier and electronics textbooks (such as 
Roberge's Operational Amplifiers: Theory and Practice), the -3 dB 
bandwidth for the 2-pole model can be obtained as: 

where: 
f - fz [ ]

l/2 

n- (Rp+GrIN)CT 

and: I [ jl/2 d=- fz(Rp+GrIN)CT 
2 

This model will predict-3 dB bandwidth within about 10% to 15% 
of the correct value when the load is 150 Q. However, it is not 
accurate enough to predict either the phase behavior or the 
frequency response peaking of the AD813. 
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AD8l3 
Printed Circuit Board Layout Guidelines 
As with all wideband amplifiers, printed circuit board parasitics can 
affect the overall closed-loop performance. Most important for 
controlling the 0.1 dB bandwidth are stray capacitances at the 
output and inverting input nodes. Increasing the space between 
signal lines and ground plane wiJJ minimize the coupling. Also, 
signal lines connecting the feedback and gain resistors should be 
kept short enough that their associated inductance does not cause 
high frequency gain errors. 

Power Supply Bypassing 
Adequate power supply bypassing can be very important when 
optimizing the performance of high speed circuits. Inductance in 
the supply leads can (for example) contribute to resonant circuits 
that produce peaking in the amplifier's response. In addition, if 
large current transients must be delivered to a load, then large 
(greater than 1 µF) bypass capacitors are required to produce the 
best settling time and lowest distortion. Although 0.1 µF capacitors 
may be adequate in some applications, more elaborate bypassing is 
req11ired in other cases. 

When multiple bypass capacitors are connected in parallel, it is 
important to be sure that the capacitors themselves do not form 
resonant circuits. A small (say 5 Q) resistor may be required in 
series with one of the capacitors to minimize this possibility. 

As discussed.below, power supply bypassing can have a significant 
impact on crosstalk performance. 

Achieving Low Crosstalk 
Measured crosstalk from the output of Amplifier 2 to the input of 
Amplifier 1 of the AD813 is shown in Figure 37. All other 
crosstalk combinations, (from the output of one amplifier to the 
input of another), are a few dB better than this due to the addi
tional distance between critical signal nodes. 

-10..---.-.............. ...,..,.-.....,-.....,......,....,..,.-.....,-.....,......,. ...... 
RL = 1500 

-201---t--+-+-+t----t--+-+-+t----t--+-+-H 

-301---t--+-+-+t----t--+-+-+t----t--+-+-H 

m- I~ ~ -soi----<--+-+-+-+----<--+-+-+-+---<-"""'kd-+r-+-11 
~ y 
~ -601----l--+-+-+l----l--+-+-+lr"~--+-+-+l 

i3 -10 1--+-H-+l--t--71"'9-~-t~+---+-+-t--t-t 
~ ,...I./" 
-aol---4-~-l-~~~l---+-l-+-l~--l-~l--11--1-1 

-901---t--+-t-t-l----t~-+-+-+l----t--+-+-H 

-100 1----t--+-+-+-+---t--+-+-+-+---t--+-+-+-I 

-110 ....___._ ....................... __._ ....................... __._ .................. 
100k 1M 10M 100M 

FREQUENCY - Hz 

Figure 37. Worst Case Crosstalk vs. Frequency 
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A carefully laid-out PC board should be able to achieve the level of 
crosstalk shown in the figure. The most significant contributors to 
difficulty in achieving low crosstalk are inadequate power supply 
bypassing, overlapped input and/or output signal paths, and 
capacitive coupling between critical nodes. 

The bypass capacitors must be connected to the ground plane at a 
point close to and between the ground reference points for the 
loads. (The bypass of the negative power supply is particularly 
important in this regard.) This requires careful planning as there 
are three amplifiers in the package, and low impedance signal 
return paths must be provided for each load. (Using a parallel 
combination of 1 µF, 0.1 µF, and 0.01 µF bypass capacitors wiJJ 
help to achieve optimal crosstalk.) 

The input and output signal return paths (to the bypass caps) must 
also be kept from overlapping. Since ground connections are not of 
perfectly zero impedance, current in one ground return path can 
produce a voltage drop in another ground return path if they are 
allowed to overlap. 

Electric field coupling external to (and across) the package can be 
reduced by arranging for a narrow strip of ground plane to be run 
between the pins (parallel to the pin rows). Doing this on both 
sides of the board can reduce the high frequency crosstalk by about 
5 dB or 6 dB. 

Driving Capacitive Loads 
When used with the appropriate output series resistor, any load 
capacitance can be driven without peaking or osciJlation. In most 
cases, Jess than 50 Q is all that is needed to achieve an extremely 
flat frequency response. As iJlustrated in Figure 41, the ADS 13 can 
be very attractive for driving large capacitive loads. In this case, the 
AD813's high output short circuit current allows for a 150 V/µs 
slew rate when driving a 510 pF capacitor. 

Figure 38. Circuit for Driving a Capacitive load 
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Figure 39. Response to a Small Load Capacitor at 
V5 =±5 v 
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Figure 40. Response to a Large Load Capacitor at 
V5 =±15V 

Figure 41. Circuit of Figure 38 Driving a 510 pF Load 
Capacitor, v.= ± 15 v (R, = 1 kn, RF= RG = 750 0, 
R5 =150) 
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Overload Recovery 
There are three important overload conditions to consider. They 
are due to: input common-mode voltage overdrive, output voltage 
overdrive, and input current overdrive. When the amplifier is 
configured for low closed-loop gains, and the input common-mode 
voltage range is exceeded, the recovery time will be very fast, 
typically under 30 ns. When configured for a higher gain, and 
overloaded at the output, the recovery time will also be short. For 
example, in a gain of + 10, with 6 dB of input overdrive, the 
recovery time of the AD813 is about 25 ns (see Figure 42). 

Figure 42. 6 dB Overload Recovery, G = + 10, 
!R, = 500 0, RF= 357 0, v. = ±5 VJ 

In the case of high gains with very high levels of input overdrive, a 
longer recovery time will occur. For example, if the input com
mon-mode voltage range is exceeded in the gain of + 1 O, the 
recovery time will be on the order of 100 ns. This is primarily due 
to current overloading of the input stage. 

As noted in the warning under "Maximum Power Dissipation," a 
high level of input overdrive in a high noninverting gain circuit can 
result in a large current flow in the input stage. Though this 
current is internally limited to about 40 mA, its effect on the total 
power dissipation may be significant. 
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AD813 
High Performance Video Line Driver 
At a gain of +2, the ADS 13 makes an excellent driver for a back 
terminated 75 Q video line. Low differential gain and phase errors 
and wide 0.1 dB bandwidth can be realized over a wide range of 
power supply voltage. Excellent gain and group delay matching are 
also attainable over the full operating supply voltage range. 

Figures 4 7 and 48 show the worst case matching; the match 
between amplifiers 2 and 3 is typically much better than this. 

VIN 

Figure 43. A Video Line Driver Operating at a Gain of 
+2 (RF= R0 from Table I) 

FREQUENCY - Hz 

Figure 44. Closed-Loop Gain & Phase vs. Frequency for 
the Line Driver 

20,__ ....... _ _,_ _ _._ _ _.__,__ ....... _ _._ _ _._ _ _.___. 

0 10 12 14 16 18 20 

SUPPLY VOLTAGE - Volts 

Figure 45. -3 dB Bandwidth vs. Supply Voltage for 
Gain= +2, R, = 150 Q 
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Figure 46. Fine-Scale Gain (Normalized) vs. Frequency 
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Figure 47. Closed-Loop Gain Matching vs. Frequency 
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Figure 48. Group Delay and Group Delay Matching vs. 
Frequency, G = +2, R, = 150Q 
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Operation Using a Single Supply 
The AD813 will operate with total supply voltages from 36 V down 
to 2.4 V. With proper biasing (see Figure 49) it can make an 
outstanding single supply video amplifier. Since the input and 
output voltage ranges extend to within I V of the supply rails, it will 
handle a 1.3 V peak-to-peak signal on a single 3.3 V supply, or a 
3 V peak-to-peak signal on a single 5 V supply. The small signal 
0.1 dB bandwidths will exceed 10 MHz in either case, and the large 
signal bandwidths will exceed 6 MHz. 

The capacitively coupled cable driver in Figure 49 will achieve 
outstanding differential gain and phase errors of 0.05% and 0.05 
degrees respectively on a single 5 V supply. Resistor R2, in this 
circuit, is selected to optimize the differential gain and phase by 
biasing the amplifier in its most linear region. 

~C3 
\7 3~µF 

C1 
2µF 

619ll 619ll 

v,. o---J >---41....---< 
R2 

12.4kn 

Figure 49. Biasing for Single Supply Operation 
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Figure 50. Closed-Loop Gain and Phase vs. Frequency, 
Circuit of Figure 49 

Figure 51; Pulse Response for the Circuit of Figure 49 
with +V5 = 5 V 
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Disable Mode Operation 
Pulling the voltage on any one of the Disable pins about 2.5 V 
down from the positive supply will put the corresponding amplifier 
into a disabled, powered down, state. In this condition, the 
amplifier's quiescent supply current drops to about 0.5 mA, its 
output becomes a high impedance, and there is a high level of 
isolation from input to output. In the case of the gain of two line 
driver for example, the impedance at the output node will be about 
the same as for a 1.4 kQ resistor (the feedback plus gain resistors) 
in parallel with a i 2.5 pF capacitor and the input to output 
isolation will be about 65 dB at I MHz. 

Leaving the Disable pin disconnected (floating) will leave the 
corresponding amplifier operational, in the enabled state. The 
input impedance of the disable pins is about 35 kQ in parallel with 
a few pF. When grounded, about 50 µA flows out of a disable pin 
on ±5 V supplies. 

Input voltages greater than about 1.5 V peak-to-peak will defeat the 
isolation. In addition, large signals (greater than 3 V peak-to-peak) 
applied to the output node will cause the output impedance to drop 
significantly. 

When the Disable pins are driven by complementary output CMOS 
logic (such as the 74HC04), the disable time is about 80 ns (until 
the output goes high impedance) and the enable time is about 
100 ns (to low impedance output) on ±15 V supplies. When 
operated on ± 15 V supplies, the disable pins should be driven by 
open drain logic. In this case, pull-up resistors from the disable 
pins to the plus supply will ensure minimum switching time. 

464 590 

464 590 

464 590 

Figure 52. A Fast Switching 3: 1 Video Mux 
{Supply Bypassing Not Shown) 
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AD813 
3:1 Video Multiplexer 
Wiring the amplifier outputs together will form a 3: 1 mux with 
outstanding gain flatness. Figure 52 shows a recommended 
configuration which results in -0.1 ·dB bandwidth of 20 MHz and 
OFF channel isolation of 60 dB at 10 MHz on ± 5 V supplies. The 
time to switch between channels is about 180 ns. Switching time is 
only slightly affected by signal level. 

Figure 53. Channel Switching Characteristic for the 
3:1 Mux 
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Figure 54. 3:1 Mux OFF Channel Feedthrough vs. 
Frequency 
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Single Supply Differential Line Driver 
Due to its outstanding overall performance on low supply voltages, 
the ADS 13 makes possible exceptional differential transmission on 
very low power. The circuit of Figure 56 will convert a single
ended, ground referenced signal to a differential signal whose 
common-mode reference is set to one half the supply voltage. This 
allows for a greater than 2 V peak-to-peak signal swing on a single 
3 V power supply. A bandwidth over 30 MHz is achieved with 
20 mA of output drive on only 30 mW of quiescent power 
(excluding load current). 

715ll 715ll 

1µF 

VIN o-j f-9-"11'<\r--9----'IAA-~ 

7150 7150 

Figure 56. Single 3 V Supply Differential Line Driver 
with 2 V Swing 

Figure 57. Differential Driver Pulse Response (V5 = 3 V, 
RL1 = RL2 = 200 Q) 
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1'1111111 ANALOG 
WDEVICES 

FEATURES 
Low Cost 
High Speed 

50 MHz Unity Gain Bandwidth 
350 V / 11-s Slew Rate 
45 ns Settling Time to 0.1% (10 V Step) 

Flexible Power Supply 
Specified for Single (+5 VI and 

Dual (±5 V to ±15 VI Power Supplies 
Low Power: 7.5 mA max Supply Current 

High Output Drive Capability 
Drives Unlimited Capacitive Load 
50 mA Minimum Output Current 

Excellent Video Performance 
70 MHz 0.1 dB Bandwidth (Gain= +11 
0.04% & 0.08° Differential Gain & Phase Errors 

@3.58MHz 
Available in 8-Pin SOIC and 8-Pin Plastic Mini-DIP 

PRODUCT DESCRIPTION 
The AD817 is a low cost, low power, single/dual supply, high 
speed op amp which is ideally suited for a broad spectrum of 
signal conditioning and data acquisition applications. This 
breakthrough product also features high output current drive 
capability and the ability to drive an unlimited capacitive load 
while still maintaining excellent signal integrity. 

The SO MHz unity gain bandwidth, 3SO V/11-s slew rate and set
tling time of 4S ns (0.1 % ) make possible the proeessing of high 
speed signals .common to video and imaging systems. Further
more, professional video performance is attained by offering dif
ferential gain & phase errors of 0.04% & 0.08° @ 3.S8 MHz and 
0.1 dB flamess to 70 MHz (gain = + 1). 

1kn 

HP VIN 
PULSE t--._-1\/Vlr---f: 

GENERATOR 

High Speed, Low Power 
Wide Supply Range Amplifier 

AD817 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), and 
SOIC (R) Packages 

NC = NO CONNECT 

The AD8 l 7 is fully specified for operation with a single + S V 
power supply and with dual supplies from ±S V to ±lS V. This 
power supply flexibility, coupled with a very low supply current. 
of 7.S mA and excellent ac characteristics under all power sup
ply conditions, make the AD817 the ideal choice for many 
demanding yet power sensitive applications. 

In applications such as ADC buffers and line drivers the AD817 
simplifies the design task with its unique combination of a 
SO mA minimum output current and the ability to drive 
unlimited capacitive loads. 

The AD817 is available in 8-pin plastic mini-DIP and SOIC 
packages. 

AD817 Driving a Large Capacitive Load 
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AD817-SPEClflCATIQNS (@TA= +25"C, unless otherwise noted) 

AD817A 
Parameter Conditions Vs Min Typ Max Units 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth ±SV 30 3S MHz 

±IS v 4S so MHz 
0, +SV 2S 29 MHz 

Bandwidth for 0.1 dB Flatness Gain= +l ±SV 18 30 MHz 
±IS v 40 70 MHz 
o, +s v 10 20 MHz 

Full Power Bandwidth1 VoUT = S V p-p 
RLoAo =soon ±SV IS.9 MHz 
VouT = 20 V p-p 
RLoAo = 1 kn ±IS v S.6 MHz 

Slew Rate RLoAo = 1 kn ±S v 200 2SO V/µs 
Gain=-1 ±IS v 300 3SO V/µs 

o, +s v ISO 200 V/µs 
Settling Time to 0.1% -2.S V to +2.S V ±SV 4S ns 

0 V-10 V Step, Av= -1 ±IS v 4S ns 
to 0.01% -2.S V to +2.S V ±SV 70 ns 

0 V-10 V Step, Av= -1 ±IS v 70 ns 
Total Harmonic Distortion Fe= 1 MHz ±IS v 63 dB 
Differential Gain Error NTSC ±IS v 0.04 0.08 % 

(RI= ISO n) Gain= +2 ±SV o.os 0.1 % 
o, +sv 0.11 % 

Differential Phase Error NTSC ±IS v 0.08 0.1 Degrees 
(RI= ISO n) Gain= +2 ±SV 0.06 0.1 Degrees 

0, +S V 0.14 Degrees 

INPUT OFFSET VOLTAGE ±SVto±ISV o.s 2 mV 
TMIN to TMAx 3 mV 

Offset Drift 10 µV/"C 

INPUT BIAS CURRENT ±S V, ±IS V 3.3 6.6 µA 
TMIN 10 µA 
TMAX 4.4 µA 

INPUT OFFSET CURRENT ±SV,±ISV 2S 200 nA 
TMIN toTMAx soo nA 

Offset Current Drift 0.3 nAl"C 

OPEN LOOP GAIN VoUT = ±2.S V ±SV 
RLoAo = soo n. 2 4 V/mV 
TMIN toTMAx l.S V/mV 
RLOAD = 1so n l.S 3 V/mV 
VoUT = ±lOV ±IS V 
RLOAD = 1 kn 4 6 V/mV 
TMIN to TMAx 2.5 s V/mV 
V0 UT = ±7.S V ±IS V 
RLOAD = 1son 
(SO mA Output) 2 4 V/mV 

COMMON-MODE REJECTION VCM = ±2.S v ±S 78 100 dB 
VCM = ±12 v ±IS v 86 120 dB 

±IS v 80 100 dB 

POWER SUPPLY REJECTION V8 =±SVto±ISV 7S 86 dB 
TMINtoTMAx 72 dB 

INPUT VOLTAGE NOISE f=lOkHz ±S V, ±IS V IS nV/y'Hz 

INPUT CURRENT NOISE f=lOkHz ±S V, ±IS V l.S pA/y'Hz 
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AD817 
AD817A 

Parameter Conditions Vs Min Typ Max Units 

INPUT COMMON-MODE VOLTAGE RANGE ±SV +3.8 +4.3 v 
-2.7 -3.4 v 

±lS v +13 +14.3 v 
-12 -13.4 v 

0, +s v +3.8 +4.3 v 
+1.2 +0.9 v 

OUTPUT VOLTAGE SWING RwAo =soon :t:S V 3.3 3.8 ±V 
RwAo = lSo n ±S v 3.2 3.6 ±V 
RwAo = l kn ±lS v 13.3 13.7 ±V 
RLOAD =soon ±15 v 12.8 13.4 ±V 
RLoAo =soon 0, +5 v +LS, 

+3.S v 
Output Current ±15 v so mA 

±5 v so mA 
0, +5 v 30 mA 

Short-Circuit Current ±15 v 90 mA 

INPUT RESISTANCE 300 kn 

INPUT CAPACITANCE l.5 pF 

OUTPUT RESISTANCE Open Loop 8 n 

POWER SUPPLY 
Operating Range Dual Supply ±2.S ±18 v 

Single Supply +5 +36 v 
Quiescent Current ±5V 7.0 7.S mA 

TM1N to TMAx ±5 v 7.S mA 
±15 v 7.5 mA 

TM1N to TMAX ±15 v 7.0 7.5 mA 
NOTE 
1 Full power bandwidth = slew rate/2 " V PEAK. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .......................... ± 18 V 
Internal Power Dissipation2 

Plastic (N) . . . . . . . . . . . . . . . . . . . See Derating Curves 
Small Outline (R) .............. See Derating Curves 

Input Voltage (Common Mode) ................. ±Vs 
Differential Input Voltage .................... ±6 V 
Output Short Circuit Duration . . . . . . . . See Derating Curves 
Storage Temperature Range (N, R) ....... -65°C to + 12S°C 
Operating Temperature Range ........... -40°C to +8S°C 
Lead Temperature Range (Soldering 10 seconds) . . . . + 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 8-pin plastic package, OJA = IOO'C/watt; 
8-pin SOIC package, OJA = !SS'C/watt. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD817AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD817AR -40°C to +85°C 8-Pin Plastic SOIC R-8 

*For outline information see Package Information section. 
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ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD817 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these . 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 
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AD817 - Typical Characteristics 
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Figure 1. Common-Mode Voltage Range vs. Supply 
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Figure 4. Quiescent S11pply Current vs. Supply Voltage 
for Various Temperatures 
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Figure 5. Slew Rate vs. Supply Voltage 
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Figure 6. Closed-Loop Output Impedance vs. Frequency 
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AD817 - Typical Characteristics 
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Figure 19. Differential Gain and Phase vs. 
Supply Voltage 
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Figure 20. Closed-Loop Gain vs. Frequency, 
Gain= -1 
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Figure 21. Closed-Loop Gain vs. Frequency, 
Gain= +1 
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Figure 22. Noninverting Amplifier Connection 
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AD817 - Typical Characteristics 

Figure 23. Noninverting Large Signal Pulse 
Response, RL = 1 k!J 

Figure 24. Noninverting Small Signal Pulse 
Response, RL = 1 k!J 
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Figure 25. Noninverting Large Signal Pulse 
Response, RL = 150 fJ 

Figure 26. Noninverting Small Signal Pulse 
Response, RL = 150 fJ 
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Figure 27. Inverting Amplifier Connection 
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Figure 29. Inverting Small Signal Pulse 
Response, RL = 1 k!J 
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Figure 28. Inverting Large Signal Pulse 
Response, RL = 1 k!J 

Figure 30a. Inverting Amplifier Driving a 1000 pF Capacitive Load 

DRIVING CAPACITIVE LOADS 
The internal compensation of the AD8 l 7, together with its high 
output current drive, permit excellent large signal performance 
while driving extremely high capacitive loads. 
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Figure 30b. Inverting Amplifier Pulse Response While 
Driving Capacitive Loads 
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AD8l7 

NULL 1 NULLS 

Figure 31. Simplified Schematic 

THEORY OF OPERATION 
The AD817 is a low cost, wide band, high performance opera
tional amplifier which effectively drives heavy capacitive or 
resistive loads. It also provides a constant slew rate, bandwidth 
and settling time over its entire specified temperature range. 

The AD817 (figure 31) consists of a degenerated NPN differen
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load while 
maintaining low levels of distortion. 

The capacitor, CF, in the output stage mitigates the effect of 
capacitive loads. At low frequencies, and with low capacitive 
loads, the gain from the compensation node to the output is 
very close to unity. In this case, CF is bootstrapped and does 
not contribute to the overall compensation capacitance of the 
device. As the capacitive load is increased, a pole is formed with 
the output impedance of the output stage. This reduces the 
gain, and therefore, CF is incompletely bootstrapped. Effec
tively, some fraction of CF contributes to the overall compensa
tion capacitance, reducing the unity gain bandwidth. As the load 
capacitance is further increased, the bandwidth continues to fall, 
maintaining the stability of the amplifier. 

INPUT CONSIDERATIONS 
An input protection resistor (RIN in Figure 22) is required in 
circuits where the input to the AD8 l 7 will be subjected to tran
sient or continuous overload voltages exceeding the + 6 V maxi
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 
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For high performance circuits, it is recommended that a "bal
ancing" resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of R1N 
and RF and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 

GROUNDING & BYPASSING 
When designing high frequency circuits, some special precau
tions are in order. Circuits must be built with short interconnect 
leads. When wiring components, care should be taken to pro
vide a low resistance, low inductance path to ground. Sockets 
should be avoided, since their increased interlead capacitance 
can degrade circuit bandwidth. 

Feedback resistors should be of low enough value ( <l kO) to 
assure that the time constant formed with the inherent stray 
capacitance at the amplifier's summing junction will not limit 
performance. This parasitic capacitance, along with the parallel 
resistance of RF/RIN• form a pole in the loop transmission which 
may result in peaking. A small capacitance (l-5 pF) may be 
used in parallel with the feedback resistor to neutralize this 
effect. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Ceramic disc capacitors of 0.1 µF 
are recommended. 

+Vs 

Figure 32. Offset Null Configuration 

OFFSET NULLING 
The input offset voltage of the AD817 is inherently very low. 
However, if additional nulling is required, the circuit shown in 
Figure 32 can be used. The null range of the AD8 l 7 in this 
configuration is ± 15 mV. 
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AD817 SETTLING TIME 
Settling time is comprised primarily of two regions. The first is 
the slew time in which the amplifier is overdriven, where the 
output voltage rate of change is at its maximum. The second is 
the linear time period required for the amplifier to settle to 
within a specified percent of the final value. 

Measuring the rapid settling time of AD817 (45 ns to 0.1% and 
70 ns to 0.01%-10 V step) requires applying an input pulse 

.. 0.05 

~3 0 
w .. 0.05 !> 
~~ 0.10 

!iu: 0.15 

5 :!; 0.20 

"' 

I'\. 
_l 

-f 
7 
J_ 

l!! 
10 ~ 
8 

I 

" 6 i 
4 "' 
2 5 ... 
0 

.... 
::> 
0 

-I 

0 50 100 150 200 250 300 350 400 

Figure 33. Settling Time in ns 0 V to + 10 V 

DIGITAL 
GROUND 

ANALOG 
GROUND 

ERROR 
SIGNAL 

OUTPUT 

AD817 
with a very fast edge and an extremely flat top. With the AD8 l 7 
configured in a gain of -1, a clamped false summing junction 
responds when the output error is within the sum of two diode 
voltages ( = 1 volt). The signal is then amplified 20 times by a 
clamped amplifier whose output is connected directly to a sam
pling oscilloscope. Figures 33 and 34 show the settling time of 
the AD817, with a 10 volt step applied. 
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Figure 34. Settling Time in ns 0 V to -10 V 
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Figure 35. Settling Time Test Circuit 
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Figure 36. A Differential Input Buffer for High Bandwidth ADCs 

A HIGH PERFORMANCE ADC INPUT BUFFER 
High performance analog to digital converters (ADCs) require 
input buffers with correspondingly high bandwidths and very 
low levels of distortion. Typical requirements include distortion 
levels of -60 dB to - 70 dB for a I volt p-p signal and band
widths of IO MHz or more. In addition, an ADC buffer may 
need to drive very large capacitive loads. 

The circuit of Figure 36 is useful for driving high speed con
verters such as the differential input of the AD733, 10-bit ADC. 
This circuit may be used with other converters with only minor 
modifications. Using the AD817 provides the user with the 
option of either operating the buffer in differential mode or 
from a single +5 volt supply. Operating from a +5 volt power 
supply helps to avoid overdriving the ADC - a common prob-
lem with buffers operating at higher supply voltages. · 

SINGLE SUPPLY OPERATION 
Another exciting feature of the AD8 l 7 is its ability to perform 
well in a single supply configuration. The AD8 l 7 is ideally 
suited for applications that require low power dissipation and 
high output current and those which need to drive large capaci
tive loads, such as J;ligh speed buffering and instrumentation. 

Referring to Figure 37, careful consideration should be given to 
the proper selection of component values. The choices for this 
particular circuit are: Rl + R3//R2 combine with Cl to form a 
low frequency corner of approximately 300 Hz. 
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+Vs 

SELECT C1, R1, R2 & R3 
FOR DESIRED LOW 
FREQUENCY CORNER. 
(R2 =R1+ R3) 

Figure 37. Single Supply Amplifier Configuration 

Combining R3 with CZ forms a low-pass filter with a corner fre
quency of 1.5 kHz. This is needed to maintain amplifier PSRR, 
since the supply is connected to VIN through the input divider. 
The values for RL and CL were chosen to demonstrate the 
AD8 l 7's exceptional output drive capability. In this configura
tion, the output is centered around 2.5 V. In order to eliminate 
the static de current associated with this level, C3 was inserted 
in series with RL. 
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HIGH SPEED DAC BUFFER 
The wide bandwidth and fast settling time of the AD8 l 7 make 
it a very good output buffer for high speed current-output DIA 
converters like the AD668. As shown in Figure 38, the op amp 
establishes a summing node at ground for the DAC output. The 
output voltage is determined by the amplifier's feedback resistor 

+15V 

10µF 

AD817 

(10.24 V for a I kO resistor). Note that since the DAC gener
ates a positive current to ground, the voltage at the amplifier 
output will be negative. A 100 n series resistor between the 
noninverting amplifier input and ground minimizes the offset 
effects of op amp input bias currents. 

f-- ~~~~~~~~NE 
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Figure 38. High Speed DAC Buffer 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Excellent Video Performance 

55 MHz 0.1 dB Bandwidth (Gain = +2) 
0.01 o/o & 0.05° Differential Gain & Phase Errors 

High Speed 
130 MHz Bandwidth (3 dB, G = +2) 
100 MHz Bandwidth (3 dB, G+ = -1) 
500 V/µs Slew Rate 
80 ns Settling Time to 0.01% (V0 = 10 V Step) 

High Output Drive Capability 
50 mA Minimum Output Current 
Ideal for Driving Back Terminated Cables 

Flexible Power Supply 
Specified for Single (+5 V) and Dual (±5 V to ±15 V) 

Power Supplies 
Low Power: 7.5 mA max Supply Current 

Available in 8-Pin SOIC and 8-Pin Plastic Mini·DIP 

PRODUCT DESCRIPTION 
The AD818 is a low cost, video op amp optimized for use in 
video applications which require gains equal to or greater than 
+ 2 or -1. The AD8 l 8 low differential gain and phase errors, 
single supply functionality, low power and high output drive 
make it ideal for cable driving applications such as video cam
eras and professional video equipment. 

With video specs like 0.1 dB flatness to 55 MHz and low differ
ential gain and phase errors of 0.01 % and 0.05°, along with 
50 mA of output current, the AD818 is an excellent choice for 
any video application. The 130 MHz 3 dB bandwidth (G = + 2) 

+15V 

v,. 

1kQ 

1kQ 

AD818 Video Line Driver 
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Low Cost, Low Power 
Video Op Amp 

AD818 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N), and 
SOIC (R) Packages 

NC = NO CONNECT 

and 500 V/µs slew rate make the AD818 useful in many high 
speed applications including: video monitors, CATV, color copi
ers, image scanners and fax machines. 

The AD818 is fully specified for operation with a single +5 V 
power supply and with dual supplies from ±5 V to ±15 V. This 
power supply flexibility, coupled with a very low supply current 
of 7.5 mA and excellent ac characteristics under all power sup
ply conditions, make the AD818 the ideal choice for many 
demanding yet power sensitive applications. 

The AD818 is a voltage feedback op amp and excels as a gain 
stage in high speed and video systems (gain= >2 or -1). It 
achieves a settling time of 45 ns to 0.1 %, with a low input offset 
voltage of 2 mV max. 

The AD818 is available in low cost, small 8-pin plastic mini
DIP and SOIC packages. 
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SPECIFICATIONS(@ TA= +25°C, unless otherwise noted) 

AD818A 
Parameter Conditions Vs Min Typ Max Units 

DYNAMIC PERFORMANCE 
- 3 dB Bandwidth Gain= +2 ±5 v 70 95 MHz 

±15 v 100 130 MHz 
0, +5 v 40 55 MHz 

Gain=-1 ±5.V 50 70 MHz 
±15 v 70 100 MHz 
o, +s v 30 50 MHz 

Bandwidth for 0.1 dB Flamess Gain= +2 ±5V 20 43 MHz 
Cc= 2 pF ±15 v 40 55 MHz 

0, +5 v 10 18 MHz 
Gain=-1 ±5V 18 34 MHz 
Cc=2pF ±15 v 40 72 MHz 

0, +5 v 10 19 MHz 
Full Power Bandwidth' VouT = 5 Vp-p 

RLoAo = 500 o ±5V 25.5 MHz 
VouT = 20 V p-p 
RLOAD = 1 kO ±15 v 8.0 MHz 

Slew Rate RLOAD = 1 k0 ±5 v 350 400 V/µ.s 
Gain=-1 ±15 v 450 500 V/µ.s 

0, +5 v 250 300 V/µ.s 
Settling Time to 0 .1 % -2.5 V to +2.5 V ±5 v 45 ns 

0 V-10 V Step, Av= -1 ±15 v 45 ns II 
to 0.01% -2.5 V to +2.5 V ±5 v 80 ns 

OV-lOV Step, Av= -1 ±15 v 80 ns 
Total Harmonic Distortion Fe= 1 MHz ±15 v 63 dB 
Differential Gain Error NTSC ±15 v 0.005 0.01 % 

(Rl = 150 0) Gain= +2 ±5 v 0.01 0.02 % 
0, +5 v 0.08 % 

Differential Phase Error NTSC ±15 v 0.045 0.09 Degrees 
(Rl = 150 0) Gain= +2 ±5V 0.06 0.09 Degrees 

0, +5 v 0.1 Degrees 
Cap Load Drive 10 pF 

INPUT OFFSET VOLTAGE ±5 V to ±15 V 0.5 2 mV 
TMINtoTMAx 3 mV 

Offset Drift 10 µ.VfC 

INPUT B.IAS CURRENT ±5V, ±15V 3.3 6.6 µ.A 
TMIN 10 µ.A 
TMAX 4.4 µ.A 

INPUT OFFSET CURRENT ±5 V, ±15 V 25 200 nA 
TMINtoTMAx 500 nA 

Offset Current Drift 0.3 nAfC 

OPEN-LOOP GAIN VoUT = ±2.5 V ±5V 
RLOAo = 500 o 3 5 V/mV 
TMIN toTMAX 2 V/mV 
RLOAD = 1500 2 4 V/mV 
VoUT = ±lOV ±15 v 
RLOAD = 1 kO 6 9 V/mV 
TMIN to TMAX 3 V/mV 
VoUT = ±7.5 V ±15 v 
RLOAD = 1500 
(50 mA Output) 3 5 V/mV 

COMMON-MODE REJECTION VCM = ±2.5 v ±5V 82 100 dB 
VCM = ±12 v ±15 v 86 120 dB 
TMINtoTMAx ±15 v 84 100 dB 

POWER. SUPPLY REJECTION Vs= ±5 Vto ±15 V 80 90 dB 
TMIN toTMAX 80 dB 

INPUT VOLTAGE NOISE f= lOkHz ±5 v, ±15 v 10 nV/y'Hz 

INPUT CURRENT NOISE f= lOkHz ±5 V, ±15 V 1.5 pA/y'Hz 
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Parameter Conditions 

INPUT COMMON-MODE VOLTAGE 
RANGE 

OUTPUT VOLTAGE SWING RLoAo = 500 a 
RLoAo = 150 a 
RLOAD = 1 kO 
RLoAo = 500 a 
RLOAD = 5000 

Output Current 

Short-Circuit Current 

INPUT RESISTANCE 

INPUT CAPACITANCE 

OUTPUT RESISTANCE Open Loop 

POWER SUPPLY 
Operating Range Dual Supply 

Single Supply 
Quiescent Current 

TMIN to TMAx 

TMIN to TMAx 
NOTE 
'Full power bandwidth = slew rate/2 1T V PEAK. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage .......................... ± 18 V 
Internal Power Dissipation2 

Plastic (N) ...•......•.•...... See Derating Curves 
Small Outline (R) .............. See Derating Curves 

Input Voltage (Common Mode) ................. ±Vs 
Differential Input Voltage .................... ±6 V 
Output Short Circuit Duration ........ See Derating Curves 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range ........... -40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) . . . . + 300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 8-pin plastic package, OJA = 90°C/watt; 
8-pin SOIC package, 01A = ISS'C/watt. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD818AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD818AR -40°C to +85°C 8-Pin Plastic SOIC R-8 
AD818AR-REEL -40°C to +85°C 8-Pin Plastic SOIC R-8 

*For outline infonnation see Package Information section. 
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AD818A 
Vs Min Typ Max Units 

±5 v +3.8 +4.3 v 
-2.7 -3.4 v 

±15 v +13 +14.3 v 
-12 -13.4 v 

0, +5 v +3.8 +4.3 v 
+1.2 +0.9 v 

±5 v 3.3 3.8 ±V 
±5V 3.2 3.6 ±V 
±15 v 13.3 13.7 ±V 
±15 v 12.8 13.4 ±V 
0, +5 v +1.5, 

+3.5 v 
±15 v 50 mA 
±5V 50 mA 
0, +5 v 30 mA 
±15 v 90 mA 

300 kO 

1.5 pF 

8 a 

±2.5 ±18 v 
+5 +36 v 

±5 v 7.0 7.5 mA 
±5V 7.5 mA 
±15 v 7.5 mA 
±15 v 7.0 7.5 mA 

2.0 

1.5 

1.0 

o.s 

0 ._...__.__..__._..._....__.__.__..._.._.....__,___.__. 

-so -40 -30 -20 -10 0 +10 +20 +30 +40 +SO +60 +70 +80 +90 

AMBIENT TEMPERATURE - 'C 

Maximum Power Dissipation vs. Temperature for Different 
Package Types 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD817 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 
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-INPUT 2 

+INPUT 3 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

OFFSET OFFSET 

Typical Characteristics-AD818 

NULL NULL +Vs 

o,__~~~-'-~~~--''--~~~..._~~~--' 200'--~~~-'-~~~~'--~~~-'-~~~--' 

0 10 15 20 0 10 15 20 
SUPPLY VOLTAGE- ::t Volts SUPPLY VOLTAGE- ±Volts 

Figure 1. Common-Mode Voltage Range vs. Supply Figure 3. Slew Rate vs. Supply Voltage 
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,. ,. 
,.? RL = 150Q 

~ / 
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0 10 15 20 

LOAO RESISTANCE- Q SUPPLY VOLTAGE - ±Volts 

Figure 2. Output Voltage Swing vs. Load Resistance Figure 4. Output Voltage Swing vs. Supply 
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AD818 - Typical Characteristics 
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Figure 5. Quiescent Supply Current vs. Supply Voltage 
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Figure 6. Closed-Loop Output Impedance vs. Frequency 
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Figure 7. Input Bias Current vs. Temperature 
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Figure 8. -3 dB Bandwidth and Phase Margin vs. 
Temperature. Gain = +2 
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Figure 9. Open-Loop Gain vs. Load Resistance 
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Figure 10. Short Circuit Current vs. Temperature 
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Figure 11. Open-Loop Gain and Phase Margin vs. 
Frequency 
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Figure 12. Power Supply Rejection vs. Frequency 
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Figure 13. Common-Mode Rejection vs. Frequency 
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Figure 14. Output Swing and Error vs. Settling Time 
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AD818-Typical Characteristics 
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Figure 18. Slew Rate vs. Temperature 
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Figure 19. Differential Gain and Phase vs. Supply Voltage 
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Figure 20. Closed-Loop Gain vs. Frequency {G = +2) 
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Figure 21. Closed-Loop Gain vs. Frequency {G = -1) 
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1k0 

TEKTRONIX TEKTRONIX 
P6201 FET 7A24 

PROBE PREAMP 

Figure 22. Inverting Amplifier Connection 

I: 
11. 2V 50nsl I l,. -- I 

I 

' -
I 

I 

2V . 
Figure 23. Inverter Large Signal Pulse Response ±5 Vs, 
cF = 1 pF, RL = 1 kn 

120omv 10ns • · I 
II 

Ill I 

1.1 r ,, I 

D 
u 200mV II 

Figure 24. Inverter Small Signal Pulse Response ±5 Vs, 
cF = 1 pF, RL = 150 n 

REV.A 

AD818 

Figure 25. Inverter Large Signal Pulse Response ± 15 Vs, 
cF = 1 pF, RL = 1 kn 

Figure 26. Inverter Small Signal Pulse Response ±15 Vs, 
CF= 1 pF, RL = 150n 

.2oomv l . 10ns - I 

: • I I 
I 

I I 

I I 
r: 

I i I 

II 200mV .. I 

Figure 27. Inverter Small Signal Pulse Response ±5 Vs. 
CF= o pF, RL = 150 n 
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AD818-Typical Characteristics 
Cp 

1kC.. 1k!l 

TEKTRONIX TEKTRONIX 
P6201 FET 7A24 

PROBE PREAMP 

Figure 28. Noninverting Amplifier Connection 

Figure 29. Noninverting Large Signal Pulse Response 
±5 v, CF = 1 pF, RL = 1 k!J 

I 100mV tons 

ll~ 

I' ,... 
,~ 

:I D I • 200mV II 
Figure 30. Noninverting Small Signal Pulse Response 
±5V, CF= 1 pF, RL = 150!1 
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Figure 31. Noninverting Large Signal Pulse Response 
±15 V, CF= 1 pF, RL = 1 k!J 

Figure 32. Noninverting Small Signal Pulse Response 
±15 v, CF= 1 pF, RL = 150!1 

Figure 33. Noninverting Small Signal Pulse Response 
±5 v, CF= 0 pF, RL = 150 !] 
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NULL1 NULLS 

Figure 34. AD818 Simplified Schematic 

THEORY OF OPERATION 
The AD818 is a low cost, video operational amplifier designed 
to excel in high performance, high output current video 
applications. 

The AD818 (Figure 34) consists of a degenerated NPN differen
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load, while 
maintaining low levels of distortion. 

The AD818 will drive terminated cables and capacitive loads of 
10 pF or less. As the closed-loop gain is increased, the AD818 
will drive heavier cap loads without oscillating. 

INPUT CONSIDERATIONS 
An input protection resistor (R1N in Figure 28) is required in 
circuits where the input to the AD818 will be subjected to tran
sient of continuous overload voltages exceeding the ±6 V maxi
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 

For high performance circuits, it is recommended that a "bal
ancing" resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of RIN 
and Rp and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 

GROUNDING AND BYPASSING 
When designing high frequency circuits, some special precau
tions are in order. Circuits must be built with short interconnect 
leads. When wiring components, care should be taken to pro
vide a low resistance, lciw inductance path to ground. Sockets 
should be avoided, since their increased interlead capacitance 
can degrade circllit b&ndwidth. 

Feedback resistors should be of low enough value ( :S 1 kn) to 
assure thiit the time constant formed with the inherent stray 
capacitance at the amplifier's summing junction will not limit 
performance. This parasitic capacitaI1ce, along with the parallel 
resistance of Rp/RIN, form a pole in the loop transmission which 
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AD818 
may result in peaking. A small capacitance (1-5 pF) may be 
used in parallel with the feedback resistor to neutralize this 
effect. 

Power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Ceramic disc capacitors of 0.1 µF 
are recommended. 

Figure 35. Offset Null Configuration 

OFFSET NULLING 
The input offset voltage of the AD818 is inherently very low. 
However, if additional nulling is required, the circuit shown in 
Figure 35 can be used. The null range of the AD818 in this 
configuration is ±10 mV. D 
SINGLE SUPPLY OPERATION 
Another exciting feature of the AD818 is its ability to perform 
well in a single supply configuration. The AD818 is ideally 
suited for applications that require low power dissipation and 
high output current. 

Referring to Figure 36, careful consideration should be given to 

the proper selection of component values. The choices for this 
particular circuit are: RI + R3llR2 combine with Cl to form a 
low frequency comer of approximately 10 kHz. C4 was inserted 
in series with R4 to maintain amplifier stability at high fre
quency. 

Combining R3 with C2 forms a low pass filter with a corner fre
quency of approximately 500 Hz. This is needed to maintain 
amplifier PSRR, since the supply is connected to V1N through 
the input divider. The values for R2 and C2 were chosen to 
demonstrate the AD818's exceptional output drive capability. In 
this configuration, the output is centered around 2.5 V. In order 
to eliminate the static de current associated with this level, C3 
was inserted in series with RL. 

+Vs 

SELECT C1, R1, R2 
FOR DESIRED LOW 
FREQUENCY CORNER. 

VouT1 
RL 
1500 

C3 
~0.1µF 

Figure 36. Single Supply Amplifier Configuration 
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ERROR 
SIGNAL 

OUTPUT 

FALSE 
NULL SUMMING 

ADJUST NODE 

+Vs 

~-01µF 

10pF 

NOTE: 
USE CIRCUIT BOARD 
WITH GROUND PLANE 

~ SCOPE PROBE 
CAPACITANCE 

r-------, 
I 1Mn~15pFI 
I 1:..J I 
________ .. 

SETTLING 
OUTPUT 

Figure 37. Settling Time Test Circuit 

AD818 SETTLING TIME 
Settling time is comprised primarily of two regions. The first is 
the slew time in which the amplifier is overdriven, where the 
output voltage rate of change is at its maximum. The second is 
the linear time period required for the amplifier to settle to 
within a specified percent of the final value. 

Measuring the rapid settling time of AD818 ( 45 ns to 0.1 % and 
80 ns to 0.01 %-10 V step) requires applying an input pulse 
with a very fast edge and an extremely flat top. With the AD818 
configured in a gain of - 1, a clamped false summing junction 
responds when the output error is within the sum of two diode 
voltages (approximately 1 volt). The signal is then amplified 20 
times by a clamped amplifier whose output is connected directly 
to a sampling oscilloscope. 

A High Performance Video Line Driver 
The buffer circuit shown in Figure 38 will drive a back
terminated 75 n video line to standard video levels (1 v p-p) 
with 0.1 dB gain flatness to 55 MHz with only 0.05° and 0.01% 
differential phase and gain at the 3.58 MHz NTSC subcarrier 
frequency. This level of performance, which meets the require
ments for high-definition video displays and test equipment, is 
achieved using only 7 mA quiescent current. 

+15V 

v,. 

Figure 38. Video Line Driver 
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DIFFERENTIAL LINE RECEIVER 
The differential receiver circuit of Figure 39 is useful for many 
applications from audio to video. It allows extraction of a low 
level signal in the presence of common-mode noise. As shown 
in Figure 40, the AD818 provides this function with only 
lOnV/\/Hz noise at the output. 

DIFFERENTIAL 
INPUT 

Figure 39. Differential Line Receiver 

Figure 40. Performance of Line Receiver, RL = 150 n, 
G = +2 
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A HIGH SPEED, THREE OP AMP IN AMP 
The circuit of Figure 41 uses three high speed op amps: two 
AD818s and an AD817. This high speed circuit lends itself well 
to CCD imaging and other video speed applications. It has the 
optional flexibility of both de and ac trims for common-mode 
rejection, plus the ability to adjust for minimum settling time. 

EACH 
AMPLIFIER PIN 7 

+1svo 11 " +Vs " l: I" EACH 
10j.F 1µF AMPLIFIER 

COMMONO II~1µF II~1µF 
10µF I I 0.1µF v 0.1µF 1µF 

-1sv o T .. -v ... I .. :'ci 
AMPLIFIER 

BANDWIDTH, SETTLING TIME, 6 TOTAL HARMONIC DISTORTION VS. GAIN 

SMALL SETTLING THD.+NOISE 
CADJ SIGNAL TIME BELOW INPUT LEVEL 

GAIN RG (pf) BANDWIDTH T00.1% @10kHz 

3 1k N 14.7 MHz 200ns 82dB 
10 222ll N 4.SMHz 370ns 81 dB 
100 200 N 960kHz 2.Sµs 71 dB 

Figure 41. High Speed 3 Op Amp In Amp 

AD818 

All brand or product names mantionad are trademarks or registered trademarks of their respective holders. 
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1111111111 ANALOG 
LlllllDEVICES 

FEATURES 
TRUE SINGLE SUPPLY OPERATION 

Output Swings Rail to Rail 
Input Voltage Range Extends Below Ground 
Single Supply Capability from +3 V to +36 V 
Dual Supply Capability from ±1.5 V to ±18 V 

HIGH LOAD DRIVE 
Capacitive Load Drive of 350 pf, G = 1 
Minimum Output Current of 15 mA 

EXCELLENT AC PERFORMANCE FOR LOW POWER 
800 µA Max Quiescent Current per Amplifier 
Unity Gain Bandwidth: 1.8 MHz 
Slew Rate of 3.0 V/,,_s 

GOOD DC PERFORMANCE 
800 ,,_v Max Input Offset Voltage 
2 ,,_vt"C Typ Offset Voltage Drift 
25 pA Max Input Bias Current 

LOW NOISE 
13 nV/\/Hi@ 10 kHz 

NO PHASE INVERSION 

APPLICATIONS 
Battery Powered Precision Instrumentation 
Photodiode Preamps 
Active Filters 
12- to 14-Bit Data Acquisition Systems 
Medical Instrumentation 
Low Power References and Regulators 

PRODUCT DESCRIPTION 
The AD820/AD822 are precision, low power FET input op 
amps that can operate from a single supply of +3.0 V to +36 V, 
or dual supplies of± 1.5 V to ± 18 V. They have true single 
supply capability with an input voltage range extending below 
the negative rail, allowing them to accommodate input signals 
below ground in the single supply mode. Output voltage swing 

100 ~-...-~~~-....--... ............. --.--....-,......,.., 

~ r-c 
I .. .. 

i5 z 
10 .. 

Cl 
!:! _, 
g 
!; .. 
!E 

1 
10 100 1k 10k 

FREQUENCY - Hz 

Input Voltage Noise vs. Frequency 
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Single Supply, .Rail-to~R;ail 
Low Power ~ET~lnpu~ Op Am'ps 

. . AD820/AD822 I 
CONNECTION DIAGRAMS 

8-Pin 
Plastic Mini-DIP 

8-Pin 
SOIC 

·· 8-Pin Plastic DIP, 
Cerdip and SOIC 

NC = NO CONNECT NC = NO CONNECT 

extends to within 10 m V of each rail providing the maximum 
output dynamic range. 

Offset voltage of 800 µV max, offset voltage drift of 2 µVl°C, 
input bias currents below 25 pA and low input voltage noise 
provide de precision with S011fce impedances up to a Gigaolm;l. 
1.8 MHz unity gain bandwidth, -93 dB THD at 10 kHz and 
3 V/µs slew rate are provided with a low supply currer,tt 9f 
800 µA per amplifier. The AD820 and AD822 drive up to 
350 pF of direct capacitive load as a follower, and provides a 
minimum output current of 15 mA. This allows the amplifier to 
handle a wide range of load conditions. This combination of ac 
and de performance, plus the outstanding load drive capability, 
results in an exceptionally versatile amplifier for the single sup-
ply user. · · 

The AD820 and AD822 ate available in four performance 
grades. The A and B grades are rated over the industrial tem
perature range of -40°C to +85°C. There is a 3 volt grade-the 
AD820A-3V or AD822A-3V, rated over the industrial tempera
ture range. The AD82i is also available in a mil grade, is rated 
over the military temperature range of. -55°C to+ 12?°C, and is 
processed on a standard inilitary drawing. 

The AD820 is offered in 8-pin plastic DIP and SOIC packaging 
while the AD822 is offered in three varieties of 8-pin package: 
plastic DIP, hermetic cerdip and surface mount (SOIC) as well 
as die form. 

Gain of +2 Amplifier; Vs = +5, 0, VIN = 2.5 V Sine 
Centered at 1.25 Volts, RL = 100 kn 
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SPECIFICATIONS 
Parameter 

DC PERFORMANCE 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Current 

at TMAx 
Input Offset Current 

at TMAX 

Open-Loop Gain 

TMIN to TMAX 

TMIN to TMAX 

TM1N to TMAX 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 

Input Current Noise 

Harmonic Distortion 
f=lOkHz 

DYNAMIC PERFORMANCE 
Unity-Gain Frequency 
Full Power Response 
Slew Rate 
Settling Time 

to 0.1% 
to 0.01% 

MATCHING CHARACTERISTICS 
Initial Offset 
Max Offset over Temperature 
Offset Drift 
Input Bias Currents 
Crosstalk @ f = I kHz 

f = 100 kHz 

INPUT CHARACTERISTICS 
Common-Mode Voltage Range2 

TMIN toTMAX 
CMRR (AD820) 
CMRR (AD822) 

TMIN to TMAx 
Input Impedance 

Differential 
Common Mode 

OUTPUT CHARACTERISTICS 
Output Saturation Voltage3 

VocVEE 
TMIN to TMAX 

Vcc-VoH 
TMIN to TMAX 

VocVEE 
TMIN to TMAX 

Vcc-VoH 
TM.IN to TMAX 

VoL-VEE 
TMIN to TMAX 

Vcc-VoH 
T;uN to TMAX 

Operating Output Current 
TMIN toTMAX 

Short Circuit Current 
Capacitive Load Drive 

POWER SUPPLY 
Quiescent Current/Amplifier 

Power Supply Rejection 

REV.O 

!Vs = 0, 5 V @TA = +25°C, VcM = 0 V, V0u1 = 0.2 V unless 
otherwise noted) 

AD820A/AD822A AD820B/AD822B 
Conditions Min Typ Max Min Typ Max 

0.1 0.8 0.1 0.4 
o.s 1.2 o.s 0.9 
2.0 2.0 

VcM=OVto4V 2 2S 2 10 
0.5 s 0.5 2.5 
2 20 2 10 
o.s O.S 

V0 = 0.2 V to 4 V 
RL = 100 kD (AD820) 400 1000 400 1000 
RL = 100 kD (AD822) soo 1000 soo 1000 
RL =JOO kD 400 400 
RL = 10 kD 80 ISO 80 ISO 
RL = 10 kD 80 80 
RL =I kD IS 30 IS 30 
RL =I kD 10 10 

0.1 Hz to 10 Hz 2 2 
f = 10 Hz 2S 2S 
f = 100 Hz 21 21 
f=lkHz 16 16 
f=lOkHz 13 13 
0.1 Hz to 10 Hz 18 18 
f=lkHz 0.8 0.8 
RL = lOkD 
V0 = 0.25 V to 4.7S V -93 -93 

1.8 1.8 
V0 p-p = 4.S V 210 210 

3 3 

V 0 = 0.2 V to 4.S V 1.4 1.4 
1.8 1.8 

AD822 Only 
1.0 o.s 
1.6 1.3 

3 3 
20 10 

RL = s kD -130 -130 
-93 . -93 

-0.2 4 -0.2 4 
-0.2 4 -0.2 4 

VcM = 0 V to +2 V 66 80 72 80 
VcM = 0 V to +2 V 66 80 69 80 

66 66 

1013110.s 101'110.s 
1013112.8 1013112.8 

IsrNK = 20 µA s 7 s 7 
10 10 

IsouRCE = 20 µA 10 14 10 14 
20 20 

IsrNK = 2 mA 40 SS 40 S5 
80 80 

IsouRcE = 2 mA 80 llO 80 llO 
160 160 

IsrNK = IS mA 300 500 300 500 
1000 1000 

IsouRcE = 15 mA 800 1500 800 1500 
1900 1900 

15 15 
12 12 

25 25 
3SO 350 

620 800 620 800 
TMIN toTMAx 800 800 

70 80 66 80 
TM1N toTMAx 70 66 

AD820/AD822 
AD822S1 

Min Typ Max Units 

0.1 0.8 mV 
o.s mV 
2.0 µVi°C 
2 2S pA 
o.s nA 
2 20 pA 
l.S nA 

V/mV 
soo 1000 V/mV 

V/mV 
80 lSO V/mV 

V/mV 
IS 30 V/mV 

V/mV 

2 µVp-p 
2S nV/yHz 
21 nV/yHz 
16 nV/yHz 
13 nV/yHz 
18 fA p-p 
0.8 fA/yHz 

-93 dB 

1.8 MHz 
210 kHz 
3 V/µs 

1.4 µs 
1.8 µs 

1.6 mV 
mV 

3 µV/'C 
20 pA 

-130 dB 
-93 dB 

-0.2 4 v 
v 
dB 

66 80 dB 
dB 

10"110.s DllpF 
10"112.8 DllPF 

5 7 mV 
mV 

10 14 mV 
mV 

40 S5 mV 
mV 

80 llO mV 
mV 

300 soo mV 
mV 

800 1500 mV 
mV 

15 mA 
mA 

25 mA 
350 pF 

620 µA 
µA 

70 80 dB 
dB 
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AD820/AD822-SPEClflCATIQNS ~:1e7s ~~:rm~e1~o~d~25°C, VcM = D V, VouT= D V 

AD820A/AD822A AD8201J/AD822B AD822S1 

Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

DC PERFORMANCE 
Initial Offset 0.1 0.8 0.1 0.4 0.1 mV 
Max Offset over Temperature 0.5 1.5 0.5 I 0.5 mV 
Offset Drift 2.0 2.0 2.0 µV/'C 
Input Bias Current VcM='-5Vto4V 2 25 2 IO 2 25 pA 

at TMAX 0.5 5 0.5 2.5 0.5 nA 
Input Offset Current 2 20 2 IO 2 pA 

at TMAX 0.5 0.5 1.5 nA 
Open-Loop Gain V0 =-4Vto4V 

RL = 100 kfl 400 1000 400 IOOO 400 IOOO VimV 
TMIN to TMAX RL = 100 kfl 400 400 V/mV 

RL = IO kfl 80 150 80 150 80 150 V/mV 
TMIN to TMAx RL = IO kfl 80 80 V/mV 

RL=lkfl 20 30 20 30 20 30 V/mV 
TMIN to TMAX RL = l.kfl IO IO V/mV 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 

0.1 Hz to IO Hz 2 2 2 µVp-£__ 
f = IO Hz 25 25 25 nV/y'Hz 
f=lOOHz 21 21 21 nV/y'Hz 
f = I kHz 16 16 16 nvtvHZ 
f=IOkHz 13 13 13 nV/y'Hz 

Input Current Noise 0.1 Hz to IO Hz 18 18 18 fA p-p 
f=lkHz 0.8 0.8 0.8 fA /y'fiZ 

Harmonic Distortion RL = 10 kfl 
f= IO kHz V0 = ±4.5 V -93 -93 -93 dB 

DYNAMIC PERFORMANCE 
Unity Gain Frequency 1.9 1.9 1.9 MHz 
Full Power Response Vop·p = 9V 105 105 105 kHz 
Slew Rate 3 3 3 V/µs 
Settling Time 

to0.1% V0 = OVto ±4.5V 1.4 1.4 1.4 µs 
to 0.01% 1.8 1.8 1.8 µs 

MATCHING CHARACTERISTICS AD822 Only 
Initial Offset LO 0.5 1.6 mV 
Max Offset over Temperature 3 2 2 mV 
Offset Drift 3 3 µVfC 
Input Bias Currents 25 IO 25 pA 
Crosstalk @ f = I kHz RL=5kfl -130 -130 ..., 130 dB 

f = 100 kHz -93 -93 -93 dB 

INPUT CHARACTERISTICS 
Common.Mode Voltage Range2 -5.2 4 -5.2 4 -5.2 4 v 

TMIN to TMAX -5.2 4 -5.2 4 v 
CMRR (AD820) VcM=-5Vto+2V 66 80 72 80 dB 
CMRR (AD822) VCM=-5Vto+2V 66 80 69 80 66 80 dB 

TMIN to TMAX 66 66 dB 
Input Impedance 

IO"llo.5 10"110.5 IO"llo.5 flllpF Differential 
Common Mode IO"ll2.8 10"112.8 10''112.8 flllPF 

OUTPUT CHARACTERISTICS 
Output Saturation Voltage' 
VoL-VEE IsiNK = 20 µA 5 7 5 7 5 7 mV 

TMIN to TMAX IO IO mV 
Vcc-VoH IsouRcE = 20 µA IO 14 IO 14 10 14 mV 

TMIN to TMAX 20 20 mV 
VoL-VEE Is1NK = 2 mA 40 55 40 55 40 55 mV 

TMIN to TMAX 80 80 mV 
Vcc-VoH IsouRcE = 2 mA 80 I!O 80 110 80 I!O mV 

TMIN to TMAx 160 160 mV 
VocVEE IsINK = 15 mA 300 500 300 500 300 500 mV 

TMIN to TMAX IOOO 100.0 mV 
Vcc-VoH lsouRCE = I 5 mA 800 1500 800 1500 800 1500 mV 

TMIN to TMAX 1900 1900 mV 
Operating Output Current 15 15 IS mA 

TMIN to TMAx 12 12 12 mA 
Short Circuit Current 25 25 25 mA 
Capacitive Load Drive 350 350 350 pF 

POWER SUPPLY 
Quiescent Current/ Amplifier 650 800 650 800 650 µA 

TMIN to TMAX 800 800 µA 
Power Supply Rejection Vs= SVto ISV 70 80 66 80 80 dB 

TM1N to TMAX 70 66 dB 
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AD820/AD822 
(Vs = ±15 V@ TA = +25°C, YcM = 0 V, Your = 0 V unless otherwise noted) 

AD820A/AD822A AD820B/AD822B AD822S' 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

DC PERFORMANCE 
Initial Offset AD820 0.4 2 0.3 l mV 

AD822 0.4 2 0.3 l.5 0.4 2.0 mV 
Max Offset over Temperature AD820 0.5 3 0.5 2 mV 

AD822 0.5 3 0.5 2.5 0.5 mV 
Offset Drift 2.0 2.0 2.0 µV!"C 
Input Bias Current VcM = 0 V, AD820 2 25 2 10 pA 

VcM = 0 V, AD822 2 25 2 12 2 25 pA 
VcM=-lOV 40 40 40 pA 

at TMAx VCM = 0 v 0.5 5 0.5 2.5 0.5 pA 
Input Offset Current AD820 2 20 2 10 pA 

AD822 2 20 2 12 2 20 pA 
at TMAX 0.5 0.5 l.5 nA 

Open-Loop Gain V0 =-10Vto+IOV 
RL = 100 kn 500 2000 500 2000 500 2000 V/mV 

TMIN to TMAX RL = 100 kn 500 500 V/mV 
RL = 10 kn 100 500 100 500 100 500 V/mV 

TMIN to TMAx RL = 10kn 100 100 V/mV 
RL = 1 kn 30 45 30 45 30 45 V/mV 

TMIN to TMAX RL =I kn 20 20 V/mV 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 0.1 Hz to 10 Hz 2 2 2 µV p-£_ 

f = 10 Hz 25 25 25 nV/Vfu 
f= 100Hz 21 21 21 nVl\/Hz 
f=lkHz 16 16 16 nVl\/Hz 
f= 10kHz 13 13 13 nV/\/Hz 

Input Current Noise 0.1Hzto10 Hz 18 18 18 fAp-p_ 
f=lkHz 0.8 0.8 0.8 fA/\/Hz 

Harmonic Distortion RL=10kn II 
f= 10kHz V0 = ±lOV -85 -85 -85 dB 

DYNAMIC PERFORMANCE 
Unity Gain Frequency l.9 l.9 l.9 MHz 
Full Power Response V0 p-p = 20V 45 45 45 kHz 
Slew Rate 3 3 3 V/µs 
Settling Time 

to 0.1% V0 =0Vto±10V 4.1 4.1 4.1 µs 
to0.01% 4.5 4.5 4.5 µs 

MATCHING CHARACTERISTICS AD822 Only 
Initial Offset 3 2 0.8 mV 
Max Offset over Temperature 4 2.5 l.O mV 
Offset Drift 3 3 µV!"C 
Input Bias Currents 25 12 25 pA 
Crossralk @ f = I kHz RL = 5 k!l -130 -130 -130 dB 

f = 100 kHz -93 -93 -93 dB 

INPUT CHARACTERISTICS 
Common-Mode Voltage Range2 -15.2 14 -15.2 14 -15.2 14 v 

TMiNtoTMAx -15.2 14 -15.2 14 v 
CMRR V CM = -15 V tO + 12 V 70 80 74 90 70 90 dB 

TMiNtaTMAx 70 74 dB 
Input Impedance 

10"110.5 10"110.5 10"110.5 nllpF Differential 
Common Mode 10"112.8 10"112.8 10"112.8 !ljjpF 

OUTPUT CHARACTERISTICS 
Output Saturation Voltage' 
VoL-VEE IsINK = 20 µ.A 5 7 5 7 5 7 mV 

TMiNtoTMAX 10 10 mV 
Vcc-VoH IsouRcE = 20 µ.A 10 14 10 14 10 14 mV 

TM1NtoTMAx 20 20 mV 
VoL-VEE 151NK = 2mA 40 55 40 55 40 55 mV 

TMiNtoTMAX 80 80 mV 
Vcc-VoH lsoURCE = 2 mA 80 110 80 110 80 110 mV 

TMiNtoTMAx 160 160 mV 
VoL-VEE lsINK = 15 mA 300 500 300 500 300 500 mV 

TMIN to TMAX 1000 1000 mV 
Vcc-VoH lsoURCE = 15 mA 800 1500 800 1500 800 1500 mV 

TMiNtoTMAX 1900 1900 mV 
Operating Output Current 20 20 20 mA 

TMIN to TMAX 15 15 15 mA 
Shon Circuit Current 45 45 45 mA 
Capacitive Load Drive 350 350 350 pF 

POWER SUPPLY 
Qniescent Current/ Amplifier 700 900 700 900 700 µA 

TMiNtoTMAx 900 900 µA 
Power Supply Rejection Vs+ = 5 V to 15 V 70 80 66 80 70 80 dB 

TMIN to TMAx 70 66 dB 
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A0820/AD822-SPEClflCAJIONS ~~e~~e3n!t~) TA= +z5•c, VcM = 0 V, Your= 0.2 V unless 

AD820A-3V AD822A-3V 
Parameter Conditions Min Typ Max Min Typ Max Units 

DC PERFORMANCE 
Initial Offset 0.2 1 0.2 1 mV 
Max Offset over Temperature 0.5 1.5 0.5 1.5 mV 
Offset Drift 1 1 µV/'C 
Input Bias Current VcM = OVto +2V 2 25 2 25 pA 

at TMAx 0.5 5 0.5 5 nA 
Input Offset Current 2 20 2 20 pA 

at TMAx 0.5 0.5 nA 
Open Loop Gain V 0 = 0.2 V to 2 V 

RL = 100 kil 300 1000 300 1000 V/mV 
TM1NtoTMAx RL = 100 kil 400 300 V/mV 

RL = lOkil 60 150 60 150 V/mV 
TM1N toTMAx RL=lOkil 80 60 V/mV 

RL = 1 k!l 10 30 10 30 V/mV 
TMIN to TMAx RL = 1 kO 8 8 V/mV 

NOISE/HARMONIC PERFORMANCE 
Input Voltage Noise 0.1 Hz to 10 Hz 2 2 µVp-p 

f= lOHz 25 25 nV/yHz 
f= 100 Hz 21 21 nV/yfu 
f= !kHz 16 16 nV/yfu 
f= lOkHz 13 13 nV/yfu 

Input Current Noise 0.1 Hz to 10 Hz 18 18 fA p-p 
f=lkHz 0.8 0.8 fA/yHz 

Harmonic Distortion RL=lOkO 
f= lOkHz V0 = ±1.25 V -92 -92 dB 

DYNAMIC PERFORMANCE 
Unity Gain Frequency 1.5 1.5 MHz 
Full Power Response V0 p-p = 2.5 V 240 240 kHz 
Slew Rate 3 3 V/µs 
Settling Time 

to0.1% V 0 = 0.2 V to 2.5 V 1 1 µs 
to 0.01% 1.4 1.4 µs 

MATCHING CHARACTERISTICS 
Initial Offset I mV 
Max Offset over Temperature 2 mV 
Offset Drift 2 µV/'C 
Input Bias Currents 10 pA 
Crosstalk @ f = I kHz RL = 5 kil -130 dB 

f = IOOkHz -93 dB 

INPUT CHARACTERISTICS 
Common-Mode Voltage Range2 -0.2 2 -0.2 2 v 

TMIN to TMAX -0.2 2 -0.2 2 v 
CMRR VcM=OVto+lV 60 74 60 74 dB 

TMIN toTMAx 60 60 dB 
Input Impedance 

Differential 10"110.5 101'llo.5 nllpF 
Common Mode 10"112.8 10"112.8 OllPF 

OUTPUT CHARACTERISTICS 
Output Saturation Voltage3 

VoL-VEE JSINK = 20 µA 5 7 5 7 mV 
TM1NtoTMAX 10 10 mV 

Vcc-VoH IsouRCE = 20 µA 10 14 10 14 mV 
TM1NtoTMAX 20 20 mV 

VoL-VEE IsINK = 2 mA 40 55 40 55 mV 
TM1N toTMAx 80 80 mV 

Vcc-VoH lsoURCE = 2 mA 80 110 80 110 mV 
TM1N to TMAx 160 160 mV 

VoL-VEE Is1NK = lOmA 200 400 200 400 mV 
TMIN toTMAX 400 400 mV 

Vcc-VoH IsouRCE = 10 mA 500 1000 500 1000 mV 
TM1N toTMAX 1000 1000 mV 

Operating Output Current 15 15 mA 
TMIN toTMAx 12 12 mA 

Short Circuit Current 25 25 mA 
Capacitive Load Drive 350 350 pF 

POWER SUPPLY 
Quiescent Current( Amplifier 620 800 620 800 µA 

TM1NtoTMAx 800 800 µA 
Power Supply Rejection 70 80 66 80 dB 

TM1N to TMAx 70 66 dB 
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AD820/AD822 
NOTES 
1See standard military drawing for 883B specifications. 
2This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (+V8 -1 V) to +V8 • Common
mode error voltage is typically less than 5 m V with the common-mode voltage set at 1 volt below the positive supply. 

3V 0L-V EE is defined as the difference between the lowest possible output voltage (V oL) and the minus voltage supply rail (VEE). 
V ccVoH is defined as the difference between the highest possible output voltage (V 0H) and the positive supply voltage (V eel· 
Specifications subject to change without notice. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD820 and AD822 feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! 0 
~~EDEVICE 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Internal Power Dissipation 

Plastic DIP (N) ............. Observe Derating Curves 
Cerdip (Q) ................ Observe Derating Curves 
SOIC (R) ................. Observe Derating Curves 

Input Voltage .......... (+Vs+ 0.2 V) to - (20 V + V8) 

Output Short Circuit Duration . . . . . . . . . . . . . .. Indefinite 
Differential Input Voltage .................... ±30 V 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Storage Temperature Range (Q) ......... -6S°C to + 1S0°C 
Storage Temperature Range (R) ......... -65°C to + 1S0°C 
Operating Temperature Range 

AD820A/B ...................... -40°C to +85°C 
AD822A/B ...................... -40°C to +85°C 
AD822S . . . . . . . . . . . . . . . . . -55°C to + 125°C 

Lead Temperature Range 
(Soldering 60 sec) . . . . . . . . . . . . . . . . . . . .... + 260°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
perm.anent darn.age to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

28-Pin Plastic DIP Package: e1A = 90°C/Watt 
8-Pin Cerdip Package: 01A = l I0°C/Watt 
8-Pin SOIC Package: 01A = 160°C/Watt 

MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the AD820 
or AD822 is limited by the associated rise in junction tempera
ture. For plastic packages, the maximum safe junction tempera
ture is 145°C. For the cerdip packages, the maximum junction 
temperature is l 75°C. If these maximums are exceeded momen
tarily, proper circuit operation will be restored as soon as the die 
temperature is reduced. Leaving the device in the "overheated" 
condition for an extended period can result in device burnout. 
To ensure proper operation, it is important to observe the derat
ing curves shown in Figure 24. 

While the AD820 and AD822 are internally short circuit pro
tected, this may not be sufficient to guarantee that the maxi
mum junction temperature is not exceeded under all conditions. 
With power supplies ± 12 volts (or less) at an ambient tempera
ture of + 25°C or less, if the output node is shorted to a supply 
rail, then the amplifier will not be destroyed, even if this condi
tion persists for an extended period. 
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ORDERING GUIDE 

Temperature Package 
Model1 Range Description 

AD820AN -40°C to +85°C 8-Pin Plastic Mini-DIP 
AD820BN -40°C to +85°C 8-Pin Plastic Mini-DIP 

AD820AR -40°C to +85°C 8-Pin SOIC 
AD820BR -40'C to +85'C 8-Pin SOIC 
AD820AR-3V -40°C to +85°C 8-Pin SOIC 
AD820AN-3V -40'C to +85°C 8-Pin Plastic Mini-DIP 

AD822AN -40'C to +85'C 8-Pin Plastic Mini-DIP 
AD822BN -40°C to +85°C 8-Pin Plastic Mini-DIP 
AD822AR -40°C to +85°C 8-Pin SOIC 
AD822BR -40°C to +85°C 8-Pin SOIC 
AD822AR-3V -40°C to +85°C 8-Pin SOIC 
AD822AN-3V -40°C to +85°C 8-Pin Plastic Mini-DIP 
AD822A Chips -40°C to +85'C Die 
Standard Military 

Drawing' -55°C to + 125'C 8-Pin Cerdip 

NOTES 
1AD822 Spice model is available on ADI Model Disc. 
2For outline information see Package Information section. 
3Contact factory for availability. 

0.0657 
(1.67) 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

OUTPUT2 -IN2 
7 6 

Package 
Option2 

N-8 
N-8 
R-8 
R-8 
R-8 
N-8 

N-8 
N-8 
R-8 
R-8 
R-8 
N-8 

Q-8 

L~~~4V-
I. buTPUT1 -1~1 +1~1 v4- I 
"'· ->---------- ~~-m . 

NOTE: BACK OF DIE IS AT +Vs POTENTIAL. 
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AD820/AD822-Typical Characteristics 
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Figure 1a. AD820 Typical Distribution of Offset Voltage 
(248 Units) 
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Figure 1b. AD822 Typical Distribution of Offset Voltage 
(390 Units) 
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Figure 2a. AD820 Typical Distribution of Offset Voltage 
Drift (120 Units) 
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Figure 2b. AD822 Typical Distribution of Offset Voltage 
Drift (100 Units) 
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Figure 3. Typical Distribution of Input Bias Current 
(213 Units) 
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Figure 4. Input Bias Current vs. Common-Mode 
Voltage; Vs = +5 V, 0 V and Vs = ±5 V 
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Figure 5. Input Bias Current vs. Common-Mode 
Voltage; Vs= ±15 V 
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Figure 6. Input Bias Current vs. Temperature; 
V5 = 5 V, VcM = 0 
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Figure 26. Unity-Gain Follower 

Figure 27. 20 V p-p, 25 kHz Sine Wave Input; Unity Gain 
Follower; RL = 600{1, V5 = ±15 V 
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Figure 28. Crosstalk Test Circuit 

Figure 29. Large Signal Response Unity Gain Follower; 
Vs= ±15V, RL = 10klJ 

Figure 30. Small Signal Response Unity Gain Follower; 
Vs= ±15 V, RL = 10 klJ 
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Figure 31. Vs = +5 V, O V; Unity Gain Follower 
Response to O V to 4 V Step 

+Vs 

v,. 

Figure 32. Unity-Gain Followe.r 
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Figure 33. Gain of Two Inverter 
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Figure 34. Vs = +5 V, 0 V; Unity Gain Follower 
Response to 0 V to 5 V Step 
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GND --
Figure 35. Vs = +5 \/, 0 V; Unity Gain Follower Response, 
to 40 mVStep Centered40 mV Above Ground, Rr = 10 kfJ 

Figure 36. Vs = +5 V, 0 V; Gain of Two Inverter Response 
to 20 mV Step, Centered 20 mV Below Ground, RL = 10 kfJ 

GND --
Figure 37. Vs = +5 \/, 0 V; Gain of Two Inverter Response 
to 2.5 V Step Centered -1.25 V Below Ground, RL = 10 kfJ 
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Figure 38. Vs= 3 \/, 0 \/,'Gain of Two Inverter, V1N = 1.25 \/, 
25 kHz, Sine Wave Centered at -0.75 V, RL = 600 [] 

(a) 

(b) 
+SV 

Figure 39. (a) Response with Rp = O; V1N from 0 to +Vs 
(b) V,N = 0 to +Vs + 200 mV, VouT = 0 to +Vs, 
Rp = 49.9 kfJ 

REV.O 



APPLICATION NOTES 
INPUT CHARACTERISTICS 
In the AD820 and AD822, n-channel JFETs are used to provide 
a low offset, low noise, high impedance input stage. Minimum 
input common-mode voltage extends from 0.2 V below -Vs to 
1 V less than +Vs· Driving the input voltage closer to the posi
tive rail will cause a loss of amplifier bandwidth (as can be seen 
by comparing the large signal responses shown in Figures 31 
and 34) and increased common-mode voltage error as illustrated 
in Figure 17. 

The AD820 and AD822 do not exhibit phase reversal for input 
voltages up to and including +Vs· Figure 39a shows the 
response of a voltage follower to a 0 V to + 5 V ( + V sl square 
wave input. The input and output are superimposed. The out
put tracks the input up to +Vs without phase reversal. The 
reduced bandwidth above a 4 V input causes the rounding of 
the output wave form. For input voltages greater than +Vs, a 
resistor in series with the noninverting input will prevent phase 
reversal, at the expense of greater input voltage noise. This is 
illustrated in Figure 39b. 

Since the input stage uses n-channel JFETs, input current dur
ing normal operation is negative; the current flows out from the 
input terminals. If the input voltage is driven more positive than 
+Vs - 0.4V, the input current will reverse direction as internal 
device junctions become forward biased. This is illustrated in 
Figure 4. 

A current limiting resistor should be used in series with the in
put of the AD820 or AD822 if there is a possibility of the input 
voltage exceeding the positive supply by more than 300 mV, or 
if an input voltage will be applied to the AD820 or AD822 when 
±Vs = 0. The amplifier will be damaged if left in that condi
tion for more than 10 seconds. A 1 kn resistor allows the ampli
fier to withstand up to 10 volts of continuous overvoltage, and 
increases the input voltage noise by a negligible amount. 

Input voltages less than - Vs are a completely different story. 
The amplifier can. safely withstand input voltages 20 volts below 
the minus supply voltage as long as the total voltage from the 
positive supply to the input terminal is less than 36 volts. In 
addition, the input stage typically maintains picoamp level input 
currents across that input voltage range. 
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100k .-----,,..----.---.....---.---~-~ 

AMPLIFIER GENERATED 
NOISE 

0.1 ._ __ .__ _ __. __ ........ __ ...... __ ...._ _ ___. 

10k 100k 1M 10M 100M 1G 10G 
SOURCE IMPEDANCE - g 

Figure 40. Total Noise vs. Source Impedance 

AD820/AD822 
The AD820 and AD822 are designed for 13 nV/\/Hz wideband 
input voltage noise and maintain low noise performance to low 
frequencies (refer to Figure 11). This noise performance, along 
with the low input current and current noise means that the 
AD820 and AD822 contribute negligible noise for applications 
with source resistances greater than 10 kn and signal band
widths greater than 1 kHz. This is illustrated in Figure 40. 

OUTPUT CHARACTERISTICS 
The AD820/AD822's unique bipolar rail-to-rail output stage 
swings within 5 m V of the minus supply and 10 m V of the posi
tive supply with no external resistive load. The approximate out
put saturation resistance is 40 n sourcing and 20 n sinking. 
This can be used to estimate output saturation voltage when 
driving heavier current loads. For instance, when sourcing 
5 mA, the saturation voltage to the positive supply rail will be 
200 mV, when sinking 5 mA, the saturation voltage to the 
minus rail will be 100 m V. 

The amplifier's open-loop gain characteristic will change as a 
function of resistive load, as shown in Figures 7 through 10. For 
load resistances over 20 k!l, the AD820/AD822's input error 
voltage is virtually unchanged until the output voltage is driven 
to 180 mV of either supply. 

If the AD820/ AD822's output is overdriven so as to saturate 
either of the output devices, the amplifier will recover within 2 
µ.s of its input returning to the amplifier's linear operating 
region. 

Direct capacitive loads will interact with the amplifier's effective 
output impedance to form an additional pole in the amplifier's 
feedback loop, which can cause excessive peaking on the pulse 
response or loss of stability. Worst case is when the amplifier is 
used as a unity gain follower. Figure 41 shows the AD820/ 
AD822's pulse response as a unity gain follower driving 350 pF. 
This amount of overshoot indicates approximately 20 degrees of 
phase margin-the system is stable, but is nearing the edge. 
Configurations with less loop gain, and as a result less loop 
bandwidth, will be much less sensitive to capacitance load 
effects. Figure 42 is a plot of capacitive load that will result in a 
20 degree phase margin versus noise gain for the AD820/ 
AD822. Noise gain is the inverse of the feedback attenuation 
factor provided by the feedback network in use. 

Figure 41. Small Signal Response of AD820/AD822 as 
Unity Gain Follower Dri~ing 350 pF Capacitive Load 
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1k 3k 10k 30k 
CAPACITIVE LOAD FOR 20° PHASE MARGIN -pf 

Figure 42. Capacitive Load Tolerance vs. Noise Gain 

Figure 43 shows a method for extending capacitance load drive 
capability for a unity gain follower. With these component val
ues, the circuit will drive 5,000 pF with a 10% overshoot. 

+Vs 

+ v,. 

20kQ 

Figure 43. Extending Unity Gain Follower Capacitive Load 
Capability Beyond 350 pF 

OFFSET VOLTAGE ADJUSTMENT 
The AD820's offset voltage is low, so external offset voltage 
nulling is not usually required. Figure 44 shows the recom
mended technique for AD820's packaged in plastic DIPs. 
Adjusting offset voltage in this manner will change the offset 

+Vs 

Figure 44. AD820 Offset Null 

voltage temperature drift by 4 µ v re for every millivolt of 
induced offset. The null pins are not functional for AD820s in 
the S0-8 "R" package. 
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APPLICATIONS-AD820 
Single Supply Half-Wave and Full-Wave Rectifiers 
An AD820 configured as a unity gain follower and operated 
with a single supply can be used as a simple half-wave rectifier. 
The AD820's inputs maintain picoamp level input currents even 
when driven well below the minus supply. The rectifier puts 
that behavior to good use, maintaining an input impedance of 
over 1011.0. for input voltages from I volt from the positive sup
ply to 20 volts below the negative supply. 

The full and half-wave rectifier shown in Figure 45 operates as 
follows: when VIN is above ground, RI is bootstrapped through 
the unity gain follower Al and the loop of amplifier A2. This 
forces the inputs of A2 to be equal, thus no current flows 
through RI or R2, and the circuit output tracks the input. 
When V1N is below ground, the output of Al is forced to 
ground. The noninverting input of amplifier A2 sees the ground 
level output of Al, therefore A2 operates as a unity gain 
inverter. The output at node C is then a full-wave rectified ver
sion of the input. Node B is a buffered half-wave rectified ver
sion of the input. Input voltages up to ± 18 volts can be 
rectified, depending on the voltage supply used. 

A 

+ v,. 

+Vs 

R1 
100kQ 

+Vs 

R2 
100kQ 

%µF 
>s--+--o+c 

FULL-WAVE 
RECTIFIED OUTPUT 

~-
~--------<>+ B 

HALF-WAVE 
RECTIFIED OUTPUT 

~-

Figure 45. AD820 Single Supply Half- and Full-Wave 
Rectifier 

4.5 Volt Low Dropout, Low Power Reference 
The rail-to-rail performance of the AD820 can be used to pro
vide low dropout performance for low power reference circuits 
powered with a single low voltage supply. Figure 46 shows a 
4.5 volt reference using the AD820 and the AD680, a low power 
2.5 volt bandgap reference. R2 and R3 set up the required gain 
of 1.8 to develop the 4.5 volt output. RI and C2 form a low
pass RC filter to reduce the noise contribution of the AD680. 
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Figure 46. AD820 Single Supply 4.5 Volt Low Dropout 
Reference 

With a 1 mA load, this reference maintains the 4.5 volt output 
with a supply voltage down to 4. 7 volts. The amplitude of the 
recovery transient for a l mA to 10 mA step change in load cur
rent is under 20 m V, and settles out in a few microseconds. 
Output voltage noise is less than 10 µ V rms in a 25 kHz noise 
bandwidth. 

Low Power Three-Pole Sallen Key Low-Pass Filter 
The AD820's high input impedance makes it a good selection 
for active filters. High value resistors can be used to construct 
low frequency filters with capacitors much less than I µF. The 
AD820's picoamp level input currents contribute minimal de 
errors. 

Figure 47 shows an example, a 10 Hz three-pole Sallen Key Fil
ter. The high value used for RI minimizes interaction with sig
nal source resistance. Pole placement in this version of the filter 
minimizes the Q associated with the two-pole section of the fil
ter. This eliminates any peaking of the noise contribution of 
resistors Rl, R2, and R3, thus minimizing the inherent output 
voltage noise of the filter. 
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Figure 47. AD820 10 Hz Sal/en Key Low-Pass Filter 
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APPLICATIONS-AD822 
Single Supply Voltage-to-Frequency Converter 
The circuit shown in Figure 48 uses the AD822 to drive a low 
power timer, which produces a stable pulse of width t1 • The 
positive going output pulse is integrated by Rl-Cl and used as 
one input to the AD822, which is connected as a differential 
integrator. The other input (nonloading) is the unknown volt
age, VIN. The AD822 output drives the timer trigger input, 
closing the overall feedback loop. 

+10V 

-- -;3----~ 
70.1µF 

!-'--+------< OUT1 

R V+ 

THR OUT 3 

DIS 
GND 

CV 

1 C4 
0.01µF 

fouT = V1N/(VREF*t1), t1 = 1.1*R3*C6 

= 25kHz Is AS SHOWN. 

* = 1% METAL FILM, <50ppm/"C TC 

** = 10%, 20T FILM, <100ppm/°C TC 

t1 = 33µs FOR •ouT = 20kHz@ v,N = 2.0V 

Figure 48. Single Supply Voltage-to-Frequency Converter 

Typical AD822 bias currents of 2 pA allow megaohm-range 
source impedances with negligible de errors. Linearity errors on 
the order of 0.01 % full scale can be achieved with this circuit. 
This performance is obtained with a 5 volt single supply which 
delivers less than 1 mA to the entire circuit. 

Single Supply Programmable Gain Instrumentation Amplifier 
The AD822 can be configured as a single supply instrumenta
tion amplifier that is able to operate from single supplies down 
to 3 V, or dual supplies up to :+: 15 V. Using only one AD822 
rather than three separate op amps, this circuit is cost and 
power efficient. AD822 PET inputs' 2 pA bias currents mini
mize offset errors caused by high unbalanced source impedances. 

Table I. AD822 In Amp Performance 

Parameters 

CMRR 
Common-Mode 

Voltage Range 
3 dB BW, G = 10 

G = 100 

tsETTLING 

V5 =3V,OV V5 =::t5V 

74 dB 80 dB 

-0.2 V to +2 V -5.2 V to +4 V 
180 kHz 180 kHz 
18 kHz 18 kHz 

2 V Step (Vs = 0 V, 3 V) 2 µs 
5V(Vs=:+:5V) 

Noise @ f = 1 kHz, G = 10 270 nVl\!Hz 
G = 100 2.2 µ Vl\!Hz 

lsuPPLY (Total) 1.10 mA 

5 µs 
270 nV/\!Hz 
2.2 µV/\!Hz 
1.15 mA 
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AD820/AD822 
An array of precision thin-film resistors sets the in amp gain to be 
either 10 or 100. These resistors are laser-trimmt!d to ratio match 
to 0.01%, and have a maximum differential TC of 5 ppm!"C. 

Figure 49a. Pulse Response of In Amp to a 500 mV p-p 
Input Signal; V5 = +5 II, 0 V; Gain = 10 

(G :10) YoUT = (V1N1 -v,.,)(1+R4': RS) .v ... 

(G :100) YoUT = (V1N1 -v, • .i (1+ R5 ~ R6) +VREF 

FOR R1 = R6, R2 = RS, AND R3 = R4 

Figure 49b. A Single Supply Programmable 
Instrumentation Amplifier 

3 Volt, Single Supply Stereo Headphone Driver 
The AD822 exhibits good current drive and THD+ N perfor
mance, even at 3 V single supplies. At 1 kHz, total harmonic 
distortion plus noise (THD+N) equals -62 dB (0.079%) for a 
300 mV p-p output signal. This is comparable to other single 
supply op amps which consume more power and cannot run on 
3 V power supplies. 

In Figure SO, each channel's input signal is coupled via a 1 µF 
Mylar capacitor. Resistor dividers set the de voltage at the non
inverting inputs so that the output voltage is midway between 
the power supplies ( + 1.5 V). The gain is 1.5. Each half of the 
AD822 can then be used to drive a headphone channel. A 5 Hz 
high-pass filter is realized by the 500 µF capacitors and the 
headphones, which can be modeled as 32 ohm load resistors to 
ground. This ensures that all signals in the audio frequency 
range (20 Hz-20 kHz) are delivered to the headphones. 
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1µF 
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Figure 50. 3 Volt Single Supply Stereo Headphone Driver 

Low Dropout Bipolar Bridge Driver 
The AD822 can be used for driving a 350 ohm Wheatstone 
bridge. Figure 51 shows one half of the AD822 being used to 
buffer the AD589-a 1.235 V low power reference. The output 
of +4.5 V can be used to drive an ND converter front end. The 
other half of the AD822 is configured as a unity-gain inverter, 
and generates the other bridge input of -4.5 V. Resistors Rl 
and R2 provide a constant current for bridge excitation. The 
AD620 low power instrumentation amplifier is used to condition 
the differential output voltage of the bridge. The gain of the 
AD620 is programmed using an external resistor Ro, and deter
mined by: 

10k 

G = 49.4k0 + 
Ra 

-4.5V 

R2 
200 

'------0-Ys 

-Vs 

Figure 51. Low Dropout Bipolar Bridge Driver 
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WDEVICES 

FEATURES 
High Speed: 

50 MHz Unity Gain Bandwidth 
350 V/µs Slew Rate 
70 ns Settling Time to 0.01% 

Low Power: 
7.5 mA Max Power Supply Current Per Amp 

Easy to Use: 
Drives Unlimited Capacitive Loads 
50 mA Min Output Current Per Amplifier 
Specified for +5 V, ±5 V and ±15 V Operation 
2.0 V p-p Output Swing into a 150 fi Load 

(V5 = +5V) 
Good Video Performance 

Differential Gain & Phase Error of 0.07% & 0.11° 
Excellent DC Performance: 

2.0 mV Max Input Offset Voltage 

APPLICATIONS 
Unity Gain ADC/DAC Buffer 
Cable Drivers 
8- and 10-Bit Data Acquisition Systems 
Video Line Driver 
Active Filters 

PRODUCT DESCRIPTION 
The AD826 is a dual, high speed voltage feedback op amp. It is 
ideal for use in applications which require unity gain stability 
and high output drive capability, such as buffering and cable 
driving. The 50 MHz bandwidth and 350 V/µs slew rate make 
the AD826 useful in many high speed applications including: 
video, CATV, copiers, LCDs, image scanners and fax machines. 

HP PULSE 
GENERATOR 

1kQ 

TEKTRONIX 
P6201 FET 

PROBE 

TEKTRONIX 
7A24FET 
PREAMP 

High Speed, Low Power 
Dual Operational Amplifier 

AD826 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP and SO Package 

The AD826 features high output current drive capability of 
50 mA min per amp, and is able to drive unlimited capacitive 
loads. With a low power supply current of IS mA max for both 
amplifiers, the AD826 is a true general purpose operational 
amplifier. 

The AD826 is ideal for power sensitive applications such as 
video cameras and portable instrumentation. The AD826 can 
operate from a single + S V supply, while still achieving 25 MHz 
of bandwidth. Furthermore the AD826 is fully specified from a 
single +5 V to ± 15 V power supplies. 

The AD826 excels as an ADC/DAC buffer or active filter in 
data acquisition systems and achieves a settling time of 70 ns to 
0.01%, with a low input offset voltage of 2 mV max. The 
AD826 is available in small 8-pin plastic mini-DIP and SO 
packages. 

CL= 100pF 

CL= 1000pF 

Driving a Large Capacitive Load 
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A0826-SPECIFICATIQNS (@TA= +25°C, unless otherwise noted) 

Parameter _;_ Conditions Vs Min Typ Max Units 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth ±SV 30 35 MHz 

±15 v 45 50 MHz 
O, +5 V 25 29 MHz 

Bandwidth for 0.1 dB Flatness Gain=+l ±5V 10 20 MHz 
±15 v 25 55 MHz 
0, +5 v JO 20 MHz 

Full Power Bandwidth1 VouT = 5 V p-p 
RLOAD = 500 n ±5 v 15.9 MHz 
V0 VT = 20 V p-p 
RLOAD = i kn ±15 v 5.6 MHz 

Slew Rate RLOAD = l k!l ±5 v 200 250 V/µs 
Gain= -1 ±15 v 300 350 V/µs 

0, +5 v 150 200 V/µs 
Settling Time to 0.1 % -2.5 V to +2.5 V ±5 v 45 ns 

0 V-10 V Step, Av = -1 ±15 v 45 ns 
to 0.01% -2.5 V to +2.5 V ±5 v 70 ns 

0 V-10 V Step, Av = -1 ±15 v 70 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion Fe= l MHz ±15 v -78 dB 
Input Voltage Noise f=lOkHz ±5V,±15V 15 nV/\/Hz 
Input Current Noise f=lOkHz ±5V,±1SV 1.5 pA/\/Hz 
Differential Gain Error NTSC ±15 v O.Q7 0.1 % 

(Rl = 150 n) Gain= +2 ±5V 0.12 0.15 % 
0, +5 v 0.15 % 

Differential Phase Error NTSC ±15 v 0.11 0.15 Degrees 
(Rl = 150 n) Gain= .+2 ±5V 0.12 0.15 Degrees 

0, +5 v 0.15 Degrees 

DC PERFORMANCE 
Input Offset Voltage ±5Vto±l5V 0.5 2 mV 

TMIN to TMAX 3 mV 
Offset Drift 10 µVl°C 
Input Bias Current ±5V,±15V 3.3 6.6 µA 

TMIN 10 µA 

TMAX 4.4 µA 
Input Offset Current ±5V,±15V 25 200 nA 

TMIN to TMAX 500 nA 
Offset Current Drift 0.3 nA!°C 
Open-Loop Gain VouT = ±2.5 V ±5 v 

RLoAn = 500 n 2 4 V/mV 
TMIN to TMAX 1.5 V/mV 
RLOAD = 150 n 1.5 3 V/mV 
VouT = ±10 V ±15 v 
RLOAD =I kn 3.5 6 V/mV 

TMIN to TMAX 2 s V/mV 
VouT = ±7.5 V ±15 v 
RLOAD = 150 n (50 mA Output) 2 4 V/mV 

INPUT CHARACTERISTICS 
Input Resistance 300 kn 
Input Capacitance LS pF 
Input Common-Mode Voltage Range ±5 v +3.8 +4.3 v 

-2.7 -3.4 v 
±15 v +13 +14.3 v 

-12 -13.4 v 
0, +5 v +3.8 +4.3 v 

+l.2 +0.9 v 
Common-Mode Rejection Ratio VCM = ±2.5 V, TMIN-TMAX ±5 v 80 100 dB 

VcM=±lZV ±15 v 86 120 dB 

TMIN to TMAx ±15 v 80 100 dB 
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AD826 
Parameter Conditions Vs Min Typ Max Units 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RwAo = 500 n ±5V 3.3 3.8 ±V 

RLOAD = 150 fi ±5V 3.2 3.6 ±V 
RLOAD = 1 k!l ±15 v 13.3 13.7 ±V 
RLoAo = 500 n ±15 v 12.8 13.4 ±V 
RLOAD = 500 fi 0, +5 v + 1.5, 

+3.5 v 
Output Current ±15 v 50 mA 

±5 v 50 mA 
0, +5 v 30 mA 

Short-Circuit Current ±15 v 90 mA 
Output Resistance Open Loop 8 n 

MATCHING CHARACTERISTICS 
Dynamic 

Crosstalk f=5MHz ±15 v -80 dB 
Gain Flatness Match G= +l,f=40MHz ±15 v 0.2 dB 
Slew Rate Match G = -1 ±15 v 10 V/µs 

DC 
Input Offset Voltage Match TMrN-TMAX ±5Vto±l5V 0.5 2 mV 
Input Bias Current Match TM1r;-TMAX ±5Vto±l5V 0.06 0.8 µA 
Open-Loop Gain Match Va= ±10 V, RLoAo = 1 kn, 

TMIN-TMAX ±15 v 0.15 0.01 mVN 
Common-Mode Rejection Ratio Match VCM = ±12 V, TM1N-TMAx ±15 v 80 100 dB 
Power Supply Rejection Ratio Match ±5 V to ±15 V, TMir;-TMAx 80 100 dB 

POWER SUPPLY 
Operating Range Dual Supply ±2.5 ±18 v 

Single Supply +5 +36 v 
Quiescent Current/Amplifier ±5 v 6.6 7.5 mA 

TMIN toTMAx ±5 v 7.5 mA 
±15 v 7.5 mA 

TMIN to TMAx ±15 v 6.8 7.5 mA 
Power Supply Rejection Ratio Vs= ±5 Vto ±15 V, TMrNtoTMAx 75 86 dB 

NOTE 
'Full power bandwidth= slew rate/2 1T VPEAK· 

Specifications subjeCt to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage .......................... ±18 V 
Internal Power Dissipation2 

Plastic (N) ................... See Derating Curves· 
Small Outline (R) .............. See Derating Curves 

Input Voltage (Common Mode) ................. ±Vs 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . ± 6 V 
Output Sh()rt Circuit Duration .. · ...... See Derating Curves 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range ........... -40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) . . . . + 300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 8-pin plastic package, OJA = IOO'C/watt; 
8-pin SOIC package, OJA = ISS'C/watt. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD826AN -40°C t<> +85°C 8-Pin Plastic DIP N-8 
AD826AR -40°C t<> +85°C 8-Pin Plastic SOIC R-8 
AD826AR-REEL -40°C to +85°C 8-Pin Plastic SOIC R-8 
*For outline infonilation see Package Information section. 
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ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD826 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

0 ,__...__.___,_---JC-.L--'---'--"~,___..__.___,_---J__, 

-so -40 -30 -20 -10 0 10 20 30 40 50 60 70 so 90 
AMBIENT TEMPERATURE - °C 

Maximum Power Dissipation vs. Temperature for Different 
Package Types 
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AD826-Typical Characteristics 
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Figure 1. Common-Mode Voltage Range vs. Supply 
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Figure 2. Output Voltage Swing vs. Supply 
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Figure 3. Output Voltage Swing vs.cLoad Resistance 
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Figure 4. Quiescent Supply Current per Amp vs, Supply 
Voltage for Various Temperatures 
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Figure 7. Input Bias Current .vs. Temperature 
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Figure. 8. Short Circuit Current vs, Temperature 
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AD826-Typical Characteristics 
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Figure 14. Large Signal Frequency Response 
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Figure 16. Harmonic Distortion vs. Frequency 
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Figure 21. Crosstalk vs. Frequency 
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Figure 22. Closed-Loop Gain vs. Frequency, Gain = -1 
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AD826-Typical Characteristics 
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Figure 25. Noninverting Amplifier Configuration 

Figure 26. Noninverting Large -Signal Pulse Response, 
RL = 1 k[l 

Figure 27. Noninverting Large Signal Pulse Response, 
RL=150Q 
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Figure 28. Noninverting Small Signal Pulse Response, 
RL = 1 kQ 

Figure 29. Noninverting Small Signal Pulse Response, 
RL = 150Q 
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Figure 30. Inverting Amplifier Configuration 

Figure 31. Inverting Large Signal Pulse Response, 
RL = 1 k{J 
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Figure 32. Inverting Large Signal Pulse Response, 
RL = 150{] 
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Figure 33. Inverting Small Signal Pulse Response, 
RL = 1 kn 

Figure 34. Inverting Small Signal Pulse Response, 
RL = 150{] 
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AD826 
THEORY OF OPERATION 
The AD826 is a low cost, wide band, high performance dual 
operational amplifier which can drive heavy capacitive and resis
tive loads. It also achieves a constant slew rate, bandwidth and 
settling time over its entire specified temperature range. 

The AD826 (Figure 35) consists of a degenerated NPN differen
tial pair driving matched PNPs in a folded-cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier which delivers the necessary current to the load while 
maintaining low levels of distortion. 

NULL 1 NULLS 

Figure 3!5. Simplified Schematic 

The capacitor, Cp, in the output stage mitigates the effect of 
capacitive loads. With low capacitive loads, the gain from the 
compensation node to the output is very close to unity. In this 
case, Cp is bootstrapped and does not contribute to the overall 
compensation capacitance of the device. As the capacitive load is 
increased, a pole is formed with the output impedance of the 
output stage, This reduces the gain, .and therefore, Cp is income 
pletely bootstrapped. Effectively, some fraction of Cp contrib
utes to the overall compensation capacitance, reducing the unity 
gain bandwidth. As the load capacitance is further increased, the 
bandwidth continues to fall, maintaining the stability of the 
amplifier. 
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INPUT CONSIDERATIONS 
An input protection resistor (RIN in Figure 25) is required in 
circuits where the input to the AD826 will be subjected to tran
sient or continuous overload voltages exceeding the ±6 V maxi
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 

For high performance circuits, it is recommended that a "bal
ancing" resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of RIN 
and Rp and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 

APPLYING THE AD826 
The AD826 is a breakthrough dual amp that delivers precision 
and speed at low cost with low power consumption. The AD826 
offers excellent static and dynamic matching characteristics, com
bined with the ability to drive heavy resistive and capacitive loads. 

As with all high frequency circuits, care should be taken to main
tain overall device performance as well as their matching. The 
following items are presented as general design considerations. 

Circuit Board Layout 
Input and output runs should be laid out so as to physically isolate 
them from remaining runs. In addition, the feedback resistor of 
each amplifier should be placed away from the feedback resistor of 
the other amplifier, since this greatly reduces inter-amp coupling. 

Choosing Feedback and Gain Resistors 
In order to prevent the stray capacitance present 3.t each amplifier's 
summing junction from limiting its performance, the feedback 
resistors should be :s 1 kO.. Since the summing junction capaci
tance may cause peaking, a small capacitor (1-5 pF) may be par
alleled with Rf to neutralize this effect. Finally, sockets should 
be avoided, because of their tendency to increase interlead 
capacitance. 

Power Supply Bypassing 
Proper power supply decoupling is critical to preserve the integ
rity of high frequency signals. In carefully laid out designs, 
decoupling capacitors should be placed in close proximity to the 
supply pins, while their lead lengths should be kept to a mini
mum. These measures greatly reduce undesired inductive effects 
on the amplifier's response. 

Though two 0.1 µF capacitors will typically be effective in 
decoupling the supplies, several capacitors of different values 
can be paralleled to cover a wider frequency range. 
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±SINGLE SUPPLY OPERATION 
An exciting feature of the AD826 is its ability to perform well in 
a single supply configuration (see Figure 37). The AD826 is ide
ally suited for applications that require low power dissipation 
and high output current and those which need to drive large capac
itive loads, such .as high speed buffering and instrumentation. 

Referring to Figure 36, careful consideration should be given to 
the proper selection of component values. The choices for this 
particular circuit are: (RI+ R3)llR2 combine with Cl to form a 
low frequency corner of approximately 30 Hz. 

Figure 36. Single Supply Amplifier Configuration 

PARALLEL AMPS PROVIDE 100 mA TO LOAD 
By taking advantage of the superior matching characteristics of 
the AD826, enhanced performance can easily be achieved by 
employing the circuit in Figure 38. Here, two identical cells are 
paralleled to obtain even higher load driving capability than that 
of a single amplifier (100 mA min guaranteed). RI and R2 are 
included to limit current flow between amplifier outputs that 
would arise in the presence of any residual mismatch. 
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AD826 
R3 and C2 reduce the effect of the power supply changes on the 

I 
output by low pass filtering with a corner at ZTrR

3
C

2 
• 

The values for RL and CL were chosen to demonstrate the 
AD826's exceptional output drive capability. In this configura
tion, the output is centered around 2.5 V. In order to eliminate 
the static de current associated with this level, C3 was inserted 
in series with RL. 

Figure 37. Single Supply Pulse Response, G = + 1, 
RL = 150[l, CL =200pF 

1kQ 

Your 

1kQ 

Figure 38. Parallel Amp Configuration 
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AD826 

SINGLE-ENDED TO DIFFERENTIAL LINE DRIVER 
Outstanding CMRR (>80 dB @ S MHz), high bandwidth, wide 
supply voltage range, and the ability to drive heavy loads, make 
the AD826 an ideal choice for many line driving applications. In 
this application, the AD830 high speed video difference amp 
serves as the differential line receiver on the end of a back ter
minated, SO ft., twisted-pair transmission line (see Figure 40). 
The overall system is configured in a gain of + 1 and has a 
-3 dB bandwidth of 14.MHz. Figure 39 is the pulse response 
with a 2 V p-p, 1 MHz signal input. 

Figure 39. Pulse Response 

Figure 40. Differential Line Driver 

LOW DISTORTION LINE DRIVER 
The AD826 can quickly be turned into a powerful, low distor
tion line driver (see Figure 41). In this arrangement the AD826 
can comfortably drive a 75 n back-terminated cable, with a 
S MHz, 2 V p-p input; all of this while achieving the harmonic 
distortion performance outlined in the following table. 

Configuration 2nd Harmonic 

1. No Load -78.S dBm 
2. 150 n RL Only -63.8 dBm 
3. lSO n RL 7.s n Re -70.4 dBm 

In this application one half of the AD826 operates at a gain of 
2.1 and supplies the current to the load, while the other pro
vides the overall system gain of 2. This is important for .two rea
sons: the first is to keep the bandwidth of both amplifiers the 
same, and the second is to preserve the AD826's ability to oper
ate from low supply voltages. Re varies with the load and must 
be chosen to satisfy the following equation: 

Re= MRu 

where Mis defined by [(M+ 1) Gs = G0 ] and G0 = Driver's 
Gain, Gs = System Gain. 
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Figure 41. Low Distortion Amplifier 

REV. A 



HIGH PERFORMANCE ADC BUFFER 
Figure 42 is a schematic of a 12-bit high speed analog-to-digital 
converter. The AD826 dual op amp takes a single ended input 
and drives the AD872 AJD converter differentially, thus reduc
ing 2nd harmonic distortion. Figure 43 is a FFT of a I MHz 
input, sampled at JO MHz with a THD of - 78 dB. The AD826 
can be used to amplify low level signals so that the entire range 
of the converter is used. The ability of the AD826 to perform 
on a ± 5 volt supply or even with a single 5 volts combined with 
its rapid settling time and ability to deliver high current to com
plicated loads make it a very good flash AJD converter buffer as 
well as a very useful general purpose building block. 
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Figure 42. A Differential Input Buffer for High Bandwidth 
AD Cs 
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Figure 43. FFT, Buffered AID Converter 
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~ANALOG 
WDEVICES 

FEATURES· 

HIGH SPEED 
50 MHz Unity Gain Stable Operation 
300 VI tJ$ Slew. Rate 
120 ns Settling Time 
Drives Unlimited Capacitive Loads 

EXCELLENT VIDEO PERFORMANCE 
0.04% Differential Gain @ 4.4 MHz 
0.19° Differential Phase @ 4.4 MHz 

GOOD DC PERFORMANCE 
2 mV max Input Offset Voltage 
15 p.V/°C Input Offset Voltage Drift 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

LOW POWER 
Only 10 mA Total Supply Current for Both Amplifiers 

±5 V to ±15 V Supplies 

PRODUCT DESCRIPTION 
The AD827 is a dual verSion of Analog Devices' industry
s™1dard AD847 op amp. Like the A:P847,,it pro,vides high 
speed, low power performance at low .cost. The AD827 achieves 
a 300 V/µ.s slew rate and 50 MHz unity-gain bandwidth while 
consuming only 100 mW when operating from ±5 volt power 
supplies. Performance is specified for operation using ±5 V to 
± 15 V power supplies. 

The AD827 offers an open-loop gain of 3,500 VN into 500 0 
loads. It also features a low input voltage noise of 15 nV/y'Hz, 
and a low input offset voltage of 2 mV maximum. Common
mode rejection ratio is a minimum of 80 dB. Power supply 
rejection ratio is maintained at better than 20 dB with input fre
quencies as high as l MHz, tllus minimizing noise feedthrough 
from S\"itching power supplies. 

The AD827 is also ideal for use in demanding video applica
tions, driving coaxial cables with less than. 0,04% differential 
gain and 0.19" differential phase errors for 643 n'.IV ~pinto a 
75 0 reverse terminated cable. 

The AD827 is also useful in multichannel, high speed data con~ 
version systems where its fast (120 ns to 0. l % ) settling time is of 
importance. In such applications, the AD827 serves as an input 
buffer for 8-bit to 10-bit AID converters and as an output ampli
fier for high speed DIA converters. 

This is an abridged data sheet. To obtain the most rec:eat venion or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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High Speed, Low Power 
· · Dual Op Amp 

AD827 I 
CONNECTION DIAGRAMS 

8,Pin Plastic (N) and Cerdip 
(Q) Packages 

20-Pin LCC (E) Package 

c 

~ 
~~~:f~ 
3 2 1 20 19 

18 NC 

16-Pin Small Outline 
(R) Package 

NC = NO CONNECT 

NC 4 

-INA.5 

NC· 6 

+INA 7 

NC 8 

17 OUTPUTB 

16 NC 

15 -lNB 

14 NC 

9 10 11 12 13 

. ~=r~:~ 
NC = NO CONNECT + 

APPLICATION HIGHLIGHTS 
l. Performance is fully· specified for operation using ± 5 V to 

± 15 V supplies. 

2 .. A 0.04% differential gain and 0.19° differential phase error at 
the 4.4 MHz color subcarrier frequency, together with its 
low cost, make it ideal for many video applications; 

3·, · The AD827 can drive unlimited capacitive loads, while its 
30 mA ouq)ut current allows 50 0 and 75 0 reverse
terminated loads to be driven. 

4. The AD827's 50 MHz unity-gain bandwidth makes it an 
ideal. candidate for multistage active filters. 

5. The AD827 is available in 8-pin plastic mini-DIP and cerdip, 
20-pin LCC, and 16-pin SOIC packages. Chips and MIL
STD-883B processing are also available. 
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SPECIFICATIONS (@TA= +25°C, unless otherwise noted) AD827 
AD827J AD827A/S 

Model Conditions Vs Min Typ Max Min Typ Max Units 

DC PERFORMANCE 
Input Offset Voltage' ±S v o.s 2 0.3 2 mV 

Tmin to Tmax 3.S 4 mV 
±IS V 4 4 mV 

Tmin to Tmax 6 6 mV 
Offset Voltage Drift ±SVto±ISV IS IS µ,V/°C 
Input Bias Current ±S V to ±IS V 3.3 7 3.3 7 µ,A 

Tmin to Tmax 8.2 9.S µ,A 
Input Offset Current ±SVto±!SV so 300 so 300 nA 

Tmin to Tmax 400 400 nA 
Offset Current Drift ±SVto±ISV o.s o.s nA/°C 
Common-Mode Rejection Ratio VcM =±2.S V ±S v 78 9S 80 9S dB 

VcM =±12 V ±IS V 78 9S 80 9S dB 
Tmin to Tmax ±S V to ±IS V 7S 7S dB 

Power Supply Rejection Ratio ±SVto±ISV 7S 86 7S 86 dB 
Tmin to Tmax 72 72 dB 

Open-Loop Gain 
V0 = ±2.S V ±S v 

RLOAD = S00 n 2 3.S 2 3.S V/mV 
Tmin to Tmax I I V/mV 
RwAo = 1so n 1.6 1.6 V/mV 

VouT = ±lOV ±IS V 
RLOAD =I kn 3 s.s 3 s.s V/mV 
Tmin to Tmax l.S l.S V/mV • MATCHING CHARACTERISTICS 

Input Offset Voltage ±S v 0.4 0.2 mV 
Crosstalk f = S MHz ±S v 8S 8S dB 

DYNAMIC PERFORMANCE 
Unity-Gain Bandwidth ±S v 3S 3S MHz 

±IS V so so MHz 
Full Power Bandwidth2 Vo= S V p-p, 

RwAo =soon ±S v 12.7 12.7 MHz 
V0 =20Vp-p, 

RLOAD =I kn ±IS V 4.7 4.7 MHz 
Slew Rate' RwAo =soon ±SV 200 200 V/µ,s 

RLoAo =I kn ±IS V 300 300 V/µ,s 
Settling Time to 0. I% Av= -I 

-2.S V to +2.S V :tS V 6S 6S ns 
-SVto+SV ±IS V 120 120 ns 

Phase Margin CLOAD = 10 pF ±IS V 
RLOAD =I kn so so Degrees 

Differential Gain Error f = 4.4 MHz ±IS V 0.04 0.04 % 
Differential Phase Error f = 4.4 MHz ±IS V 0.19 0.19 Degrees 

-

Input Voltage Noise f= lOkHz ±IS v IS IS nV/\/Hz 
Input Current Noise f= lOkHz ±IS V l.S l.S pA/\/Hz 

Input Common-Mode 
Voltage Range ±SV +4.3 +4.3 v 

-3.4 -3.4 v 
±IS V +14.3 + 14.3 v 

-13.4 -13.4 v 
Output Voltage Swing RLOAD = S00 n ±SV 3.0 3.6 3.0 3.6 ±V 

RwAo = 1so n ±SV 2.5 3.0 2.S 3.0 ±V 
RLOAD =I kn ±IS V 12 13.3 12 13.3 ±V 
RLoAo =soon ±IS V 10 12.2 10 12.2 ±V 

Shon-Circuit Current Limit ±SVto±ISV 32 32 mA 

INPUT CHARACTERISTICS 
Input Resistance 300 300 kn 
Input Capacitance l.S l.S pF 

OUTPUT RESISTANCE Open Loop IS IS n 

REV. B OPERATIONAL AMPLIFIERS 9-201 



AD827 
AD827J AD827A/S 

Model Conditions Vs Min Typ Max Min Typ Max Units 

POWER SUPPLY 
Operating Range ±4.S ±18 ±4.S ±18 v 
Quiescent Current ±SV 10 13 10 13 mA 

T.u.toT_ 16 16.5/17.S mA 
±15 v 10.S 13.S 10.S 13.S mA 

T.u.toT_ 16.S 17/18 mA 

TRANSISTOR COUNT 92 92 

NOTES 
10ffset voltage for the AD827 is guaranteed after power is applied and the device is fully warmed up. All other specifications are measured using high gpeed test 
equipment, approximately 1 second after power is applied. 

2Full Power Bandwidth = Slew Rate/211" V PEAK. 

'Gain= +!,rising edge. 

All min and max specifications are guaranteed. 
Specifu:ations subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ...•...• , •••••••••••••.••.. ±18 V 
Internal Power Dissipation2 

Plastic (N) Package (Derate at 10 mWfC) ........ l.S W 
Cerdip (Q) Package (Derate at 8.7 mWfC) •....•.. 1.3 W 
Small Outline (R) Package (Derate at 10 mWfC) ..•. l.S W 
LCC (E) Package (Derate at 6.7 mWfC) .•....... 1.0 W 

Input Common Mode Voltage .•.....•..•........ ±Vs 
Differential Input Voltage • • • • • . • • • • • . . . . . . . . . . . 6 V 
Output Short Circilit Duration3 •••••••••••••• Indefinite 
Storage Temperature Range (N, R) .....•. -6S°C to + 125°C 
Storage Temperature Range (Q) ......... -65°C to + 1so•c 
Operating Temperature Range 

AD827J ..•....•......•...••••.•••• 0 to + 70°C 
AD827A ..••......•.......•.... -40°C to +8s0c 
AD827S .•••••••••••••••••.•••• -ss·c to + 12s0 c 

Lead Temperature Range 
(Soldering to 60 sec) . . . • . . . . . • . . . . . . . . . . . . . 300°C 

ORDERING GUIDE 

NOTES 
'Stresses above those listed un<!Cr "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operationBI ·section of this specification is not implied. Exposure to 
absolute maximum ratings for enended periods may affect device reliability. 

2Maximum internBI power dissipation is specified so that T1 does not exceed 
+ l 75°C at an ambient temperature of + 25°C. 

Thermal ·Characteristics: 
Mini-DIP: 01A = lOO"C/Watt; 01c =c 33"C/Watt 
Cerdip: 01A = llO"C/Watt; 01c = 30"C/Watt 
16-Pin Small Outline Package: OJA = !OO"C/Watt 
20-Pin LCC: 01A = !SO"C/Watt; Oic = 35"C/Watt 

'Indefinite short circuit duration is only permissible as long as the absolute 
maximum power rating is not exceeded. 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions . 

Temperature Package Package 
. Dimensions shown in inches and (mm). 

Substrate is connected to V +. 
Model Range Description Option* 

AD827JN o to +10°c 8-Pin Plastic DIP N-8 

AD827JR o to +70°c 16-Pin Plastic SO R-16 

lo-------0.125 (3.18)------

v+ OUT1 OUT2 

AD827AQ -40°c co +8s0 c 8-Pin Cerdip Q-8 

AD827SQ -ss•c to +12s·c 8-Pin Cerdip Q-8 

AD827SQ/883B -ss·c to + 12s0c 8-Pin Cerdip Q-8 T-IN1 -IN2 

5%2-921l701MPA -ss•c to + 12s·c 8-Pin Cerdip Q-8 

AD827SE/883B -ss·c to + 12s0 c 20-Pin LCC E-20A 

5962-9211701M2A -ss•c to + 12s0 c 20-Pin LCC E-20A 

AD827JR-REEL Oto +70°c Tape & Reel 

0.054 

I·· +IN2 

AD827JChips o to +10°c Die v-
AD827SCltips -ss·c to + 12s0 c Die 

*For outline information see PaCkage Information section. 
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1'1111111 ANALOG 
WDEVICES 

FEATURES 
Excellent Video Performance 

Differential Gain & Phase Error of 0.01% & 0.05° 
High Speed 

130 MHz 3 dB Bandwidth (G = +2) 
450 V/µs Slew Rate 
80 ns Settling Time to 0.01% 

Low Power 
15 mA Max Power Supply Current 

High Output Drive Capability: 
50 mA Minimum Output Current per Amplifier 
Ideal for Driving Back Terminated Cables 

Flexible Power Supply 
Specified for +5 V, ±5 V and ±15 V Operation 
±3.2 V min Output Swing into a 150 fl Load 

(V5 =±5V) 
Excellent DC Performance 

2.0 mV Input Offset Voltage 
Available in 8-Pin SOIC and 8-Pin Plastic Mini-DIP 

PRODUCT DESCRIPTION 
The AD828 is a low cost, dual video op amp optimized for use 
in video applications which require gains of + 2 or greater and 
high output drive capability, such as cable driving. Due to its 
low power and single supply functionality, along with excellent 
differential gain and phase errors, the AD828 is ideal for power 
sensitive applications such as video cameras and professional 
video equipment. 

With video specs like 0.1 dB flatness to 40 MHz and low differ
ential gain and phase errors of 0.01 % and 0.05°, along with 
50 mA of output current per amplifier, the AD828 is an excel
lent choice for any video application. The 130 MHz gain band
width and 450 V/µs slew rate make the AD828 useful in many 
high speed applications including: video monitors, CATV, color 
copiers, image scanners and fax machines. 

1kQ 

AD828 Video.Line Driver 

REV.A 

Dual, Low Power 
Video Op Amp 

AD828 I 
FUNCTIONAL BLOCK DIAGRAM 

The AD828 is fully specified for operation with a single + 5 V 
power supply and with dual supplies from ±5 V to ± 15 V. This 
power supply flexibility, coupled with a very low supply current 
of 15 mA and excellent ac characteristics under all power supply 
conditions, make the AD828 the ideal choice for many demand
ing yet power sensitive applications. 

The AD828 is a voltage feedback op amp which excels as a gain 
stage (gains > + 2) or active filter in high speed and video sys
tems and achieves a settling time of 45 ns to 0.1%, with a low 
input offset voltage of 2 m V max. 

The AD828 is available in low cost, small 8-pin plastic mini
DIP and SOIC packages. 

.-----.-----r----.----.---.,....-----. 0.03 

k;::----t~--r---t----t----t----1 0.02 

~ DIFFGAIN 

' 0.01 "'N~-+t->..--+-=+=::::==l==~+--10.01 

Ill o.os r----....._ I 
f !. .. --~ ;;I DIFF PHASE 1--t--
!ii 0.05 

ffi 
ll: 
iS 0.04 ~-~--~--~--~----~ 

5 10 15 
SUPPLY VOLTAGE - ± Votts 
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AD828-SPEClflCATIONS (@TA= +25°C, unless otherwise noted) 

Parameter Conditions v. Min 
AD828 
Typ Max Units 

DYNAMIC PERFORMANCE 
- 3 dB Bandwidth Gain= +2 ±SV 60 85 MHz 

' ±15 v 100 130 MHz 
0, +5 v 30 4S MHz 

Gain= -I ±SV 3S SS MHz 
±IS V 60 90 MHz 
0, +S V 20 3S MHz 

Bandwidth for 0.1 dB Flatness Gain= +2 ±SV 30 43 MHz 
Cc= I pF ±IS V 30 40 MHz 

o, +s v 10 18 MHz 
Gain= -I ±SV IS 2S MHz 
Cc= I pF ±IS V 30 so MHz 

o, +s v 10 19 MHz 
Full Power Bandwidth 1 VouT = S Vp-p 

RLOAD =soon ±SV 22.3 MHz 
VouT = 20 V p-p 

RwAo = 1 kn ±IS V. . 7.2 MHz 
Slew Rate RwAo = 1 kn ±SV 300 3SO V/µs 

Gain= -I ±IS V 400 4SO V/µs 
o, +5 v 200 250 V/µs 

Settling Time to 0.1% -2.5 V to +2.S V ±SV 4S OS 

(}..10 V Step, Av= -I ±15 v 4S OS 

to 0.01% -2.5 V to +2.5 V ±SV 80 OS 

(}..lOV Step, Av= -I ±IS V 80 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distonion Fe= I MHz ±IS V -78 dB 
Input Voltage Noise f = 10 kHz ±SV,±ISV 10 nV/y'Hz 
Input Current Noise f = 10 kHz ±SV, ±ISV 1.5 pA/y'Hz 
Differential Gain Error NTSC ±IS V 0.01 0.02 % 

(RL = ISO n) Gain= +2 ±SV 0.02 0.03 ·% 
o, +s v 0.08 % 

Differential-Phase Error NTSC ±15 v 0.05 0.09 Degrees 
(RL =ISO n) Gain= +2 ±SY O.o7 0.1 Degrees 

0, +5 v 0.1 Degrees 

DC PERFORMANCE 
Input Offset Voltage ±SV, ±ISV 0.5 2 mV 

TMIN to TMAX 3 mV 
Offset Drift 10 µvrc 
Input Bias Current ±SV,±ISV 3.3 6.6 µA 

TMIN 10 µA 
TMAX 4.4 µA 

Input Offset Current ±SV, ±ISV 2S 200 nA 
T MIN to. T MAX soo nA 

Offset Current Drift 0.3 nAl°C 
Open Loop Gain VoUT = ±2.S V ±SV 

RLOAD =soon 3 s V/mV 
TM1N to TMAx 2 V/mV 
RLOAD = 150n 2 4 V/mV 
VouT = ±lOV ±IS V 
RwAo = 1 kn S.5 9 V/mV 
TMIN to TMAX 2.5 V/mV 
VouT = ±7.5 V ±IS \1 
RLOAD = ISO n (SO mA Output) 3 s V/mV 

INPUT CHARACTERISTICS 
Input Resistance 300 kn 
Input Capacitance 1.5 pF 
Input Common-Mode Voltage Range ±SV +3.8 +4.3 v 

-2.7 -3.4 v 
±IS V +13 +14.3 v 

·-12 -13.4 v 
o, +sv +3.8 +4.3 v 

+1.2 +0.9. v 
Common-Mode Rejection Ratio VCM = +2.S V, TMJ,.--TMAx sv 82 100 dB 

VCM = ±12 v IS V 86 120 dB 
TMJNtoTMAX IS V 84 100 dB 
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AD828 
AD828 

Parameter Conditions Vs Min Typ Max Units 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Rl.OAD = 500 ll ±SV 3.3 3.8 ±V 

Rl.OAD = I SO ll ±S v 3.2 3.6 ±V 
Rl.OAD = I kll ±IS V 13.3 13.7 ±V 
RLOAD = soo ll ±IS V 12.8 13.4 ±V 

+ 1.5, 
RLOAD = soo ll 0, +S v +3.5 ±V 

Output Current ±IS V so mA 
±SV 40 mA 
0, +S v 30 mA 

Short-Circuit Current ±IS V 90 mA 
Output Resistance Open Loop 8 n 

MATCHING CHARACTERISTICS 
Dynamic 

Crosstalk f = 5 MHz ±IS V -80 dB 
Gain Flatness Match G= +1,f=40MHz ±IS V 0.2 dB 
Skew Rate Match G =-I ±15 v 10 V/µs 

DC 
Input Offset Voltage Match TMIN-TMAX ±5 V, ±IS V 0.5 2 mV 
Input Bias Current Match TM1>rTMAX ±SV,±ISV 0.06 0.8 µA 
Open-Loop Gain Match V0 = ±IOV, RL =I kll 

TMIN-TMAX ±IS V 0.01 O.IS mVN 
Common-Mode Rejection Ratio Match VcM = ±12 V, TM1N-TMAX ±15 v 80 100 dB 
Power Supply Rejection Ratio Match ±5 V to ±15 V, TMiN-TMAx 80 100 dB 

POWER SUPPLY 
Operating Range Dual Supply ±2.S ±18 v 

Single Supply +S +36 v 
Quiescent Current ±SV 14.0 15 mA 

TMIN to TMAX ±S v 14.0 IS mA 
TMIN toTMAX ±S v lS mA 

Power Supply Rejection Ratio Vs= ±S Vto ±15 V, TM1,,--TMAX 80 90 dB 

NOTES 
'Full power bandwidth = slew rate/2 ir VPEAK· 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... :!: 18 V 
Internal Power Dissipation2 

Plastic DIP (N) ................ See Derating Curves 
Small Outline (R) . . . . . . . ........ See Derating Curves 

Input Voltage (Common Mode) .................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Output Short Circuit Duration . . . . . ... See Derating Curves 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range ........... -40°C to +85°C 
Lead Temperature Range (Soldering 10 seconds) .... + 300°C 

NOTES 
1Stresses above those IiSted under uAbsolute Maximum Ratings" may cause 
permanent damage.to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above thqse indi
cated in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions· for extended periods may affect device 
reliability. 

2Specific3tion is for-device in free air: 
8-Pin Plastic DIP Package: e)A = I00°C/Watt 
8-Pin sore Package: e,A = ISS0C/Watt 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD828AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD828AR -40°C to +85°C 8-Pin Plastic SOIC R-8 
AD828AR-REEL -40°C to +85°C 8-Pin Plastic SOIC R-8 
*For outline information see Package Information section. 

D '---'--1.~L--'--'---'~"---'--l.~L--'--'---'---' 
-50 -40 ...,"ID -20 -10 D 10 20 3D 40 50 6D 70 80 90 

AMBIENT TEMPERATURE - 'C 

Maximum Power Dissipation vs. Temperature for Different 
Package Types 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD828 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! d 
~~EDEVICE 
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AD828-Typical Characteristics 

o'--~~~'--~~~.__~~~.__~~--' 
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SUPPLY VOLTAGE - ± Volts 

Figure 1. Common-Mode Voltage Range vs. Supply 
Voltage 
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Figure 2. Output Voltage Swing vs. Supply Voltage 
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Figure 3. Output Voltage Swing vs. Load Resistance 
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Figure 4. Quiescent Supply Current per Amp vs. Supply 
Voltage for Various Temperatures 
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Figure 5. Slew Rate vs. Supply Voltage 
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Figure 6. Closed-Loop Output Impedance vs. Frequency 
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Figure 7. Input Bias Current vs. Temperature 
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Figure 8. Short Circuit Current vs. Temperature 
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Figure 9. -3 dB Bandwidth and Phase Margin vs. 
Temperature. Gain = +2 
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Figure 16. Harmonic Distortion vs. Frequency 
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Figure 17. Input Voltage Noise Spectral Density 
vs. Frequency 
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Figure 18. Slew Rate vs. Temperature 
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1k!! 

TEKTRONIX 
P6201 FET 

PROBE 

TEKTRONIX 
7A24 

PREAMP 

Figure 25. Inverting Amplifier Connection 

Figure 26. Inverter Large Signal Pulse Response ±5 V,;, 
CF = 1 pF, RL = 1 kn 

Figure 27. Inverter Small Signal Pulse Response ±5 Vs, 
cF = 1 pF, RL = 15on 
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Figure 28. Inverter Large Signal Pulse Response ± 15 Vs, 
cF = 1 pF, RL = 1 kn 

Figure 29. Inverter Small Signal Pulse Response ± 15 V,;, 
cF = 1 pF, RL = 150 n 

Figure 30. Inverter Small Signal Pulse Response ±5 Vs 
cF = opF, RL = 15on 
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TEKTRONIX 
P6201 FET 

PROBE 

TEKTRONIX 
7A24 

PREAMP 

Figure 31. Noninverting Amplifier Connection 

Figure 32. Noninverting Large Signal Pulse Response 
±5 Vs, CF= 1 pF, RL = 1 kll 

Figure 33. Noninverting Small Signal Pulse Response 
±5 Vi;- CF= 1 pF, RL = 150ll 
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AD828 

Figure 34. Noninverting Large Signal Pulse Response 
± 15 Vs, CF= 1 pF, RL = 1 kll 

Figure 35. Noninverting Small Signal Pulse Response 
±15 Vi;- CF= 1 pF, RL = 150ll 

Figure 36. Noninverting Small Signal Pulse Response 
±5 Vs, CF= 0 pF, RL = 150ll 
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AD828 
THEORY OF QPERATION 
The AD828 is a· low cost, dual video operational amplifier 
designed to excel in.,high performance, high output current 
video applications. · 

The AD828 (Figure.37) consists of a·degenerated NPN differen
tial pair driving matched PNPs in a folded,cascode gain stage. 
The output buffer stage employs emitter followers in a class AB 
amplifier that delivers the necessary current to the load while 
maintaining low levels of distortion. 

The AD828 will drive terminated cables and capacitive loads of 
10 pF or less. As the closed-loop gain is increased, the AD828 
will drive heavier cap loads without oscillating. 

Figure 37. · ADB28 Simplified Schematic 

INPUT CONSIDERATIONS 
An input protection resistor (R1N in Figure 31) is required in 
circuits where the input to the AD828 will be subjected to tran
sient or continuous overload voltages exceeding the ± 6 V maxi
mum differential limit. This resistor provides protection for the 
input transistors by limiting their maximum base current. 

For high performance ~ircuits, it is recommended that a "bal
ancing" resistor be used to reduce the offset errors caused by 
bias current flowing through the input and feedback resistors. 
The balancing resistor equals the parallel combination of R1N 

and RF and thus provides a matched impedance at each input 
terminal. The offset voltage error will then be reduced by more 
than an order of magnitude. 

APPLYING THE AD828 
The AD828 is a breakthrough dual amp that delivers precision 
and speed at low cost with low power consumption. The AD828 
offers excellent static and dynamic matching characteristics, 
combined with the ability to drive heavy resistive loads. 

As with all high frequency circuits, care should be taken to main
tain overall device performance as well as their matching. The 
following items are presented as general design considerations. 
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Circuit Board Layout 
Input and output runs should be laid out so as to physically iso
late them from remaining runs. In addition, the feedback resis
tor of each amplifier should be placed away from the feedback 
resistor of the other amplifier, since this greatly reduces inter
amp coupling. 

Choosing Feedback and Gain Resistors 
In order to prevent the stray capacitance present at each amplifi
er's summing junction from limiting its performance, the feed
back resistors should be s 1 kn. Since the summing junction 
capacitance may cause peaking, a small capacitor (1-5 pF) may 
be paralleled with Rf to neutralize this effect. Finally, sockets 
should be avoided, because of their tendency to increase inter
lead capacitance. 

Power Supply Bypassing 
Proper power supply decoupling is critical to preserve the integ
rity of high frequency signals. In carefully laid out designs, 
decoupling capacitors should be placed in close proximity to the 
supply pins, while their lead lengths should be kept to a mini
mum. These measures greatly reduce undesired inductive effects 
on the amplifier's response. 

Though t~o 0.1 µF capacitors will typically be effective in 
decoupling the supplies,· several capacitors of different values 
can be paralleled to cover a wider frequency range. 

PARALLEL.AMPS PROVIJ)E 100 mA TO LOAD 
By taking advantage of the superior matching characteristics of 
the AD828, enhanced performance can easily be achieved by 
employing the circuit in Figure 38. Here, two identical cells are 
paralleled to obtain· even higher load driving capability than that 
of a single amplifier (100 mA min guaranteed). RI and R2 are 
included to limit current flow between amplifier outputs that 
would arise in the presence of any residual mismatch. 

Figure 38. Parallel Amp Configuration 

REV.A 



AD828 

Figure 39. Bidirectional Transmission CKT 

Full-Duplex Transmission 
Superior load handling capability (SO mA min/amp), high band
width, wide supply voltage range and excellent crosstalk rejec
tion makes the AD828 an ideal choice even for the most 
demanding.high speed transmission applications. 

The schematic below shows a pair of AD828s configured to 
drive 100 feet of coaxial cable in a full-duplex fashion. 

Two different NTSC video signals are simultaneously applied at 
A1N and B1N and are recovered at AoUT and BouT> respectively. 
This situation is illustrated in Figures 40 and 41. These pictures 

Figure 40. A Transmission!B Reception 

A High Performance Video Line Driver 
The buffer circuit shown in Figure 42 will drive a back· 
terminated 75 n video line to standard video levels ( 1 v p-p) 
with O.I dB gain flatness to 40 MHz with only o.os• and 0.01% 
differential phase and gain at the 3.58 MHz NTSC subcarrier 
frequency. This level of performance, which meets the require
ments for high-definition video displays and test equipment, is 
aclµeved using only 7 mA quiescent current/amplifier. 

REV.A 

clearly show that each input signal appears undisturbed at its out· 
put, while the unwanted signal is eliminated at either receiver. 

The transmitters operate as followers, while the receivers' gain is 
chosen to take full advantage of the AD828's unparalled CMRR. 
(In practice this gain is adjusted slightly from its theoretical II 
value to compensate for cable nonidealities and losses.) Rz is . 1 

chosen to match the characteristic impedance of the cable 
employed. 

Finally, although a coaxial cable was used, the same topology 
applies unmodified to a variety of cables (such, as twisted pairs 
often used in telephony). 

Figure 41. B Transmission/A Reception 

Figure 42. Video Line Driver 
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AD828 
LOW DISTORTION LINE DRIVER 
The AD828 can quickly be turned into a powerful, low distor
tion line driver (see Figure 43). In this arrangement the AD828 
can comfortably drive a 75 !1 back-terminated cable, with a 
S MHz, 2 V p-p input; all of this while achieving the harmonic 
distortion performance outlined in the following table. 

Configuration 2nd Harmonic 

1. No Load -78.S dBm 
2. ISO !1 RL Only -63.8 dBm 
3. 150!1 RL 7.5 n Re -70.4 dBm 

In this application one half of the AD828 operates at a gain of 
2.1 and supplies the current to the load, while the other pro
vides the overall system gain of 2. This is important for two rea
sons: the first is to keep the bandwidth of both amplifiers the 
same, and the second is to preserve the AD828's ability to oper
ate from low supply voltage. Re varies with the load and must 
be chosen to satisfy the following equation: 

Re= MRL, 

where M is defined by [(M + 1) Gs = G0 ] and G0 = Driver's 
Gain, Gs = System Gain. 
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Figure 43. Low Distortion Amplifier 
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1111111111 ANALOG 
LlllllDEVICES 

FEATURES 
High Speed 

120 MHz Bandwidth, Gain = -1 
230 VI p.s Slew Rate 
90 ns Settling Time to 0.1 o/a 

Ideal for Video Applications 
0.02o/a Differential Gain 
0.04° Differential Phase 

Low Noise 
1.7 nV/VHz Input Voltage Noise 
1.5 pA/VHz Input Current Noise 

Excellent DC Precision 
1 mV max Input Offset Voltage (Over Temp) 
0.3 p.V/°C Input Offset Drift 

Flexible Operation 
Specified for ±5 V to ±15 V Operation 
±3 V Output Swing into a 150 n Load 
External Compensation for Gains 1 to 20 
5 mA Supply Current 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD829 is a low noise (1.7 nV/VHz), high speed op amp 
with custom compensation that provides the user with gains 
from ±1 to ±20 while maintaining a bandwidth greater than 
50 MHz. The AD829's 0.04° differential phase and 0.02% dif
ferential gain performance at 3.58 MHz and 4.43 MHz, driving 
reverse-terminated 50 0 or 75 0 cables, makes it ideally suited 
for professional video applications. The AD829 achieves its 
230 V/p.s uncompensated slew rate and 750 MHz gain band
width product while requiring only 5 mA of current from the 
power supplies. 

The AD829's external compensation pin gives it exceptional ver
satility. For example, compensation can be selected to optimize 
the bandwidth for a given load and power supply voltage. As a 
gain-of-two line driver, the - 3 dB bandwidth can be increased 
to 95 MHz at the expense of 1 dB of peaking. In addition, the 
AD829's output can also be clamped at its external compensa
tion pin. 

The AD829 has excellent de performance. It offers a minimum 
open-loop gain of 30 V/mV into loads as low as 500 0, low 
input voltage.noise of 1.7 nV/VHz, and a low input offset volt
age of 1 mV maximum. Common-mode rejection and power 
supply rejection ratios are both 120 dB. 

The AD829 is also useful in multichannel, high speed data con
version where its fast (90 ns to 0.1%) settling time is of impor
tance. In such applications, the AD829 serves as an input buffer 
for 8-to-10-bit AID converters and as an output l/V converter 
for high speed DIA converters. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 
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High Speed, Low Noise 
Video Op Amp 

AD829 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini·DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

OFFSET 
NULL 

-IN 

+IN 

OFFSET 
NULL 

+Vs 

OUTPUT 

CcoMP 

20-Pin LCC Pinout 

!i! 'f !i! i!! !!! 
NC = NO CONNECT 

The AD829 provides many of the same advantages that a trans· 
impedance amplifier offers, while operating as a traditional volt
age feedback amplifier. A bandwidth greater than 50 MHz can 
be maintained for a range of gains by changing the external 
compensation capacitor. The ;'\D829 and the transimpedance 
amplifier are both unity gain stable and provide similar voltage 
noise performance (1.7 nV/VHz). However, the current noise of 
the AD829 (1.5 pA/y'Hz) is less than 10% of the noise of trans· 
impedance amps. Furthermore, the inputs of the AD829 are 
symmetrical. 

PRODUCT HIGHLIGHTS 
1. Input voltage noise of 2 nV/VHz, current noise of 1.5 pA/ 

VHz and 50 MHz bandwidth, for gains of 1 to 20, make the 
AD829 an ideal preamp. 

2. Differential phase error of 0.04° and a 0.02% differential gain 
error, at the 3.58 MHz NTSC and 4.43 MHz PAL and 
SECAM color subcarrier frequencies, make it an outstanding 
video performer for driving reverse-terminated 50 0 and 
75 0 cables to ± 1 V (at their terminated end). 

3. The AD829 can drive heavy capacitive loads. 

4. Performance is fully specified for operation froni ±5 V to 
± 15 V supplies. 

5. Available in plastic, cerdip, and small outline packages. 
Chips and MIL·STD-883B parts are also. available. 

OPERATIONAL AMPLIFIERS 9-215 

Ill 



AD829 ~SPECIFICATIONS(@ Ta= +25°C and V5 = :15 V de, unless otherwise noted) 

AD829J AD829AIS 
MOdel Conditions Vs Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE ±SV, ±ISV 0.2 I 0.1 o.s mV 
Tmin to Tmax I o.s mV 

Offset Voltage Drift ±SV,±ISV 0.3 0.3 µVfC 

INPUT BIAS CURRENT ±SV,±ISV 3.3 7 3.3 7 µA 
Tmin to Tmax 8.2 9.5 µA 

INPUT OFFSET CURRENT ±SV,±ISV so soo so soo nA 
Tm1n to T..,.. soo soo nA 

Offset Current Drift ±SV, ±ISV o.s o.s nAfC 

OPEN-LOOP GAIN V0 =±2.5V ±SV 
RwAo =soon 30 6S 30 6S V/mV 
Tm1n to Tmax 20 20 V/mV 
RLOAD = 1son 40 40 V/mV 
VouT = ±IOV ±ISV 
RLOAD =I kn so 100 so 100 V/mV 
Tmin to Tmax 20 20 V/mV 
RwAD =soon 8S 8S V/mV 

DYNAMIC PERFORMANCE 
Gain Bandwidth Product ±SV 600 600 MHz 

±ISV 7SO 7SO MHz 
Full Power Bandwidth'· 2 V0 =2Vp-p 

RLOAD =soon ±SV 2S 2S MHz 

V0 = 20Vp-p 
RLOAD =I kn ±ISV 3.6 3.6 MHz 

Slew Rate2 RLOAD =soon ±SV 150 150 V/µs 
RLOAD =I kn ±IS v 230 230 V/µs 

Settling Time to 0.1% Av= -19 
-2.5 V to +2.5 V ±5V 65 65 ns 
10 V Step ±ISV 90 90 ns 

Phase Margin2 CLOAD = 10 pF ±15V 
RLOAD =I kn 60 60 Degrees 

DIFFERENTIAL GAIN ERROR' RLOAD = 1oon ±15 v 
CcoMP = 30 pF 0.02 0.02 % 

DIFFERENTIAL PHASE ERROR' RLOAD = 1oon ±ISV 
CcoMP = 30 pF 0.04 0.04 Degrees 

COMMON-MODE REJECTION VcM = ±2.5 V ±SV 100 120 100 120 dB 
VcM = ±12 V ±15 v 100 120 100 120 dB 
Tmin to Tmax 96 96 dB 

POWER SUPPLY REJECTION Vs = ±4.5 V to ± 18 V 98 120 98 120 dB 
Tmin to Tmax 94 94 dB 

INPUT VOLTAGE NOISE f= I kHz ±lS v 1.7 2 1.7 2 nV/y'Hz 

INPUT CURRENT NOISE f= I kHz ±15 v 1.5 l.S pA/y'Hz 

INPUT COMMON-MODE 
VOLTAGE RANGE ±SV +4.3 +4.3 v 

-3.8 -3.8 v 
±ISV +14.3 +14.3 v 

-13.8 -13.8 v 
OUTPUT VOLJ'AGE SWING RLOAD =soon ±SV 3.0 3.6 3.0 3.6 ±V 

RLOAD = 150n ±SV 2.5 3.0 2.5 3.0 ±V 
RLOAD =son ±SV 1.4 1.4 ±V 
Ri.oAD =I kn ±15 v 12 13.3 12 13.3 ±V 
RwAo =soon ±IS v 10 12.2 10 12.2 ±V 

Short Circuit Current ±SV, ±ISV 32 32 mA 

INPUT CHARACTERISTICS 
Input Resistance (Differential) 13 13 kn 
Input Capacitance (Differential)4 s s pF 
Input Capacitance (Common Mode) 1.5 l.5 pF 

CLOSED-LOOP OUTPUT 
RESISTANCE Av = + l, f = I kHz 2 2 mn 
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Model Conditions 

POWER SUPPLY 
Operating Range 
Quiescent Current 

Tmin to Tmax 

Tmin to Tmax 

TRANSISTOR COUNT Number of Transistors 

NOTES 
1 Full Power Bandwidth = Slew Rate/2 ir V PEAK. 
'Tested at Gain= +20, CcoMP = 0 pF. 
33.58 MHz (NTSC) and 4.43 MHz (PAL & SECAM). 

AD829J 
Vs Min Typ 

±4.5 
±S V s 

±IS V 5.3 

46 

AD829 
AD829A/S 

Max Min Typ Max Units 

±18 ±4.S ±18 v 
6.5 s 6.5 mA 
8.0 8.2/8.7 mA 
6.8 5.3 6.8 mA 
8.3 8.5/9.0 mA 

46 

'Differential input capacitance consists of l.S pF package capacitance plus 3.5 pF from the input differential pair. 
Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 3 Watts 
Small Outline (R) ...................... 0.9 Watts 
Cerdip (Q) .......................... 1.3 Watts 
LCC (E) ............................ 0.8 Watts 

Input Voltage ............................. ±Vs 
Differential Input Voltage' .................. ± 6 Volts 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q, E) ....... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD829J ........................... Oto +70°C 
AD829A ....................... -40°C to +85°C 
AD829S ....................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Maximum internal power dissipation is specified so that T1 does not exceed 
+ l 75"C at an ambient temperature of + 25"C. 
Thermal characteristics: 

8-pin plastic package: OJA = l00°C/watt (derate at 8.7 mWrC) 
8-pin cerdip package: OJA = 110°C/watt (derate at 8.7 mWrC) 
20-pin LCC package: o,A = l 50°C/watt 
8-pin small outline package: OJA = 155°C/watt (derate at 6 mWrC). 

'If the differential voltage exceeds 6 volts, external series protection resistors 
should be added to limit the input current. 

METALIZATION PHOTO 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

SUBSTRATE CONNECTED 
TO+V8 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD829 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

ORDERING GUIDE 

REV.C 

Temperature Package Package 
Model Range Description Option* 

AD829JN o to +70°c 8-Pin Plastic Mini-DIP N-8 
AD829JR 0 to +70°C 8-Pin Plastic SOIC R-8 
AD829JR-REEL 0 to +70"C Tape & Reel 
AD829AQ -40"C to + 8S"C 8-Pin Cerdip Q-8 
AD829SQ -55"C to + 12s0 c 8-Pin Cerdip Q-8 
AD829SQ/883B -55"C to + 12s0 c 8-Pin Cerdip Q-8 
5962-9312901MPA -ss·c to + 12s·c 8-Pin Cerdip Q-8 
AD829SE/883B -5S"C to + 12s0 c 20-Pin LCC E-20A 
5962-9312901M2A -ss·c to + 12s·c 20-Pin LCC E-20A 
AD829JChips Oto +70°C Die 
AD829SChips -SS"C to + 125°C Die 

*E = Leadless Chip Carrier (Ceramic); N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). 
For outline information see Package Information section. 
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~ANALOG 
WDEVICES 

FEATURES 
Differential Amplification 

Wide Common-Mode Voltage Range: +12.8 V, -12 V 
Differential Voltage Range: ±2 V 
High CMRR: 60 dB @ 4 MHz 
Built-in Differential Clipping Level: ±2.3 V 

Fast Dynamic Performance 
85 MHz Unity Gain Bandwidth 
35 ns Settling Time to 0.1% 
360 VI µs Slew Rate 

Symmetrical Dynamic Response 
Excellent Video Specifications 

Differential Gain Error: 0.06% 
Differential Phase Error: 0.08° 
15 MHz (0.1 dB) Bandwidth 

Flexible Operation 
High Output Drive of ±50 mA min 
Specified with Both ±5 V and ±15 V Supplies 

Low Distortion: THO = - 72 dB @.4 MHz 
Excellent DC Performance: 3 mV max Input Offset 

Voltage 

APPLICATIONS 
Differential Line Receiver 
High Speed Level Shifter 
High Speed In-Amp 
Differential to Single Ended. Conversion 
Resistorless Summation and Subtraction 
High Speed AID Driver 

PRODUCT DESCRIPTION 
The AD830 is a wideband, differencing amplifier designed for 
use at video frequencies· but also useful in many other applica
tions. It accurately amplifies a fully differential signal at the 
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High Speed, Video 
Difference Amplifier 

AD830 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

input and produces an output voltage referred to a user-chosen 
level. The undesired common-mode signal is rejected, even at 
high frequencies. High impedance inputs ease interfacing to 
finite source impedances and thus preserve the excellent 
common-mode rejection. In many respects, it offers significant 
improvements over discrete difference amplifier approaches, in 
particular in high frequency common-mode rejection. 

The wide common-mode and differential-voltage range of the 
AD830 make it particularly useful and flexible in level shifting 
applications, but at lower power dissipation than discrete solu
tions. Low distortion is preserved over the many possible differ
ential and common-mode voltages at the input and output. 

Good gain flatness and excellent differential gain of 0.06% and 
phase of 0.08° make the.AD830 suitable for many video system 
applications. Furthermore, the AD830 is suited for general pur
pose signal processing from de to IO MHz. 
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SPECIFICATIONS <Vs= ±15 V, RLDAo = 150 n, CLoAo = 5 pf, TA= +25°C unless otherwise noted) AD830 

Parameter Conditions 

DYNAMIC CHARACTERISTICS 
3 dB Small Signal Bandwidth Gain= 1, Vour = IOO mV rms 
0 .1 dB Gain Flatness Frequency Gain= 1, Vour = IOO mV rms 
Differential Gain Error 0 to +0.7 V, Frequency = 4.S MHz 
Differential Phase Error 0 to +0.7 V, Frequency = 4.S MHz 
Slew Rate 2 V Step, RL = SOO fl 

4 V Step, RL = SOO fl 
3 dB Large Signal Bandwidth Gain= 1, Vour = 1 V rms 
Settling Time, Gain = 1 Vour = 2 V Step, to 0.1% 

VouT = 4 V Step, to 0.1% 
Harmonic Distortion 2 V p-p, Frequency = 1 MHz 

2 V p-p, Frequency = 4 MHz 
Input Voltage Noise Frequency = 10 kHz 
Input Current Noise 

DC PERFORMANCE 
Offset Voltage Gain= 1 

Gain= 1, TMIN-TMAX 

Open Loop Gain DC 
Gain Error RL = 1 kfl, G = ± 1 
Peak Nonlinearity, RL = 1 kfl, -lV:sX:s+lV 
Gain= 1 -1.S v :5 x :5 + l.S v 

-2 v :5 x :5 +2 v 
Input Bias Current V1N = O V, +2S°C to TMAx 

VIN= 0 v, TMIN 
Input Offset Current VIN= 0 V, TMIN-TMAX 

INPUT CHARACTERISTICS 
Differential Voltage Range VcM = 0 
Differential Clipping Level2 Pins 1 and 2 Inputs Only 
Common-Mode Voltage Range VoM = ±1 V 
CMRR DC, Pins 1, 2, ±IO V 

DC, Pins 1, 2, ±IO V, TM1,,-TMAX 
Frequency = 4 MHz 

Input Resistance 
Input Capacitance 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL 2': 1 kfl 

RL 2': 1 kfl, ±16.S Vs 
Short Circuit Current Short to Ground 
Ontpnt Current RL = lSO fl 

POWER SUPPLIES 
Operating Range 
Quiescent Current TM1~TMAX 

+ PSRR (to Vp) DC, G = 1 
- PSRR (to VN) DC,G=l 

PSRR DC,G= 1,±Sto±lSVs 
PSRR DC, G = 1, ±S to ±lS Vs, TM1,,-TMAX 

NOTES 
1See Standard Military Drawing S962-9313001MPA for specifications. 
2Clipping level function on X channel only. 

Specifications subject to change without notice. 
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Min 

7S 
11 

38 

64 

±2.1 
-12.0 
90 
88 
SS 

±12 
±13 

±SO 

±4 

66 
62 

AD830J/A AD830S1 

Typ Max Min Typ Max Units 

8S 7S 8S MHz 
lS 11 lS MHz 
0.06 0.09 0.06 0.09 % 
0.08 0.12 0.08 0.12 Degrees 
360 360 V/µ,s 
3SO 3SO V/µ,s 
4S 38 4S MHz 
2S 2S ns 
3S 3S ns 
-82 -82 dBc 
-72 -72 dBc 
27 27 nV/yHz 
1.4 1.4 pN\/Hz 

±1.S ±3 ±1.5 ±3 mV 
±S ±7 mV 

69 64 69 dB 
±0.1 ±0.6 ±0.l ±0.6 % 
0.01 O.o3 0.01 O.o3 o/oFS 
0.03S 0.o7 0.03S O.o7 % FS 
O.lS 0.4 0.lS 0.4 % FS 
s IO s IO µ,A 
7 13 8 17 µ,A 
0.1 1 0.1 1 µ,A 

±2.0 ±2.0 v 
±2.3 ±2.1 ±2.3 v 

+ 12.8 -12.0 +12.8 v 
IOO 90 100 dB 

86 dB 
60 SS 60 dB 
370 370 kfl 
2 2 pF 

+ 13.8, -13.8 ±12 + 13.8, -13.8 v 
+ lS.3, -14.7 ±13 + lS.3, -14.7 v 
±80 ±80 mA 

±SO rnA 

±16.S ±4 ±16.S v 
14.S 17 14.S 17 rnA 
86 86 dB 
68 68 dB 
71 66 71 dB 
68 60 68 dB 
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AD83Q---SPECIFICATIQNS (V5 = ±5 V, RwAo = 150 n, CwAo = 5 pf, TA= +25°C unless otherwise noted) 

Parameter Conditions 

DYNAMIC CHARACTERISTICS 
3 dB Small Signal Bandwidth Gain= I, VoUT = 100 mV rms 
0.1 dB Gain Flatness Frequency Gain = I, VouT = 100 mV rms 
Differential Gain Error 0 to +0.7 V, Frequency= 4.5 MHz, G=+2 
Differential Phase Error 0 to +0.7 V, Frequency= 4.5 MHz, G=+2 
Slew Rate, Gain = I 2 v Step, RL = 500 !1 

4 v Step, RL = 500 !1 
3 dB Large Signal Bandwidth Gain= I, VouT = IV rms 
Settling Time VouT = 2 V Step, to 0.1% 

VouT = 4 V Step, to 0.1% 
Harmonic Distortion 2 V p-p, Frequency = I MHz 

2 V p-p, Frequency = 4 MHz 
Input Voltage Noise Frequency = 10 kHz 
Input Current Noise 

DC PERFORMANCE 
Offset Voltage Gain= I 

Gain= I, TM1N""TMAx 
Open Loop Gain DC 
Unity Gain Accuracy RL = I k!1 
Peak Nonlinearity, RL = I k!1 -I VsXs +IV 

-1.5 v :5 x :5 +1.5 v 
-2VsXs +2V 

Input Bias Current VIN= o V, +2S°C to TMAX 
VIN= 0 v, TMIN 

Input Offset Current VIN= 0 V, TMIN to TMAX 

INPUT CHARACTERISTICS 
Differential Voltage Range VcM = 0 
Differential Clipping Level2 Pins 1 and 2 Inputs Only 
Common-Mode Voltage Range VoM = ±1 V 
CMRR DC, Pins I, 2, +4 V to -2 V 

DC, Pins 1, 2, +4 V to -2 V, TMrN""TMAX 
Frequency = 4 MHz 

Input. Resistance 
Input Capacitance 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL"' 150 !1 

RL 2: 150 !1, ±4 Vs 
Short Circuit Current Short to Ground 
Output Current 

POWER SUPPLIES 
Operating Range 
Quiescent Current TM1N""TMAX 

+ PSRR (to Vp) DC, G = I, Offset 
- PSRR (to VN) DC, G = 1, Offset 

PSRR (Dual Supply) DC,G =I, ±5 to ±IS Vs 
PSRR (Dual Supply) DC, G = I, ±5 to ±IS Vs, TMtN""TMAx 

NOTES 
'See Standard Military Drawing 5962-9313001MPA for specifications. 
2Clipping level function on X channel only. 
Specifications subject to change without notice. 
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Min 

35 
5 

30 

60 

±2.0 
-2.0 
90 
88 
55 

±3.2 
±2.2 

±40 

±4 

66 
62 

AD830J/A AD830S1 

Typ Max Min Typ Max Units 

40 35 40 MHz 
6.5 5 6.5 MHz 
0.14 0.18 0.14 0.18 % 
0.32 0.4 0.32 0.4 Degrees 
210 210 V/µ,s 
240 240 V/µ,s 
36 30 36 MHz 
35 35 ns 
48 48 ns 
-69 -69 dBc 
-56 -56 dBc 
27 27 nV/y'Hz 
1.4 1.4 pA/y'Hz 

±1.5 ±3 ±1.5 ±3 mV 
±4 ±5 mV 

65 60 65 dB 
±0.1 ±0.6 ±0.l ±0.6 % 
0.01 0,03 0.01 0.03 %FS 
0.045 0,07 0.045 0,07 %FS 
0.23 0.4 0.23 0.4 % FS 
5 10 5 10 µ,A 
7 13 8 17 µ,A 
0.1 I 0.1 1 µ,A 

±2.0 ±2.0 v 
±2.2 ±2.0 ±2.2 v 

+2.9 -2.0 +2.9 v 
100 90 100 dB 

86 dB 
60 55 60 dB 
370 370 k!1 
2 2 pF 

±3.5 ±3.2 ±3.5 v 
+2.7, -2.4 ±2.2 +2.7, -2.4 v 
-55, +70 -55, +70 mA 

±40 mA 

±16.5 ±4 ±16.5 v 
13.5 16 13.5 16 mA 
86 86 dB 
68 68 dB 
71 66 71 dB 
68 60 68 dB 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Short Circuit Duration •.... Observe Derating Curves 
Common-Mode Input Voltage .................. ±Vs 
Differential Input Voltage ...................... ±Vs 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Storage Temperature Range (R) ......... -65°C to + 125°C 
Operating Temperature Range 

AD830J .......................... 0°c to +70°C 
AD830A ....................... -40°C to + 85°C 
AD830S ....................... -55°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) .... +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a Str!'SS rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

28-Pin Plastic Package: OJA = 90"C/Watt 
8-Pin SOIC Package: OJA = ISS'C/Watt 
8-Pin Cerdip Package: OJA = llO'C/Watt 

AD830 
MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
AD830 is limited by the associated rise in junction temperature. 
For the plastic packages, the maximum safe junction tempera
ture is 145°C. For the cerdip, the maximum junction tempera
ture is l 75°C. If these maximums are exceeded momentarily, 
proper circuit operation will be restored as soon as the die tem
perature is reduced. Leaving the AD830 in the "overheated" 
condition for an extended period can result in permanent dam
age to the device. To ensure proper operation, it is important to 
observe the recommended derating curves. 

While the AD830 output is internally short circuit protected, 
this may not be sufficient to guarantee that the maximum junc
tion temperature is not exceeded under all conditions. If the 
output is shorted to a supply rail for an extended period, then 
the amplifier may be permanently destroyed. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD830 features proprietary ESD pro-
tection circuitry, permanent damage may still occur on these II 
devices if they are subjected to high energy electrostatic dis- 1 

charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

ORDERING GUIDE 

Model Temperature Range Package Description Package Option' 

AD830AN -40°C to +85°C 8-Pin Plastic Mini-DIP N-8 
AD830JR 0°c to +70°C 8-Pin SOIC R-8 
5962-9313001MPA2 -55°C to + 125°C 8-Pin Cerdip Q-8 

NOTES 
'For outline information see Package Information section. 
'See standard military drawing 5962-931300 IMPA. 
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AD830-Typical Characteristics 
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Figure 1. Common-Mode Rejection Ratio vs. Frequency 
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AD830-Typical Characteristics 
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Figure 14. Small Signal Pulse Response, RL = 150 n, 
CL= 4.7 pF, G = +1 
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Figure 17. Large Signal Pulse Response, 
RL = 150[1, CL= 4.7 pF, G = +1 
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Differential Amplification 
TRADITIONAL DIFFERENTIAL AMPLIFICATION 
In the past, when differential amplification was needed to reject 
common-mode signals superimposed with a desired signal; most 
often the solution used was the classic op amp based difference 
amplifier shown in Figure 19. The basic function V0 = Vi-V2 

is simply achieved, but the overall performance is poor and the 
circuit possesses many serious problems that make it difficult 
to realize a robust design with moderate to high levels of 
performance. 

R1 

VOUT 

ONLY IF R1 = R2= R3= R4 
DOESV0UT=V1-V2 

Figure 19. Op Amp Based Difference Amplifier 

PROBLEMS WITH THE OP AMP BASED APPROACH 
• Low Common-Mode Rejection Ratio (CMRR) 
• Low Impedance Inputs 
• CMRR Highly Sensitive to the Value of Source R 
• Different Input Impedance for the + and - Input 
• POQr High Frequency CMRR 
• Requires Very Highly Matched Resistors Ri-R4 to Achieve 

HighCMRR 
• Halves the Bandwidth of the Op Amp 
• High Power Dissipation in the Resistors for Large Common- . 

Mode Voltage · 
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AD830 
AD830 FOR DIFFERENTIAL AMPLIFICATION 
The AD830 amplifier was specifically developed to solve the 
listed problems with the discrete difference amplifier approach. 
Its topology, discussed in detail in a later section, by design acts 
as a difference amplifier. The circuit of Figure 20 shows how 
simply the AD830 is configured to produce µie difference of two 
signals V 1 and V 2, in which the applied differential signal is 
exactly reproduced at the output relative to a separate output 
common. Any common-mode voltage present at the input is 
removed by the AD830. 

v, 

Vour=V1-V2 

Figure 20. AD830 as a Difference Amplifier 

ADVANTAGEOUS PROPERTIES OF THE AD830 
• High Common-Mode Rejection Ratio (CMRR) 
• High Impedance Inputs 
• Symmetrical Dynamic Response for + 1 and -1 Gain 
• Low Sensitivity to the Value of Source R 
• Equal Input Impedance for the + and - Input 
• Excellent High Frequency CMRR 
• No Halving of the Bandwidth 
• Constant Power Distortion vs. Common-Mode Voltage 
• Highly Matched Resistors Not Needed 
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AD830 
UNDERSTANDING THE AD830 TOPOLOqY 
The AD830 represents Analog Devices' first amplifier product 
to embody a powerful alternative amplifier topology. Referred to 
as active feedback, the topology used in the AD830 provides 
inherent advantages in the handling of differential signals, dif
fering system commons, level shifting and low distortion, high 
frequency amplification. In addition, it makes possible the 
implementation of many functions not realizable with single op 
amp circuits or is superior to op amp based equivalent circuits. 
With this in mind, it is important to understand the internal 
structure of the AD830. 

The topology, reduced to its elemental form, is shown below in 
Figure 21. Nonideal effects such as nonlinearity, bias currents 
and limited full scale are omitted from this model for simplicity, 
but are discussed later. The key feature of this topology is the 
use of two, identical voltage-to-current converters, GM, that 
make up input and feedback signal interfaces. They are·labeled 
with inputs V x and VY• respectively. These voltage to current 
converters possess fully differential inputs, high linearity, high 
input impedance and wide voltage range operation. This enables 
the part to handle large amplitude differential signals; they also 
provide high common-mode rejection, low distortion and negli
gible loading on the source. The label, GM, is meant to convey 
that the transconductance is a large signal quantity, unlike in 
the front-end of most op amps. The two GM stage current out
puts Ix and ly, sum together at a high impedance node which is 
characterized by an equivalent resistance and capacitance con
nected to an "ac common." A unity voltage gain stage follows 
the high impedance node to provide buffering from loads. Rela
tive to either input, the open loop gain, A0 u is set by the 
transconductance, GM, working into the resistance, Rr; AoL = 
GM x Rp. The unity gain frequency w0 dB for the open loop 
gain is established by the transconductance, GM, working into 
the capacitance, C6 w0 dB = GM/Cc. The open loop description 
of the AD830 is shown below for completeness. 

lz 

Rp 

Figure 21. Topology Diagram 
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Vx1 -VX2 = Vv2-Vv1 

FORVY2=VoUT 1 

VoUT = <Vx1 - VX2 + Vv1l 1 + S(Cc /Gu) 

Figure 22. Closed-Loop Connection 

Precise amplification is accomplished through closed-loop opera
tion of this topology. Voltage feedback is implemented via the 
Y GM stage in which where the output is connected to the - Y 
input for negative feedback as shown in Figure 22. An input 
signal is applied across the X GM stage, either fully differentially 
or single-ended referred to common. It produces a current signal 
which is summed at the high impedance node with the output 
current from the Y GM stage. Negative feedback nulls this sum 
to a small error current necessary to develop the output voltage 
at the high impedance node. The error current is usually negli
gible, so the null condition essentially forces the Y GM output 
stage current to exactly equal the X GM output current. Since 
the two transconductances are identical, the differential voltage 
across the Y inputs equals the negative of the differential voltage 
across the X input; Vv = -Vx or more precisely Vv2-Vv1 = 
V xi-V xz- This simple relation provides the basis to easily ana
lyze any function possible to synthesize with the AD830, includ
ing any feedback situation. 

The bandwidth of the circuit is defined by the GM and the 
capacitor Cc. The highly linear GM stages give the amplifier a 
single pole response, excluding the output amplifier and loading 
effects. It is important to note that the bandwidth and general 
dynamic behavior is symmetrical (identical) for the noninverting and 
the inverting connections of the AD830. In addition, the input 
impedance and CMRR are the same for either connections. This 
is very advantageous and unlike in a voltage or current feedback 
amplifier, where there is a distinct difference in performance 
between the inverting and noninverting gain. The practical 
importance of this cannot be overemphasized and is a key fea
ture offered by the AD830 amplifier topology. 
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INTERFACING THE INPUT 
Common-Mode Voltage Range 
The common-mode range of the AD830 is defined by the ampli
tude of the .differential input signal and the supply voltage. The 
general definition of common-mode voltage, V CM' is usually 
applied to a symmetrical differential signal centered about a par
ticular voltage as illustrated by the diagram in Figure 23. This is 
the meaning implied here for common-mode voltage. The inter
nal circuitry establishes the maximum allowable voltage on the 
input or feedback pins for a given supply voltage. This con
straint and the differential input voltage sets the common-mode 
voltage limit. Figure 24 shows a curve of the common-mode 
voltage range vs. differential voltage for three supply voltage 
settings. 

--------Tr\"-------· VMAX 

\J~VCM 

15 

!:! 
~12 
I 

w 

" ;:!: 9 
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0 
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Figure 23. Common-Mode Definition 
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Figure 24. Input Common-Mode Voltage Range vs. 
Differential Input Voltage 
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Differential Voltage Range 
The maximum applied differential voltage is limited by the clip
ping range of the input stages. This is nominally set at 2 .4 volts 
magnitude and depicted in the crossplot (X-Y) photo Of Figure 
25. The useful linear range of the input stages is set at 2 volts, 
but is actually a function of the distortion required for a particu
lar application. The distortion increases for larger differential 
input voltages. A plot of relative distortion versus input differ
ential voltage is shown in Figures 8 and 11 in the Typical Char
acteristics section. The distortion characteristics could impose a 
secondary limit to the differential input voltage for high accu
racy applications. 

Figure 25. Clipping Behavior 

0 ._--'~--'--...J...--'---.1---'---'--...J...--'----' 
0 8 12 16 20 

SUPPLY VOLTAGE - Volts 

Figure 26. Maximum Output Swing vs. Supply 

OPERATIONAL AMPLIFIERS 9-227 

II 



AD830 
Choice of Polarity 
The sign of the gain is easily selected by choosing the polarity of 
the connections to the + and - inputs of the X GM stage. 
Swapping between inverting and noninverting gain is possible 
simply by reversing the input connections. The response of the 
amplifier is identical in either connection, except for the sign 
change. The bandwidth, high impedance, transient behavior, 
etc., of the AD830, is symmetrical for both polarities of gain. 
This is very advantageous and unlike an op amp. 

Input Impedance 
The relatively high input impedance of the AD830, for a differ
ential receiver amplifier, permits connections to modest imped
ance sources without much loading or loss of common-mode 
rejection. The nominal input resistance is 300 kn. The real limit 
to the upper value Of the source resistance is in its effect on 
common-mode rejection and bandwidth. If the source resistance 
is in only one input, then the low frequency common~mode 
rejection will be lowered to = R1N/Rs. The source .resistance/ 

input capacitance pole (f = __!_ x Rs x GIN) limits the band-
2'1r 

width. Furthermore, the high frequency common-mode 
rejection will be additionally lowered by the. differe.nce in the 
frequency response caused by the Rs x GIN iiole. Therefore, to 
maintain good low and high frequency common-mode rejection, 
it is recommended that the source resistances of the + and -
inputs be matched and of modest value (:SIO kn). 

Handling Bias Currents 
The bias currents are typically 4 µA flowing into each pin of the 
GM stages of the AD830. Since all applications possess some 
finite source resistance, the bias current through this resistor will 
create a voltage drop (l81As x Rs). The relatively high input 
impedance of the AD830 permits modest values of Rs, typically 
:S JO kn. If the source resistance is in only one terminal, then an 
objectional offset voltage may result (e.g., 4 µA x 5 kn = 

20 m V). Placement of an equal value resistor in series with the 
other input will cancel the offset to first order. However, due to 
mismatches in the resistances, a residual offset will remain and 
likely be greater than bias current (offset current) mismatches. 

Applying Feedback 
The AD830 is intended for use with gain from 1 to 100. Gains 
greater than one are simply set by a pair of resistors connected 
as shown in the difference amplifier (Figure 35) with gain > 1. 
The value of the bottom resistor R2, should be kept less than 
l kn to insure that the pole formed by G1N and the parallel con
nection of R1 and R2 is sufficiently high in frequency so that it 
does not introduce excessive phase shift around the loop and 
destabilizes the amplifier. A compensating resistor, equal to the 
parallel combination of R1 and R2, should be placed in series 
with the other Y GM stage input to preserve the high frequency 
common-mode rejection and to lower the offset voltage induced 
by the input bias current. 

Output Common Mode 
The output swing of the AD830 is defined by the differential 
input voltage, the gain and the output common. Depending on 
the anticipated signal span, the output common (or ground) may 
be set anywhere between the allowable peak output voltage in a 
manner similar to that described for input voltage common 
mode. A plot of the peak output voltage versus supply is shown 
in Figure 26. A prediction of the common-mode range versus 

9-228 OPERATIONAL AMPLIFIERS 

the peak output differential voltage can be easily derived from 
the maximum output swing as YocM = VMAx-VPEAK· 

Output Current 
The absolute peak output current is set by the short circuit cur
rent limiting, typically greater that 60 mA. The maximum drive 
capability is rated at 50 mA, but without a guarantee of distor
tion performance. Best distortion performance is obtained by 
keeping the output current :S20 mA. Attempting to drive large 
voltages into low valued resistances (e.g., 10 V into 150 n) will 
cause ail apparent lowering of the limit for output signal swing, 
but is just the current limiting behavior. 

Driving Cap Lo;ids 
The AD830 is capable of driving modest sized capacitive loads 
while maintaining its rated performance. Several curves of band
width versus capacitive load are given in Figures 15 and 18. The 
AD830 was designed primarily as a low distortion video speed 
amplifier, but with a tradeoff, giving up very large capacitive 
load driving capability. If very large capacitive loads must be 
driven, then the network shown in Figure 27 should be used to 
insure stable operation. If the Joss of gain caused by the resistor 
Rs in series with the load is objectionable, then the optional 
feedback network shown may be added to restore the lost gain. 

H> 
0.1µF 

R, 
1k!l 

*OPTIONAL 
FEEDBACK 

Figure 27. Circuit for Driving Large Capacitive Loads 
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Figure 28. Closed-Loop Response vs. Frequency with 
100 pF Load and Series Resistor Compensation 
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SUPPLIES, BYPASSING AND GROUNDING (Figure 29) 
The AD830 is capable of operating over a wide range of supply 
voltages, both single and dual supplies. The coupling may be de 
or ac provided the input and output voltages stay within the 
specified common-mode voltage limits. For dual supplies, the 
device works from ±4 V to ±16.5 V. Single supply operation is 
possible over + 8 V to + 33 V. It is also possible to operate the 
part with split supply voltages (e.g., +24 V, -5 V) for special 
applications such as level shifting. The primary constraint is that 
the total potential between the two supplies does not exceed 33 V. 

Inclusion of power supply bypassing capacitors is necessary to 
achieve stable behavior and the specified performance. It is 
especially important when driving low resistance loads. At a 
minimum, connect a 0.1 µF ceramic capacitor at the supply lead 
of the AD830 package. In addition, for the best by passing, we 
recommend connecting a 0.01 µF ceramic capacitor and 4.7 µF 
tantalum capacitor to the supply lead going to the AD830. 

Vph 
AND 

VN 0.1µF 

(a) 

LOAD 
GND 
LEAD 

Vp~ AND 
VN 0.01µF VF 

(b) 

LOAD 
GND 
LEAD 

Figure 29. Supply Decoupling Options 

The AD830 is designed by its functionality to be capable of 
rejecting noise and dissimilar potentials in the ground lines. 
Therefore, proper care is necessary to realize the benefits of the 
differential amplification of the part. Separation of the input and 
output grounds is crucial in rejection of the common mode noise 
at the inputs and eliminating any ground drops on the input 
signal line. For example, connecting the ground of a coaxial 
cable to the AD830 output common (board ground) could 
degrade the CMR and also introduce power-down loading on 
cable grounds. However, it is also necessary as in any electronic 
system, to provide a return path for bias currents back to their 
original power supply. This is accomplished by providing a con
nection between the differing grounds through a modest imped
ance labeled ZCM (e.g., 100 0). 

Single Supply Operation 
The AD830 is capable of operating in single power supply appli
cations down to a voltage of + 8 V, with the generalized connec
tion shown in Figure 30. There is a constraint on the common
mode voltage at the input and output which establishes the 
range for these voltages. Direct coupling may be used for input 
and output voltages which lie in these ranges. Any gain network 
applied needs to be referred to the output common connection 
or have an appropriate offset voltage. In situations where the 
signal lies at a common voltage outside the common mode range 
of the.AD830 direct coupling will not work, so ac coupling 
should be used. A tested application included later in this data 
sheet (Figure 42), shows how to easily accomplish coupling to 
the AD830. For single supply operation where direct coupling is 
desired the input and output common-mode curves (Figures 31 
and 32) should be used. 
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Figure 30. General Single Supply Connection 
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A~830 

Differential Line Receiver 
The AD830 was specifically designed to perform as a differential 
line receiver. The' circuit in, figure 33 shows how simple it is to 
configure the AD830 for this function. The signal from system · 
"A" 'is re.ceived differentially relative to A's common, and that, 
voltage is exactly reproduced reiative to the common in system 
B. The common-mode rejection vetsuS: frequency, shown in Fig
ure 1, is excellent, typically 100 dB at low frequencies. The high 
input impedance permits the AD830 to operate as a bridging ' 
amplifier across low -impedance terminations with negligible 
loading. The differential gain and phase specifications are very 
good as showri in Figure 7 for 500 n and Figure 10 for 150 n. 
The input and output common should be separated to achieve 
the full CMR performance of the AD830 as a differential ampli
fier. However, a common return. path is necessary between sys
tems A and B. 

SYSTEMB. 

Figure 33. Differential Line Receiver 
Wide Range Level Shifter , 
The wide coininon-mode range and accuracy of the AD830 
allows easy level shifting of differential signals referred to an 
input common-mode voltage to any new voltage defined at the 
output. The inputs may be referenced to levels as high as 10 V 
at the inputs with a :t2 V swing about 10 V. In the, circuit of 
Figure 34, the output voltage, V OUT• is defined by the simple 
equation shown below. The excellent linearity and low distortion 
are preserved over the full input and output common-mode 
range. The voltage sources need not be of low impedance, since 
the high input resistance artd modest input bias current of the 
AD830 V-to-I converters permit the use of resistive voltage 
dividers as reference voltageg. · · 

Figure 34. Differential Amplification with Level Shifting 
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Difference Ainplifier with Gain> 1 
The AD830 can provide instrumentation amplifier style differen~ 
tial amplification at gains greater than l. The input signal is 
connected differentially arid the gain is set via-feedback resistors 
as shown in Figure 35. The gain, G = (R2 + R 1)/R2 • The ' 
AD830 can provide either inverting or noninverting differential 
amplification; The polarity of the gain is established by -the 
polarity of the connection at the input. Feedback resistors R2 

should generally be R2 s 1 kn to maintain closed-loop stability 
and also keep bias currenf induced offsets low. Highest CMRR 
and lowest de.offsets are preserved by.including a compensating 
resistor in series_ with Pill 3, The gain may be as high as 100. 

Vour = (V, -Yo) (1+R, /Ro) 

Figure 35. Gain.of G Oifferentia/Amp/ifier, G > 1 

Offsetting the Output .with Gain 
Some applications, such as AID drivers, require that rile signal 
be amplified and also offset, typically .to accommodate the 'input 
range ·of the device. The AD830 can offset the output signal 
very simply through Pil]. 3 even with gain > l, The voltage . , 
applied to Pin 3 .must be attenuated by an appropriate JaC):or so 
that V 3 x G = desired offset, In Figure 36, a resistive. divider 
from a voltage reference-is used to produce the attenuated off.set 
voltage. · 

H> 
0.1µ1' 

Vour 

Figure 36. Offsettinf! the .()u,tput with DifferfJntia/Gain > 1 
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Loop Through or Line Bridging Amplifier (Figure 37) 
The AD830 is ideally suited for use as a video line bridging ampli
fier. The video signal is tapped from the conductor of the cable 
relative to its shield. The high input impedance of the AD830 
provides negligible loading on the cable. More significantly, the 
benign loading is maintained while the AD830 is powered-down. 
Coupled with its good video load driving performance, the 
AD830 is well suited to video cable monitoring applications. 

OPTIONAL ...1... 
Cc I 

Figure 37. Cable Tap Amplifier 

Resistorless Summing 
Direct, two input, resistorless summing is easily realized from 
the general unity gain mode. By grounding V xz and applying 
the two inputs to V xi and V YD the output is the exact sum of 
the applied voltages V 1 and V 3, relative to common; V ouT = V 1 

+ V 3 • A diagram of this simple, but potent application is shown 
below in Figure 38. The AD830 summing circuit possesses sev
eral virtues not present in the classic op amp based summing 
circuits. It ,has high impedance inputs, no resistors, very precise 
summing, high reverse isolation and noninverting gain. Achiev
ing this function and performance with op amps requires signifi
cantly more components. 

OUT 

Figure 38. Resistorless Summing Amplifier 

2 x Gain Bandwidth Line Driver 
A gain of two, without the use of resistors, is possible with the 
AD830. This is accomplished by grounding Vx2 , tying the two 
inputs Vx1 and Vy, together and applying the input, v,N, to 
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AD830 
this wired connection. The output is exactly twice the applied 
voltage, VIN; VouT = 2 x VIN. Figure 39 below shows the 
connections for this highly useful application. The most notable 
characteristic of this alternative gain of two is that there is no 
loss of bandwidth as in a voltage feedback op amp based gain of 
+ 2 where the bandwidth is halved, therefore, the gain band
width is doubled. Also, this circuit is accurate without the need 
for any precise valµed resistors, as in the op amp equivalents, 
and it possess excellent differential gain and phase performance 
as shown in Figures 40 and 41. 

Figure 39. Full Bandwidth Line Driver (G = +2) 
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Figure 40. Differential Gain and Phase for the Circuit of 
Figure 39 
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AD830 
AC COUPLED LINE RECEIVER 
The AD830 is configurable as an ac coupled differential ampli
fier on a single or bipolar supply voltages. All that is needed is 
inclusion of a few noncritical passive components as illustrated 
below in Figure 42. A simple resistive network at the X GM 
input establishes a common-mode bias. Here, the common mode 
is centered at 6 volts, but in principle can be any voltage within 
the common-mode limits of the AD830. The JO kO resistors to 
each input bias the X GM stage with sufficiently high impedance 
to keep the input coupling corner frequency low, but not too 
large so that residual bias currel)t induced offset voltage 
becomes troublesome. For dual supply operation, the JO kn 

•OPTIONAL TUNING FOR 
IMPROVING VERY LOW 
FREQUENCY CMR. 

+Vs 

10k 

10k 

resistors may go directly to. ground. The output common is con
veniently set by a Zener diode for a low impedance reference to 
preserve the high frequency CMR. However, a simple resistive 
divider will work fine and good high frequency CMR can be 
maintained by placing a compensating resistor in series with the 
+ Y input. The excellent CMRR response of the circuit is shown 
in Figure 43. A plot of the 0.1 dB flatness from JO Hz is also 
shown. With the use of 10 µF capacitors, the CMR is >90 dB 
down to a few tens of hertz. This level of performance is almost 
impossible to achieve with discrete solutions. 

6.8V 

Figure 42. AC Coupled Line Receiver 
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Figure 43. Common-Mode Rejection vs. Frequency for 
Line Receiver 
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FEATURES 
Wideband AC Performance 

Gain Bandwidth Product: 400 MHz (Gain 2" 10) 
Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 400 V/µs 
Stable at Gains of 10 or Greater 
Full Power Bandwidth: 6.4 MHz for 20 V p-p into a 

500 .n Load 
Precision DC Performance 

Input Offset Voltage: 0.3 mV max 
Input Offset Drift: 3 µV/°C typ 
Input Voltage Noise: 4 nV/VHz 
Open-Loop Gain: 130 V/mV into a 1 k.O Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 

APPLICATIONS 
Video and Pulse Amplifiers 
DAC and ADC Buffers 
Line Drivers 
Available in 14-Pin Plastic DIP, Hermetic Cerdip 

and 20-Pin LCC Packages and in Chip Form 
MIL-STD-883B Processing Available 

PRODUCT DESCRIPTION 
The AD840 is a member of the Analog Devices' family of wide 
bandwidth operational amplifiers. This high speed/high precision 
family includes, among others, the AD841, which is unity-gain 
stable, and the AD842, which is stable at a gain of two or 
greater and has 100 mA minimum output current drive. These 
devices are fabricated using Analog Devices' junction isolated 
complementary bipolar (CB) process. This process permits a 
combination of de precision and wideband ac performance previ
ously unobtainable in a monolithic op amp. In addition to its 
400 MHz gain bandwidth product, the AD840 offers extremely 
fast settling characteristics, typically settling to within 0.01 % of 
final value in 100 ns for a 10 volt step. 

The AD840 remains stable over its full operating temperature 
range at closed-loop gains of 10 or greater. It also offers a low 
quiescent current of 12 mA maximum, a minimum output cur
rent drive capability of 50 mA, a low input voltage noise of 
4 nV/y!Hz and a low input offset voltage of 0.3 mV maximum 
(AD840K). 

The 400 V/µs slew rate of the AD840, along with its 400 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 

This is iin abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Wideband, 
Fast Settling Op Amp 

AD840 I 
CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

NC 4 
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bandwidth active filters. The extremely rapid settling time of 
the AD840 makes it the preferred choice for data acquisition 
applications which require 12-bit accuracy. The AD840 is also 
appropriate for other applications such as high speed DAC and 
ADC buffer amplifiers and other wide bandwidth circuitry. 

APPLICATION HIGHLIGHTS 
l. The high slew rate and fast settling time of the AD840 make 

it ideal for DAC and ADC buffers, line drivers and all types 
of video instrumentation circuitry. 

2. The AD840 is truly a precision amplifier. It offers 12-bit 
accuracy to 0.01 % or better and wide bandwidth, perfor
mance previously available only in hybrids. 

3. The AD840's thermally balance\f layout and the high speed 
of the CB process allow the AD840 to settle to 0.01 % in 
100 ns without the long "tails" that occur with other fast op 
amps. 

4. Laser wafer trimming reduces the input offset voltage to 
0.3 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. . 

5. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where circuit 
gain will be 10 or greater. 

6. The AD840 is an enhanced replacement for the HA2540. 
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AD84D-SPECIFICATIONS (@ +25°C and ±15 v de, unless otherwise noted) 

Model AD840J AD840K AD840S 
Conditions Min Typ Max Min Typ MiiX Min Typ Max Units 

-"-

INPUT OFFSET VOLTAGE1 0.2 1 0.1 0.3 0.2 1 mV 
Tmin -Tmax 1.5 0.7 2 mV 

Offset Drift 5 3 5 µV/°C 

INPUT BIAS CURRENT 3.5 8 3.5 5 3.5 8 µA 
Tmin -Tmax 10 6 12 µA 

INPUT OFFSET CURRENT 0.1 0.4 0.1 0.2 0.1 0.4 µA 
Tmin -Tmax 0.5 0.3 0.6 µA 

INPUT CHARACTERISTICS Differential Mode 
Input Resistance 30 30 30 kO 
Input Capacitance 2 2 2 pF 

INPUT VOLTAGE RANGE 
Common Mode ±10 12 ±10 12 ±10 12 v 
Common-Mode Rejection VcM = ±lOV 90 110 106 115 90 110 dB 

Tmin - Tmax 85 90 85 dB 

INPUT VOLTAGE NOISE f=lkHz 4 4 4 ilVl\!Hz 
Wideband Noise 10 Hz to 10 MHz 10 10 10 µVrms 

OPEN-LOOP GAIN V0 = ±10 V 
RLOAD = 1 kf1 100 130 100 130 100 130 V/mV 
Tmin -Tmox 50 80 75 100 50 80 V/mV 
RwAn = 500 n 75 100 75 V/mV 
Tmin-Tmox 50 75 50 V/mV 

OUTPUT CHARACTERISTICS 
Voltage RwAn 2: 500 n 

Tmin-Tmax ±10 ±10 ±10 v 
Current VouT = ±10 V 50 50 50 mA 
Output Resistance Open Loop 15 15 15 n 

FREQUENCY RESPONSE 
Gain Bandwidth Product VouT = 90 mV p-p 

Av= -10 400 400 400 MHz 
Full Power Bandwidth2 V0 =20Vp-p 

RwAn 2: 500 n 5.5 6.4 5.5 6.4 5.5 6.4 MHz 
Rise Time Av= -10 10 10 10 ns 
Overshoot' Av= -10 20 20 20 % 
Slew Rate3 Av= -10 350 400 350 400 350 400 V/µs 
Settling Time3 -10 V Step Av= -10 

to 0.1% 80 80 80 ns 
to 0.01% 100 100 100 ns 

OVERDRIVE RECOVERY -Overdrive 
·. 

190 190 190 ns 
+Overdrive 350 350 350 ns 

DIFFERENTIAL GAIN f = 4.4 MHz 0,025 0.025 0.025 % 

DIFFERENTIAL PHASE f = 4.4 MHz 0.04 0.04 0.04 Degree 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 v 
Quiescent Current 12 14 12 14 12 14 mA 

Tmin - Truax 16 16 18 mA 
Power Supply Rejection Ratio Vs=±5Vto±18V 90 100 94 100 90 100 dB 

Tmin -T= 80 86 80 dB 

TEMPERATURE RANGE 
Rated Performance• 0 +75 0 +75 -55 +125 ·c 

TRANSISTOR COUNT # of Transistors 72 72 72 

9-234 OPERATIONAL AMPLIFIERS REV.C 



NOTES 
1lnput Offset voltage specifications are guaranteed after S minutes at TA = +25°C. 
2Full power bandwidth = slew rate/21T V PEAK. 

'Refer to Figures 22 and 23. 
4"S" grade Tmin-Tmax specifications are tested with automatic test equipment at TA= -55°C and TA= +125°C. 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ......... . 
Internal Power Dissipation2 

Plastic (N) . 
Cerdip (Q) . 
LCC (E) .. 

Input Voltage 
Differential Input Voltage ... 
Storage Temperature Range 

Q,E ............ . 
N ............... . 

Junction Temperature (T1) ........... . 

Lead Temperature Range (Soldering 60 sec) 

NOTES 

±18 v 

1.5 w 
1.3 w 
1.0 w 
. ±Vs 

. ....... ±6 v 

-6S°C to + 1S0°C 
-6S°C to + 125°C 

+ 175°C 
+300°C 

1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Maximum internal power dissipation is specified so that TJ does not exceed 
+ l 75°C at an ambient temperature of + 25°C. 

Thermal Characteristics: 

81c 8JA Derate at 
Cerdip Package 30°C/W llO'C/W 8.7 mW/°C 
Plastic Package 30°C/W I00°C/W JO mWl°C 
LCC Package 35°C/W !SO'C/W 6.7 mWl°C 

Recommended Heat Sink: 
Aavid Engineering"' #602B 

ORDERING GUIDE 

Model' Package Options2 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

NC 4 

-IN 5 

NC 6 

+IN 7 

LCC (E) Package 

::l ::l 
::> ::> 
z z 

" lE i " z z 
3 

9 10 11 12 13 

~ f ~ ~ ~ 
NC = NO CONNECT 

18 NC 

17 +Vs 

16 NC 

15 OUTPUT 

14 NC 

AD840 Connection Diagrams 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

AD840 

AD840JN 
AD840KN 
AD840JQ 
AD840KQ 
AD840SQ 
AD840SQ-883B 
5962-89640012A 
AD840SE-883B 
5962-8964001CA 

N-14 
N-14 
Q-14 
Q-14 
Q-14 
Q-14 
Q-14 
E-20A 
E-20A 

l·~-------0.099(2.52) --------o-1 

BA;ANCE BA~NCE 

REV.C 

NOTES 
1 J and S Grade Chips also available. 
2N ~ Plastic DIP; Q ~ Cerdip; E ~ LCC (Leadless 
Ceramic Chip Carrier). For outline information see 
Package Information section. 

F 
0.067 

L SUBSTRATE CONNECTED TO +Vs 
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11111111111 ANALOG 
WDEVICES 

FEATURES 
AC PERFORMANCE 
Unity-Gain Bandwidth: 40 MHz 
Fast Settling: 110 ns to 0.01% 
Slew Rate: 300 VI µs 
Full Power Bandwidth: 4.7 MHz for 20 V p-p into a 

500 fl Load 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max 
Input Voltage Noise: 13 nV/VHz typ 
Open-Loop Gain: 45 V/mV into a 1 kfl Load 
Output Current: 50 mA min 
Supply Current: 12 mA max 

APPLICATIONS 
High Speed Signal Conditioning 
Video and Pulse Amplifiers 
Data Acquisition Systems 
Line Drivers 
Active Filters 
Available in 14-Pin Plastic DIP, Hermetic Cerdip, 12-Pin 

T0-8 Metal Can and 20-Pin LCC Packages 
Chips and MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD841 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This high speed/high preci
sion family includes, among others, the AD840, which is stable 
at a gain of 10 or greater, and the AD842, which is stable at a 
gain of two or greater and has 100 mA minimum output current 
drive. These devices are fabricated using Analog Devices' junc
tion isolated complementary bipolar (CB) process. This process 
permits a combination of de precision and wideband ac perfor
mance previously unobtainable in a monolithic op amp. In addi
tion to its 40 MHz unity-gain bandwidth product, the AD841 
offers extremely fast settling characteristics, typically settling to 
within 0.01 % of final value in 110 ns for a 10 volt step. 

Unlike many high frequency amplifiers, the AD841 requires no 
external compensation. It remains stable over its full operating 
temperamre range. It also offers a low quiescent current of 
12 mA maximum, a minimum output current drive capability of 
50 mA, a low input voltage noise of 13 nV/\IHz and low input 
offset voltage of 1 mV maximum. 

The 300 V/µs .slew rate of the AD841, along with its 40 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is well suited for use 
in high frequency signal conditioning circuits and wide band
width active filters. The extremely rapid settling time of the 
AD841 makes it the preferred choice for data acquisition appli
cations which require 12-bit accuracy. The AD841 is also appro
priate for other applications such as high speed DAC and ADC 
buffer amplifiers and other wide bandwidth circuitry. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Wideband, Unity-Gain Stable, 
Fast Settling Op Amp 

AD841 I 
CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

NC = NO CONNECT 

T0-8 (H) Package 

NOTE. CAN TIED TO V + 
NC = NO CONNECT 

LCC (E) Package 

I;; 

~ ~ ~ 
12019 

~ :f ~ ~ ~ 
NC = NO CONNECT 

APPLICATION HIGHLIGHTS 
1. The high slew rate and fast settling time of the AD841 make 

it ideal for DAC and ADC buffers, and all types of video 
instrumentation circuitry. 

2. The AD841 is a precision amplifier. It offers accuracy to 
0.01% or better and wide bandwidth performance previously 
available only in hybrids. 

3. The AD841's thermally balanced layout and the speed of the 
CB process allow the AD841 to settle to 0. 01 % in 110 ns 
without the long "tails" that occur with other fast op amps. 

4. Laser wafer trimming reduces the input offset voltage to 
1 mV max on the K grade, thus eliminating the need for 
external offset nulling in many applications. Offset null pins 
are provided for additional versatility. 

5. The AD841 is an enhanced replacement for the HA2541. 
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted) 

AD841J AD841K AD841S1 

Model Conditions Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLT AGE2 0.8 2.0 0.5 1.0 0.5 2.0 

Tmin-Tmax 5.0 3.3 5.5 
Offset Drift 35 35 35 

INPUT BIAS CURRENT 3.5 8 3.5 5 3.5 8 
Tm;n-Tm= 10 6 12 

Input Offset Current 0.1 0.4 0.1 0.2 0.1 0.4 
Tmin-Tmax 0.5 0.3 0.6 

INPUT CHARACTERISTICS Differential Mode 
Input Resistance 200 200 200 
Input Capacitance 2 2 2 

INPUT VOLTAGE RANGE 
Common Mode ±10 12 ±10 12 ±10 12 
Common Mode Rejection VcM = ±10 V 86 100 103 109 86 100 

Tmin-Tmax 80 100 80 

INPUT VOLTAGE NOISE f=lkHz 15 15 15 
Wideband Noise 10 Hz to 10 MHz 47 47 47 

OPEN-LOOP GAIN V0 = ±lOV 
RLoAo<=500 n 25 45 25 45 25 45 

Tmin-Tmax 12 20 12 

OUTPUT CHARACTERISTICS 
Volrage RLOAo<=500 n 

Tmin-Tmax ±10 ±10 ±10 
Current VouT = ±lOV 50 50 50 

OUTPUT RESISTANCE Open Loop 5 5 5 

FREQUENCY RESPONSE 
Unity Gain Bandwidth VouT = 90 mV p-p 40 40 40 
Full Power Bandwidth3 V0 = 20 Vp-p 

RwAo<=500 !l 3.1 4.7 3.1 4.7 3.1 4.7 
Rise Time4 Av= -1 10 10 10 
Overshoot4 Av= -1 10 IO 10 
Slew Rate4 Av= -1 200 300 200 300 200 300 
Settling Time - 10 V Step Av= -1 

to0.1% 90 90 90 
to0.01% llO llO no 

OVERDRIVE RECOVERY -Overdrive 200 200 200 
+Overdrive 700 700 700 

DIFFERENTIAL GAIN f = 4.4 MHz 0.03 0.03 0.03 
Differential Phase f = 4.4 MHz 0.022 0.022 0.022 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 
Quiescent Current ll 12 ll 12 ll 12 

Tmin-Tmax 14 14 16 
Power Supply Rejection Ratio Vs= ±5Vto ±18V 86 100 90 100 86 100 

Tmin-Tmax 80 86 80 

TEMPERATURE RANGE 
Rated Performance' 0 +75 0 +75 -55 +125 

PACKAGE OPTIONS6 

LCC (E-20A) AD841SE, AD841SE/883B 
Cerdip (Q-14) AD841JQ AD841KQ 
Plastic (N-14) AD841JN AD841KN 
T0-8 (H-12) AD841JH AD841KH 
Chips AD841J CHIPS 

NOTES 
1Srandard Military Drawing Available: 5962-89641012A - (SE/883B); 5962-8964101CA - (SQ/883B) 
'Input offset volrage specifications are guaranteed after 5 minutes at TA = + 25°C. 
'Full power bandwidth= Slew Rate/2"lT VPEAK· 
4Refer to Figure 19. 

AD841SQ, AD841SQ/883B 

AD841SH, AD841SH/883B 
AD841S CHIPS 

'"S" grade T m1n and T _ specifications are tested with automatic test equipment at TA = -55°C and TA = + 125'C. 
6For outline information see Package Information section. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units. 
Specifications subject to change without notice. 

AD841 

Units 

mV 
mV 
µV/'C 

µA 
µA 
µ.A 
µ.A 

k!l 
pF 

v 
dB 
dB 

nV/yHz 
µ.Vrms 

V/mV 
V/mV 

v 
mA 

n 

MHz 

MHz 
ns 
% 
V/µs 

ns 
ns 

ns 
ns 

% 
Degree 

v 
v 
mA 
mA 
dB 
dB 

·c 
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AD841 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 

T0-8 (H) ............................. 1.4 W 
Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l. S W 
Cerdip (Q) ............................. 1.3 W 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

Q, H, E ....................... -6S°C to + 150°C 
N ........................... -6S°C to + 125°C 

Junction Temperature ...................... + l 75°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
1Stresses' above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating onlt, and functional 
operation of the device at these. or any other conditions above those 
indicated in the operational sectiori of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 

2 Maximum internal power dissipation is specified so that T 1 does not exceed 
+ l 75°C at an ambient temperature of + 25°C. 

Thermal Characteristics: 

Cerdip Package 
T0-8 Package 
Plastic Package 
LCC Package 

61c 
35°C/W 
30°C/W 
30°C/W 
35°C/W 

OJA 
ll0°C/W 
100°C/W 
I00°C/W 
IS0°C/W 

6sA 
38°C/W Recommended Heat Sink: 
37°C/W Aavid Engineering ©#602B 

METALIZATION PHOTOGRAPH 

0.067 
(1.7) 

~---L 
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Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

SUBSTRATE CONNECTED TO +Vs _J 
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FEATURES 
AC PERFORMANCE 
Gain Bandwidth Product: 80 MHz (Gain = 2) 
Fast Settling: 100 ns to 0.01% for a 10 V Step 
Slew Rate: 375 V/µs 
Stable at Gains of 2 or Greater 
Full Power Bandwidth: 6.0 MHz for 20 V p-p 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max 
Input Offset Drift: 14 µV/°C 
Input Voltage Noise: 9 nV/YHz typ 
Open-Loop Gain: 90 V/mV into a 500 a Load 
Output Current: 100 mA min 
Quiescent Supply Current: 14 mA max 

APPLICATIONS 
Line Drivers 
DAC and ADC Buffers 
Video and Pulse Amplifiers 
Available in Plastic DIP, Hermetic Metal Can, 

Hermetic Cerdip, SOIC and LCC Packages and in 
Chip Form 

MIL-STD-883B Parts Available 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD842 is a member of the Analog Devices family of wide 
bandwidth operational amplifiers. This family includes, among 
others, the AD840 which is stable at a gain of 10 or greater and 
the AD841 which is unity-gain stable. These devices are fabri
cated using Analog Devices' junction isolated complementary 
bipolar (CB) process. This process permits a combination of de 
precision and wideband ac performance previously unobtainable 
in a monolithic op amp. In addition to its 80 MHz gain band
width, the AD842 offers extremely fast settling characteristics, 
typically settling to within 0. 01 % of final value in less than 
100 ns for a 10 volt step. 

The AD842 also offers a low quiescent current of 13 mA, a high 
output current drive capability (100 mA minimum), a low input 
voltage noise of 9 nVy'Hz and a low input offset voltage (1 mV 
maximum). 

The 375 V/µ,s slew rate of the AD842, along with its 80 MHz 
gain bandwidth, ensures excellent performance in video and 
pulse amplifier applications. This amplifier is ideally suited for 
use in high frequency signal conditioning circuits and wide 
bandwidth active filters. The extremely rapid settling time of 
the AD842 makes this amplifier the preferred choice for data 
acquisition applications which require 12-bit accuracy. The 
AD842 is also appropriate for other applications such as high 
speed DAC and ADC buffer amplifiers and other wide band
width circuitry. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Wideband, High Output Current, 
Fast Settling Op Amp 

AD842 I 
CONNECTION DIAGRAMS 

Plastic DIP (N) Package 
and 

Cerdip (Q) Package 

T0-8 (H) 
Package 

NOTE: CAN TIED TO V+ 
NC = NO CONNECT 

OUTPUT 

LCC (E) Package 

NC 4 

-IN 5 

NC 6 

+IN 7 

NC 8 

w w 
!il " 
~ ~ 

fl! ~ fl! m fl! 
3 2 1 20 19 

9 10 11 12 13 

!i!~!i!l!l! 
NC = NO CONNECT 

SOIC (R-16) Package 

18 NC 

17 +Vs 

16 NC 

15 OUTPUT 

14 NC 

APPLICATION HIGHLIGHTS 
1. The high slew rate and fast settling time of the AD842 make 

it ideal for DAC and ADC buffers amplifiers, lines drivers 
and all types of video instrumentation circuitry. 

2. The AD842 is a precision amplifier. It offers accuracy to 
0.01 % or better and wide bandwidth; performance previously 
available only in hybrids. 

3. Laser-wafer trimming reduces the input offset voltage of 
I m V max, thus eliminating the need for external offset null
ing in many applications. 

4. Full differential inputs provide outstanding performance in 
all standard high frequency op amp applications where the 
circuit gain will be 2 or greater. 

S. The AD842 is an enhanced replacement for the HA2542. 
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A0842-SPEClflCATIQNS (@ +25°C and ±15 V de, unless otheiwise noted) 
...!__ 

Model AD842J!JR1 AD842K AD842S2 

Conditions Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET.VOLTAGE' 0.5 1.5 0.3 1.0 0.5 1.5 
Tmin-T_ 2.5/3 1.5 3.5 

Offset Drift 14 14 14 

INPUT BIAS CURRENT 4.2 8 3.5 5 4.2 8 
Tmin-Tmax 10 6 12 

Input Offset Current 0.1 0.4 0.05 0.2 0.1 0.4 
Tmin-Tmax 0.5 0.3 0.6 

INPUT CHARACTERISTICS 
Input Resistance Differential Mode 100 100 100 
Input Capacitance 2.0 2.0 2.0 

INPUT VOLTAGE RANGE 
Common Mode ±10 ±10 ±10 
Common-Mode Rejection VcM = ±lOV 86 ll5 90 ll5 86 ll5 

Tmin-Tmax 80 86 80 

INPUT VOLTAGE NOISE f=lkHz 9 9 9 
Wideband Noise 10 Hz to 10 MHz 

•• 

28 28 28 

OPEN-LOOP GAIN V0 = ±lOV 
RLOAD2500 {} 40/30 90 so 90 40 90 
Tmin-T- 20/15 25 20 

OUTPUT CHARACTERISTICS 
Voltage RwAo2500 0 ±10 ±10 ±10 
Current VouT= ±lOV 100 100 100 

Open Loop 5 5 5 

FREQUENCY RESPONSE 
Gain Bandwidth Product VouT = 90mV 80 80 80 
Full Power Bandwidth4 V0 = 20Vp-p 

RwAo2500 0 4.7 6 4.7 6 4.7 6 
Rise Time' AvcL = -2 10 10 10 
Overshoot' AvcL = -2 20 20 20 
Slew Rate5 AvcL = -2 300 375 300 375 300 375 
Settling Time' 10 V Step 

to 0.1% 80 80 80 
to 0.01% 100 100 100 

Differential Gain f= 4.4MHz 0.015 0.015 0.015 
Differential Phase f= 4.4MHz 0.035 O.o35 0.035 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 
Quiescent Current 13/14 14/16 13 14 13 14 

Tmin-T_ 16/19.5 16 19 
Power Supply Rejection Ratio Vs= ±5 V to ±18 V 86 100 90 105 86 100 

Tmin-Tmax 80 86 80 

TEMPERATURE RANGE 
Rated Performance6 0 +75 0 +75 -55 +125 

PACKAGE OPTIONS7 

Plastic (N-14) AD842JN AD842KN 
Cerdip (Q-14) AD842JQ AD842KQ AD842SQ, AD842SQ/883B 
SOIC (R-16) AD842JR-16 
Tape and Reel AD842JR-16-REEL 
T0-8 (H-12A) AD842JH AD842KH 
LCC (E-20A) 
Chips 

= AD842JCHIPS 

NOTES 
1 AD842JR specifications differ from those of the AD842JN, JQ and JH due to the thermal characteristics of the SOIC package. 
'Standard Military Drawing available 5962-896420lxx 

2A - (SE/883B); XA - (SH/883B); CA - (SQ/883B). 
3lnput offset voltage specifications are guaranteed after S minutes at TA = + 25°C. 
4FPBW Slew Rate/2'1r VPEAK· 

'Refer to Figures 22 and 23. 
6"S" grade T min and T max specifications are tested with automatic test equipment at TA = -SS°C and TA = + 125°C. 
7For outline information ~ee Package Information section. 

AD842SH 
AD842SE/883B 
AD842SCHIPS 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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Units 

mV 
mV 
,,.vrc 
,,.A 
JLA 
JLA 
JLA 

kO 
pF 

v 
dB 
dB 

llV/\/Hz 
,,.v rms 

V/mV 
V/mV 

v 
mA 
{} 

MHz 

MHz 
ns 
% 
v1,,.s 

ns 
ns 
% 
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v 
v 
mA 
mA 
dB 
dB 

oc 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ....•...................... ± 18 V 
Internal Power Dissipation2 

Plastic (N) ........................•.... 1.3 W 
Cerdip (Q) ............................. 1.1 w 
T0-8 (H) ............................. 1.3 W 
SOIC (R) ........•...•................ 1.3 W 
LCC (E) .............................. 1.0 W 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

(Q, H, E) ...................... -6S°C to + 1S0°C 
(N, R) ........................ -65°C to + 125°C 

Junction Temperature ..........•.•......... + l 75°C 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C 

AD842 
NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Maximum internal power dissipation is specified so that T1 does not exceed 
+ ISO'C at an ambient temperature of + 2S"C. 

Thermal Characteristics: 
Die OJA 9sA 

Plastic Package 30"C/W IOO'C/W 
Cerdip Package 30"CIW llO'C/W 38"C/W 
T0-8 Package 30'C/W lOO'C/W 27'C/W 
16-Pin SOIC Package 30"CIW lOO'C/W 
20-Pin LCC Package 35'C/W ISO'C/W 

Recommended heat sink: Aavid Engineering<> #602B 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

---------- 0.106(2.68) ---------... ·1 
, 

OUTPUT 

...J 
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WDEVICES 

FEATURES 
AC PERFORMANCE 
Unity Gain Bandwidth: 34 MHz 
Fast Settling: 135 ns to 0.01% 
Slew Rate: 250 V/µs 
Stable at Gains of 1 or Greater 
Full Power Bandwidth: 3.9 MHz 

DC PERFORMANCE 
Input Offset Voltage: 1 mV max (AD843K/BI 
Input Bias Current: 0.6 nA typ 
Input Voltage Noise: 19 nV/v'Hz 
Open Loop Gain: 30V/mV into a 500fl. Load 
Output Current: 50 mA min 
Supply Current: 13 mA max 
Available in 8-Pin Plastic Mini-DIP & Cerdip, 16-Pin 

SOIC, 20-Pin LCC and 12-Pin Hermetic Metal Can 
Packages 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

Chips and MIL-STD-883B Parts Also Available 

APPLICATIONS 
High Speed Sample-and-Hold Amplifiers 
High Bandwidth Active Filters 
High Speed Integrators 
High Frequency Signal Conditioning 

PRODUCT DESCRIPTION 
The AD843 is a fast settling, 34 MHz, CBFET input op amp. 
The AD843 combines the low (0.6 nA) input bias currents char
acteristic of a FET input amplifier while still providing a 
34 MHz bandwidth and a 135 ns settling time (to within 0.01 % 
of final value for a 10 volt step). The AD843 is a member of the 
Analog Devices' family of wide bandwidth operational amplifi
ers. These devices are fabricated using Analog Devices' junction 
isolated complementary bipolar (CB) process. This process per
mits a combination of de precision and wideband ac perform
ance previously unobtainable in a monolithic op amp. 

The 250 V/JLS slew rate and 0.6 nA input bias current of the 
AD843 ensure excellent performance in high speed sample-and
hold applications and in high speed integrators. This amplifier is 
also ideally suited for high bandwidth active filters and high fre
quency signal conditioning circuits. 

Unlike many high frequency amplifiers, the AD843 requires no 
external compensation and it remains stable over its full operat
ing temperature range. It is available in five performance grades: 
the AD843J and AD843K are rated over the commercial tempera
ture range of o•c to + 70°C. The AD843A and AD843B are rated 
over the industrial temperature range of -40°C to + 85°C. The 
AD843S is rated over the military temperature range of -55°C 
to + 125°C and is available processed to MIL-STD-883B, Rev. C. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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34 MHz, CBFET 
Fast Settling Op Amp 

A0843 I 
CONNECTION DIAGRAMS 

16-Pin SOIC (R-16) Package 

NC = NO CONNECT 

T0-8 (H·l2A) Package 

NC 

TOP VIEW 

NOTE. CAN TIED TO V+ 
NC = NO CONNECT 

Plastic (N ·8) and 
Cerdip (Q-8) Package 

NC = NO CONNECT 

LCC (E-20A) Package 

NC 4 

:I 
~ 
l:i 

u ~ u z 0 z 
1 20 19 

9 10 11 12 13 

!E :f ~ !E !E 
NC = NO CONNECT 

18 NC 

17 +Vs 

16 NC 

15 OUTPUT 

14 NC 

The AD843 is offered in either 8-pin plastic DIP or hermetic 
cerdip packages, in 16-pin SOIC, 20-Pin LCC, or in a 12-pin 
metal can. Chips are also available. 

PRODUCT HIGHLIGHTS 
I. The high slew rate, fast settling time and low input bias 

current of the AD843 make it the ideal amplifier for 12-bit 
DIA and ND buffers, for high speed sample-and-hold ampli· 
fiers and for high speed integrator circuits. The AD843 
can replace many FET input hybrid amplifiers such as the 
LH0032, LH4104 and OPA600. 

2. Fully differential inputs provide outstanding performance in 
all standard high frequency op amp applications such as sig
nal conditioning and active filters. 

3. Laser wafer trimming reduces the input offset voltage to 
1 mV max (AD843K and AD843B). 

4. Although external offset nulling is unnecessary in many 
applications, offset null pins are provided. 

5. The AD843 does not require external compensation at closed 
loop gains of 1 or greater. 
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SPECIFICATIONS (@TA +25°C and ±15 V de, unless otherwise noted) AD843 
AD843J/A AD843K/B AD843S1 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' 1.0 2.0 o.s LO 1.0 2.0 mV 
Tmin-Tmax 1.7 4.0 1.2 2.0 3.0 4.S mV 

Offset Drift 12 12 3S 12 µ,V/°C 

INPUT BIAS CURRENT Initial (T1 - +2S°C) so 40 so pA 
Warmed-Up2 0.8 2.5 0.6 LO 0.8 2.5 nA 
Tmin-Tmax 60/160 23/65 2600 nA 

INPUT OFFSET CURRENT Initial (T1 = +2S°C) 30 20 30 pA 
Warmed-Up' 0.2S LO 0.2 0.4 0.2S LO nA 
Tmin-Tmax 23/64 9/26 102S nA 

INPUT CHARACTERISTICS 
Input Resistance 1010 1010 1010 n 
Input Capacitance 6 6 6 pF 

INPUT VOLTAGE RANGE 
Common Mode ±10 +12, ±10 +12, ±10 +12, v 

-13 -13 -13 

COMMON MODE REJECTION VcM=±lOV 60 72 70 76 60 72 dB 
Tmin-Tmox 60 72 68 76 60 72 dB 

INPUT VOLTAGE NOISE f=lOkHz 19 19 19 nV/VHz 
Wideband Noise 10 Hz to 10 MHz 60 60 60 µ,V rms 

OPEN LOOP GAIN Vo=±lOV 
RLoAo'°'soo n lS 2S 20 30 lS 30 V/mV 
Tmin-Tmax 10 20 10 2S 10 2S V/mV Ill 

OUTPUT CHARACTERISTICS 
Voltage RLoAo'°'soo n ±10 + 11.S, ±10 +11.5, ±10 +ILS, v 

-12.6 -12.6 -12.6 
Current VouT = ±lOV 50 50 50 mA 
Output Resistance Open Loop 12 12 12 n 

FREQUENCY RESPONSE 
Unity Gain Bandwidth VoUT = 90 mV p--p 34 34 34 MHz 
Full Power Bandwidth' V0 = 20Vp--p 

RJ2:SOO !1 2.S 3.9 2.S 3.9 2.S 3.9 MHz 
Rise Time AvCL = -1 10 10 10 ns 
Overshoot AvcL = -1 lS 15 15 % 
Slew Rate AvcL = -1 160 250 160 250 160 250 V/µ,s 
Settling Time 10 V Step 

AvcL = -1 
to0.1% 95 95 9S ns 
to0.01% 135 135 135 ns 

Overdrive Recovery -Overdrive 200 200 200 ns 
+Overdrive 700 700 700 ns 

Differential Gain f = 4.4 MHz 0.025 0.025 0.025 % 
Differential Phase f = 4.4 MHz 0.025 0.025 0.025 Degree 

POWER SUPPLY 
Rated Performance ±15 ±15 ±15 v 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 v 
Quiescent Current 12 13 12 13 12 13 mA 

Tmin-Tmax 12.3 14 12.3 14 12.5 16 mA 
Rejection Ratio ±SVto±l8V 65 76 70 80 65 76 dB 
Rejection Ratio Tmin-Tmax 62 76 68 80 62 76 dB 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70°C) AD843J AD843K 
Industrial (-40°C to +85°C) AD843A AD843B 
Military ( -55°C to + 125°C)4 AD843S 

PACKAGE OPTIONS 
Plastic (N-8) AD843JN AD843KN 
Cerdip (Q-8) AD843AQ AD843BQ AD843SQ, AD843SQ/883B 
Metal Can (H-12A) AD843BH AD843SH, AD843SH/883B 
LCC(E-20A) AD843SE/883B 
SOIC(R-16) AD843JR 
Tape & Reel AD843JR-REEL 
Chips AD843JChips AD843SChips 
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AD.B43 
NOTES 
'Standard Military Drawings Available: S962-9098001M2A (SE/883B), S962-9098001MXA (SH/883B), S962-909800!MPA (SQ/883B). 
2Specifications are guaranteed after 5 minutes at TA = · + 25°C. 
'Full pawer bandwidth = Slew Rate/2 7rV pe3k. 
4All "S" grade Tm1n-Tm,;. specifications are tested with automatic test equipment at TA= -55"C and TA= +125°C. 
'For outline information see .Package Information section. 

Specifications subject to change without notice. 

Specifications in b!>ldface are tested on all production units at fmal electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed although only those shown in ·boldface are tested on all production units. 

NOTES ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ...............•......•.... ±18 V 
Internal Power Dissipation2 

Plastic Package .......•.....•......... I.SO Watts 
Cerdip Package ....................... 1.3S Watts 

1Stresses above those listed under "Absolute Maximum RatingS" may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

12-Pin Header Package .................. 1.80 Watts 
16-Pin SOIC Package ................... I.SO Watts 
20-Pin LCC Package .................•.. 1.00 Watt 

Input Voltage •........................•... ±Vs 
Output Short Circuit Duration . . • . . . . . . . . . . . . Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (N, R) . , ..... -6S°C to +12s0 c 
Storage Temperature Range (Q, H, E) ..... -6S°C to + 1S0°C 
Operating Temperature Range 

AD843J/K ........•.........•...... o to +10°c 
AD843A/B ...................... -40°c to +8s0c 
AD843S ...•................•.. -ss0c to + 12s0c 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 
ESD Rating .....................•....... SOO V 

28-Pin Plastic Package: 61A = IOO"C/Watt 
8-Pin Cerdip Package: 61A = I IO"C/Watt 
12·Pin Header Package: 61A = 80°C/Watt 
16-Pin SOIC Package: 61A = 100°C/Watt 
20-Pin LCC Package: 61A = 150°C/Watt 

METALIZATION PHOTOGRAPH 

0.067 
(1.690) 

2 
-IN 

3 
+IN 
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Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Wide Bandwidth: 60MHz at Gain of -1 

33MHz at Gain of -10 
Very High Output Slew Rate: Up to 2000V/µs 
20MHz Full Power Bandwidth, 20V pk-pk, RL =5000 
Fast Settling: 100ns to 0.1% (10V Step) 
Differential Gain Error: 0.03% at 4.4MHz 
Differential Phase Error: 0.15° at 4.4MHz 
High Output Drive: ±50mA into 500 Load 
Low Offset Voltage: 150µV max (B Grade) 
Low Quiescent Current: 6.5mA 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Flash ADC Input Amplifiers 
High Speed Current DAC Interfaces 
Video Buffers and Cable Drivers 
Pulse Amplifiers 

PRODUCT DESCRIPTION 
The AD844 is a high speed monolithic operational amplifier fab
ricated using Analog Devices' junction isolated complementary 
bipolar (CB) process. It combines high bandwidth and very fast 
large signal response with excellent de performance. Although 
optimized for use in current to voltage applications and as an 
inverting mode amplifier, it is also suitable for use in many non
inverting applications. 

The AD844 can be used in place of traditional op amps, but its 
current feedback architecture results in much better ac perfor
mance, high linearity and an exceptionally clean pulse response. 

This type of op amp provides a closed-loop bandwidth which is 
determined primarily by the feedback resistor and is almost 
independent of the closed-loop gain. The AD844 is free from 
the slew rate limitations inherent in traditional op amps and 
other current-feedback op amps. Peak output rate of change can 
be over 2000V/µs for a full 20V output step. Settling time is 
typically lOOns to 0.1 %, and essentially independent of gain. 
The AD844 can drive son loads to ±2.SV with low distortion 
and is short circuit protected to 80mA. 

The AD844 is available in four performance grades and three 
package options. In the 16-pin SOIC (R) package, the AD844J 
is specified for the commercial temperature range of 0 to + 70°C. 
The AD844A and AD844B are specified for the industrial 
temperature range of -40°C to + 8S°C and are available in the 
cerdip (Q) package. The AD844A is also available in an 8-pin 
plastic mini-DIP (N). The AD844S is specified over the military 
temperature range of -ss•c to + 12S°C. It is available in the 
8-pin cerdip (Q) package. "A" and "S" grade chips and devices 
processed to MIL-STD-883B, REV. C are also available. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 

REV.C 

60 MHz, 2000 V/µs 
Monolithic Op Amp 

AD844 I 
CONNECTION DIAGRAMS 

8-Pin 
Plastic (N), 

and Cerdip (Q) 
Packages 

PRODUCT HIGHLIGHTS 

16-Pin SOIC 
(R) Package 

I. The AD844 is a versatile, low cost component providing an 
excellent combination of ac and de performance. It may be 
used as an alternative to the EL2020 and CLC400/1. 

2. It is essentially free from slew rate limitations. Rise and fall 
times are essentially independent of output level. 

3. The AD844 can be operated from ±4.SV to ±18V power 
supplies and is capable of driving loads down to son, as 
well as driving very large capacitive loads using an external 
network. 

4. The offset voltage and input bias currents of the AD844 are 
laser trimmed to minimize de errors; Vos drift is typically 
1 µ V l°C and bias current drift is typically 9nAl°C. 

S. The AD844 exhibits excellent differential gain and differen
tial phase characteristics, making it suitable for a variety of 
video applications with bandwidths up to 60MHz. 

6. The AD844 combines low distortion, low noise and low drift 
with wide bandwidth, making it outstanding as an input 
amplifier for flash AID converters. 
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AD844-SPEClflCATIONS (@TA+25°C and Ys=±15V de, unless otherwise noted) 

AD844J/A AD844B AD844S 
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE1 so 300 50 150 so 300 µV 
Tmin-Tmax 7S 500 75 200 125 500 µV 
vs. Temperature 1 1 5 1 5 µVl°C 
vs. Supply SV-18V 

Initial 4 20 4 10 4 20 µVN 
Tmin-Tmax 4 4 10 4 20 µVN 

vs. Common Mode VCM=±IOV 
Initial IO 35 IO 20 IO 35 µVN 
Tmin-Tmax IO IO 20 IO 35 µVN 

INPUT BIAS CURRENT 
- Input Bias Current1 200 450 ISO 250 200 450 nA 
Tmin-Tmax 800 1500 750 1100 1900 2500 nA 
vs. Temperature 9 9 IS 20 30 nAl°C 
vs. Supply SV-18V 

Initial 17S 250 175 200 17S 250 nAN 
Tmin-Tmax 220 220 240 220 300 nAN 

vs. Common Mode VcM=±IOV 
Initial 90 160 90 110 90 160 nAN 
Tmin-Tmax 110 110 150 120 200 nAN 

+Input Bias Current1 ISO 400 100 200 100 400 nA 
Tmin-Tm,. 3SO 700 300 500 800 1300 nA 
vs. Temperature 3 3 7 7 IS nAl°C 
vs. Supply SV-18V 

Initial 80 150 80 100 80 150 nAN 
Tmin-Tmax 100 100 120 120 200 nAN 

vs. Common Mode VcM=±IOV 
Initial 90 150 90 120 90 150 nAN 
Tmin-Tmax 130 130 190 140 200 nAN 

INPUT CHARACTERISTICS 
Input Resistance 

-Input so 6S 50 6S 50 6S n 
+Input 7 IO 7 IO 7 IO Mn 

Input Capacitance 
-Input 2 2 2 pF 
+Input 2 2 2 pF 

Input Voltage Range 
Common Mode ±IO ±IO ±IO v 

INPUT VOLTAGE NOISE f2'lkHz 2 2 2 nV/Vffz 

INPUT CURRENT NOISE 
-Input f2'lkHz IO IO IO pA/yHz 
+Input klkHz 12 12 12 pA/yHz 

OPEN LOOP TRANSRESISTANCE VoUT=±IOV 
RwAD=SOOn 2.2 3.0 2.8 3.0 2.2 3.0 Mn 

Tmin-Tmax 1.3 2.0 1.6 2.0 1.3 1.6 Mn 
Transcapacitance 4.5 4.S 4.5 pF 

DIFFERENTIAL GAIN ERROR2 f=4.4MHz 0.03 0.03 0.03 % 

DIFFERENTIAL PHASE ERROR2 f=4.4MHz O.IS 0.15 O.lS Degree 

FREQUENCY RESPONSE 
Small Signal Bandwidth 

'Gain=-! 60 60 60 MHz 
4Gain=-10 33 33 33 MHz 

TOTAL HARMOMIC DISTORTION f=lOOkHz, 
2V rms5 o.oos o.oos o.oos % 

SETTLING TIME 
1 OV Output Step ± lSV Supplies 

Gain=-!, to 0.1%5 100 100 100 ns 
Gain=-IO, to 0.1%6 100 100 100 ns 

2V Output Step ± SV Supplies 
Gain=-!, to 0.!%5 110 110 110 ns 
Gain= -10, to 0.1 %6 100 100 100 ns 
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AD844 
AD844J/A AD844B AD844S 

Model Conditions Min Typ Max Min T:n> Max Min Typ Max Units 

OUTPUT SLEW RATE Overdriven 
Input 1200 2000 1200 2000 1200 2000 V/µ,s 

FULL POWER BANDWIDTH 
VoUT=20V p-p5 Vs=±l5V 20 20 20 MHz 
VouT=2V p-p5 Vs=±5V 20 20 20 MHz 

THD=3% 

OUTPUT CHARACTERISTICS 
Voltage RwAD=500!1 10 11 10 11 10 11 ±V 
Shon Circuit Current 80 80 80 mA 
Tmm-Tmax 60 60 60 mA 
Output Resistance Open Loop 15 15 15 n 

POWER SUPPLY 
Operating Range ±4.5 ±18 ±4.5 ±18 ±4.5 ±18 v 
Quiescent Current 6.5 7.5 6.5 7.5 6.5 7.5 mA 
Tmin-Tmax 7.5 8.5 7.5 8.5 8.5 9.5 mA 

NOTES 
1Rated performance after a S minute warmup at TA =2S°C. 
'Input signal 285mV p-p carrier (40 IRE) riding on 0 ro 642mV (90 IRE) ramp. RL = 100!1; RI, R2=300!l. 
'Input signal OdBm, CL =IOpF, RL =500!1, Rl=500!l, R2=500!l in Figure 26. 
'Input signal OdBm, CL =IOpF, RL =500!1, Rl=500!l, R2=50!l in Figure 26. 
5CL =IOpF, RL =500!1, Rl=lk!l, R2=lk!l in Figure 26. 
6CL =IOpF, RL =500!1, Rl=500!l, R2=50!l in Figure 26. 

Specifications subject to change without notice. All min and max specifications are guaranteed. 
Specifications shown in boldface are tested on all production units at final electrical test. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18V 
Power Dissipation2 ••••••••••••••••••••••••• l.lW 
Output Short Circuit Duration . . . . ........... Indefinite 
Common Mode Input Voltage ................... ±Vs 
Differential Input Voltage ...................... 6V 
Inverting Input Current 

Continuous ............................. 5mA 
Transient .............................. lOmA 

Storage Temperature Range (Q) ......... -65°C to + 150°C 
(N, R) ....... -65°C to + 125°C 

Lead Temperature Range (Soldering 60sec) ........ + 300°C 
ESD Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 V 

ORDERING GUIDE 

Temperature Package 
Model Range Option* 

AD844JR 0°C to +70°C R-16 
AD844JR-REEL 0°c to +70°C Tape and Reel 
AD844AN -40°C to +85°C N-8 
AD844AQ -40°C to +85°C Q-8 
AD844BQ -40°C to +85°C Q-8 
AD844SQ -ss0c to + 12s0c Q-8 
AD844SQ/883B -ss0c to + 125°C Q-8 
5962-8964401PA -55°C to + 12s0c Q-8 
AD844A Chips -40°C to +85°C Die 
AD844S Chips -55°C to + 12s0c Die 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline 
information see Package Information section. 

REV.C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

28-Pin Plastic Package: S1A = I00°C/Watt 
8-Pin Cerdip Package: S1A = ll0°C/Watt 
16-Pin SOIC Package: S1A = 100°C/Watt 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

-IN 

l.+IN -V8 TZ OUTPUT.,, 
~--.--~~~~~~~~~:~~~~~~~~ .... -· 

SUBTRATE CONNECTED 
TO +Vs 
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NANALOG 
WDEVICES 

FEATURES 
Replaces Hybrid Amplifiers in Many Applications 

AC PERFORMANCE: 
Settle$ to 0.01% in 350 ns 
100 V/µs Slew Rate 
12.8 MHz min Unity-Gain Bandwidth 
1.75 MHz Full-Power Bandwidth at 20 V p-p 

DC PERFORMANCE: 
0.25 mV max Input Offset Voltage 
5 µV/°C max Offset Voltage Drift 
0.5 nA Input Bias Current 
250 V/mV min Open-Loop Gain 
4 flV p-p max Voltage Noise, 0.1 Hz to 10 Hz 
94 dB min CMRR 
Available in Plastic Mini-DIP, Hermetic Cerdip and SOIC 

Packages. Also Available in Tape and Reel in Accor
dance with EIA-481A Standard 

PRODUCT DESCRIPTION 
The AD845 is a fast, precise, N channel JFET input, mono
lithic operational amplifier. It is fabricated using Analog 
Devices' complementary bipolar (CB) process. Advanced .laser
wafer trimming technology enables the very low input offset 
voltage and offset voltage drift performance to be realized. This 
precision, when coupled with a slew rate of 100 V/µs, a stable 
unity-gain bandwidth of 16 MHz, and a settling time of 350 ns 
0.01%-while driving a parallel load of 100 pF and 500.0-
represents a combination of features unmatched by any FET 
input IC amplifier. The AD845 can easily be used to upgrade 
many existing designs which use BiFET or FET input hybrid 
amplifiers and, .in .some cases., those which use bipolar input op 
amps. 

The AD845 is ideal for use in applications such as active filters, 
high speed integrators, photo diode preamps, sample-and-hold 
amplifiers, log amplifiers, and in buffering AID and D/ A con
verters. The 250 µ V max input offset voltage makes offset null
ing unnecessary in many applications. The conimon-mode 
rejection ratio, of 110. dB over a ±10 V input voltage range rep
resents exceptional performance for a JFET input high speed op 
amp. This, rogethe~ with a minimum open-loop gain of 
250 Vim V ensures that 12-bit performance is achieved, even in 
unity-gain buffer circuits. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval systein at 1-800-446-6212. 
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Precision, 16 MHz 
CBFET Op Amp 

AD845 I 
CONNECTION DIAGRAMS 

Plastic Mini-DIP (N) Package 
and Cerdip (Q) Package 

NC = NO CONNECT 

NC 

16-Pin SOIC 
(R-16) Package 

NC = NO CONNECT 

OUTPUT 

NC 

NC 

The AD845 conforms to the standard op amp pinout except that 
offset nulling is to V+. The AD845J and AD845K grade 
devices are available specified to operate over the commercial O 
to + 70°C temperature range. AD845A and AD845B devices are 
specified for operation over the -40°C to + 85°C industriiil tem
perature range. The AD845S is specified to operate over the full 
military temperature range of -55°C to + 125°C. Both the 
industrial and military versions are available in 8-pin cerdip 
packages. The commercial version is available in an 8-pin plastic 
mini-DIP and 16-pin SOIC; "J" and "S" grade chips are also 
available. 

PRODUCT HIGHLIGHTS 
l. The high slew rate, fast settling time, and de precision of the 

AD845 make it ideal for high speed applications requiring 
12-bit accuracy. 

2. The performance of circuits using the LF400, HA2520/2/5, 
HA2620/2/5, 3550, OPA605, and LH0062 can be upgraded 
in most cases. 

3. The AD845 is unity-gain stable and internally compensated. 

4. The AD845 is specified while driving 100 pF/500 0 loads. 
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SPEC If I CATIONS (@ +25°C and ±15 V de, unless otherwise noted) 

Model AD845J/A AD845K/B 
Conditions Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 0.7 1.5 0.1 0.25 

Tmin-Tmax 2.S 0.4 
Offset Drift 20 LS 5.0 

INPUT BIAS CURRENT' 
Initial VCM = ov 0.75 2 o.s 1 

Tmin-Trnax 45/7S 18138 

INPUT OFFSET CURRENT 
Initial VCM = OV 25 300 15 100 

Tmin-Tmax 3/6.S 1.212.6 

INPUT CHARACTERISTICS 
Input Resistance 1011 IO" 
Input Capacitance 4.0 4.0 

INPUT VOLTAGE RANGE 
Differential ±20 ±20 
Common Mode ±10 + I0.5/-13 ±10 +I0.5/-13 
Common-Mode Rejection VcM = ±IOV 86 110 94 113 

INPUT VOLTAGE NOISE 0.1to10 Hz 4 4 
f= IO Hz 80 80 
f = 100 Hz 60 60 
f=lkHz 25 2S 
f= IO kHz 18 18 
f = 100 kHz 12 12 

INPUT CURRENT NOISE f = I kHz 0.1 0.1 

OPEN-LOOP GAIN V0 = ±IOV 
RLOAD~2 k!l 200 500 250 500 
RLOAo~5oo n 100 2SO 125 250 
Tm,.-T_ 70 75 

OUTPUT CHARACTERISTICS 
Voltage RLOAo~5oo n ±12.5 ±12.5 
Current. Short Circuit 50 so 
Output Resistance Open Loop s 5 

FREQUENCY RESPONSE 
Small Signal Unity Gain 12.8 16 13.6 16 
Full Power Bandwidth' V0 = ±IOV 

RLOAo =soon l.7S l.7S 
Rise Time 20 20 
Overshoot 20 20 
Slew Rate 80 100 94 100 
Settling Time 10 V Step 

CLOAD = 100 pF 
RLOAo =soon 
to0.01% 350 350 500 
to0.1% 250 2SO 

DIFFERENTIAL GAIN f= 4.4MHz 0.04 0.04 

DIFFERENTIAL PHASE f = 4.4MHz 0.02 0.02 

POWER SUPPLY 
Rated Performance ±IS ±IS 
Operating Range ±4.75 ±18 ±4.75 ±18 
Rejection Ratio V5 = ±S to ±IS V 88 llO 95 113 
Quiesa:nt Current Tolln to Tmax IO 12 IO 12 

NOTES 
'Input offset voltage specifications are guaranteed after S minutes of operation at TA = + 2S°C. 
2Bias current specifications are guaranteed maximum at either input after S minutes of operation at TA = + 2S"C. 
'FPBW =slew rate/2" V pesk . 
.. 'S" grade T,.;0·T- are tested with automatic test equipment at TA= -SS"C and TA= +12S"C. 

AD845 
AD845S 

Min Typ Max Units 

0.2S 1.0 mV 
2.0 mV 
10 µVrc 

0.75 2 nA 
500 nA 

25 300 pA 
20 nA 

IO" k!l 
4.0 pF 

±20 v 
±IO +IO.S/-13 v 
86 110 dB 

4 µVp-p 
80 nV/yHz 
60 nV/yHz 
2S nV/yHz 
18 nV/yHz 
12 nV/yHz 

0.1 pA/yHz 

200 500 V/mV 
100 250 V/mV 
50 V/mV 

±12.5 v 
so mA 
5 n 

13.6 16 MHz 

l.7S MHz 
20 ns 
20 % 

94 100 V/µs 

ns 
ns 

350 500 ns 
2SO ns 

0.04 % 

0.02 Degree 

±IS v 
±4.75 ±18 v 
88 llO dB 

10 12 mA 

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from these tests 
are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

REV.C OPERATIONAL AMPLIFIERS 9-249 

Ill 



AD845 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 

Plastic Mini-DIP ...................... 1.6 Watts 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

Cerdip ............................. 1.4 Watts 
16-Pin SOIC ......................... 1.5 Watts 

,.--------0.11212.84)----.-v-," I 
' I 

Input Voltage ..................... , ....... ±Vs 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage . . . . . . . . . . . . . . . +Vs and - Vs 
Storage Temperature Range 

Q ........................... -65°C to + 150°C 
N, R ......................... -65°C to + 125°C 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Mini-DIP package: 01A = 100°C/W; cerdip package: OJA = l 10°C/W; SO!C 
package: OJA= J00°C/W. 

+V NULL NULL 

SUBSTRATE CONNECTED TO +Vs 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option 

AD845JN 0°C to +70°C 8-Pin Plastic Mini-DIP N-8 
AD845KN 0°c to +70°C 8-Pin Plastic Mini-DIP N-8 
AD845JR 0°c to +70°C 16-Pin SOIC R-16 
AD845AQ -40°C to +8S°C 8-Pin Cerdip Q-8 
AD845BQ -40°C to +85°C 8-Pin Cerdip Q-8 
AD845SQ -ss0 c to + 12s0c 8-Pin Cerdip Q-8 
AD845SQ/883B - ss0 c to + 125°C 8-Pin Cerdip Q-8 
5962-8964501PA -ss0 c to + 12s0c 8-Pin Cerdip Q-8 
AD845J Chips 0°c to +70°C Die 
AD845S Chips -55°C to + 125°C Die 
AD845JR-Reel 0°c to +70°C Tape & Reel 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outlme mformat1on 
see Package Information section. 
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111111111 ANALOG 
WDEVICES 

FEATURES 

AC PERFORMANCE 
Small Signal Bandwidth: 80 MHz (Av = -1 l 
Slew Rate: 450 VI p.s 
Full Power Bandwidth: 6.8 MHz at 20 V p-p, 

RL = 500 ,{l 
Fast Settling: for 10 V Step: 110 ns to 0.01%, 

80 ns to 0.1% 
Differential Gain: <0.01% @ 4.4 MHz 
Differential Phase: <0.028° @ 4.4 MHz 
Total Harmonic Distortion (THO): 0.0005% @ 100 kHz 
Open-Loop Transimpedance: 200 MO 
Input Voltage Noise: 2 nV/YHz 

DC PERFORMANCE 
Input Offset Voltage: 75 µV max (B Grade) 
Input Offset Drift: 3.5 µV/°C max (B Grade) 
Quiescent Supply Current: 6.5 mA max 

APPLICATIONS 
High Speed DAC Buffers 
Multiflash ADC Error Amplifiers 
Flash ADC Buffers 
Coaxial Cable Drivers 
High Performance Audio Circuitry 
Available in Plastic Mini-DIP, Hermetic Cerdip, and 

Hermetic Metal Can Packages 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD846 is a monolithic, very high speed operational ampli
fier offering high performance. Although technically classed as 
a current-feedback or transimpedance amplifier, it may be used 
in much the same way as traditional op amps while providing 
significant performance benefits. Employing Analog Devices' 
junction isolated complementary bipolar (CB) process, the 
AD846 achieves true "12-bit" (0.01%) precision on critical ac 
and de parameters, a level of performance unmatched by ampli
fiers fabricated using either the dielectrically isolated (DI) or 
other bipolar processes. 

The AD846 offers significant advantages over conventional high 
speed operational amplifiers. It maintains a nearly constant 
bandwidth and settling time to 0.01% over a wide range of 
closed-loop gains. This makCs the AD846 ideal for amplifying 
the residue in multiple-pass analog-to-digital converters. 

This is an abriclgecl data sheet. To obtain the most recent version or 
complete data sheet, call our fu retrieval system at 1·800-446-6212. 

REV.B 

450 V/ µs, Precision, 
Current-Feedback Op Amp 

AD846 I 
CONNECTION DIAGRAM 

Plastic Mini-DIP (N) Package 
and 

Cerdip (Q) Package 

NC = NO CONNECT 

TOP VIEW 

Other advantages include: low input errors and high open-loop 
rransresistance (200 MO) into a 500 n load, ensuring true 12-bit 
de accuracy for closed-loop gains from -1 to gains greater than 
-100. This combination of ac and de performance makes the 
AD846 an excellent choice for buffering precision high speed 
DACs and flash ADCs. 

The AD846 is available in three performance grades. The 
AD846A and AD846B are rated over the industrial temperature 
range of -40°C to +85°C. The AD846S is rated over the f~ 
military temperature range of -55°C to + 125°C and is available 
processed to MIL-STD-883B, Rev C. 

Extended reliability PLUS screening is available specified over 
the commercial temperature range. PLUS screening includes 
168 hour burn-in as well as other environmental and physical 
tests. The AD846 is available in two types of 8-pin package: 
plastic mini-DIP and hermetic cerdip. "A" and "S" grade chips 
are also available. 

PRODUCT HIGHLIGHTS 
I. The AD846 achieves settling times of 110 ns to 0.01 % for 

gains of -1 to -10, with a 450 V/µs slew rate, while con
suming only 5 mA of supply current. 

2. For closed-loop gains of -1 to -100, the high speed perfor
mance of the AD846 is achieved without sacrificing fuJJ 
12-bit de precision. 

3. The AD846 is well suited to line driver and video buffer 
applications where the properties of low distortion and high 
slew rate are required. 
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A0846--:-SPECIFICATIONS (@ +25"C and ±15 v de, unless otherwise noted) 
.2 ' 

. AD846A AD846B AD846S· 
Model ~tiO!IS·· Min Typ Max Min Typ M&X Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Initial 25 200 25 75 25 200 µV 
T--T.,.. 50 350 50 125 100 350 µV 
vs. Temperature 0.8 5 0.8 3.5 1 5.5 µVl°C 
vs. Supply (PSRR) .5 V-18 V2 

Initial 110 125 120 125 110 125 dB 
T .... -T..,. 110 120 116 120 94 116 dB 

vs. Common Mode (CMRR) VCM = ±IOV 
Initial 110 125 120 125 110 m· dB 
Tmiu-Tmu 110 120 116 120 94 116 dB 

INPUT BIAS CURRENT' 
- Input Bias Current 

Initial 150 450 100 250 150 450 nA 
T--T .... 450 1200 400 750 1000 1500 nA 
vs. Temperature 6 20 6 17 9 20 DArc 
vs. Supply 5 V-18 V2 

Initial 9 15 9 10 9 15 nA/V 
T .... -T,... 11 20· II . 15 11 25 nA/V 

vs. Common Mode VCM = ±lOV 
Initial 5 10 3 5 5 10 nAN 
T .... -T .... 5 15 3 7 5 20 nAN 

+Input Bias Current . 
Initial 3 15 3 5 3 15 µA 
T...,-T,... 4 20 4 7 5 20 µA 
vs. Temperature 15 80 15 45 15 80 n!¥°C 
vs. Supply 5 V-18 V2 

Initial 5 15 5 10 5 15 nAN 
Tmin-Tmu 5 20 5 15 5 20 nAN 

vs. Common Mode· VCM = ±IOV 
Initial · 5 15 3 10 5 . 15 nNV 
Tmin-Tmax 5 15 3 10 5 20 nAN. 

INPUT CHARACTERISTICS 
Input Resistance 

-Input 50 so 50 0 
+Input 10 10 10 kO 

Input Capacitance 
-lnput 2 2 2 pF 
+Input 2 2 2 pF 

INPUT VOLTAGE J,lANGE 
Co1I1111onMode 

...;.:. 
±10 ±10 ±10 v 

INPUT VOLTAGE NOISE F -.1 kHz 2 
Input Current Noise 

2 2 nVi\/Hi 

-Input 1 kHz 20 20 20 pA/VHz 
+Input 1 kHz 6 6 6 pA/y'ili 

OPEN LOOP 
TRANSRESIST ANCE VoUT = ±lOV 

RLOAD ""5000 100 200 150 200 100 200 MO 
Tm;n-Tmu 50 75 so MO 

OUTPUT CHARACTERISTICS 
Voltage RLO;.o = ·soo o . :tlO :tlO :tlO v 
Cutrent Shon Circuit 65 65 65 tnA 
Output Resistimce Open Loop 16 16 16 0 

FREQUENCY RESPONSE 
Small Signal Bandwidth Av= -1 RF= lk 80 80 80 MHz 

(-3dB) Av = -10 Rp = 875 0 31 31 31 MHz 

Full.P<iwet B8ndwidth4 
Av= -30Rp = 875 0 15 15 15 MHz 
VouT = 20 V p-p 
R1 = 5000 6.8 6.8 6.8 MHz 

Rise Time Av= -1 10 10 10 ns 
Overshoot Av= -1 20 20 20 % 
Slew Rate Av= -1 450 450 450 V/µs 
Settling Time 

10 V Step, Av = -1 to 0.1% 80 80 80 ns 
to 0.01% 110 110 110 ns 

TOTAL HARMONIC 
DISTORTION5 F = IOOkHz 0.0005 0.0005 0.0005 % 
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AD846 
AD846A AD846B AD846S 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

DIFFERENTIAL GAIN F = 4.4 MHz, RL = 100 0 0.01 0.01 0.01 % 

DIFFERENTIAL PHASE F = 4.4 MHz, RL = 100 0 0.028 0.028 0.028 Degree 

POWER SUPPLY 
Rated Performance ±IS ±15 ±15 v 
Operating Range ±5 ±18 ±5 ±18 ±5 ±18 v 
Quiescent Current Tmin-Tmax 5 6.5 5 6.5 5 7 mA 

TRANSISTOR COUNT 72 72 72 

NOTES 
'Input Offset Voltage Specifications are guaranteed after 5 minutes at TA = +25"C. 
'Test Conditions: +Vs= 15 V, -Vs= 5 V to 18 V and +Vs= 5 V to 18 V, -Vs= 15 V. 
'Bias Current Specifications are guaranteed maximum after 5 minutes at TA = + 25"C. 
4FPBW = Slew Rate/2 "VPEAK· 
'Total Harmonic Distortion. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. 
Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... :±: 18 V 
Internal Power Dissipation2 

Plastic Package . . . . . . . . . . . . . . . . . . . . . . . . . . I. 5 W 
Cerdip Package .......................... 1.3 W 

Common-Mode Input Voltage, Max Safe ......... !Vs! -3 V 
Output Short Circuit Duration ............... Indefinite 
Differential Input Voltage ..................... :±: 1 V 
Continuous Input Current 

lnvening or Noninverting .................. 2.0 mA 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Operating Temperature Range 

AD846A/B ...................... -40°C to +8S°C 
AD846S ....................... -SS°C to + 125°C 

Model1 

AD846AN 
AD846BN 
AD846AQ 
AD846BQ 
AD846SQ 
AD846SQ/883B 
5962-8964601PA 

NOTES 

ORDERING GUIDE 

Temperature Range 

-40°C to +8S°C 
-40°C to +8S°C 
-40°C to +8S°C 
-40°C to +8S°C 
-55°C to +125°C 
-55°C to + 125°C 
-SS°C to + 12s0c 

1"A" and "S" grade chips are also available. 

Package 
Option2 

N-8 
N-8 
Q-8 
Q-8 
Q-8 
Q-8 
Q-8 

2N = Plastic DIP Package; Q = Cerdip Package. For outline information see 
Package Information section. 

REV.B 

Lead Temperature Range (Soldering 60 sec) ....•.. +300°C 
ESD Rating ............................. 3500 V 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'Maximum internal power dissipation is specified so that TJ does not exceed 
+I 75°C at an ambient temperature of + 25"C, derate cerdip (Q) package at 
8.7 mWFC and plastic (N) package at 10 mWFC. 
Plastic Package: OJA = 100°C/Watt, OJc =33°C/W. 
Cerdip Package: OJA = llOOC/Watt, OJc = 30°C/W. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Consult factory for latest dimensions. 

+Vs 
7 

SUBSTRATE 
CONNECTED 

0.087 TO 

T-· t!:~~~~1!!~1~~tl · :_~ 
• -v. 

------r2~------1 
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111111111 ANALOG 
Lllll DEVICES 

FEATURES 
Superior Performance 

High Unity Gain BW: 50 MHz 
Low Supply Currant: 5.3 mA 
High Slaw Rate: 300 V/p.s 
Excellent Video Specifications 

0.04% Differential Gain (NTSC and PAL) 
0.19° Differential Phase (NTSC and PALI 

Drivas Any Capacitive Load 
Fast Settling Time to 0.1% (10 V Step): 65 ns 
Excellent DC Performance 

High Open-Loop Gain 5.5 V/mV (RLoAo = 1 kfil 
Low Input Offset Voltage: 0.5 mV 

Specified for ±5 V and ±15 V Operation 
Available in a Wide Variety of Options 

Plastic DIP and SOIC Packages 
Cardip Package 
Die Form 
MIL-STD-8838 Processing 
Tape & Rael (EIA-481A Standard) 

Dual Version Available: AD827 (8 Lead) 
Enhanced Replacement for LM6361 
Replacement for HA2544, HA2520/2/5 and EL2020 

APPLICATIONS 
Video Instrumentation 
Imaging Equipment 
Copiers, Fax, Scanners, Cameras 
High Spead Cable Driver 
High Spead DAC and Flash ADC Buffers 

PRODUCT DESCRIPTION 
The AD847 represents a breakthrough fu high speed amplifiers 
offering superior ac & de performance and low power, all at low 
cost. The excellent de performance is demonstrated by its ± 5 V 

i 
··I 5.5 ~-.+-+---+---+----! 

i 
ij 5~--,-+----:::iooo"""'"---+-----t 

1~~ ~~1--'---1---1 
5 10 15 

SUPPLYVOLTAGE-±Volt8 
20 

Quiescent Current vs. Supply Voltage 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, c:all our fas retrieval system at l ·800-446-6212. 
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High Speed, Low Power 
Monolithic Op Amp 

CONNECTION DIAGRAM 

Plastic DIP (N), 
Small Outline (R) and 
Cerdip (Q) Packages 

NC = NO CONNECT 

AD847. I 

specifications which include an open-loop gain of 3500 VIV.. (500 
0 load) and low input offset voltage of 0.5 mV. Common-mode 
rejection is a minimum of 78 dB. Output voltage swing is ±3 V 
into loads as low as 150 0. Analog Devices also offers over 30 
other high speed amplifiers from the low noise AD829 (1.7 . 
nV/y'Hz) to the ultimate video amplifier, the AD8H, which 
features 0.01% differential gain and 0.01° differential phase. 

APPLICATION HIGHLIGHTS 
L As a buffer the AD847 offers a full-power bandwidth of . 

12.7 MHz (5 V p-p with ±5 V supplies) making it outstimd
ing as an input buffer for flash AID converters. 

2. The low power and small outline package of the AD847 
make it very well suited for high density applications such 
as multiple pole active filters. 

3. The AD847 is internally compen8ated for unity gain opera
tion and remains stable when driving any capacitive load. · 

AD847 Driving Capacitive Loads 

100pF 
LOAD 

tOOOpF 
LOAD 

REV.F 



SPECIFICATIONS(@ TA= +25"C, unless otherwise noted) 

Model AD847J 
Conditions v. Min Typ 

INPUT OFFSET VOLTAGE' ±5 v 0.5 
TM1N to TMAX 

Offset Drift 15 
INPUT BIAS CURRENT ±5V,±15V 3.3 

TM1N to TMAX 
INPUT OFFSET CURRENT ±5V,±15V 50 

TM•N to TMAX 
Offset Current Drift 0.3 

OPEN-LOOP GAIN VouT - ±2.5 V ±5 v 
RLOAo= 500 n 2 3.5 

TM1N to TMAX 1 
RLOAD = 150 {} 1.6 

VouT=±IOV ±15 v 
RLOAD = 1 k{} 3 5.5 

TM1N to TMAX 1.5 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth ±5V 35 

±15V 50 
Full Power Bandwidth2 VouT = 5 Vp-p 

RLOAo = 500 n, ±5V 12.7 
VouT = 20 V p-p, 

RLOAo = 1 kn ±15V 4.7 
Slew Rate' RLOAD =I k!l ±5 v 200 

±15 v 225 300 
Settling Time 

to 0.1%, RLOAD = 250 n -2.5 V to +2.5 V ±5V 65 
10 V Step, Av = - I ±15V 65 

to 0.01%, RLOAo = 250 n -2.5 V to +2.5 V ±5V 140 
10 V Step, Av = - I ±15 v 120 

Phase Margin CLOAD = lOpF ±15 v 
RLOAD =I k{} 50 

Differential Gain f - 4.4 MHz, RLOAD = I kO ±15V 0.04 
Differential Phase f - 4.4 MHz, RLOAD = I kO ±15V 0.19 

COMMON-MODE REJECTION VCM - ±2.5 v ±5V 78 95 
VCM = ±12V ±15 v 78 95 
TM1N to TMAX 75 

POWER SUPPLY REJECTION V5 - ±5Vto±l5V 75 86 
TM•N to TMAX 72 

INPUT VOLTAGE NOISE f= lOkHz ±15 v 15 

INPUT CURRENT NOISE f- lOkHz ±15 v 1.5 

INPUT COMMON-MODE 
VOLTAGE RANGE ±5V +4.3 

-3.4 
±15V +14.3 

-13.4 

OUTPUT VOLTAGE SWING RLOAD = 5000 ±5V 3.0 3.6 
RLOAD = 150 0 ±5 v 2.5 3 
RLOAD = 1 kO ±15 v I2 
RLOAD = 5000 ±15 v IO 

Short-Circuit Current ±15 v 32 

INPUT RESISTANCE 300 

INPUT CAPACITANCE 1.5 

OUTPUT RESISTANCE Open Loop 15 

POWER SUPPLY 
Operating Range ± 4.5 
Quiescent Current ±5V 4.8 

TM1NtoTMAX 
±15 v 5.3 

TMIN toTMAX 
NOTES 
'Input Offset Voltage Specifications are guaranteed after 5 minutes at TA= +25'C. 
2Full Power Blllldwidth = Slew Rate/21r VP!!AK• 
'Slew Rate is measured on rising edge. 

All min lllld max specifications are guaranteed. Specifications in boldface are 100% tested at final electrical test. 
Specific:ations subject to cbange without notice. 

REV.F 

AD847 
AD847AR 

Max Min Typ Max Units 

I 0.5 I mV 
3.5 4 mV 

15 µ.Vl°C 

6.6 3.3 6.6 µ.A 
7.2 10 µ.A 

300 50 300 nA 
400 500 nA 

0.3 nAl°C 

2 3.5 V/mV 
1 V/mV 

1.6 V/mV 

3 5.5 V/mV 
1.5 V/mV 

35 MHz 
50 MHz 

12.7 MHz 

4.7 MHz 
200 V/µ.s 

225 300 V/µ.s Ill 
65 ns 
65 ns 
140 ns 
120 ns 

50 Degree 
0.04 % 
0.19 Degree 

78 95 dB 
78 95 dB 
75 dB 

75 86 dB 
72 dB 

l~ nV/y'HZ 

1.5 pAlv'Hz 

+4.3 v 
-3.4 v 
+14.3 v 
-13.4 v 

3.0 3.6 ±V 
2.5 3 ±V 
I2 ±V 
IO ±V 

32 mA 

300 kO 

1.5 pF 

15 o 

±I8 ±4.5 ±I8 v 
6.0 4.8 6.0 mA 
7.3 7.3 mA 
6.3 5.3 6.3 mA 
7.6 7.6 mA 
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AD847 
Model AD847AQ AD847S 

Conditions v. Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' ±5V 0.5 l 0.5 l mV 

TMIN to TMAX 4 4 mV 
Offset Drift 15 15 µVrc 

INPUT BIAS CURRENT ±5V,±15V 3.3 5 3.3 5 µA 
TMIN toTMAX 7.5 7.5 µA 

INPUT OFFSET CURRENT ±5 v, ±15 v 50 300 50 300 nA 
TM1N toTMAx 400 400 nA 

Offset Current Drift 0.3 0.3 nArC 

OPEN LOOP GAIN VouT = ±2.5 V ±5 v 
RLOAD= 500 {l 2 3.5 2 3.5 V/mV 

TMIN toTMAx l l V/mV 
RwAo = 150 n 1.6 1.6 V/mV 

VouT = ±10 V ±15 v 
RLOAD = 1 k{l 3 5.5 3 5.5 V/mV 

TMIN to TMAX l.5 1.5 V/mV 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth ±5 v 35 35 MHz 

±15 v 50 50 MHz 
Full Power Bandwidth2 VouT = 5 Vp-p 

RLoAo = 500 n, ±5 v 12.7 12.7 MHz 
VouT = 20 V p-p, 

RLOAD = 1 k{l ±15 v 4.7 4.7 MHz 
Slew Rate3 RLOAD = 1 k{l ±5 v 200 200 V/µs 

±15 v 225 300 225 300 V/µs 
Settling Time 

to 0.1%, RLOAD = 250 n -2.5 V to +2.5 V ±5V 65 65 ns 
10 V Step, Av= -1 ±15 v 65 65 ns 

to 0.01%, RLOAD = 250 {l -2.5 V to +2.5 V ±5 v 140 140 ns 
10 V Step, Av= -1 ±15 v 120 120 ns 

Phase Margin CLOAD = 10 pF ±15 v 
RLOAD = 1 k{l 50 50 Degree 

Differential Gain f = 4.4 MHz, RwAo = 1 k{l ±15 v 0.04 0.04 % 
Differential Phase f = 4.4 MHz, RLOAD = 1 k{l ±15 v 0.19 0.19 Degree 

COMMON-MODE REJECTION VcM = ±2.5 V ±5 v 80 95 80 95 dB 
VcM = ±12 V ±15 v 80 95 80 95 dB 
TM1N to TMAx 75 75 dB 

POWER SUPPLY REJECTION Vs= ±5 V to ±15 V 75 86 75 86 dB 
TM1N to TMAX 72 72 dB 

INPUT VOLTAGE NOISE f=IOkHz ±15 v 15 15 nV/\ HZ 
INPUT CURRENT NOISE f 10 kHz ±15 v 1.5 1.5 pAI\ HZ 
INPUT COMMON-MODE 

VOLTAGE RANGE ±5. v +4.3 +4.3 v 
-3.4 -3.4 v 

±15 v +14.3 +14.3 v 
-13.4 -13A v 

OUTPUT VOLTAGE SWING RwAo = 500 n ±5V 3.0 3.6 3.0 3.6 ±V 
RLOAD = 150 fl ±5 v 2.5 3 2.5 3 ±V 
RLOAD = I k!l ±15 v 12 12 ::V 
RwAo = 500 n ±15 v IO 10 :tV 

Short-Circuit Current ±15 v 32 32 mA 

INPUT RESISTANCE 300 300 kn 

INPUT CAPACITANCE 1.5 1.5 pF 

OUTPUT RESISTANCE Open Loop 15 15 n 

POWER SUPPLY 
Operating Range ± 4.5 ±18 ±4.5 ±18 v 
Quiescent Current ±5 v 4.8 5.7 4.8 5.7 mA 

TM1N to TMAX 7.0 7.8 mA 
±15 v 5.3 6.3 5.3 6.3 mA 

TM1N to TMAX 7.6 8.4 mA 

9-256 OPERATIONAL AMPLIFIERS REV.F 



AD847 
ABSOLUTE MAXIMUM RATINGS1 ESD SUSCEPTIBILITY 
Supply Voltage ........................... ± 18. V 
Internal Power Dissipation2 

Plastic (N) .......................... 1.2 Watts 
Small Outline (R) ...................... 0.8 Watts 
Cerdip (Q) .......................... 1.1 Watts 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ±6 V 
Storage Temperature Range (Q) ......... -65°C to + 150°C 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD847 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

(N, R) ........................ -65°C to + 125°C 
Junction Temperature . . . . . . . . . . . . . . . . . . . . . . . 175°C 
Lead Temperature Range (Soldering 60 sec) ......... 300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Mini-DIP Package: OJA = IOO"C/Watt; OJc = 33'CIWatt 
Cerdip Package: OJA = llO'CIWatt; OJc = 30'CIWatt 
Small Outline Package: OJA = 155'CIWatt; OJc = 33'CIWatt 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

---------,mi ----------..-t 

REV.F 

NULL1 

-INPUT2 

0.54 
(1.37) 

+INPUT3 

Model1 

AD847JN 
AD847JR 
AD847AQ 
AD847AR 
AD847SQ 
AD847SQ/883B 
5962-8964701PA 

NOTES 

NULL 
8 

7 +Vs 

&OUTPUT 

4-v8 

SUBSTRATECONNECTEDTO +Vs 

ORDERING GUIDE 

Temperature Package Package 
Range-°C Description Option2 

Oto +70 Plastic N-8 
0 to +70 SOIC R-8 
-40 to +85 Cerdip Q-8 
-40 to +85 SOIC R-8 
-55to+125 Cerdip Q-8 
-55 to + 125 Cerdip Q-8 
-55to+125 Cerdip Q-8 

1 AD847 also available in J and S grade chips, and AD847JR and AD847 AR 
are available in tape and reel. 

2For outline information see Package Information section. 
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1111111111 ANALOG 
L.lllDEVICES 

FEATURES 
725MHz Gain Bandwidth - AD849 
175MHz Gain Bandwidth -AD848 
4.SmA Supply Current 
300V/µs Slew Rate 
80ns Settling Time to 0.1% for a 10V Step -AD849 
Differential Gain: AD848 = 0.07%, AD849 = 0.08% 
Differential Phase: AD848 = 0.08°, AD849 = 0.04° 
Drives Capacitive Loads 

DC PERFORMANCE 
3nV/v'Hz Input Voltage Noise -AD849 
85V/mV Open Loop Gain into a 1kfl Load -AD849 
1mV max Input Offset Voltage 
Performance Specified for :t:SV and ±15V Operation 
Available in Plastic, Hermetic Cerdip and Small Outline 

Packages. Chips and MIL-STD-883B Parts Available. 
Available in Tape and Reel in Accordance with 

EIA-481A Standard 

APPLICATIONS 
Cable Drivers 
8- and 10-Bit Data Acquisition Systems 
Video and RF Amplification 
Signal Generators 

PRODUCT DESCRIPTION 
The AD848 and AD849 are high speed, low power monolithic 
operational amplifiers. The AD848 is internally compensated S<> 
that it is stable for closed loop gains of 5 or greater. The AD849 
is fully decompensated and is stable at gains greater than 24. 
The AD848 and AD849 achieve their combination of fast ac and 
good de performance by utilizing Analog Devices' junction iso
lated complementary bipolar (CB) process. This process enables 
these op amps to achieve their high speed while only requiring 
4.SmA of current from the power supplies, 

The AD848 and AD849 are members of Analog Devices' faWily 
of high speed op amps. This family includes, among others, the 
AD847 which is unity gain stable, with a gain bandwidth of 
SOMHz. For more demanding applications, the AD840, AD841 
and AD842 offer even greater precision and greater output cur
rent drive. 

The AD848 and AD849 have good de performance. When oper
ating with ± SV supplies, they offer open loop gains of BV/m V 
(AD848 with a 5000 load) and low input offset voltage of lmV 
maximum. Common-mode rejection is a minimum of 92dB. 
Output voltage swing is ±3V even into loads as low as 1500. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. ' 
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High Speed, Low Power 
Monolithic Op Amps 

AD848/AD849 I 
CONNECTION DIAGRAMS 

Plastic (N), 
Small Outline (R) and 
Cerdip (Q) Packages 

NULL 

-IN 

+IN 

-Vs 

NC = NO CONNECT 

20-Terminal LCC Pinout 

APPLICATIONS HIGHLIGHTS 
I. The high slew rate and fast settling time of the AD848 and 

AD849 make them ideal for video instrumentation circuitry, 
low noise pre-amps .and line drivers. 

2; In order to meet the needs of both video and data acquisition 
applications, the AD848 and AD849 are optimized and tested 
for ±SV and ± ISV power supply operation. 

3. Both amplifiers offer full power bandwidth greater than 
20MHz (for 2V p-p with ±SV supplies). 

4. The AD848 and AD849 remain stable when driving any 
capacitive load. 

5. Laser wafer trimming reduces the input offset voltage to 
lmV maximum on all grades, thus eliminating the need for 
external offset nulling in many applications. 

6. The AD848 is an enhanced replacement for the LM6164 
series and can function as a pin-for-pin replacement for many 
high speed amplifiers such as the HA2520/2/5 and EL2020 in 
applications where the gain is 5 or greater. 
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SPECIFICATIONS (@TA= +25"C, unless otherwise noted) AD848/AD849 
AD848J AD848A/S 

Model Conditions v. Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' ±SV 0.2 1 0.2 1 mV 
±lSV 0.5 2.3 0.5 2.3 mV 

Tmin to Tmax ±SV 1.5 2 mV 
±lSV 3.0 3.5 mV 

Offset Drift ±SV, ±lSV 7 7 µV?C 

INPUT BIAS CURRENT ±SV, ±lSV 3.3 6.6 3.3 6.615 µA 
Tmin to Tmax ±5V, ±15V 7.2 7.5 µA 

INPUT OFFSET CURRENT ±SV, lSV 50 300 50 300 nA 
Tmin to Tm.x ±SV, lSV 400 400 nA 

Offset Current Drift ±SV, 15V 0.3 0.3 nArC 

OPEN LOOP GAIN V0 = ±2.SV ±SV 
RLOAD = 5000 9 13 9 13 V/mV 
Tmin to Tmax 7 7/5 V/mV 
RLOAD = 1500 8 8 V/mV 
V0 UT = ±lOV ±lSV 
RLOAD = lk!l 12 20 12 20 V/mV 
Tmin to Tmax 8 816 V/mV 

DYNAMIC PERFORMANCE 
Gain Bandwidth AvcL;=:S ±5V 125 125 MHz 

±lSV 175 175 MHz 
Full Power Bandwidth' V0 = 2V p-p, 

RL =soon ±5V 24 24 MHz 
V0 = 20V p-p, 

RL = lkO ±15V 4.7 4.7 MHz 
Slew Rate ±5V 200 200 V/µs 

RLOAD = lkO ±15V 225 300 225 300 V/µs 
Settling Time to 0.1% -2.5V to + 2.5V ±5V 65 65 ns 

lOV Step, Av = -4 ±15V 100 100 DS 

Phase Msrgin CLOAD = lOpF ±15V 
RLOAD = lkO 60 60 Degrees 

DIFFERENTIAL GAIN f= 4.4MHz ±15V 0.07 0.o7 % 

DIFFERENTIAL PHASE f= 4.4MHz ±15V 0.08 0.08 Degree•. 
COMMON-MODE REJECTION VCM = ±2.SV ±5V 92 105 92 105 dB 

VCM = ±12V ±15V 92 105 92 105 dB 
Tmin to TllUIX 88 88 dB 

POWER SUPPLY REJECTION V8 = ±4.SV to ±18V 85 98 85 98 dB 
TJDin to Tmax 80 80 dB 

INPUT VOLTAGE NOISE f = lOkHz ±lSV 5 5 nV/VHz 

INPUT CURRENT NOISE f = lOkHz ±lSV 1.5 1.5 pA/y'Hz 

INPUT COMMON-MODE 
VOLTAGE RANGE ±SV +4.3 +4.3 v 

-3.4 -3.4 v 
±lSV +14.3 +14.3 v 

-13.4 -13.4 v 
OUTPUT VOLTAGE SWING RLOAo =soon ±5V 3.0 3.6 3.0 3.6 ±V 

RLOAD = 1500 ±5V 2.5 3 2.5 3 ±V 
RLOAD = 500 ±5V 1.4 1.4 ±V 
RLOAD = lkO ±lSV u 12 ±V 
RLOAD = 5000 ±lSV 10 10 ±V 

SHORT CIRCUIT CURRENT ±lSV 32 32 mA 
INPUT RESISTANCE 70 70 kO 

INPUT CAPACITANCE 1.5 1.5 pF 

OUTPUT RESISTANCE Open Loop 15 15 n 

POWER SUPPLY 
Opersting. Range. ±4.5 ±18 ±4.5 ±18 v 
Quiescent Current ±5V 4.8 6.0 4.8 6.0 mA 

.. T min to T mu. 7.4 7.418.3 niA 
±15V 5.1 6.8 5.1 6.8 mA 

TmiD to Tmu 8.0 8.0/9.0 mA 

NOTES 
'Input offset voltsge specifications are guaranteed after S minutes at TA= +2S"C. 
2Full power bandwidth = slew rate/2" VPEAK. Refer to Figure I. 
AU min and max speciflcati~ are guaranteed. Specifications in boldfll!"' are tested on aU production units at fmal electrical 1es1 •. AU others are guaranteed but not 
necessarily tested. 

Specifications subject to change without notice. 
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AD848/AD849 
AD849J AD849A/S 

Model Conditions v. Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE' ±SV 0.3 1 0.1 0.75 mV 
±ISV 0.3 1 0.1 0.75 mV 

Tmin to Tm~ ±SV 1.3 1.0 mV 
±ISV 1.3 1.0 mV 

Offset Drift ±SV, ±ISV 2 2 µVl°C 
INPUT BIAS CURRENT ±SV, ±ISV 3.3 6.6 3.3 6.615 µA 

Tmin to Tmax ±SV, ±ISV 7.2 7.5 µA 

INPUT OFFSET CURRENT ±SV, ISV so 300 so 300 nA 
Tmin to Tmax ±SV, ISV 400 400 nA 

Offset Current Drift ±SV, ISV 0.3 0.3 nAf'C 
OPEN LOOP GAIN V0 = ±2.SV ±SV 

RLoAn =soon 30 so 30 so V/mV 
Tmin to Tmax 20 20/15 V/mV 
RLOAD = 1son 32 32 VlmV 
VoUT = ±IOV ±ISV 
RLOAD = lkn 45 8S 45 8S V/mV 
Tmin.to Tmax 30 30/25 V/mV 

DYNAMIC PERFORMANCE 
Gain Bandwidth AvcL~25 ±SV 520 S20 MHz 

±ISV 72S 72S MHz 
Full Power Bandwidth' V0 = 2V p-p, 

RL =soon ±SV 20 20 MHz 
V0 = 20V p-p, 

RL = lkn ±ISV 4.7 4.7 MHz 
Slew Rate ±SV 200 200 V/µs 

RLOAD = Ikn ±15V 22S 300 225 300 V/µs 
Settling Time to 0.1% -2.5V to + 2.SV ±SV 6S 6S ns 

!OV Step, Av = - 24 ±15V 80 80 ns 
Phase Margin CLOAD = !OpF ±ISV 

RLOAD = lkn 60 60 Degrees 

DIFFERENTIAL GAIN f = 4.4MHz ±\5V 0.08 0.08 % 
DIFFERENTIAL PHASE f = 4.4MHz ±ISV 0.04 0.04 Degree 
COMMON-MODE REJECTION VCM = ±2.SV ±SV 100 llS IOO llS dB 

VcM = ±12V ±ISV 100 ll5 100 llS dB 
Tmin to Tmax 96 96 dB 

POWER SUPPLY REJECTION V, = ±4.SV to ±18V 98 120 98 120 dB 
Tmin to Tmax 94 94 dB 

INPUT VOLTAGE NOISE f = !OkHz ±ISV 3 3 nV/y'Hz 

INPUT CURRENT NOISE f = IOkHz ±ISV 1.5 l.S pAl\/Hz 
INPUT COMMON-MODE 

VOLTAGE RANGE ±SV +4.3 +4.3 v 
-3.4 -3.4 v 

±ISV +14.3 + 14.3 v 
-13.4 -13.4 v 

OUTPUT VOLTAGE SWING RLoAo =soon ±SV 3.0 3.6 3.0 3.6 ±V 
RLOAD = 150n ±SV 2.5 3 2.5 3 ±V 
RLOAD =son ±SV 1.4 1.4 ±V 
RLOAD = lkn ±ISV 12 12 ±V 
RLOAo =soon ±ISV IO IO ±V 

SHORT CIRCUIT CURRENT ±ISV 32 32 mA 
INPUT RESISTANCE 25 2S kn 

INPUT CAPACITANCE 1.5 l.S pF 

OUTPUT RESISTANCE Open Loop IS IS n 
POWER SUPPLY 

Operating Range ±4.S ±18 ±4.5 ±18 v 
Quiescent Current ±SV 4.8 6.0 4.8 6.0 mA 

Tmin to Tmax 7.4 7.4/8.3 mA 
±ISV S.I 6.8 S.I 6.8 mA 

Tmin to Tmax 8.0 8.0/9.0 mA 

NOTES 
1Input offset voltage specifications are guaranteed after 5 minutes at TA= +25°C. 
2Full power bandwidth = slew rate/2'1T VPEAK• Refer to Figure 1. · 

All min and max specifications are· guaranteed. Specifications in boldface are tested on all production uriits at final electrical test. All others are guaranteed but not 
necessarily tested. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18V 
Internal Power Dissipation2 

Plastic (N) . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1 Watts 
Small Outline (R) ...................... 0.9 Watts 
Cerdip (Q) .......................... 1.1 Watts 
LCC (E) ............................ 0.8 Watts 

Input Voltage ............................. ±Vs 
Differential Input Voltage ..................... ± 6V 
Storage Temperature Range (Q) ......... -6S°C to + 150°C 

(N, R) ........................ -65°C to + 12s0c 
Junction Temperature ...................... + 175°C 
Lead Temperature Range (Soldering 60sec) ........ + 300°C 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

2LCC: OJA = lSO"C/Watt 
Mini-DIP Package: OJA = llO"CIWatt 
Cerdip Package: OJA = 110°C1Wau 
Small Outline Package: OJA = 155°C/Watt. 

AD848/AD849 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. (AD848 and AD849 are identical 

except for the part number in the upper right.) 
Dimensions shown in inches and (mm). 

,__ ______ ~~ --------

SUBSTRATE CONNECTED TO +Vs 

ORDERING GUIDE 

REV.B 

Gain Min Max 
Bandwidth Stable Offset Voltage Temperature Package 

Model MHz Gain mV Range- °C Option1 

AD848JN 175 5 1 0 to +70 N-8 
AD848JR2 175 5 1 0 to +70 R-8 
AD848JCHIPS 175 5 1 0 to +70 Die Form 
AD848AQ 175 5 1 -40 to +85 Q-8 
AD848SQ 175 5 1 -55 to + 125 Q-8 
AD848SQ/883B 175 5 1 -55 to + 125 Q-8 
AD848SE/883B 175 5 1 -55 to + 125 E-20A 

AD849JN 725 25 1 0 to +70 N-8 
AD849JR2 725 25 1 0 to +70 R-8 
AD849AQ 725 25 0.75 -40 to +85 Q-8 
AD849SQ 725 25 0.75 -55 to +125 Q-8 
AD849SQ/883B 725 25 0.75 -55 to + 125 Q-8 

AD847J/NS so 1 1 See AD847 Data Sheet 

NOTES 
'E = LCC; N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline information see 
Package Information section. 

2Plastic SOIC (R) available in tape and reel. AD848 available in S grade chips. AD849 available in 
J and S grade chips. 
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1'111111 ANALOG 
WDEVICES 

FEATURES 
Improved Replacement for Signetics SE/NE5539 

AC PERFORMANCE 
Gain Bandwidth Product: 1.4 GHz typ 
Unity Gain Bandwidth:. 220 MHz typ 
High Slew .Rate: 600 V/p.s typ 
Full Power Response: 82 MHz typ 
Open-Loop IJain: 47 dB 111in, 52 dB typ 

DC PERFORMANCE 
All Guaranteed DC Specifications Are 100% Tested 

For Each Device Over Its Full Temperature 
Range - For All Grades.and Packages 

V08: 5 mV max Over Full Temperature Range 
(AD5539S) 

18 : 20 p.A max (AD5539J) 
CMRR: 70 dB min, 85 dB typ 
PSRR: 100 p.V/V typ 
MIL-STD-883B Parts Available 

PRODUCT DESCRIPTION 
The AD5539 is an ultrahigh frequency operational amplifier de
signed specifically for use in video circuits and RF amplifiers. 
Requiring no external compensation for gains greater than 5, it 
may be operated at lower gains with the addition of external 
compensation. 

As a superior replacement for the Signetics NE/SE5539, each 
AD5539 is 100% de tested to meet all of its guaranteed de speci
fications over the full temperature range of the .device. 

The high slew rate and wide bandwidth of the AD5539 provide 
low cost solutions to many otherwise complex and expensive 
high frequency circuit design problems. 

The AD5539 is available specified to operate over either the 
commercial (AD5539JN/JQ) or military (AD5539SQ) tempera
ture range. The commercial grade is .available either in 14-pin 
plastic or cerdip packages. The military version is supplied in 
the cerdip package. Chip versions are also available. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Ultrahigh Frequency 
Operational Amplifier 

AD5539 I 
CONNECTION DIAGRAM 

Plastic DIP (N) Package 
or Cerdip (Q) Package 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

NC 

FREQUENCY 
COMPENSATION 

NC 

+Vs 

PRODUCT HIGHLIGHTS 
1. All guaranteed de. specifications are 100% tested. 

2. The AD5539 drives 50 0 and 75 O.loads directly. 

3. Input voltage noise is less than 4 n Vy'Hz. 

4. Low cost RF and video speed performance. 

5. ±2 volt output range into a 150 0 load. 

6; Low cost. 

7. Chips available. 

REV,B 



SPECIFICATIONS (@ +25°C and V5 = ±8 V de, unless otherwise noted) AD5539 
AD5539J AD5539S 

Parameter Min Typ Max Min Typ Max Units 

INPUT OFFSET VOLTAGE 
Initial Offset1 2 5 2 3 mV 

Tmm toTmax 6 5 mV 

INPUT OFFSET CURRENT 
Initial Offset2 0.1 2 0.1 1 µ.A 

Tmin to Tmax 5 3 µ.A 

INPUT BIAS CURRENT 
lnitial2 

VCM = 0 6 20 6 13 µA 
Either Input 

Tmm to T ...... 40 25 µ.A 

FREQUENCY RESPONSE 
RL = 150 0 3 

Small Signal Bandwidth 220 220 MHz 
Acr. = 24 

Gain Bandwidth Product 1400 1400 MHz 
Acr. = 26dB 

Full Power Response 
Acr. = 2• 68 68 MHz 
Acr. = 7 82 82 MHz 
Acr. = 20 65 65 MHz • Settling Time (1 %) 12 12 ris 

Slew Rate 600 600 V/µs 
Large Signal Propagation Delay 4 4 ns 
Total ·Harmonic Distortion 

RL =co 0.010 0.010 % 
RL = 100 0 3 0.016 0.016 % 
VoUT=2Vp-p 
Acr. = 7, f = 1 kHz 

INPUT IMPEDANCE 100 100 kO 

OUTPUT IMPEDANCE (f <10 MHz) 2 2 o 
INPUT VOLTAGE RANGE 

Differential' 
(Max Nondestructive) 250 250 mV 

Common-Mode Voltage 
(Max Nondestructive) 2.5 2.5 v 

Common-Mode Rejection Ratio 
AVCM = 1.7 v 
Rs= 1000 70 85 70 85 dB 
TmmtoTmax 60 60 dB 

INPUT VOLTAGE NOISE 
Wideband RMS Noise (RTI) 5 5 µV 

BW=5MHz;Rs=500 
Spot Noise 4 4 nVy'Hz 

F=lkHz;Rs=500 

OPEN-LOOP GAIN 
V0 = +2.3 V, -1.7 V 
RL = 15003 47 52 58 47 52 58 dB 
RL=2k0 47 58 48 57 dB 
Tmm to T_,, -RL = 2 kO 43 63 46 60 dB 
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AD5539 
AD5539J AD5539S 

Parameter Min Typ Max Min Typ Max 

OUTPUT CHARACTERISTICS 
Positive Output Swing 

RL = 150 n' +2.3 +2.8 +2.3 +2.8 
RL = 2 k!l +2.3 +3.3 +2.5 +3.3 
Tmin to Tmax with 

RL = 2 kn +2.3 +2.3 
Negative Output Swing 

RL = 150 n' -2.2 -1.7 -2.2 -1.7 
RL = 2 k!l -2.9 -1.7 -2.9 -2.0 
T min to T max with 

RL = 2 k!l -1.5 -1.5 

POWER SUPPLY (No Load, No Resistor to -Vs) 
Rated Performance ±8 ±8 
Operating Range ±4.5 ±10 ±4.5 ±10 
Quiescent Current 

Initial Ice+ 14 18 14 17 
Tmin to Tmax 20 18 

Initial Ice - 11 15 11 14 
Tmin to Tmax 17 15 

PSRR 
Initial 100 1000 100 1000 
Tmin 10 Tmax 2000 2000 

TEMPERATURE RANGE 
Operating, 

Rated Performance 
Commercial (0 to + 70°C) AD5539JN, AD5539JQ 
Military ( -55°C to + 125°C) AD5539SQ 

PACKAGE OPTIONS6 

Plastic (N-14) AD5539JN 

Cerdip (Q-14) AD5539JQ AD5539SQ, AD5539SQ/883B 

NOTES 
11nput Offset Voltage specifications are guaranteed after S minutes of operation at TA = + 25°C. 
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C. 
'Rx= 470 n to -V,. 
4Externally compensated. 
5Defined as voltage between inputs, such that neither exceeds +2.5 V, -5.0 V from ground. 
6For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS' OFFSET NULL CONFIGURATION 
Supply Voltage ........................... ±10 V 
Internal Power Dissipation .................. 550 mW 
Input Voltage ..................... +2.5 V, -5.0 V 
Differential Input Voltage .................... 0 .25 V 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N) ......... -65°C to + 125°C 
Operating Temperature Range 

AD5539JN ......................... o to +70°C 
AD5539JQ ......................... O to + 70°C 
AD5539SQ ..................... -SS°C to + 125°C 

Lead Temperature Range (Soldering 60 Seconds) ..... 300°C V,N OR GROUND 

Units 

v 
v 

v 

v 
v 

v 

v 
v 

mA 
mA 
mA 
mA 

µVN 
µVN 

NOTE 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

OUTPUT NULL RANGE " +Vs (-RR, ) TO -V5 (-RR, ) 
NULL NULL 

OFFSET NULL CONAGURATION 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Excellent Video Specifications (RL = 150 Q, G = +2) 

Gain Flatness 0.1 dB to 100 MHz 
0.01 o/o Differential Gain Error 
0.025° Differential Phase Error 

Low Power 
5.5 mA max Power Supply Current (55 mW) 

High Speed and Fast Settling 
880 MHz, -3 dB Bandwidth (G = +1) 
440 MHz, -3 dB Bandwidth (G = +2) 
1200 V/µs Slew Rate 
10 ns Settling Time to 0.1o/o 

Low Distortion 
-65 dBc THO, fc = 5 MHz 
33 dBm 3rd Order Intercept, F1 = 10 MHz 
-66 dB SFDR, f = 5 MHz 

High Output Drive 
70 mA Output Current 
Drives Up to 4 Back-Terminated Loads (75 Q Each) 

While Maintaining Good Differential Gain/Phase 
Performance (0.05%/0.25°) 

APPLICATIONS 
A-to-0 Driver 
Video Line Driver 
Professional Cameras 
Video Switchers 
Special Effects 
RF Receivers 

PRODUCT DESCRIPTION 
The AD8001 is a low power, high speed amplifier designed to 
operate on ±5 V supplies. The AD8001 features unique 

T 
1-~=+2 

AL= 100<l 
Ill .., 
I 

z 
~ 

-3 

-6 

-9 

-12 
10M 

Vsl=±LI 
AFB =820<l -"h_ ~ { 

= ~ Vs=±SV /:I 
AFB= 1kQ 

100M 
FREQUENCY - Hz 

\ \ 
1G 

Figure 1. Frequency Response of AD8001 

REV.A 

800 MHz, 50 mW 
Current Feedback Amplifier 

AD8001 I 
FUNCTIONAL BLOCK DIAGRAM 

8-Pin Plastic Mini-DIP and SOIC 

NC= NO CONNECT 

transimpedance linearization circuitry. This allows it to drive 
video loads with excellent differential gain and phase perfor
mance on only 50 mW of power. The AD8001 is a current 
feedback amplifier and features gain flatness of 0.1 dB to 100 MHz 
while offering differential gain and phase error of 0. 01 % and D 
0.025°. This makes the ADSOOl ideal for professional video 1 

electronics such as cameras and video switchers. Additionally, 
the AD800 l's low distortion and fast settling make it ideal for 
buffer high speed A-to-D converters. 

The AD8001 offers low power of 5.5 mA max (Vs= ±5 V) and 
can run on a single + 12 V power supply, while being capable of 
delivering up to 70 mA of load current. All this is offered in a 
small 8-pin DIP or 8-pin SOIC package. These features make 
this amplifier ideal for portable and battery powered applica
tions where size and power is critical. 

The outstanding bandwidth of 800 MHz along with 1200 V/µs 
of slew rate make the AD8001 useful in many general purpose 
high speed applications where dual power supplies of up to ±6 V 
and single supplies from 6 V to 12 V are needed. The AD8001 is 
available in the industrial temperature range of-40°C to +85°C. 

Figure 2. Transient Response of AD8001; 2 V Step, G = +2 
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A08001-SPEClf ICAJIONS (@TA=+ 25°C, Vs=±5 V, RL= 100 n, unless otherwise noted) 

Model AD8001A 
Conditions Min Typ Max l.Jitits · 

DYNAMIC PERFORMANCE 
-3 dB Small Signal Bandwidth, N Package G = +2, < 0.1 dB Peaking, Rp = 750 Q 350 440 MHz 

G = +l, < 1 dB Peaking, Rp = 1 kQ 650 880 MHz 
R Package G = +2, < 0.1 dB Peaking, Rp = 681 Q 350 440 MHz 

G = +1, < 0.1 dB Peaking, Rp = 845 Q 575 715 MHz 
Bandwidth for 0.1 dB Flatness 

N Package G = +2, Rp = 750 Q 85 110 MHz 
R Package G=+2,Rp=681Q 100 125 MHz 

Slew Rate G=+2,V0 =2VStep 800 1000 V/µs 
G =-1, V0 = 2 V Step 960 1200 V/µs 

Settling Time to 0.1 % G = -1, V0 = 2 V Step 10 ns 
Rise & Fall Time G =-1, V0 = 2 VStep, Rp = 649 Q 1.4 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion fc = 5 MHz, V0 = 2 V p-p -65 dBc 

G = +2, RL = 100 Q 
Input Voltage Noise f= 10 kHz 2.0 n V/;/Hz 
Input Current Noise f = 10 kHz, +In 2.0 pN\iHz 

-In 18 pN..JHz 
Differential Gain Error NTSC, G = +2, RL = 150 Q O.Dl 0.025 % 
Differential Phase Error NTSC, G = +2, RL = 150 Q 0.025 0.04 Degree 
Third Order Intercept f= 10 MHz 33 dBm 
1 dB Gain Compression f= 10 MHz 14 dBm 
SFDR f= 5 MHz -66 dB 

DC PERFORMANCE 
Input Offset Voltage 2.0 5.5 I mV 

TM1N-TMAX 2.0 9.0 mV 
Offset Drift 10 µV/°C 
-Input Bias Current 5.0 25 ±µA 

'TM1N-TMAX 35 ±µA 
+Input Bias Current 3.0 6.0 ±µA 

TMIN-TMAX 10 ±µA 
Open Loop Transresistance Vo=±2.5V 250 900 kQ 

TM1irTMAX 175 kQ 

INPUT CHARACTERISTICS 
Input Resistance +Input 10 MQ 

-Input 50 Q 
Input Capacitance +Input 1.5 pF 
Input Common-Mode Voltage Range I 3.2 ±V 
Common-Mode Rejection Rado 

Offset Voltage VcM = ±2.5 V 50 54 dB 
-Input Current VcM = ±2.5 V, TM1N-TMAx 0.3 1.0 µAN 
+Input Current VcM = ±2.5 V, TM1irTMAX 0.2 0.7 µAN 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL = 150 Q 2.7 3.1 ±V 
Output Current RL=37.5Q 50 70 mA 
Short Circuit Current 85 110 mA 

POWER SUPPLY 
Operating Range ±3.0 ±6.0 v 
Quiescent Current TM1N-TMAx 5.0 5.5 mA 
Power Supply Rejection Ratio +Vs= +4 Vw +6V, -Vs= -5 V 60 75 dB 

-Vs= -4 Vto-6 V, +Vs= +5 V 50 56 dB 
-Input Current TMIN-TMAX 0.5 2.5 µAN 
+Input Current TMIN-TMAX 0.1 0.5 µAN 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ................................ 12.6 V 
Internal Power Dissipation2 

Plastic Package (N) ........................ 1.3 Watts 
Small Outline Package (R) ................... 0.9 Watts 

Input Voltage (Common Mode) .................... ±Vs 
Differential Input Voltage ....................... ± 1.2 V 
Output Shon Circuit Duration 

. . . . . . . . . . . . . . . . . . . . . . Observe Power Derating Curves 
Storage Temperature Range N, R ......... -65°C to +125°C 
Operating Temperature Range (A Grade) ... -40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package: 81A = 90°C/Watt 
8-Pin SOIC Package: 01A = 140°C/Watt 

+Vs 
7 

METALLIZATION PHOTO 
Dimensions shown in inches and (mm). 

Connect Substrate to -V 8 • 

2 
-IN 

3 
+IN 

0.041 (1.05) 

+Vs 
7 

-Vs -I 

AD8001 
MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
AD800 I is limited by the associated rise in junction tempera
ture. The maximum safe junction temperature for plastic 
encapsulated devices is determined by the glass transition tem
perature of the plastic, approximately +I 50°C. Exceeding this 
limit temporarily may cause a shift in parametric performance 
due to a change in the stresses exerted on the die by the package. 
Exceeding a junction temperature of+ I 75°C for an extended 
period can result in device failure. 

While the AD8001 is internally short circuit protected, this 
may not be sufficient to guarantee that the maximum junction 
temperature ( + 150°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curves. 

o~~~~~~~~~~~~~~~-.,.~~~ 

--50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
'AMBIENT TEMPERATURE - °C 

Figure 3. Plot of Maximum Power Dissipation vs. 
Temperature 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option' 

AD8001AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD8001AR -40°C to +ss 0 c 8-Pin Plastic SOI C R-8 
AD8001ACHIPS -40°C to +85°C Die Form 
AD8001SMD2 -55°C to+ 125°C 8-Pin Cerdip Q-8 
AD8001R-EB+23 SOIC Eva! Board, 

G=+2 

NOTES 
1For outline information see Package Information section. 
2Standard Military Drawing Device. Ordering Number TBD. Contact our local 
sales officel representative or distributor for availability. 

3Refer to Evaluation Board section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8001 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper .ESD 
precautions are recommended to avoid performance degradation or Joss of functionality. 

WARNING! QJ 
~~EOEVICE 
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AD8001 

V1N 0----+--l 

HP8133A 
PULSE 

GENERATOR 

TR/TF = 50ps 

806ll 

+Vs 

-Vs 

Figure 4. Test Circuit, Gain= +2 

VoUT TO 
TEKTRONIX 
CSA 404 COMM. 
SIGNAL 
ANALYZER 

RL = 100Q 

Figure 5. 1 V Step Response, G = +2 

Figure 6 .. 2. V Step Response, G = + 1 
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Figure 7. 2 V Step Response, G = +2 

v,. <>------< 
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GENERATOR 
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909Q 

+Vs 

Figure 8. Test Circuit, Gain=+ 1 

VouT TO 
TEKTRONIX 
CSA 404 COMM. 
SIGNAL 
ANALYZER 

AL= 100Q 

Figure 9. 700 mV Step Response, G = + 1 
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Figure 10. Frequency Response, G = +2 
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Figure 11. 0. 1 dB Flatness, R Package (for N Package add 
500. to RF) 
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Figure 12. Distortion vs. Frequency, Rt= 1 kn 
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Figure 13. -3 dB Bandwidth vs. RF 
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Figure 14. Distortion vs. Frequency, RL = 100 n 

I 0.08 Gl=+2 I J ~J L 
N 0.06 I- RF= 806.U -!--~...i:=:i:: 1=il 1·1=l=,:::1,~::f,:::::1 
I 1-- 2 BACK0TERMINATED 

Ill 0.04 l---+---l--+---1-4-- 1._0ADS (75ll) .l -
f 0.02 l--+---+--ll--+--l===.J=.l.i--.l+--1.l1--+-l 

~ o.oo 1--+o-1-+-1-+-1--1.,....,......_X_,.:_[+-l+-J:::::l+-; 
f--1 1 BACK TERMINATED 

t---+---1--+---l--+--j_ lOAD (150.U) --1 

0.02 t---+---1--+---I--+--+-+--+-+--+-,-! 
1 AND 2 BACK TERMINATED 

0.011--+-- LOADj_150ll AND75U) -+--+-1---1 

o.oo 
1--

-0.01 l---+-1--1--il--F==!-+--+-+--+--I 
-0.02 ....__.__..__.___.,__....___._...___._...___.._~· 

IRE 
100 

Figure 15. Differential Gain and Differential Phase 

OPERATIONAL AMPLIFIERS 9-269 

D 



AD8001 
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Figure 16. Frequency Response, G = + 1 
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Figure 18 .. Distortion vs. Frequency, RL = 1 kn 
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Figure 19. -3 dB Bandwidth vs. RF, G = + 1 
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Figure 22. Frequency Response, G = + 10, G = + 100 
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Figure 24. Input Bias Current vs. Temperature 

REV.A 

AD8001 
2.2 

2.0 

> 
E 1.8 
I 

UJ 
1.6 Cl 

<( 

:; 
0 1.4 

~EVICE#2 

> 
t-
UJ 1.2 "' "-
"-
0 1.0 
t-
:> 
ll. 
;;: 0.8 

0.6 

0.4 
-60 -40 -20 20 40 60 80 100 

JUNCTION TEMPERATURE- °C 

Figure 25. Input Offset vs. Temperature 
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Figure 26. Supply Current vs. Temperature 
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Figure 28. Transresistan<;;e vs. Temperature Figure 31. Output Resistance vs. Frequency 
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Figure 30. CMRR vs. Temperature 
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Figure 32. -3 dB Bandwidth vs. Frequency, G = -1 
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Figure 33. PSRR vs. Temperature 

REV.A 



-10 

.. v ]7.l_ 1 
I 11~1 191 ~111 I I I _ ... Yi'I 

·~ 
-20 T z 

!lJ 62ll ~ v -+-1 
I 

a: -30 I I 

5 i k" 
-40 >-+-+-+-e--+-+-+. -++-{ ~j_v._f-+-H---+--+-~ 

l lZ -50 t-1 

300k 1M 10M 100M 
FREQUENCY - Hz 

Figure 34. CMRR vs. Frequency 

-1 

--2 

1---G=-2 
1---R, = 100ll 

VIN: 50mVrms 

-7 

-S 
1M 10M 

R, ~ski 

J::l~ 
1)s:;Q ~fl.l 

lJl ~ 
RF:75Dn _l 

j 

100M 
FREQUENCY - Hz 

1G 

1G 

Figure 35. -3 dB Bandwidth vs. Frequency, G = -2 

Figure 36. 100 mV Step Response, G = -1 
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Figure 37. PSRR vs. Frequency 

Figure 38. 2 V Step Response, G = -1 
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AD8001 

THEORY OF OPERATION 
A very simple analygis can put the operation of the ADS.001, a 
current feedback amplifier, in familiar terms. Being a current 
feedback amplifier, the AD8001's open-loop behavior is ex
pressed as transimpedance, !:Nof/:;.LIN, or Tz. The open loop 
transimpedance behaves just as the open loop voltage gain of a 
voltage feedback amplifier, that is, it has a large de value and 
decreases at roughly 6 dB/octave in frequency. 

Since the RiN is proportional to 111™> the equivalent voltage 
gain is just T z x '™' where the I™ in question is the trans
conductance of the input stage. This results in a low open loop 
input impedance at the inverting input, a now familiar result. 
Using this amplifier as a follower with gain, Figure 40, basic 
analygis yields the following result. 

~=Gx Tz(S) 
V1N Tz(S)+Gx RIN+ R, 

G=l+ R, 
~ 

Recognizing that G x RIN << R1 for low gains, it can be seen to 
the first order that.bandwidth for this amplifier is independent 
of gain (G). This simple analysis in conjunction with Figure 41 
in fact can predictthe.behavior of the AD8001 over a wide 
range of conditions. 

RI 

Your 

Figure 40. 

Considering that additional poles contribute excess phase at 
high frequencies there is a minimum feedback resistance below 
which peaking or oscillation may result. This fact is used to 
determine the optimum feedback resistance, Rp. In practice 
parasitic capacitance at Pin 2 will also add phase in the feedback 
loop, so picking an optimum value for Rp can be difficult. Fig
ure 42 illustrates this problem. Here the fine scale (0.1 dB/div) 
flatness is plotted vs. feedback resistance. These plots were 
taken using an evaluation card which is available to customers 
so that these results may readily duplicated (see Evaluation 
Board section). 

Achieving and main~ining gain flatness of better than 0.1 dB at 
frequencies above 10 MHz requires careful consideration of 
several issues. 
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Figure 42. · 0. 1 dB Flatness vs. Frequency 

Ch.oice of Feedback and Gain Resistors 
Because of the above mentioned relationship between the band
width and the feedback resistor, the fine scale gain flatness will, 
to some extent, vary with feedback resistance. It, therefore, is 
recommended that once optimum resistor values have been 
determined, 1 % tolerance values should be used if.it is desired 
to maintain flatness over a wide range of production lots. In ad
dition, resistors ·of different construction have different associ
ated parasitic capacitante and inductance. Surface mount 
resistors were used for the bulk of the Characterization for this 
data sheet. It is not recommended that leaded conwonents be 
used with the ADSOO 1. · ·· 

Printed Circuit Board Layout Consideratio~ 
As to be expected for a wideba11.d amplifier, PC board parasitics 
can affect the overall dosed loop performance. Of concern are 
stray capacitances at the output and the inverting input nodes. If 
a ground plane is to be used. on the same side of t;he board as 
the signal traces, a space (5 mm min) should be left around the 
signal lines to minimize coupling. Additionally, signal lines con
necting the feedback and gain resistors sho.uld be short enough 
so that their associated inductance does not cause high fre
quency gain errors. Line lengths on the order of less than 5 mm 
are recommended. If long runs of coaxial cable are being driven, 
dispersion and loss must be considered. 
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Power Supply Bypassing 
Adequate power supply bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can form resonant circuits that produce 
peaking in the amplifier's response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than I µF) will be required to provide the best 
settling time and lowest distortion. A parallel combination at 
least 4.7 µF and between 0.1µFand0.01 µFis recommended. 
Some brands of electrolyic capacitors will require a small series 
damping resistor ~4. 7 Q for optimum results. 

DC Errors and Noise 
There are three major noise and offset terms to consider in a 
current feedback amplifier. For offset errors refer to the equa
tion below. For noise error the terms are root-sum-squared to 
give a net output error. In the circuit below (Figure 43) they are 
input offset CVm) which appears at the output multiplied by the 
noise gain of the circuit (1 + Rp/R1), Noninverting input current 
CisN x RN) also multiplied by the noise gain, and the inverting 
input current, which when divided between Rp and R1 and sub
sequently multiplied by the noise gain always appears at the 
output as IsN x Rp. The input voltage noise of the AD8001 is a 
low 2 nV/--IHz. At low gains though the inverting input current 
noise times Rp is the dominant noise source. Careful layout and 
device matching contribute to better offset and drift specifica
tions for the AD8001 compared to many other current feedback 
amplifiers. The typical performance curves in conjunction with 
the equations below can be used to predict the performance of 
the AD8001 in any application. 

Vour = Vwx[1+~ ]±IBNX RNx[J +~] ±IBJX RF 

RF 

Figure 43. Output Offset Voltage 

Driving Capacitive Loads 
The AD8001 was designed primarily to drive nonreactive loads. 
If driving loads with a capacitive component is desired, best fre
quency response is obtained by the addition of a small series re
sistance as shown in Figure 44. The accompanying graph shows 
the optimum value for RsERIES vs. capacitive load. It is worth 
noting that the frequency response of the circuit when driving 
large capacitive loads will be dominated by the passive roll-off 
of RsERIES and CL. 

909Q 

Figure 44. Driving Capacitive Loads 
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Figure 45. Recommended RsERIEs vs. Capacitive Load 

Communications 
Distortion is a key specification in communications applications. 
Intermodulation distortion (IMD) is a measure of the ability of 
an amplifier to pass complex signals without the generation of 
spurious harmonics. The third order products are usually the 
most problematic since several of them fall near the fundamen
tals and do not lend themselves to filtering. Theory predicts that 
the third order harmonic distortion components increase in 
power at three times the rate of the fundamental tones. The 
specification of third order intercept as the virtual point where 
fundamental and harmonic power are equal is one standard 
measure of distortion performance. Op amps used in closed
loop applications do not always obey this simple theory. At a 
gain of two the AD8001 has performance summarized in Figure 
46. Here the worst third order products are plotted vs. input 
power. The third order intercept of the AD8001 is +33 dBm at 
10 MHz. 

======~=7:,=:::_1_~2F~2 ~~,~~lLV~ 
1--t-t--+ F1 = 10MHz -+-t-t--+--+°"TJr"7'f----1 ~-55 l/v ! F2 =12MHz ILf.d 

~_,;o k/1\ 
~ -65 1--+--+-1--+--+-t-t--t-?"f"~-;">"'l"r 2F1 - F2 +---
~ ff 
~ -70 1L 

-75 1--l---+-t--+--+---l-T--t--t-t--+---i---i--, 

~o L--'---'-'---'---'---''---'--'---'~..._...._~~~ 
~ ~ _,; ~ ~ ~ ~ ~ 0 1 2 3 4 5 

INPUT POWER - dBm 

Figure 46. Third Order /MD; F1 = 10 MHz, F2 = 12 MHz 
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AD8001 
Operation as a Video Line Driver . 
The AD800 l has been designed to offer outstanding perfor
mance as a video line driver. The important specifications of dif
ferential gain (0.01 %) and differential phase (0.025°) meet the 
most exacting HDTV demands for driving one video load. The 
AD800 l also drives up to two back terminated loads, as shown 
in Figure 47, With equally impressive performance (0.01 %, 
0.07°). Another important consideration is isolation between 
loads in a multiple load application. The AD8001 has more than 
40 dB of isolation at 5 MHz when driving two 75 il back termi
nated loads. 

909ll 
75ll 

75ll CABLE 

Driving A-to-D Converters 
The AD800 l is well suited for driving high speed analog-to
digital converters such as the AD9058. The AD9058 is a dual 8-
bit 50 Msps ADC. In the circuit below two l\D800ls are shown 
driving the inputs of the· AD9058 which are configured for 0 V 
to· +2 V ranges. Bipolar input signals are buffered, amplified 
(-2x), and offset (by + 1.0 V) into the proper input range of the 
ADC. Using the AD9058's internal +2 V reference connected 
to both ADCs as shown in Figure 48 reduces the number of ex
ternal components required to create a complete data.acquisi
tion system. The 20 il resistors in series with ADC input are 
used to help the AD800ls drive the 10 pF ADC input capaci
tance. The two AD800 ls only add l 00 mW to the power con
sumption while not lilniting the performance of the circuit 

Layout Considerations 
The specified high speed performance of the AD800l requires 
careful attention to board layout and component selection. 
Proper RF design techniques and low parasitic component selec-

Yaur 12 tion are mandatory. 

v,. 

-Vs 

Figure 47. Video line .Driver 
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The PCB should have a ground plane covering all unused 
portions of the component side of the board to provide a low 
impedance ground path. The ground plane should be removed 
from the area near the input pins to reduce stray capacitance. 
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Chip capacitors should be used for supply bypassing (see Figure 
49). One end should be connected to the ground plane and the 
other within 1/8 in. of each power pin. An additional large 
( 4. 7 µF-10 µF) tantalum electrolytic capacitor should be 
connected in parallel, but not necessarily so close, to supply 
current for fast, large-signal changes at the output. 

The feedback resistor should be located close to the inverting 
input pin in order to keep the stray capacitance at this node to a 
minimum. Capacitance variations of less than 1 pF at the 
inverting input will significantly affect high speed performance. 

Stripline design techniques should be used for long signal traces 

+VsO 1C1 
IN I~pF 

~ OUT 

-V5 0 
I1000pF 

1C3 

AD8001 
(greater than about 1 in.). These should be designed with a 
characteristic impedance of 50 n or 75 n and be properly 
terminated at each end. 

Evaluation Board 
An evaluation board for the AD8001 is available that has been 
carefully laid-out and tested to demonstrate that the specified 
high speed performance of the device can be realized. For order
ing information, please refer to the Ordering Guide. 

The layout of the evaluation board can be used as shown or 
serve as a guide for a board layout. 

!cs 
I:1µF I:F 

IN I0.01µF I10µF 

Inverting Configuration Supply Bypassing Noninverting Configuration 

Figure 49. Inverting and Noninverting Configurations for Evaluation Boards 

Component 

Rp 
Ro 
Ro (Nominal) 
Rs 
RT (Nominal) 
Small Signal BW (MHz) 
0.1 dB Flamess (MHz) 

0 -a~ 
0 0 

0 

IN !;i: 

0~~.·.f!I ~ 
li . 

if 
0 0 

-1 

649 n 
649n 
49.9n 
on 
54.9n 
340 
105 

0 

OUT 

•fl:A 
·~ 

~ •u-c SO ·~llURlER 
0 0' 0 

SOIC (R) NONINVERTER 

Figure 50. Evaluation Board 
Silkscreen (Top) 
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Table I. Recommended Component Values 

AD8001AN (DIP) 
Gain 

+1 +2 +10 +100 

1050n 750n 4700 10oon 
-
49.9n 
-

49.9n 
880 
70 

750n 51 n I On 
49.9n 49.9 n 49.9n 
- - -

49.9 n 49.9 n 49.9n 
460 260 20 
105 - -

SOIC (R) NONINVERTER 

Figure 51. Evaluation Board 
Layout (Solder Side) 

-1 

604n 
604n 
49.9n 
on 
54.9 n 
370 
130 

AD8001AR (SOIC) 
Gain 

+1 +2 +10 +100 

953 n 681 n 470 n 10oon 
- 681 n 51 n 10n 
49.9 n 49.9 Q 49.9n 49.9n 
- - - -
49.9 n 49.9 Q 49.9n 49.9n 
710 440 260 20 
100 120 - -

SOIC (R) NONINVERTER 

Figure 52. Evaluation Board 
Layout (Component Side) 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Excellent Video Specifications (RL = 150 Q, G = +2) 

Gain Flatness 0.1 dB to 100 MHz 
0.01 o/o Differential Gain Error 
0.025° Differential Phase Error 

Low Power 
5.5 mA/Amp max Power Supply Current (55 mW) 

High Speed and Fast Settling 
880 MHz, -3 dB Bandwidth (G = +1) 
440 MHz, -3 dB Bandwidth (G = +2) 
1200 V/µs Slew Rate 
10 ns Settling Time to 0.1% 

Low Distortion 
-65 dBc THO, fc = 5 MHz 
33 dBm 3rd Order Intercept, F1 = 10 MHz 
-66 dB SFDR, f = 5 MHz 
-60 dB Crosstalk, f = 5 MHz 

High Output Drive 
70 mA Output Current 
Drives Up to 8 Back-Terminated Loads (75 n Each) 

While Maintaining Good Differential Gain/Phase 
Performance (0.05%/0.25°) 

Available in Small 8-Pin PDIP or SOIC 

APPLICATIONS 
A-to-D Driver 
Video Line Driver 
Professional Cameras 
Video Switchers 
Special Effects 
RF Receivers 

PRODUCT DESCRIPTION 
The AD8002 is a dual, low power, high speed amplifier de
signed to operate on ± 5 V supplies. The AD8002 features 

m ... 
I 

z 
~ 

-3 

-6 

-9 

-12 

1--G=12 
RL= 100!1 

TTI 
V5 =±5V 
RF8=68Hl _ 

~"" [( } ~ Vs=±SV /J 
RFB =1kn 

1 
~ l 

10M 100M 1G 
FREQUENCY - Hz 

Figure 1. Frequency Response of ADB002 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

Dual 800 MHz, 50 mW 
Current Feedback Amplifier 

AD8002 I 
FUNCTIONAL BLOCK DIAGRAM 
8-Pin Plastic Mini-DIP and SOIC 

unique transimpedance linearization circuitry. This allows it to 
drive video loads with ex t differential gain and phase per-
formance on only 50 wer per amplifier. The AD8002 
is a current fee d features gain flatness of 0.1 dB 
to 100 ential gain and phase error of 
0.01 the AD8002 ideal for profes

cameras and video switchers. 
's low distortion and fast settling make 
ed A-to-D converters. 

ower of s:s mNamplifier max (Vs= 
ngle + 12 V power supply, while being 

up to 70 mA of load current. All this is 
all 8-pin DIP or 8-pin SOIC package. These 

featur make this amplifier ideal for portable and battery 
powered applications where size and power is critical. 

The outstanding bandwidth of 800 MHz along with 1200 V/µs 
of slew rate make the AD8002 useful in many general purpose 
high speed applications where dual power supplies of up to ± 6 V 
and single supplies from 6 V to 12 V are needed. The AD8002 is 
available in the industrial temperature range of-40°C to +85°C. 

Figure 2. Transient Response of AD8002; 2 V Step, G = +2 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS (@TA=+ 25°C, Vs= ±5 V, Rt= 100 n, unless otherwise noted) AD8002 
Model AD8002A 

Conditions Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Small Signal Bandwidth, N Package G = +2, < 0.1 dB Peaking, Rp = 681 n 440 MHz 

G = +1, < 1 dB Peaking, Rp = 1.2 kn 880 MHz 
R Package G = +2, < 0.1 dB Peaking, Rp = 681 n 440 MHz 

G =+I,< 0.1 dB Peaking, Rp = 845 0 715 MHz 
Bandwidth for 0.1 dB Flatness 

N Package G=+2,Rp=681Q 110 MHz 
R Package G = +2, Rp= 681 n 125 MHz 

Slew Rate G = +2, V 0 = 2 V Step 1000 V/µs 
G=-l,V0 =2VStep 1200 V/µs 

Settling Time to 0.1 % G=-1,V0 =2VStep 10 ns 
Rise & Fall Time G = -1, V0 = 2 V Step, Rp = 649 n 1.4 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion fc = 5 MHz, V 0 = 2 V p-p -65 dBc 

G=+2,RL= 1oon 
Crosstalk f= 5 MHz -60 dB 
Input Voltage Noise f=lOkHz 2.0 nV/;/Hz 
Input Current Noise f= 10 kHz, +In 2.0 pA/;/Hz 

-In 18 pA/;/Hz 
Differential Gain Error NTSC, G = +2, RL = 150 0 0.01 % 
Differential Phase Error NTSC, G = +2, RL = 150 Q 0.025 Degree 

II Third Order Intercept f= lOMHz 33 dBm 
1 dB Gain Compression f= lOMHz 14 dBm 
SFDR -66 dB 

DC PERFORMANCE 
Input Offset Voltage 2.0 5.5 mV 

2.0 mV 
Offset Drift 10 µV/°C 
-Input Bias Current 5.0 25 ±µA 

35 ±µA 
+Input Bias Current 3.0 6.0 ±µA 

TMw-TMAX 10 ±µA 
Open Loop Tr~nsresistance Vo= ±2.5 V 250 900 kn 

TMIN-TMAX 175 kn 

INPUT CHARACTERISTICS 
Input Resistance +Input 10 MO 

-Input 50 n 
Input Capacitance +Input 1.5 pF 
Input Common-Mode Voltage Range 3.2 ±V 
Common-Mode Rejection Ratio 

Offset Voltage VcM = ±2.5 V 50 54 dB 
-Input Current VcM = ±2.5 V, TMrirTMAX 0.3 1.0 µA/V 
+Input Current VcM = ±2.5 V, TMrirTMAX 0.2 0.7 µA/V 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL = 150 n 2.7 3.1 ±V 
Output Current' RL=37.5Q 50 70 mA 
Short Circuit Current' 85 110 mA 

POWER SUPPLY 
Operating Range ±3.0 ±6.0 v 
Quiescent Current/Both Amplifiers TMrirTMAX 10.0 11.0 mA 
Power Supply Rejection Ratio +Vs= +4Vto +6V,-Vs =-5 V 60 75 dB 

-Vs= -4 V to -6 V, +Vs= +5 V 50 56 dB 
-Input Current TMrirTMAX 0.5 2.5 µA/V 
+Input Current TMrirTMAX 0.1 0.5 µA/V 

NOTES 
10utput current is limited by the maximum power dissipation in the package. See the power derating curves. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8002 
ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ................................ 12.6 V 
Internal Power Dissipation2 

Plastic Package (N) ........................ 1.3 Watts 
Small Outline Package (R) ................... 0.9 Watts 

Input Voltage (Common Mode) .................... ±Vs 
Differential Input Voltage ....................... ± 1.2 V 
Output Short Circuit Duration 

. . . . . . . . . . . . . . . . . . . . . . Observe Power Derating Curves 
Storage Temperature Range N, R ......... -65°C to +125°C 
Operating Temperature Range (A Grade) ... -40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 

NOTES 
1 Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indjcated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package: 91A = 90°C/Watt 
8-Pin SOIC Package: 01A = 140°C/Watt 

ORDERING GUIDE 

Model 

AD8002AN 
AD8002AR 

Temperature 
Range 

-40°C to +85°C 
-40°C to. +85°C 

Package Option* 

*For outline information see Package Information section. 

CAUTION 

MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
AD8002 is limited by the associated rise in junction tempera
ture. The maximum safe junction temperature for plastic 
encapsulated devices is determined by the glass transition tem
perature of the plastic, approximately + 150°C. Exceeding this 
limit temporarily may cause a shift in parametric performance 
due to a change in the stresses exerted on the die by the package. 
Exceeding a junction temperature of+ 175°C for an extended 
period can result in device failure. 

While the AD8002 is internally short circuit protected, this 
may not be sufficient to guarantee that the maximum junction 
temperature ( + l 50°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curves. 

70 80 90 
AMBIENT TEMPERATURE - "C 

Figure 3. Plot of Maximum Power Dissipation vs. 
Temperature 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD8002 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~CJ 
1 

ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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HP8133A 
PULSE 

GENERATOR 

TRITF =50ps 

806!2 

+Vs 

-Vs 

Figure 4. Test Circuit, Gain = +2 

VoUTTO 
TEKTRONIX 
CSA 404 COMM. 
SIGNAL 
ANALYZER 

RL=100ll 

Figure 5. 1 V Step Response, G = +2 

Figure 6. 2 V Step Response, G = + 1 

AD8002 

Figure 7. 2 V Step Response, G = +2 

VourTO 
TEKTRONIX 
CSA 404 COMM. 
SIGNAL 
ANALVZER 

Figure 8. Test Circuit, Gain = + 1 

Figure 9. 100 mV Step Response, G = +1 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Figure 10. Frequency Response, G = +2 
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Figure 11. 0. 1 dB Flatness, R Package (for N Package Add 
50Q to RF) 
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Figure 12. Distortion vs. Frequency, RL = 1 kn 
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Figure 13. Crosstalk (Output-to-Output) vs. Frequency 
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Figure 14. Distortion vs. Frequency, RL = 100 n 
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Figure 15. Differential Gain and Differential Phase 
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Figure 16. Frequency Response, G = + 1 

Figure 17. Flatness, R Package, G = + 1 (for N Package 
Add 100 n to RF) 
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Figure 18. Distortion vs. Frequency, RL = 1 kn 
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Figure 19. Large Signal Frequency Response, G = +2 
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Figure 21. Large Signal Frequency Response, G = + 1 
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Figure 22. Frequency Response, G = + 10, G = + 100 
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Figure 23. Output Swing vs. Temperature 
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Figure 24. Input Bias Current vs. Temperature 
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Figure 36. 100 mV Step Response, G = -1 
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THEORY OF OPERATION 
A very simple analysis can put the operation of the AD8002, a 
current feedback amplifier, in familiar terms. Being a current 
feedback amplifier, the AD8002's open-loop behavior is ex
pressed as transimpedance, ti. V of ti.L1N, or T z. The open loop 
transimpedance behaves just as the open loop voltage gain of a 
voltage feedback amplifier, that is, it has a large de value and 
decreases at roughly 6 dB/octave in frequency. 

Since the RrN is proportional to 1/gM, the equivalent voltage 
gain is just T z x gM, where the gM in question is the trans
conductance of the input stage. This results in a low open loop 
input impedance at the inverting input, a now familiar result. 
Using this amplifier as a follower with gain, Figure 40, basic 
analysis yields the following result. 

R1 

Figure 40. 

Recognizing that G x RIN << R1 for low gains, it can be seen to 
the first order that bandwidth for this amplifier is independent 
of gain (G). This simple analysis in conjunction with Figure 41 
in fact can predict the behavior of the AD8002 ·over a wide 
range of conditions. 
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Figure 41. Frequency Response, G = +2 

AD8002 
Considering that additional poles contribute excess phase at 
high frequencies there is a minimum feedback resistance below 
which peaking or oscillation may result. This fact is used to de
termine the optimum feedback resistance, Rp. In practice para
sitic capacitance at Pin 2 will also add phase in the feedback 
loop, so picking an optimum value for RF can be difficult. Fig
ure 42 illustrates this problem. Here the fine scale (0.1 dB/div) 
flatness is plotted vs. feedback resistance. 

Achieving and maintaining gain flatness of better than 0.1 dB at 
frequencies above 10 MHz requires careful consideration of sev
eral issues. 
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ack and Gain Resistors 
the above mentioned relationship between the band

and the feedback resistor, the fine scale gain flatness will, 
some extent, vary with feedback resistance. It, therefore, is 

recommended that once optimum resistor values have been 
determined, 1 % tolerance values should be used if it is desired 
to maintain flatness over a wide range of production lots. In ad
dition, resistors of different construction have different associ
ated parasitic capacitance and inductance. Surface mount 
resistors were used for the bulk of the characterization for this 
data sheet. It is not recommended that leaded components be 
used with the AD8002. 

Printed Circuit Board Layout Considerations 
As to be expected for a wideband amplifier, PC board parasitics 
can affect the overall closed loop performance. Of concern are 
stray capacitances at the output and the inverting input nodes. If 
a ground plane is to be used on the same side of the board as 
the signal traces, a space (5 mm min) should be left around the 
signal lines to minimize coupling. Additionally, signal lines con
necting the feedback and gain resistors should be short enough 
so that their associated inductance does not cause high fre
quency gain errors. Line lengths on the order of less than 5 mm 
are recommended. If long runs of coaxial cable are being driven, 
dispersion and loss must be considered. 
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AD8002 
Power Supply Bypassing 
Adequate power supply bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance in 
the power supply leads c;u:i form resonant circuits that produce 
peaking in the amplifier's response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than 1 µF) ·will be required to provide the best 
settling time and lowest distortion. A parallel combination at 
least 4.7 µF and between 0.1µFand0.01 µFis recommended. 
Some brands of electrolyic capadtors will require a small . series 
damping resistor =>4. 7 Q for optimum results. 

DC Errors and Noise 
There are three major noise and offset terms to consider in a 
current feedback amplifier. For offset errors refer to the equa
tion below. For noise error the terms are root-sum-squared to 
give a net output error. In the circuit beiow (Figure 43) they are 
input offset CVm) which appears at the output multiplied by the 
noise gain of the circuit (1 + Ri</Ri), Noninverting input current 
(IsN x RN) also multiplied by the noise gain, and the inverting 
input current, which when divided between Ri< and R1 and sub
sequently multiplied by the noise gain always appears at the out
put as IsN x RF. The input voltage noise of the AD8002 is a low 
2 n V/fflz. At 'low gains though the inverting input current noise 
times RF is the dominant noise source. Careful layout ap.d de
vice matching contribute to better offset and drift specifications 
for the AD8002 compared to many other current feedback am
plifiers. The typical performance curves in conjunction · 
equations below can be used to predict the perform 
AD8002 in any application. 

VoUT =.Vrox (1+ ~]±IBN x RNx(1 +~ J ±IBI x RF 

Rp 

Figure 43. Output Offset Voltage 

Driving Capacitive LOads 
The AD8002 was designed primarily to drive nonreactive loads. 
If driving loads with a capacitive component is desired, best 
frequency response is obtained by the addition of a small series 
resistance as shoWn in Figure 44. The accompanying graph 

9090 

•• 

Figure 44. Driving Capacitive Loads 

shows the optimum value for RsEruEs vs. capacitive load. It is 

worth noting that the frequency response of the circuit when 
driving large capacitive loads will be dominated by the passive 
roll-off of RsERJES and CL 
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Figure 45. 
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C..-pF 

ed RsERIES vs. Capacitive Load 

n in communications applications. 
MD) is a measure of the ability of 
· gnals without the generation of 

ird order products are usually the 
everal of them fall near the fundamen
selves to filtering. Theory predicts that 

· distortion components increase in 
e rate of the fundamental tones. The 

· d order intercept as the virtual point where 
and harmonic power are equal is one standard 

measure of distortion performance. Op amps used.in.closed
loop applications do not always obey this simple theory. At a 
gain of two, the AD8002 has performance summarized.in Fig
ure 46. Here the. worst third order products are plotted vs. input 
power. The third order intercept of the AD8002 is +33 dBm at 
lOMHz. 
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Figure 46. Third Order /MD; F1 = 10 MHz, F2 = 12 MHz 
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Operation as a Video Line Driver 
The AD8002 has been designed to offer outstanding perfor
mance as a video line driver. The important specifications of 
differential gain (0.01 %) and differential phase (0.025°) meet 
the most exacring HDTV demands for driving one video load 
with each amplifier. The AD8002 also drives up to four back 
terminated loads, as shown in Figure 47, with equally impres
sive performance. Another important consideration is isolation 
between loads in a multiple load application. The AD8002 has 
more than 40 dB of isolation at 5 MHz when driving two 75 Q 
back terminated loads. 

Driving A-to-D Converters 
The AD8002 is well suited for driving high speed analog-to
digital converters such as the AD9058. The AD9058 is a dual 
8-bit 50 Msps ADC. In the circuit below the AD8002 is shown 
driving the inputs of the AD9Q58 which are configured for 0 V 
to +2 V ranges. Bipolar input signals are buffered, amplified 
(-2x), and offset (by +1.0 V) into the proper input range of the 
ADC. Using the AD9058's internal +2 V reference connected 
to both ADCs as shown in Figure 48 reduces the number of ex
ternal components required to create a complete data 
acquisition system. The 20 Q resistors in series with ADC in
puts are used to help the AD8002s drive the 10 pF ADC input 
capacitance. The two AD8002s only add 100 mW to the power 
consumption while not limiring the performance of the circuit. 
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±0.5V 

ANALOG 
INB 

±0.5V 40 

0.1µF~ 

RZ1. RZ2 = 2,ooon SIP (JI.PKG) 

v,. 
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AINB 
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4,19, 21 

AD8002 

Figure 47. Video Line Driver 
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Figure 48. AD8002 Driving a Dual A-to-D Converter 
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A08002 
Layout Considerations 
The specified high speed performance of the AD8002 requires 
careful attention tci board layout and component selection. 
Proper RF design techniques and low parasitic component selec
tion are mandatory. 

The PCB should have a ground plane covering all unused por
tions of the component side of the board to provide a low im
pedance ground path. The ground plane should be removed 
from the area near the input pins to reduce stray capacitance. 

Chip capacitors should be used for supply bypassing (see Figure 
49). One end should be connected to the ground plane and the 
other within 1/8 in. of each power pin. An additional large 
( 4. 7 µF-10 µF) tantalum electrolytic capacitor should be con
nected in parallel, but not necessarily so close, to supply current 
for fast, large-signal changes at the output. 

The feedback resistor should be.located close to the inverting 
input pin in order to keep the stray capacitance at this node to a 
minimum. Capacitance variations of less than I pF at the invert
ing input will significantly affect high speed performance. 

Stripline design techniques should be used for long signal traces 
(greater than about 1 in.). These should be designed with a 
characteristic impedance of 50 Q or 75 Q and be properly termi
nated at each end. 

Inverting Configuration 

-vs o-<1I1---1000p __ F_r.._o_.0_1_µF-I.._1_oµ_F 

Supply Bypassing 

Table I. Recommended Component Values 

AD8002AN (DIP) 

Component -1 +1* 

RF 576Q 1210 Q 
Ro 576Q -

Ro (Nominal) 49.9 Q 49.9 Q 
Rs OQ -
RT (Nominal) 54.9 Q 49.9 Q 
Small Signal BW (MHz) 355 580 
0.1 dB Flatness (MHz) 135. 35 

NOTES 
* 100 Q. resistor used in series with the noninverting input. 

**90.9 Q resistor used in series with the noninverting input. 

Gain 
+2 +10 

750 Q 499 Q 
750Q 54.9 Q 
49.9 Q 49.9 Q 
- -

49.9Q 49.9 Q 
650 170 
50 24 

AD8002AR (SOIC) 
Gain 

+100 -1 +l** +2 +10 

1000 Q 549 Q 1210 Q 681 Q 499 Q 
lOQ 549 Q - 681 Q 54.9 Q 
49.9 Q 49.9 Q 49.9 Q 49.9 Q 49.9 Q 
- OQ - - -
49.9 Q 54.9 Q 49.9Q 49.9Q 49.9 Q 
17 410 580 440 170 
3 100 35 120 24 

+100 

1000 Q 
IOQ 
49.9 Q 
-
49.9 Q 
17 
3 
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1111111111 ANALOG 
LllllDEVICES 

FEATURES 
High Speed 

400 MHz -3 dB Bandwidth (G = +1) 
3000 V /µs Slew Rate 
10 ns Settling Time to 0.1% 
0.9 ns Rise Time for 2 V Step 

Low Power 
3.5 mA/Amp Power Supply Current (35 mW/Amp) 

Single Supply Operation 
Fully Specified for +5 V Supply 

Great Video Specifications (RL = 150 0, G = +2) 
Gain Flatness 0.1 dB to 30 MHz 
0.05% Differential Gain Error 
0.05° Differential Phase Error 

Low Distortion 
-65 dBc THO at 10 MHz 
33 dBm Third Order Intercept, f = 10 MHz 
-65 dB SFDR, f = 20 MHz 

High Output Current of 50 mA 
Available in a Small 14-Pin PDIP and SOIC 

APPLICATIONS 
Image Scanners 
Active Filters 
Video Switchers 
Special Effects 

PRODUCT DESCRIPTION 
The AD8004 is a quad, low power, high speed amplifier de
signed to operate on +5 V or± 5 V supplies. It utilizes a current 
feedback architecture and features high slew rate of 3000 V/µs 
making the AD8004 ideal for handling large amplitude pulses. Ad
ditionally, the AD8004 provides gain flamess of 0.1 dB to 30 MHz 
while offering differential gain and phase error of 0.05% and 
0.05°. This makes the AD8004 suitable for professional video 
electronics such as cameras and video switchers. 

The AD8004 offers low power of 3.5 mA/amplifier and can run 
on a single +5Vor+12 V power supply, while being capable of 
delivering up to 50 mA ofload current. All this is offered in a 
small 14-pin DIP or 14-pin SOIC package. These features 
make this amplifier ideal for portable and battery powered appli
cations where size and power is critical. 

The outstanding bandwidth of 400 MHz along with 3000 V/µs 
of slew rate make the AD8004 useful in many general purpose 
high speed applications where dual power supplies of up to ±6 V 
and single supplies from 5 V to 12 V are needed. The AD8004 
is available in the industrial temperature range of -40°C to 
+85°C. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800 ... 446-6212. 

Quad 3000 V/µs, 35 mW 
Current Feedback Arnplifier 

AD8004 I 
FUNCTIONAL BLOCK DIAGRAM 

f\. 

VI VJ 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

TIME-ns 

Figure 1. 4 V Step Response of AD8004 
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AD8004-SPEC I Fl CATIONS (@TA= +25°C, Vs= ±5 V, Rt= 100 n, Rr = 500 n unless otherwise noted) 

AD8004A 
Parameter Conditions Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2, < 0.1 dB Peaking 250 MHz 

G= +1 400 MHz 
Bandwidth for 0.1 dB Flatness G= +2 30 MHz 
Slew Rate G=+2 3000 V/µs 

G=-1 TBD V/µs 
Settling Time to 0.1% G=-1, V0 =2VStep 10 ns 
Rise & Fall Time G = 1, V0 = 2 VStep 0.9 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion fc = lOMHz, V0 = 2 Vp-p -65 dBc 
Crosstalk f= 5 MHz -60 dB 
Input Voltage Noise f= 10 kHz 3.0 nV/-./Hz 
Input Current Noise f= 10 kHz, +In 2.0 pA/-./Hz 

-In 18 pA/-./Hz 
Differential Gain Error NTSC, G = +2, RL = 150 Q 0.05 % 
Differential Phase Error NTSC, G = +2, RL = 150 Q 0.05 Degree 
Third Order Intercept f= lOMHz dBm 
SFDR f= 20MHz dB 
1 dB Gain Compression f= IO MHz dBm 

DC PERFORMANCE 
Input Offset Voltage 15 mV 

TBD mV 
Offset Drift µV/°C 
-Input Bias Current 25 ±µA 

TM TBD ±µA 
+Input Bias Current 5.0 15 ±µA 

TBD ±µA 
Open-Loop Transresistance 300 kQ 

TBD kQ 

INPUT CHARACTERISTICS 
Input Resistance +Input 2 MQ 

-Input 50 Q 
Input Capacitance +Input 1.5 pF 
Input Common-Mode Voltage Range 3.2 ±V 
Common-Mode Rejection Ratio 

Offset Voltage VcM =±2.5 V 50 54 dB 
-Input Current VcM = ±2.5 V, TMIN-TMAX TBD TBD µA/V 
+Input Current VcM = ±2.5 V, TM1w-TMAX TBD TBD µA/V 

OUTPUT CHARACTERISTICS 
Output Voltage Swing RL= 1500 1.1 to 3.9 ±V 
Output Current 50 mA 
Short Circuit Current TBD mA 

POWER SUPPLY 
Operating Range ±2.5 ±6.0 v 
Quiescent Current TMIN-TMAX 3.5 mA 
Power Supply Rejection Ratio V8 =±1.75Vto±6V 60 dB 
-Input Current TMIN-TMAX TBD TBD µA/V 
+Input Current TMIN-TMAX TBD TBD µA/V 

Specifications subject to change without notice. 
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AD8004 
(@TA= +25°C, Vs= +5 V, RL = 100 Q, RF= 500 Q unless otherwise noted) 

AD8004A 
Parameter Conditions Min Typ Max Units 

DYNAMIC PERFORMANCE 
-3 dB Bandwidth G = +2, < 0.1 dB Peaking 250 MHz 

G= +1 400 MHz 
Bandwidth for 0.1 dB Flatness G= +2 30 MHz 
Slew Rate G= +2 3000 V/µs 

G =-1 TBD V/µs 
Settling Time to 0.1 % G =-1, V0 = 2 V Step 10 ns 
Rise & Fall Time G = 1, V0 = 2 V Step 0.9 ns 

NOISE/HARMONIC PERFORMANCE 
Total Harmonic Distortion fc = 10 MHz, V0 = 2 V p-p -65 dBc 
Crosstalk f= 5 MHz -60 dB 
Input Voltage Noise f= 10 kHz 3.0 nV/'1Hz 
Input Current Noise f = 10 kHz, +In 2.0 pA/\iHz 

-In 18 pA/\iHz 
Differential Gain Error NTSC, G = +2, RL = 150 Q 0.o7 % 
Differential Phase Error NTSC, G = +2, RL= 150 Q 0.o7 Degree 
Third Order Intercept f= 10 MHz 33 dBm 
SFDR f= 20MHz -65 dB II 1 dB Gain Compression f= lOMHz 14 dBm 

DC PERFORMANCE 
Input Offset Voltage 5.0 15 mV 

TBD TBD mV 
Offset Drift 30 µV/°C 
-Input Bias Current 5.0 25 ±µA 

TBD ±µA 
+Input Bias Current 5.0 15 ±µA 

TBD ±µA 
Open Loop Transresistance 300 kQ 

TBD kQ 

INPUT CHARACTERISTICS 
Input Resistance +Input 2 MQ 

-Input 50 Q 
Input Capacitance +Input 1.5 pF 
Input Common-Mode Voltage Range 3.2 v 
Common-Mode Rejection Ratio 

Offset Voltage VcM = + 1 V to +3 V 50 54 dB 
-,-Input Current VcM = +l V to +3 V, TMIN-TMAX TBD TBD µA/V 
+Input Current VcM = +1 V to +3 V, TM1N-TMAX TBD TBD µA/V 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Re= 150 Q 1.1 to 3.9 v 
Output Current 50 mA 
Short Circuit Current TBD mA 

POWER SUPPLY 
Operating Range 0,+5 +12 v 
Quiescent Current TMIN-TMAX 3.5 mA 
Power Supply Rejection Ratio Vs= +3.5Vto+12 V 60 dB 
-Input Current TMIN-TMAx TBD TBD µA/V 
+Input Current TMIN-TMAx TBD TBD µA/V 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8004 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .......... · ...................... 12.6 V 
Internal Power Dissipation2 

Plastic Package (N) ...•.......•...• ; ....... 1.6 Watts 
Small Outline Package (R) ................... 1.0 Watts 

Input Voltage (Common Mode) .................... ±Vs 
Differentialinput Voltage ....................... ± 1.2 V 
Output Shon Circuit Duration 

.................... Observe Power Derating Curves 
Storage Temperature Range (N, R) ........ -65°C to +125°C 
Operating Temperature Range (A Grade) .... -40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) ........ +300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum.rating conditions for extended periods may affect device reliability. 

2Specification is for device in free air: 
14-Pin plastic DIP package: 81A = 75°C/W 
14-pin SOIC package: 91A = 120°C/W. 

Model 

ORDERING GUIDE 

Temperature 
Range 

Package 
Description 

AD8004AN -40°C to +85°C 14-Pin Plastic DIP 
AD8004AR -40°C tQ +85°C 14-Pin Plastic SOIC 

*For outline information see Package Information section. 

MAXIMUM POwER:DISSIPATION 
The maximum power that can be safely dissipated by the 
AD8004 is limited by the associated rise in junction tempera
ture. Tiie:rli.aii:ilrium safe junction temperature for plastic en
capsulated devices is determined by the glass transition 
temperature of the plastic, approxnnately +150°C. Exceeding 
this limit temporarily may cause a shift in parametric perfor
mance due to a change in the stresses exened on the die by the 
package. Exceeding a junction temperature of+ l 75°C for an 
extended period can result in device failure. 

While the AD8004 is internally shon circuit protected, this 
may not .be sufficient to guarantee that the maximum junction 
temperature (+150°C) is not exceeded under all conditions. To 
ensure proper operation, it is necessary to observe the maximum 
power derating curve below. ' 

2.5 

40 50 
AMBIENT TEMPERA TUR!'- °C 

TJ =+150°0 

Fig 2. Maximum Power Dissipation vs. Ambient 
Temperature 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can dischar!ll! without detection. 
Although the AD8004 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~cJ 
ESO SENSITIVE DEVICE 

This information applies to a product under development. Its characteriStics and specifications are subject to change without notice. 
Analog Devices assumes ·no obligation regarding future manufacture unless otherwise agreed to in writing. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Superb Clamping Characteristics 

<25 mV Clamp Accuracy 
3 ns Overdrive Recovery 
Minimized Nonlinear Clamping Region 

Wide Bandwidth AD8036 AD8037 
Small Signal 350 MHz 240 MHz 
Large Signal (4 V p-p) 200 MHz 150 MHz 

Good DC Characteristics 
2 mV Offset 
10 µV/°C Drift 

Ultralow Distortion, Low Noise 
-90 dBc typ @ 5 MHz 
-64 dBc typ@ 20 MHz 
5.6 nV/.,/Hz Spectral Noise Density 

High Speed 
Slew Rate 1600 V/µs 
Settling 11 ns to 0.1%, 16 ns to 0.01% 

±3 V to ± 5 V Supply Operation 

APPLICATIONS 
ADC Buffer 
IF/RF Signal Processing 
High Quality Imaging 
Broadcast Video Systems 
Video Amplifier 

PRODUCT DESCRIPTION 
The AD8036 and AD8037 are very high speed and wide band
width input clamping amplifiers. The AD8036 is unity-gain 
stable. The AD8037 is stable at a gain of two. Utilizing propri
etary input clamping architecture, the AD8036 and AD8037 of
fer unparalleled clamp amp performance. Also, utilizing a 
voltage feedback architecture, their exceptional settling time, 
bandwidth, and low distortion performance meet the require
ments of many applications that previously depended on current 
feedback amplifiers. Their classical op amp structure works 
much more predictably in many designs. This product can be 
used as a classical op amp or a clamp amp where a high and low 
output voltage is specified. 

A proprietary design architecture has produced an amplifier that 
combines many of the best characteristics of both current feed
back and voltage feedback amplifiers. The AD8036 and 
AD8037 exhibit exceptionally fast and accurate pulse response 
(16 ns to 0.01 %) as well as extremely wide small signal and 
large signal bandwidth and ultralow distortion. The AD8036 
achieves -68 dBc at 20 MHz with 350 MHz small signal and 
200 MHz large signal bandwidths. The AD8036 and AD8037's 
clamp accuracy is 25 m V or less and it recovers from overdrive 
within 2 ns. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

Low Distortion, Wide Bandwidth 
Voltage Feedback Clamp Amps 

AD8036/AD8037 I 
FUNCTIONAL BLOCK DIAGRAM 

8-Pin Plastic Mini-DIP (N), Cerdip (Q), and SO (R) Packages 

NC = NO CONNECT 

teristics position the AD8036/AD8037 ideally for 
uffering flash and high resolution ADCs. 
ear functions with high speed and wide 

e made possible by the balanced high impedance 
o the voltage feedback architecture. 

e AD8036 is offered in industrial (-40°C to +85°C) and mili
tary (-55°C to +125°C) temperature ranges and the AD8037 in 
industrial. Industrial versions are available in plastic DIP and 
SOIC; MIL versions are packaged in cerdip. 

1.1~_.....,.........,...,...,....,...,...,.....,....,....,....,....,...,....,....,..,....,....,.,. 

~Pi;,.CLAM;'.:A~3~ ~ 
1-0 1-ttt+l't::l;;:;_l_F-_l_e_[_:l:=ol-t1T1H-t+tt+t-i 
I~ 1.-1 i-+-H ~ o.9 1++17f.,.....l"'l:.+r-H I "l\.~:i..i..+-A=+-H+H+I 

.;, ~t.t-rJ~CLAMP-COMPETITOR #1 

~ 08 ~ 111 I I I 11 I I I I_, 
t- 0.7 

~ OUTPUT 1111irrrr 
S O.& 1++-1-++-l-+-+-l-+-+C-+L-A'-MP.._.VO-L'-T+-AG_..E_,=_1._V ++-l 

M~~~~~~~~~~~~~~~!~~~~~~~~ 
INPUTVOLTAGE-Vdc 

Figure 1. Clamp Accuracy 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS Ul)less otherwise noted, ±Vs= ±5 V; RLDAD = 1 DD G; Av= 1 CAD8D36); Av= 2 (AD8037) 

Parameter Conditions Temp. Min Typ Max Units 

DYNAMIC PERFORMANCE 
Bandwidth (-3 dB) 

Small Signal AD8036 VoUT ~ 0.4 V p-p Full 350 MHz 
AD8037 VoUT ~ 0.4 V p-p Full 240 MHz 

Large Signal AD8036 VoUT = 4 Vp-p Full 200 MHz 
AD8037 VoUT = 4 V p-p Full 150 MHz 

Amplitude of Peaking Full Spectrum Full 0.1 dB 
Flatness 40MHz Full 0.1 dB 
Common-Mode Rejection Ratio @20MHz +25°C +28 dB 
Slew Rate VoUT = 4 V Step Full 1600 V/µs 
Rise/Fall Time VouT = 0.5 V Step +25°C 1.5 ns 

VoUT = 4 V Step Full 3.6 ns 
Overshoot VoUT = 2 V Step Full 0 % 
Settling Time 

To 0.1% VouT = 2 V Step +25°C 11 ns 
To 0.01% VoUT = 2 v Step Full 16 ns 
To 0.1% VouT = 4 V Step +25°C ns 
To 0.02% VoUT = 4 V Step ns 

CLAMP PERFORMANCE 
Clamp Voltage Range ±3.5 v 
Clamp Accuracy ±25 ±50 mV 
Clamp Nonlinearity Range1 

Bias Current CVtt or VJ 50 100 µA 
Clamp Input Bandwidth (-3 dB) 250 MHz 
Clamp Overshoot 2 4 5 % 
Overdrive Recovery 1 10 ns 

HARMONIC/NOISE PERFORMANCE 
2nd Harmonic Distortion 

AD8036 2 V p-p; 20 MHz Full -68 dBc 
AD8037 2 V p-p; 20 MHz Full -60 dBc 

3rd Harmonic Distortion 
AD8036 2 V p-p; 20 MHz Full -77 dBc 
AD8037 2 V p-p; 20 MHz Full -70 dBc 

3rd Order Intercept 25MHz Full +40 dBm 
Spectral Input Noise Voltage 1 MHz to 200 MHz +25°C 5.6 nV/~Hz 
Spectral Input Noise Current 1 MHz to 200 MHz +25°C 3.6 pA/~Hz 
Average Equivalent Integrated 

Input Noise Voltage 0.1 MHz to 200 MHz +25°C 80 µVrms 
Differential Gain (4.3 MHz) RL= 1500 +25°C 0.01 0.05 % 
Differential Phase (4.3 MHz) RL= 1500 +25°C O.oI 0.05 Degrees 
Phase Nonlinearity DC to 100 MHz +25°C 1.1 Degrees 

DC PERFORMANCE2 

Input Offset Voltage3 +25°C ±2 mV 
Offset Voltage Drift Full ±10 µV/°C 
Input Bias Current +25°C 7 µA 

Input Bias Current TC Full 35 nA/oc 
Input Offset Current +25°C 3 µA 

Input Offset Current TC Full 2.5 nA/°C 
Common-Mode Rejection Ratio 11VcM = 1 V +25°C 60 dB 
Open Loop Gain VoUT = ±2 V p-p +25°C 56 dB 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037 
Parameter Conditions Temp. Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Resistance +25°C 500 kn 
Input Capacitance +25°C 1.2 pF 
Common-Mode Input Range Full ±3.4 v 

OUTPUT CHARACTERISTICS 
Output Voltage Range Full ±3.4 v 
Output Current Full 70 mA 
Output Resistance +25°C 0.3 Q 

POWER SUPPLY 
Supply Voltage (±Vs) Full 3.0 5.0 5.5 v 
Quiescent Current Full 17 20 mA 
Power Supply Rejection Ratio +25°C 66 dB 

NOTES 
1Nonlinearity is defined as signal distortion as the output approaches the clamping levels. 
'Measured at Av = 20. 
3Measured with respect to the invening input. 
Specifications subject to change without notice .. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) .......................... ±6.5 V 
Common-Mode Input Voltage ...................... ±Vs 
Differential Input Voltage .......................... 6 V 
Continuous Output Current2 . . . . . . . . . . . . . . . . . . . . 90 
Operating Temperature Ranges 

AN,AR ............................ -40° 
SQ/883B ...................... , ... -

Storage Temperature (Ceramic) ......... . 
Storage Temperature (Plastic) . . . . . . . . . . . . °C 
Junction Temperature (Ceramic)3 •••••••••••••••• 

Junction Temperature (Plastic)3 • • • • • • • • • • • • • • • • • 50°C 
Lead Soldering Temperature (1 Minute)4 •••••••••• +220°C 

are limiting values to be applied individually, and • 
ility of the circuit may be impaired. Functional 

implied. Exposure to absolute maximum rating 
· d of time may affect device reliability. 

ted to ground, but not to supplies. Continuous short 
affect device reliability. 
ances (part soldered onto.board; no air flow): 
10°C/W; 81c = 20°C/W 

C/W; Ilic = 30'C/W 
40°C/W; Ilic = 30°C/W. 

shown is for surface mount devices, mounted by vapor phase 
g. Through-hole devices (ceramic and plastic DIPs) can be soldered at 

°C for I 0 seconds. 

ORDERING GUIDE 

Model Temperature Range Package Description Package Option* 

AD8036AN -40°C to +85°C Plastic DIP N-8 
AD8036AR -40°C to +85°C SOIC R-8 
AD8036SQ/883B -55°C to + 125°C Cerdip Q-8 
AD8036-EB Evaluation Board 
AD8037AN -40°C to +85°C Plastic DIP N-8 
AD8037AR -40°C to +85°C SOIC R-8 

*N = Plastic DIP; Q = Cerdip; R = SOIC (Small Outline Integrated Circuit.) For outline information see Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (Ciectrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions a~e recommended to avoid performance degradation or loss of functionality. 

~~CJ 
ESD Sl::NSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligatie>n regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037 

Vour 

Figure 2. Noninverting Operation 

Clamp Operation 
The AD8036/AD8037 have built-in input clamps that can be 
used to protect sensitive devices connected to the amplifier out
put. Clamp operation can only be performed in the noninvert
ing configuration. By utilizing input clamps, the maximum 
linear range is achieved in conjunction with the highest clamp 
accuracy. 

The clamp voltages (high and low) are connected to pins VHIGH 
(input) and Vww (input) accordingly. These are high impe 
ance nodes with minimal current drawn. These inp 
voltages multiplied by the amplifier gain sets the lim 
swing range. VH (output) = VH (input) x Av and VL tp 
VL (input) x Av. The chart on the cover page shows the c 
acteristics of the AD8036/AD8037 in clamped operation versu 
competitors who use output clamping techniques. The im
proved accuracy and hard clamping characteristics of the 
AD8036/AD8037 allow clamps to be used in applications where 
output clamps cannot be used. Also, the recovery from over
drive will be I ns typical. 

The proprietary input clamp architecture has also been designed 
to minimize signal distortion as you approach the clamp volt
ages. This characteristic is fundamental to the signal integrity in 
the clamp region and allows for maximum useful amplifier 
range. Figure 3 shows the distortion of the AD8037 as you ap
proach a high clamp voltage value of 1 V versus the competitors. 

In addition, the clamp voltage range is only limited by the out
put voltage range (±3.4 V), and the clamp voltages can be set to 
any value between the ±3.4 V swing. Of course, the clamps can 
be set beyond the output voltage swing, but then the output will 
not be limited by the clamp voltages, but by the swing range. 
Output clamps typically have limited clamp voltage settings and 
cannot be set to any voltage between ±Vee. For example, it is 
typical that a low clamp voltage can be set only as high as +2 V, 
and the high clamp voltage as low as -2 V. This can be a limit
ing feature in many applications. 

The AD.8036/AD8037 have been designed with internal ties 
from the clamp voltage pins to ± V cc, and if the clamp pins are 
left floating, the low clamp voltage (VJ will be set to ·-v cc and 
the high clamp voltage (V H) will be set to + V cc· In this con
figuration, the AD8036/AD8037 will perform as a standard op
erational amplifier and will not clamp the output. 

80.0 .---.---...--...--....... - ....... --.---.---. 

75.0 t---t---+--+--+--+---+---+----< 

~ ~ 70.0 f"'::::+-~h-+--+-+-+-+--1 
o~ 

t; ~ 65.0 ~-~-+-~+--:P....,..-+
oa: 
~~ 60.0 

25!, 55.0 

;; ~.ot--t--t--t--+-""".r----t-"'<-''t-7"'9 
!1i@ 
;. ~ 45.0 1---1---1---z.,, 
N I 40.0 f--t--+--+--+--+---+---+---T-'I 

35.0 0--+--+--+---+---+---+---+----1 
30.0 ...... _...__...___...__ _ _,_ _ _,_ _ _,_ _ _,_ _ _. 

0.6 0.8 0.85 0.90 0.95 1.0 

on Near Clamp Values 

performance of the AD8036/AD8037 
to board layout and component selec
chniques and low-pass parasitic com

andatory. 

u d have a ground plane covering all unused pore 
tions e component side of the board to provide a low im
pedance path. The ground plane should be removed from the 
area near the input pins to reduce the stray capacitance. 

Chip capacitors should be used for the supply bypassing (see 
Figure 2). One end should be connected to the ground plane 
and the other within 1/8 inch of each power pin. An additional 
large (0.47 µF-10 µF) tantalum electrolytic capacitor should be 
connected in parallel, but not necessarily so close, to supply cur
rent for fast, large signal changes at the ou~put. 

The feedback resistor should be located close to the inverting 
input pin in order to keep the stray capacitance at this node to a 
minimum. Capacitance variations of less than 1 pF at the in
verting input will significantly affect high speed performance. 

Stripline design techniques should be used for long signal traces 
(greater than about 1 inch). These should be designed with a 
characteristic impedance of 50 Q or 75 Q and be properly termi
nated at each end. 

Evaluation Board 
An evaluation board for the AD8036 is available that has been 
carefully laid-out and. tested to demonstrate that the specified 
high speed performance of the device can be realized. For 
ordering information, please refer to the ordering guide. 

The layout of the evaluation board can be used as shown or 
serve as a guide for a board layout. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD8036/AD8037 
Table I. 

AD8036AN (DIP) AD8036AR (SOIC) 
Gain Gain 

Component -l +l +2 +10 +100 -1 +l +2 +10 +100 

Rp 2700 140 o 210 o 4700 ioo o 320 o 190 o 3200 410 o 1000 
Ro 210 o 210 o 51 o io o 320 o 3200 51 o io o 
Ro (Nominal) 49.9 o 49.9 o 49.9 o 49.9 o 49.9 o 100 o 1000 1000 49.9 o 49.9 o 
Rs 1000 130 o 1000 1000 1000 150 o 1so o 150 o 100 o 100 o 
RT (Nominal) 49.9 o 49.9 o 49.9 o 49.9 o 49.9 o 100 o 1000 1000 49.9 o 49.9 o 

Noninverting Configuration 

.v. o---1--1o_oo_p_F_I ..... o.-01_µ_F_~L .. 10_µ_F_ 

c
1 

IOOOpF CJ I0.01µF co !OµF 
C2 C4 CS 

Supply Bypassing 

Figure 4: Noninverting Configuration for Evaluation 
Boards 

A Diodeless, High Speed, Full-Wave Rectifier 
A high speed, full-wave rectifier (or absolute-value amplifier) 
circuit using high speed, clamping amplifiers is shown in Fig
ure 5. This circuit topology provides both speed and perfor
mance enhancements over the traditional diode-based topolo
gies that contain diodes in the amplifier feedback path. These 
diode-based topologies have performance limitations at both 
lower signal input levels and higher bandwidths. One limitation 
is due to the increase in dynamic resistance of the diode that 
reduces the amount of feedback at lower signal levels. Another 
limitation is due to the reduction of the amplifier's open-loop 
gain at higher frequencies which is required to over come the 
forward-bias voltage drop of the diode. These limitations are 
most visible at the zero crossings of the input signal when the di
odes must change states. 

This circuit in Figure 5 consists of three high speed, clamping 
amplifiers (Ul-U3: AD8037) along with 1 % metal-film resistors 
used for gain control and input bias current compensation. The 
high speed, clamp accuracy and large signal bandwidth of the 
AD8037 make this application feasible. They can accurately 
clamp the input signal within 5 ns to a user defined level. Since 
the internal clamping circuitry of these amplifiers is located 

within their input stages, these amplifiers can clamp only in the 
noninverting mode. In this circuit, only U2 is configured as a 
clamping amplifier while Ul and U3 function as a buffer and 
difference amplifier, respectively. 

200Q 2000 

200Q 

Figure 5. 

The circuit is configured for positive full-wave rectification by 
configuring U2 as a gain-of-two, positive half-wave rectifier. 
This is accomplished by setting the positive clamping threshold 
level (Pin 8 of U2) to the positive supply (hence, outside the in
put voltage range of the amplifiers input) and the negative 
clamping threshold level (Pin 5 of U2) to ground. For negative 
full-wave rectification, U2 must be configured as a gain-of-two, 
negative half-wave rectifier by setting the positive clamping 
threshold level to ground and the negative clamping threshold 
level to the negative supply. Ul is simply configured as a gain 
of two buffer and is required to buffer the input signal source, 
V1N, from the dynamic input impedance presented by U3 as well 
as match the signal delay of U2. U3 subtracts the output of the 
half-wave rectifier (U2) from the buffer output (Ul) to produce 
the desired gain-of-two full-wave rectification. An optional trim 
network consisting of a potentiometer can be used to trim out 
any clamping offset error of U2. Precision 1 % resistors for the 
gain controlling elements of Ul and U2 will typically maintain 
under 2% gain accuracy while values under 250 0 will not de
grade the phase margin of these high speed amplifiers. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Usable Closed-1..oop Gain Range: ±1 to ±40 
I.ow Distortion: -67 dBc (2nd) at 20 MHz 
Small Signal Bandwidth: 190 MHz (Av = +3) 
Large Signal Bandwidth: 150 MHz at 4 V p-p 
Settling Time: 10.ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery 
DC Nonlinearity 10 ppm 

APPLICATIONS 
Driving Flash Converters 
D/A Current-to-Voltage Converters 
IF, Radar Processors 
Baseband and Video Communications 
Photodiode, CCD Preamps · 

GENERAL DESCRIPTION 
The AD9617 is a current feedback amplifier which utilizes a 
proprietary architecture to produce superior distortion and de 
precision. It achieves this along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large siiinal) and 
exceptional signal fidelity. The device. achieves -67 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 190 MHz 
small signal and 150 MHz large signal bandwidths. 

These attributes position the AD9617 8ll an ideal choice for driv
ing flash ADCs and buffering the latest generation of DACs. 
Optimized for applications requiring gain between ± 1 to ± 1 S, 
the AD9617 is unity gain stable without external compensation. 

Additional benefits of the AD9617B and T grades include input 
offset voltage of 500 µ. V and temperature coefficient (TC) of . 
3 µ.Vl°C. These accuracy performance levels make the AD9617 
an excellent choice for driving emerging high l'CSOlution 
(12-16 bits), high speed apalog-to-digital converters and flash 
converters. 

*Patent pending. 

This is an al>ridged data sheet. To obtain the most recent venion or 
complete data sheet, call our fu retrieval system at 1-800-446-6212. 
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Low Distortion, Precision, 
Wide Bandwidth Op Amp 

AD9617* I 
PIN CONFIGURATION 

*OPTIONAL +V8 **OPTIONAL -V5 

NOTE: FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE, USE OPTIONAL SUPPLY 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON· 
NECTIONS TO THESE PINS. 

The AD96 l 7 offers outstanding performance in high fidelity, 
wide bandwidth applications in instrumentation ranging from 
network and spectrum analyzers to oscilloscopes and in military 
systems such as radar, SIGINT, and ESM systems. The supe· 
rior slew rate, low overshoot and fast settling of the AD9617 
allow the device to be used in pul8e applications such as com
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. 

The AD9617J operates over the range of 0 to +70°C and is 
available in either an 8-pin plastic mini-DIP or an 8-lead plastic 
small outline package (SOIC). The AD9617A and B versions are 
rated over the industrial temperature range of -40"C to +85°C. 
The AD9617S and T versions are rated over the military tem
perature range of -55°C to + 125°C and are available processed 
to MIL-STD-883B. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltages (±Vs) ....................... ±7 V 
Common Mode Input Voltage ................... ±Vs 
Differential Input Voltage ...................... 3 V 
Continuous Output Current2 •••••••••••••••••• 70 mA 
Operating Temperature Ranges 

AD9617JN/JR ....................... O to + 70°C 
AD9617AQ/BQ ................... -40°C to +85°C 
AD9617SQfTQ .................. -SS°C to + 125°C 

AD9617 
Storage Temperature 

AD9617JN/JR ................... -6S°C to + 125°C 
AD9617AQ/BQ/SQfTQ ............. -6S°C to + 1so0c 

Junction Temperature3 

AD9617JN/JR ......................... + 1so0c 
AD9617AQ/BQ/SQfTQ ................... +175°C 

Lead Soldering Temperature (IO Seconds) ......... + 300°C 

DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Av= +3; ±Vs = ±5 V; RF = 400 O; RLOAD = 100 0) 

Test AD9617JN/JR AD9617AQ/SQ AD9617BQffQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

Input Offset Voltage'· ' +2s0c I -I.I +0.S +2.2 -I.I +o.s +2.2 +o.o +O.S +I.I mV 

Input Offset Voltage TC' Full IV -4 +3 +2S -4 +3 +2S -4 +3 +2S µVl°C 

Input Bias Current' 
Inverting +2s·c I -so 0 +SO -so 0 +so -ZS 0 +2S µA 

Noninverting +2s0c I -2S +S +3S -2S -i-s +3S -IS +S +20 µA 

Input Bias Current TC' 
Noninverting Full IV -so +30 +12S -so +30 +12S -so +30 +12S nAl"C 

Inverting Full IV -so +so +ISO -so +so +ISO -so +so +ISO nAl"C 

Input Resistance 
Noninverting +2s0c v 60 60 60 kn 

Input Capacitance 
Noninverting +2s0c v l.S l.S l.S pF 

Common-Mode Input Range• T =Tm .. <- II ±1.4 ±1.S ±1.4 ±1.S ±1.4 ±1.S v 
T =Tm;• to +2S°C <- II ±1.7 ±1.8 ±1.7 ±1.8 ±1.7 ±1.8 v 

Common-Mode Rejection Ratio' T =Tm .. <- II 44 48 44 48 44 48 dB 

T =Tm;• to +2S°C <- II so S3 so S3 so S3 dB 

Power Supply Rejection Ratio AV,= ±S% Full II so 60 so 60 so 60 dB 

Open Loop Gain 

To Atdc +2s0c v soo soo soo kn 

Nonlinearity Atdc +2s0 c IV 10 10 10 ppm 

Output Voltage Range +2s0c II ±3.4 ±3.8 ±3.4 ±3.8 ±3.4 ±3.8 v 
Output Impedance Atdc +2s0c v 0.o7 0.o7 0.07 n 
Output Current (SO n Load) T = +2S°C to T_ <- II 60 60 60 mA 

T = Tm;n <- II so so so mA 

AC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Av= +3; ±Vs= ±5 V; Rr = 400 O; RLOAo = 100 0) 

Test AD9617JN/JR AD9617AQ/SQ AD9617BQffQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VouT ,;;2 V P-P Full II 14S 190 14S 190 14S 190 MHz 

Large Signal VouT = 4 V p-p Full IV ISO llS ISO llS ISO MHz 

Bandwidth Variation vs. Av Av= -I to ±IS +2S°C v 40 40 40 MHz 

Amplitude of Peaking (<SO MHz) T =Tm;• to +2S°C <- II 0 0 0.3 0 0.3 dB 

T = Tmax <- II 0 0 0.6 0 0.6 dB 

Amplitude of Peaking (>SO MHz) T = Tmin to +25°C <- II 0 0 0.8 0 0.8 dB 

T = Tmax <- II 0 0 1.0 0 1.0 dB 

Amplitude of Roll-Off ( <7S MHz) Full II 0.1 0.1 0.6 0.1 0.6 dB 

Phase Nonlinearity de to 7S MHz +2s0c v 0.5 o.s o.s Degree 

2nd Harmonic Distortion 2 V p-p;· 4.3 MHz Full IV -86 -78 -86 -78 -86 -78 dBc 

2 V p-p; 20 MHz Full IV -67 -S9 -67 -S9 -67 -S9 dBc 

2 V p-p; 60 MHz Full II -SI -43 -SI -43 -SI -43 dBc 

3rd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -83 -7S -83 -7S -83 -7S dBc 

2 V p-p; 20 MHz Full IV -69 -61 -69 -61 -69 -61 dBc 

2 V p-p; 60 MHz Full II -S4 -46 -S4 -46 -S4 -46 dBc 

Input Noise Voltage IO MHz +2S°C v 1.2 1.2 1.2 nV/y(Hz) 

Inverting Input Noise Current IOMHz +2S°C v 29 29 29 pA/y(Hz) 

Average Equivalent Integrated 
Input Noise Voltage 0.1to200 MHz +2S°C v SS SS SS µV, rms 
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A096l7 
Test AD9617JN/JR AD9617AQISQ AD961711Qfl'Q 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

TIME DOMAIN 
Slew Rate VoUT = 4 V Step Full IV 1400 1100 1400 1100 1400 V/µ.s 
Rise/Fall Time 

VoUT = 2 V Step Full IV 2.0 2.0 2.5 2.0 2.5 ns 
V0 UT = 4 V Step T = +25"C to T-· +- IV ~.4 2.4 3.3 2.4 3.3 nS 
VoUT = 4 V Step T.,; T..,;0 +- IV 2.4 2.4 3.5 2.4 3.5 ns 

Overshoot VoUT = 2 V Step Full IV 3 3 14 3 14 % 
Settling Tiiile 

To.0.1% VoUT = 2 V Step Full IV JO JO 15 JO 15 ns 
To0.02% VoUT = 2 V Step Full IV 14 14 23 14 23 ns 
To0.1% VoUT = 4 V Step Full IV 11 11 16 11 16 ns 
To 0.02% VouT = 4 V Step Full IV 16 16 24 16 24 ns 

2 x Overdrive. Recovery to 
±2 mV of Final Value VIN = 1.7 v Step +25"C v 50 50 50 ns 

Propagation Delay +25"C v 2 2 2 ns 
Differential Gain8 Full v <0.01 <0.01 <0.01 % 
Differential Phase8 Full v 0.01 0.01 0.01 Degree 

rowBRSUP>CYj Quiescent Current 
+ls Full II 34 48 34 48 34 48 mA 
-Is . Full II 34 48 34 48 34 48 mA 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functions( 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 
'Typical thertnal impedances (part Soldered onto board): 

Mini-DIP: 61A = 140'C/W; 61c = 30"C/W. Side Brazed/Cerdip: 61A = llO"C/W; 61c = 20"C/W. SOIC Package: 61A = 150"C/W; 61c = 30"C/W. 
4Measured with respect to the inverting input. 
'Typical is defined as the mean of the distribution. 
6Measured in voltage follower configuration. 
7Measured with VIN = ±0.25 V. 
'Frequency = 4.3 MHz; RL = 150 O; Av = +3. 
Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 
II - 100% production tested at + 25°C and sample tested at 

specified temperatures. AC testing of J grade devices done 
on sample basis. 

III - Sample tested only. . 
IV - Parameter is guaranteed by de8ign and characterization 

testing. · 
V · - Parameter is a typical value only. 
VI - All devices are 100% production tested at +25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commerciaVindustrial devices. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option'* 

AD9617JN o to +10°c Plastic DIP N-8 
AD9617JR 0 to +70"C SOIC R-8 
AD9617AQ -40°C to +8S0c Cerdip Q-8 
AD9617BQ -40°c to +8s0c Cerdip Q-8 
AD9617SQ -ss·c to + 125°C Cerdip Q-8 
AD9617TQ -ss·c to + 125°C Cerdip Q-8 

*For outline information see Package Information section. 
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Die Connections 

+v. 

D D 

D D +v. 
-INPUT 

TOP VIEW 
(Not to Scale) 

D D OUTPUT 
+INPUT 

D D D 
-v. -v. 

DIE SIZE = 13, >< 17 >e 15 mils 
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WDEVICES 

FEATURES 
Usable Closed-Loop Gain Range: +5/-1 to ±100 
Low Distortion: -63 dBc (2nd) at 20 MHz 
Small Signal Bandwidth: 160 MHz (Av= +10) 
Large Signal Bandwidth: 150 MHz at 5 V p-p 
Settling Time: 10 ns to 0.1%; 14 ns to 0.02% 
Overdrive and Output Short Circuit Protected 
Fast Overdrive Recovery 
DC Nonlinearity 5 ppm 

APPLICATIONS 
Driving Flash Converters 
D/A Current to Voltage Converters 
IF, Radar Processors 
Baseband and Video Communications 
Photodiode, CCD Preamps 

GENERAL DESCRIPTION 
The AD9618 is a current feedback amplifier which utilizes a 
proprietary architecture to produce superior distortion and de 
precision. It achieves this along with fast settling, very fast slew 
rate, wide bandwidth (both small signal and large signal), and 
exceptional signal fidelity. The device achieves -63 dBc 2nd 
harmonic distortion at 20 MHz while maintaining 160 MHz 
small signal and 150 MHz large signal bandwidths. 

These attributes position the AD9618 as an ideal choice for driv
ing flash ADCs and buffering the latest generation of DACs. 
Optimized for applications requiring gain between + 5/-1 
to ±40, the AD9618 is unity gain stable without external 
compensation. 

Additional benefits of the AD9618B and T grades include 
input offset voltage of 500 µ V and temperature coefficient (TC) 
of 3 µVl°C. These accuracy performance levels make the 
AD9618 an excellent choice for driving emerging high resolution 
(12-16 bits), high speed analog to digital converters and flash 
conveners. 

The AD9618 offers outstanding performance in high fidelity, 
wide bandwidth applications in instrumentation ranging from 
network and spectrum analyzers to oscilloscopes, and ill military 
systems such as radar, SIGINT, and ESM systems. The supe
rior slew rate, low overshoot, and fast settling ,of the AD9618 
allow the device to be used in pulse applications such as com
munications receivers and high speed ATE. Most monolithic op 
amps suffer in these precision pulse applications due to slew rate 
limiting. 

*Patent pending. 

This is an abridged data sheet. To obtain tbe most recent venlon or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Distortion, Precision, 
Wide Bandwidth Op Amp 

AD9618* I 
PIN CONFIGURATION 

NC 

-INPUT 

+INPUT 

-v. 

*OPTIONAL +V5 **OPTIONAL -V5 

NOTE: FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE, USE OPTIONAL SUPPL V 
CONNECTIONS. PERFORMANCE INDICATED IN 
SPECIFICATIONS IS BASED ON SUPPLY CON
NECTIONS TO THESE PINS. 

The AD9618J operates over the range of 0 to +70°C and is 
available in either an 8-pin plastic mini-DIP or an 8 lead plastic 
small outline package (SOIC). The AD9618A and B versions are 
rated over the industrial temperature range of -40°C to +85°C. 
The AD9618S and T versions are rated over the military tem
perature range of -55°C to + 125°C; and are available processed 
to MIL-STD-883B. 
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AD9618-SPEClFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) ............... , ....... ±7 V 
Common Mode Input Voltage ................... ±Vs 
Differential Input Voltage ...................... 3 V 
Continuous Output Current2 • • • • •••••••••••••• 70 mA 
Operating Temperature Ranges 

AD9618JN/JR ....................... o to +70°C 
AD9618AQ/BQ ................... -40°C to +85°C 
AD9618SQffQ .................. -SS°C to + 125°C 

Storage Temperature 
AD9618JN/JR ...•............... ~6S°C to + 125°C 
AD9618AQ/BQ/SQffQ ............. -65°(; to + 150°C 

Junction Temperature3 

AD9618JN/JR .......................... 1S0°C 
AD9618AQ/BQ/SQffQ ..................... 175°C 

Lead Soldering Temperature (10 Seconds) ........ +300°C 

DC ELECTRICAL CHARACTERISTICS 
(unless otherwise noted, Av= +10; ±Vs= ±5 V; RF= 1000 O; 

RLOAo = 100 0) . 

Test AD9618JN/JR AD9618AQ/SQ AD9618BQITQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

Input Offset Voltage4 • 5 +25°C I -I.I +0.5 +2.2 - I.I +0.5 + 2.2 0.0 +U.5 +I.I mV 
Input Offset Voltage TC' Full IV -4 +3 +25 -4 +3 +25 -4 +3 +25 µVtc 
Input Bias Current' 

Inverting +25°C I -45 0 +45 -45 0 +45 -20 0 +20 µA 
N oninverting +25°C I -25 +5 +35 -25 +5 +35 -13 +5 +18 µA 

Input Bias Current TC5 

N oninverting Full IV -50 +30 +125 -50 +30 +125 -50 +30 +125 nArC 
Inverting Full IV -50 +40 +130 -50 +40 +130 -50 +40 +130 nArC 

Input Resistance 
N oninverting +25°C v 75 75 75 kO 

Input Capacitance 
Noninverting +25°C v LS 1.5 1.5 pF 

Common Mode Input Range6 T = Tmax <- II ±1.0 ±1.2 ±1.0 ±1.2 ±1.0 ±1.2 v 
T = Tm;n to +25°C <- II ±1.4 ±1.5 ±1.4 ±1.5 ±1.4 ±1.5 v 

Common Mode Rejection Ratio' T = Tmax <- II 44 48 44 48 44 48 dB 
T = +25°C <- II 48 52 48 52 48 52 dB 

T = Tmin <- II 50 54 50 54 50 54 dB 
Power Supply Rejection Ratio ~v. = ±5% Full II 50 60 50 60 50 60 dB 
Open Loop Gain 

To At de +25°C v 3 3 3 MO 
Nonlinearity At de +25°C v 5 5 5 ppm 

Output Voltage Range +25°C II ±3.3 ±3.7 ±3.3 ±3.7 ±3.3 ±3.7 v 
Output Impedance At de +25°C v 0.08 0.08 0.08 n 
Output Current (50 0 Load) T = +25°C to Tm,. <- II 60 60" 60 mA 

T = Tmin <- II 50 50 50 mA 

AC ELECTRICAL CHARACTERISTICS 
(unless otherwise noted, Av= +10; ±Vs= ±5 V; RF= 1 kO; 

RLOAD = 1 DO 0) 

Test AD9618JN/JR AD9618AQ/SQ AD9618BQ/TQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VouT"' 2 V p-p Full II 130 160 130 160 130 160 MHz 
Large Signal VouT"' 5 V p-p Full IV 150 120 150 120 150 MHz 

Bandwidth Variation vs. Av Av= -1 to ±40 +25°C v 35 35 35 MHz 
Amplitude of Peaking ( <50 MHz) T = T .. 0 to +25°C <- II 0 0 0.4 0 0.4 dB 

T = T=x <- II 0 0 0.7 0 0.7 dB 
Amplitude of Peaking (>50 MHz) T = Tm;n to +25°C <- II 0 0 0.6 0 0.6 dB 

T = Tmax <- II 0 0 1.2 0 1.2 dB 

Amplitude of Roll-Off ( <75 MHz) Full II 0.5 0.5 1.2 0.5 1.2 dB 

Phase Nonlinearity de to 75 MHz +25°C v 0.5 0.5 0.5 Degree 

2nd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -83 -75 -83 -75 -83 -75 dBc 
2 V p-p; 20 MHz Full IV -63 -55 -63 -55 -63 -55 dBc 
2 V p-p; 60 MHz Full II -·51 -43 -51 -43 -51 -43 dBc 

3rd Harmonic Distortion 2 V p-p; 4.3 MHz Full IV -85 -77 -85 -77 -85 -77 dBc 
2 V p-p; 20 MHz Full IV -70 -62 -70 -62 -70 -62 dBc 
2 V p-p; 60 MHz Full II -62 -54 -62 -54 -62 -54 dBc 

Input Noise Voltage IOMHz +25°C v 1.2 1.2 1.2 nV/y(Hz) 

Inverting Input Noise Current IO MHz +25°C v 24 24 24 pA/y(Hz) 
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AD9618 
Test AD9618JN/JR AD9618AQ/SQ AD9618BQ/TQ 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Min Typ Max Units 

Average Equivalent Integrated 
Input Noise Voltage 0.1 to 200 MHz +25"C v 38 38 38 µ.V, rms 

TIME DOMAIN 
Slew Rate VouT = 4 V Step Full IV 1800 1400 1800 1400 1800 V/µ.s 
Rise/Fall Time 

Vocrr = 2 V Step Full IV 2.2 2.2 2.6 2.2 2.6 OS 

Vol'T = 5 V Step T = +25"C to <--- IV 2.3 2.3 2.8 2.3 2.8 OS 

T = Tmin <--- IV 2.3 2.3 3.1 2.3 3.1 ns 
Overshoot VouT = 2 V Step Full IV 2 2 10 2 10 % 
Settling Time 

To0.1% VouT = 2 V Step Full IV 9 9 15 9 15 ns 
To0.02% VouT = 2 V Step Full IV 14 14 23 14 23 ns 
To0.1% VouT = 4 V Step Full IV 10 10 16 10 16 OS 

To0.02% VouT = 4 V Step Full IV 16 16 24 16 24 ns 
2 x Overdrive Recovery to 

±2 mV of Final Value v,N = 0.6 v Step +25°c v 50 50 50 OS 

Propagation Delay +25°c v 2 2 2 OS 

Differential Gain8 Full v 0.01 0.01 0.01 % 
Differential Phase• Full v 0.02 0.02 0.02 Degree 

rowER SUPPLY REQl 
Quiescent Current 

+Is Full II 31 43 31 43 31 43 mA 

-~ . Full II 31 43 31 43 31 43 mA 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability. 
'Typical thermal impedances (part soldered onto board): 
Mini-DIP: OJA = 140°C/W; OJc = 30'C/W. 
Side Brazed/Cerdip: OJA = llO'C/W; OJc = 20'C/W. 
SOIC Package: OJA = 150'C/W; OJc = 30'C/W. 

4Measured with respect to the inverting input. 
'Typical is defined as the mean of the disuibution. 
6Measured in voltage follower configuration. 
7Measured with V1N = ±0.25 V. 
'Frequency = 4.3 MHz; RL = 150 O; Av = + 10. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 

II - 100% production tested at + 25"C and sample tested at 
specified temperatures. AC testing of J grade devices done 
on sample basis. 

III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 

VI - All devices are 100% production tested at +25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 

REV.A 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9618JN o to +1o•c Plastic DIP 
AD9618JR o to +1o•c SOIC 
AD9618AQ -40"C to +85"C Cerdip 
AD9618BQ -40°C to +8s0c Cerdip 
AD9618SQ -ss·c to + 125°C Cerdip 
AD9618TQ -ss·c to +12s•c Cerdip 

*For outline information see Package Information section. 

-INPUT D 

+INPUT D 

nm CONNECTIONS 
+v, 

D D 

TOP VIEW 
!Not to Scale) 

D +v. 

D OUTPUT 

D D D 
-V5 -V5 

DIE SIZE = 53 x 87 x 15 mlls 

Package 
Option* 

N-8 
R-8 
Q-8 
Q-8 
Q-8 
Q-8 
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FEATURES 
Excellent Gain Accuracy: 0.994 VIV 
Wide Bandwidth: 600 MHz 
Sle~ Rate: 2200 V/µs 
Ultralow Distortion: 

-73 dBc@ 20 MHz 
-91 dBc @ 2.3 MHz 

Fast Settling Time: 8 ns to 0.02% 
Low Noise: 2.0 nV/VHz 

APPLICATIONS 
IF/Communications 
Impedance Transformations 
Drives Flash ADCs 
Line Driving 

GENERAL DESCRIPTION 
The AD9620 is a monolithic, unity gain buffer amplifier that 
sets new standards in gain accuracy, wide bandwidth and low 
distortion. Its large signal bandwidth, ultralow distortion over 
frequency, and drive capabilities of the AD9620 make this 
buffer an ideal driver for flash ADCs. Other applications which 
require increased current drive at unity voltage gain, such as 
cable driving, also benefit from the AD9620's performance. 

In addition to innovative (patent pending) feedback architecture, 
special packaging techniques improve dynamic performance by 
minimizing the reactive effects associated with standard pack
ages. The result is - 73 dBc harmonic suppression at 20 MHz, 
and -91 dBc at 2.3 MHz. The AD9620 also outperforms other 
amplifiers, including its predecessor AD9630, in terms of small
signal pulse response and de linearity. These features make the 
AD9620 the premier driver for high speed, high resolution 
ADCs. 

*Patent( s) Pending. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 
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Ultralow Distortion, 
600 MHz Buffer 

AD9620* I 
DIP CONFIGURATION 

GROUND -Vs 

INPUT -Vs 

NC = NO CONNECT 

Available in side-brazed ceramic DIP packages, the "A" suffix 
unit is guaranteed for -40°C to +85°C operating temperatures; 
the "S" suffix device is guaranteed from -55°C to + 125°C. 
AD9620 die are de tested at + 25°C. 

REV.A 



SPECIFICATIONS AD9620 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) ....................... ±7 V Storage Temperature 
Input Voltage Range ......................... ±Vs AD9620AD .................... -6S°C to + 150°C 
Continuous Output Current' .................. 70 mA AD9620SD ..................... -6S°C to + 150°C 
Operating Temperature Ranges 

AD9620AD ..................... -40°C to +8S°C 
Junction Temperature3 •••••••••••••••••••.• + l 75°C 
Lead Soldering Temperature (10 seconds)4 •••••••• +300°C 

AD9620SD ..................... -ss0 c to +125°C 

DC ELECTRICAL CHARACTERISTICS (unless otherwise noted, ±Vs= ± 5 V; R1" = 50 n, RLDAD = 100 OJ 
Test AD9620AD AD%20SD 

Parameter Conditions Temp Level Min Typ Max Min Typ Max Units 

DC SPECIFICATIONS 
Output Offset Voltage +25°C I -8 ±2 +8 -8 ±2 +8 mV 

Offset Voltage TC Full IV -25 ±5 +25 -25 ±5 +25 µV/oC 
Input Bias Current +25°C I -35 ±6 +35 -35 ±6 +35 µA 

Bias Current TC Full IV -150 ±50 +150 -150 ±50 +150 nAf'C 
Input Resistance +25°C to Tm.ax VI 400 800 400 800 kO 
Input Resistance Tmin VI 190 190 kO 
Input Capacitance +2S°C v 1.0 1.0 pF 
Gain VoUT = 2 Vp--p Full VI 0.989 0.994 0.989 0.994 VN 
Output Voltage Range Full VI +2.8 -2.8 +2.8 -2.8 v 
Output Current (SO 0 Load) Full VI 40 40 mA 
Output Impedance At DC +zs0c v 0.4 0.4 n 
Power Supply Rejection Ratio t.V8 = ±5% Full VI 52 60 52 60 dB 
DC Nonlinearity ± 2 V Full Scale +25°C VI 0.005 0.005 % 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VoUT = :5.0.7 V p--p T min to + 25°C II 320 600 320 600 MHz 
Small Signal VoUT = :50.7 V p--p Tm.ax II 260 260 MHz 
Large Signal VoUT = .4 V p--p T min to + 25°C IV 60 80 60 80 MHz 
Large Signal VoUT = 4 Vp-p Tm.ax IV 45 45 MHz 

Amplitude of Peaki.llg :s;JSO MHz T min to + 25°C II 0.8 1.5 0.8 1.5 dB 
Amplitude of Peaking :s;JSO MHz Tm.ax II 1.5 2.2 1.5 2.2 dB 
Amplitude of Rolloff :s;JSO MHz Full II 0 0.3 0 0.3 dB 
Group Deliiy DC to 150MHz +25°C v 0.75 0.75 ns 
Phase Nonlinearity DC to lSOMHz +25°c v 1.4 1.4 Degrees 
2nd Harmonic Distortion 2 V p--p; 2.3 MHz +25°C to Tmax IV -91 -82 -91 ' -82 dBc 

2 V p--p; 2.3 MHz Tmin IV -81 -73 -81 -73 dBc 
2 V p--p; 20 MHz Full IV -71 -63 -71 -63 dBc 
2 V p--p; 60 MHz +25 I -69 -60 -69 -60 dBc 
2 V p--p; 60 MHz T min and T max v -62 -62 dBc 

3rd Harmonic Distortion 2 V p--p; 2.3 MHz Full IV -94 -86 -94 -86 dBc 
2 V p--p; 20 MHz Full IV -81 -71 -81 -71 dBc 
2 V p--p; 60 MHz +25°C I -60 -52 -60 -52 dBc 

Spectral Input Noise Voltage lOMHz +25°C v 2.0 2.0 nV/y'Hz 
Average Equivalent Integrated 

Output Noise Voltage 0.1to200 MHz +25°C v 28 28 µV 

TIME DOMAIN 
Slew Rate VoUT = 4 V Step +z5°c IV 1500 2200 1500 2200 V/µs 
Rise/Fall Time VoUT = 1 V Step T min to + 25°C IV 0.8 1.2 0.8 1.2 ns 

VoUT = 1 V Step Tmax IV 1.1 1.5 1.1 1.5 ns 
VoUT = 4 V Step T min to + 25°c IV 1.7 2.5 1.7 2.5 ns 
VouT = 4 V Step Tmax IV 2.3 3.4 2.3 3.4 ns 

Overshoot VoUT = 2 V Step Full IV 3 12 3 12 % 
Settling Time 

To0.1% VoUT = 2 V Step Full IV 6 10 6 10 ns 
To0.02% VoUT = 2 V Step Full IV 8 16 8 16 ns 

Differential Gain 4.4MHz +25°C v 0.02 0.02 % 
Differential Phase 4.4MHz +25°C v 0.02 0.02 Degrees 
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AD9620 

I Conditions 
Test AD9620AD AD9620SD 

Parameter Temp Level Min Typ Mu Min Typ Max Units 

POWER SUPPLY REQUIREMiS 
Quiescent Current 

+Is · +Vs= +5 V Full VI 40 48 40 48 inA 
-Is -Vs= -5 V Full VI. 40 48 40 48 mA 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Output is short-circuit protected to ground, but not to supplies. Continuoµs short circuit to ground may affect device reliability. 
'Typical side-brazed thermal impedances (part soldered onto board): e1A;. llO'C/W; 81c = 20°C/W. 
4Extental capacitor of AD9620 is attached with 62 Sn/36 Pb/2 Ag solder. Board attachment temperatures should be reviewed to insure the capacitor does not 
i-eflow duting board mounting. . 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEYELS 
Test Level 
I
II-

III
IV -

V
VI-

100% production tested. 
100% production tested at + 25°C, and sample tested 
at specified temperatures. 
Sample tested only. 
Parameter is guaranteed by design and characterization 
testing. 
Parameter is a typical value only. 
All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temper
ature extremes for commercial/industrial devices. 

AD9620 DIB LAYOUT 
60 (length) x 50 (width) x 15 (height) mils 

NC NC +Vs +Vs 

• • • • 
NC • • +C 

INPUT • • OUTPUT 

+CB • • -c 

• • • -CB -Vs 

mEORY OF OPERATION 
The AD9620 is a wide bandwidth, unity gain buffer amplifier 
that utilizes innovative (patent pending) voltage feedback archi
tecture. Large loop gain and high slew rate significantly improve 
de linearity and large signal bandwidth when compared with 
that achieved with more conventional designs. 

Its large-signal bandwidth compares favorably with competitive 
devices of open-loop design without their limitations. Open-loop 
devices often sacrifice de linearity and introduce frequency dis
tortion when driving low load impedances; the AD9620 does 
not. Its design yields low distortion products that are relatively 
constant for any resistive load greater than 50 ohms. 
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ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9620AD -40°C to +85°C 8-Pin DIP D-8 
AD9620SD -55°C to + 125°C 8-Pin DIP D-8 
AD9620 Chips +25°C Dice 

*For outline information see Package Information section. ·· 

* INPUT 0.01µF 

* 
~10pf 

0.1µF~ 0.1µF 

~ *INTERNAL TO 
CERAMIC DIP 

-v • 

AD9620 Bonding Diagram 

The AD9620 will satisfy any high performance analog signal 
processing application requiring isolation or currc;:nt boosting 
between the signal source and load. Its combination of high 
input resistance and low capacitance, de precision, and excep
tional dynamic characteristics sets a new standard in perfor
mance that has no equal. 

Excessive peaking may occur when using the AD9620 to directly 
drive loads with more than 3 pF of capacitance. To prevent .this, 
a small value of resistance (Rs) should be placed in series with 
the buffer output. 
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FEATURES 
350 MHz Small Signal Bandwidth 
130 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 1200 V/µs 
Fast Settling: 11 ns to 0.01%/7 ns to 0.1% 
:t:3 V Supply Operation 

APPLICATIONS 
ADC Input Driver 
Differential Amplifiers 
IF/RF Amplifiers 
Pulse Amplifiers 
Professional Video 
DAC Current-to-Voltage 
Baseband and Video Communications 
Pin Diode Receivers 
Active Filters/Integrators/Log Amps 

GENERAL DESCRIPTION 
The AD962 l is one of a family of very high speed and ·wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal 
bandwidth, slew rate, settling, and low noise. 

Proprietary design architectures have resulted. in an amplifier 
family that combines the most attractive attributes of both cur
rent feedback and voltage feedback amplifiers. The AD%21 
exhibits extraordinarily accurate and fast pulse response charac
teristics (7 ns settling to 0 .1 % ) as well as extremely wide small 
and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with balanced high imped
ance inputs and low input noise current more common to volt
age feedback architectures, the AD9621 offers performance not 
previously available in a monolithic operational amplifier. 

*Protected by U.S. Patent 5,150,074 and others pellding. 

Parameter 

Minimum Stable Gain 
Harmonic Distortion (20 MHz) 
Large Signal Bandwidth (4 V p-p) 
SSBW (0.5 V p-p) 
Slew Rate 
Rise/Fall Time (0.5 V Step) 
Settling Time (to 0.1%/0.01%) 
Input Noise (0.1 MHz - 200 MHz) 

Thia is an abridged data sheet. To obtain the most recent. venloo or 
complete data sheet, call our fu retrieval system at 1-800-446-6212. 
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AD9621 

+l 
-52 
130 
350 
1200 
2.4 
7/11 
80 

Wideband Voltage 
Feedback Amplifier 

AD9621* I 
CONNECTION DIAGRAM 

#OPTIONAL CAPACITOR CB CONNECTED HERE 
DECREASES SETTLING TIME 

Other members of the AD%2X amplifier family are the 
AD9622 (G = +2), AD9623 (G = +4), and the AD9624 
(G = +6). A separate data sheet is available from Analog • 
Devices for each model. Each generic device has been designed 
for a different minimum stable gain setting, allowing users 
flexibility in optimizing system performance. Dynamic perfor-
mance specifications such as slew rate, settling time, and distor-
tion vary from model to model. The table below summarizes 
key performance attributes for the AD962X family and can be 
used as a selection guide. · 

The AD962 l is offered in industrial and military temperature 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 

PRODUCT HIGHLIGHTS 
1. Wide Large Signal Bandwidth 
2. High Slew Rate 
3. Fast Settling 
4. Output Short-Circuit Protected 

AD9622 AD9623 AD9624 Units 

+2 +4 +6 VN 
-66 -64 -66 dB 
160 190 200 MHz 
220 270 300 MHz 
1500 2100 2200 V/µs 
1.7 1.6 1.5 ns 
8/14 8/14 8/14 ns 
49 36 32 µVrms 
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AD9621-SPECIFICATIONS 
DC ELECTRICAL CHARACTERISTICS (±Vs= ±5 V, RLDAD = 100 O; Av= 1, unless otherwise noted) 

Parameter Conditions 

DC SPECIFICATIONS1 

Input Offset Voltage 

Input Bias Current 

Input Bias Current TC 
Input Offset Current 

Offset Current TC 
Input Resistance 
Input Capacitance 
Common-Mode Range 
Common-Mode Rejection Ratio LlVcM = 1 V 
Open Loop Gain VoUT = ±2 V p-p 
Output Voltage Range 
Output Current 
Output Resistance 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VouT :S 0.4 V p-p 
Large Signal VouT :S 4.0 V p-p 

Amplitude of Peaking Full Spectrum 
Amplitude of Roll-off :s 100 MHz 
Phase Nonlinearity de to 100 MHz 
2nd Harmonic Distortion 2 V p-p; 20 MHz 
3rd Harmonic Distortion 2 V p-p; 20 MHz 
Common-Mode Rejection Mode @20MHz 
Spectral Input Noise Voltage 1to200 MHz 
Spectral Input Noise Current 1to200 MHz 
Average Equivalent Integrated 

Input Noise Voltage 0.1 to 200 MHz 

TIME DOMAIN 
Slew Rate VouT = 5 V Step 
Rise/Fall Time VouT = 0.5 V Step 

VouT = 5 V Step 
Overshoot VouT = 2 V Step 
Settling Time 

To0.1% VouT = 2 V Step 
To 0.01% VouT = 2 V Step 
To 0.1%2 VoUT = 4 V Step 
To 0.012 VoUT = 4 V Step 

Overdrive Recovery l.5x to ±2 mV 
Differential Gain ( 4.3 MHz) RL = 150 n 
Differential Phase (4.3 MHz) RL = 150 n 

POWER SUPPLY REQUIREMENTS 1 

Supply Voltage (±Vs) 
Quiescent Current 

+Is +Vs=+5V 
-Is -Vs=-5V 

Power Supply Rejection Ratio llVs = 0.5 V 

NOTES 
'Measured at Av = 21. 
2Measured with a 0.001 µ.F CB capacitor connected across Pins I and 8. 

Specifications subject to change without notice. 
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Test 
Temp Level 

+25°C I 
Full VI 
+25°C I 
Full VI 
Full v 
+25°C I 
Full VI 
Full v 
+25°C v 
+25°C v 
Full VI 
+25°C I 
+25°C v 
Full VI 
Full VI 
+25°C v 

Full II 
Full v 
Full II 
Full II 
+2S°C v 
Full II 
Full II 
+25°C v 
+25°C v 
+25°C v 

+25°C v 

Full IV 
+25°C v 
Full IV 
Full IV 

+25°C v 
Full IV 
+25°C v 
+25°C v 
+25°C v 
+2S°C v 
+2S°C v 

Full IV 

Full VI 
Full VI 
+2S°C I 

AD9621AN/AQ/AR AD9621SQ 
Min Typ Max Min Typ Max 

-12 ±2 +12 -12 ±2 +12 
-15 +15 -15 +15 

7 16 7 16 
-20 +20 -20 +20 

35 35 
-2.0 ±0.3 +2.0 -2.0 +2.0 
-3.0 +3.0 -3.0 +3.0 

2.5 2.5 
500 500 
1.2 1.2 

±3.0 ±3.4 ±3.0 ±3.4 
46 49 46 49 

56 56 
±3.0 ±3.4 ±3.0 ±3.4 
60 70 60 70 

0.3 0.3 

230 350 230 350 
130 130 
0.1 1.2 0.1 1.2 
0 0.6 0 0.6 
1.1 1.1 
-55 -44 -55 -44 
-52 -43 -52 -43 
+28 +28 
5.6 5.6 
3.6 3;6 

80 80 

850 1200 850 1200 
2.4 2.4 
4.8 7 4.8 7 
0 15 0 15 

7 7 
11 15 11 15 
9 9 
13 13 
50 50 
0.01 0.01 
<0.01 <0.01 

3.0 5.0 5.5 3.0 5.0 5.5 

23 29 23 29 
23 29 23 29 

54 66 54 66 

Units 

mV 
mV 
µA 
µA 
nA!°C 
µA 
µA 
nA!°C 
k.!1 
pF 
v 
dB 
dB 
v 
mA 
n 

MHz 
MHz 
dB 
dB 
Degree 
dBc 
dBc 
dB 
nV/\/Hz 
pAl\/Hz 

µVrms 

V/µs 
ns 
ns 
% 

ns 
ns 
ns 
ns 
ns 
% 
Degree 

v 

mA 
mA 
dB 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltages (±Vs} ....................... ±6 V 
Common-Mode Input Voltage ................... ±Vs 
Differential Input Voltage . . . . . .... 6 V 
Continuous Output Current2 ••••••••••.•.•••••• 90 mA 
Operating Temperature Ranges 

AN, AQ, AR .................... -40°C to +8S°C 
SQ .......................... - SS°C to + 12S°C 

Storage Temperature 
Ceramic .. .. .. .. .. -6S°C to + 1S0°C 
Plastic .......... . -6S°C to + 12S°C 

Junction Temperature 
Ceramic' .. . .. .. .. .. .. .. .. .. . 
Plastic3 ...••.......•..•..... 

Lead Soldering Temperature (1 minute)4 •••.••.••• 

NOTES 

+ 17S°C 
+ 1so0c 
+220°C 

1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to ahsolute maximum rating 
conditions for an extended period of time may affect device reliability. 

20utput is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 

3Typical thermal impedances (part soldered onto board; no air flow): 
Ceramic DIP: e)A = !00°C/W; eJC = 30°C/W 
Plastic SOIC: eJA = 125°C/W; e)C = 45°C/W 
Plastic DIP 01A = 90°C/W; 01c = 4S'C/W 

4Temperarure shown is for surface mount devices, mounted by vapor phase 
soldering. Throughhole devices (ceramic and plastic DIPs) can be soldered at 
+ 300°C for lO seconds. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9621AN -40°C to +8S°C 8-Pin Plastic DIP 
AD9621AQ -40°C to + 8S°C 8-Pin Cerdip 
AD9621AR -40°C to + 8S°C 8-Pin SOIC 
AD9621SQ -SS°C to + 12S°C 8-Pin Cerdip 

*For outline information see Package Information section. 

EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 

Package 
Option* 

N-8 
Q-8 
R-8 
Q-8 

II 100% production tested at + 2S°C, and sample tested at 
specified temperatures. AC testing of "A" grade devices 
done on sample basis. 

III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 
VI All devices are 100% production tested at +2S°C. 100% 

production tested at temperature extremes for 

REV.O 

extended temperature devices; sample tested at 
temperature extremes for commercial/industrial devices. 

OUTPUT 

+V
5
D+ D Jn. 

CB+ 0 0 ]Vs 
CB- D 

D D 
I -INPUT . +INPUT I 
!.----- 46.Smils -+I 

Chip Layout 

AD9621 
THEORY OF OPERATION 
The AD962 l is a wide bandwidth, unity gain stable voltage 
feedback amplifier. Since its open-loop frequency response fol
lows the conventional 6 dB/octave roll-off, its gain bandwidth 
product is basically constant. Increasing its closed-loop gain 
results in a corresponding decrease in small signal bandwidth. 
The AD9621 typically maintains a SS degree unity loop gain 
phase margin. This high margin minimizes the effects of signal 
and noise peaking. 

Feedback Resistor Choice 
At minimum stable gain ( + I), the AD962 l provides optimum 
dynamic performance with RF = SI !1. This resistor acts only 
as a parasitic suppressor against damped RF oscillations that can 
occur due to lead (input, feedback) inductance and parasitic 
capacitance. For settling accuracy to 0.1 % or less, this resistor 
should not be required if layout guidelines are closely followed. 
This value for RF provides the best combination of wide band
width, low parasitic peaking, and fast settling time. 

When the AD9621 is used in the transimpedance (1-to-V) mode, 
such as for photo-diode detection, the value for RF and diode 
capacitance (C1) are usually known. See Figure l. Generally, the 
value of RF selected will be in the kl1 range, and a shunt capac-
itor (CF) across RF will be required to maintain good amplifier -
stability. The value of CF required to maintain < 1 dB of peak-
ing can be estimated as: 

Gp= [(2w0C1Rp- l)/wo2R/]li2 I 
RF 2: lkO 

where w 0 is equal to the unity gain bandwidth product of the 
amplifier in RAD/sec, and C1 is the equivalent total input capac
itance at the inverting input. Typically w0 is 700 x 106 RAD/ 
sec (See Open Loop Frequency Response curve). 

As an example, choosing RF of 10 kl1 and C1 of S pF, requires 
CF to be 1.1 pF (Note: C1 includes both the source and parasitic 
circuit capacitance). The bandwidth of the amplifier can be esti
mated using the CF calculated as: 

1.6 
hdB=2 RC 

'TT F F 

For general voltage gain applications, the amplifier bandwidth 
can be estimated as: 

This estimation loses accuracy for gains approaching + 2/- 1 or 
lower due to the amplifier's damping factor. For these "low 
gain" cases, the bandwidth will actually extend beyond the cal
culated value. See Closed Loop BW plots. 

As a rule of thumb, capacitor CF will not be required if: 

NG 
IRFllRcl C1 s; ·_4 -

Wo 

where NG is the Noise Gain (1 + RF/R0 ) of the circuit. For 
most voltage gain applications, this should be the case. 
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FEATURES 
220 MHz Small Signal Bandwidth 
160 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 1500 V/µs 
Low Distortion: -66 dB@ 20 MHz 
Fast Settling: 14 ns to 0.01 o/o 
3.5 nV/v'Hi Spectral Noise Density 
±3 V Supply Operation 

APPLICATIONS 
ADC Input Signal Amplifier 
Differential Amplifiers 
IF/RF Amplifiers 
Pulse Amplifiers 
Professional Video 
DAC Current-to-Voltage 
Baseband and Video Communications 
Active Filters/Integrators/Log Amps 

GENERAL DESCRIPTION 
The AD9622 is one of a family of very high speed and wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal 
bandwidth, slew rate, settling, low distortion, and low noise. 

Proprietary design architectures have resulted in an amplifier 
family that combines the most attractive attributes of both cur
rent feedback and voltage feedback amplifiers. The AD9622 
exhibits extraordinarily accurate and fast pulse response charac
teristics (8 ns settling to O. l %) as well as extremely wide small 
and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with balanced high imped
ance inputs and low input noise more common to voltage feed
back architectures, the AD9622 offers performance not 
previously available in a monolithic operational amplifier. 

*Protected by U.S. Patent 5,150,074 and others pending. 

Parameter AD9621 

Minimum Stable Gain +l 
Harmonic Distortion (20 MHz) -52 
Large Signal Bandwidth (4 V p-p) 130 
SSBW (0.5 V p-p) 350 
Slew Rate 1200 
Rise/Fall Time (0.5 V Step) 2.4 
Settling Time (to O. l'Yo/0.01 %) 7/ll 
Input Noise (0.1 MHz-200 MHz) 80 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Wideband Voltage 
Feedback Amplifier 

AD9622* I 
CONNECTION DIAGRAM 

#OPTIONAL CAPACITOR CB CONNECTED HERE 
DECREASES SElTUNG TIME (SEE TEXT). 

Other members of the AD962X amplifier family are the 
AD9621 (G = + 1), AD9623 (G = +4), and the AD9624 
(G = +6). A separate data sheet is available from Analog 
Devices for each model. Each generic device has been designed 
for a different minimum stable gain setting, allowing users flexi
bility in optimizing system performance. Dynamic performance 
specifications such as slew rate, settling time, and distortion 
vary from model to model. The table below summarizes key 
performance attributes for the AD962X family and can be used 
as a selection guide. 

The AD9622 is offered in industrial and military temperature 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 

PRODUCT HIGHLIGHTS 
I. Wide Large Signal Bandwidth 
2. High Slew Rate 
3. Fast Settling 
4. Low Distortion 
5. Output Short-Circuit Protected 
6. Low Intermodulation Distortion of High Frequencies 

AD9622 AD9623 AD9624 Units 

+2 +4 +6 VN 
-66 -64 -66 dB 
160 190 200 MHz 
220 270 300 MHz 
1500 2100 2200 v1.,.s 
1.7 1.6 1.5 ns 
8/14 8/14 8/14 ns 
49 36 32 .,.vrms 
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SPECIFICATIONS AD9622 
DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, ±Vs= ±5 V; RLDAD = 100 O; Ay = 2; RF= 270 0) 

Test AD9622AN/AQ/AR AD9622SQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max 

DC SPECIFICATIONS1 

Input Offset Voltage +25°c I -10 ±2 +10 -10 ±2 +10 
Full VI -12 +12 -12 +12 

Input Bias Current +25°c I 7 14 7 14 
Full VI 18 18 

Bias Current TC Full v 35 35 
Input Offset Current +25°c I -2 ±0.3 +2 -2 ±0.3 +2 

Full VI -3 +3 -3 +3 
Offset Current TC Full v 2.5 2.5 

Input Resistance +25°C v 500 500 
Input Capacitance +25°c v 1.2 1.2 
Common-Mode Range Full VI ±3.0 ±3.4 ±3.0 ±3.4 
Common-Mode Rejection Ratio ilVCM = 1 V +25°c I 47 57 47 57 
Open-Loop Gain V0 UT = ±2 V p-p +25°c v 60 60 
Output Voltage Range Full VI ±3.0 ±3.4 ±3.0 ±3.4 
Output Current Full VI 60 70 60 70 
Output Resistance +25°c v 0.3 0.3 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VoUT :s 0.4 V p-p Full II 160 220 160 220 
Large Signal2 VoUT = 4 Vp-p +25°c v 160 160 

Amplitude of Peaking Full Spectrum Full II 0.2 1.2 0.2 1.2 
Amplitude of Roll-off DC to lOOMHz Full II 0 0.8 0 0.8 
Phase Nonlinearity 0.3 MHz to 100 MHz +25°C v 1.3 1.3 
2nd Harmonic Distortion 2 V p-p; 20 MHz Full II -66 -56 -66 -56 
3rd Harmonic Distortion 2 V p-p; 20 MHz Full II -68 -56 -68 -56 
Common-Mode Rejection Ratio @20MHz +25°C v +23 +23 
Spectral Input Noise Voltage 1 MHz to 200 MHz +25°C v 3.5 3.5 
Spectral Input Noise Current 1 MHz to 200 MHz +25°c v 3.2 3.2 
Average Equivalent Integrated 

Input Noise Voltage 0.1 MHz to 200 MHz +25°C v 49 49 

TIME DOMAIN 
Slew Rate VoUT = 5 V Step Full IV 1150 1500 1150 1500 
Rise/Fall Time VoUT = 0.5 V Step +25°C v 1.7 1.7 

VoUT = 5 V Step Full IV 3.1 4.2 3.1 4.2 
Overshoot VoUT = 2 V Step Full IV 3 15 3 15 
Settling Time 

To0.1% VoUT ~ 2 V Step +25°C v 8 8 
To 0.01% VoUT = 2 V Step Full IV 14 19 14 19 
To 0.1%3 VoUT = 4 V Step +25°C v 10 10 
To 0.01%3 VoUT = 4 V Step +25°C v 17 17 

Overdrive Recovery 2x to ±2 mV +25°C v 150 150 
Diff~tial Gain (4.3 MHz) RL = 1500 +25°C v 0.01 0.01 
Diff~tial Phase (4.3 MHz) RL = 1500 +25°C v <0.01 <0.01 

POWER SUPPLY REQUIREMENTS1 

Supply Voltage (±Vs) Full IV 3.0 5.0 5.5 3.0 5.0 5.5 
Quiescent Current 

+Is +Vs= 5 V Full VI 23 29 23 29 
-Is -Vs= -5 V Full VI 23 29 23 29 

Power'Supply Rejection Ratio ilVs = 0.5 V +25°C I 54 63 54 63 

NOTES 
1 Measured at Av = 21. 
2Effective large signal bandwidth; the device should not be stressed above 250 V x MHz (V oUT p-p x Frequency) to ensure long term reliability. 
'Measured with a 0.001 µ.F CB capacitor CQDDeCted across Pins 1 and 8. 
Specifications subject to change without notice. 

Units 

mV 
mV 
µA 
µA 
nA/°C 
µA 
µA 
nA/°C 
kO 
pF 
v 
dB 
dB 
v 
mA 
n 

MHz 
MHz 
dB 
dB 
degree 
dBc 
dBc 
dB 
nV/y'Hz 
pA/y'Hz 

µVrms 

V/µs 
ns 
ns 
% 

ns 
ns 
ns 
ns 
ns 
%_ 
degree 

v 

mA 
mA 
dB 
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AD9622 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (:tVs) ....................... :t6V 
Common-Mode Input Voltage .................. :tVs 
Voltage Swing x Bandwidth Product . . . . . . . 250 V x MHz 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . . 6 V 
Continuous Output Current2 • • • • • • • • • • • • • • • • • • 90 mA 
Operating Temperature Ranges 

AN, AQ, AR .................... -40°C to +85°C 
SQ .......................... -55°C to + 125°C 

Storage Temperature 
Ceramic ....................... -65°C to + 150°C 
Plastic ........................ -65°C to + 125°C 

Junction Temperature 
Ceramic' . · ............................ + l 75°C 
Plastic' ............................... + 150°C 

Lead Soldering Temperature (1 minute)4 •••••••••• + 220°C 
NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum .rating 
conditions for an extended period of time may affect device reliability. 

20utput is short-circuit protected; for maximum reliability, 90 mA continuous 
cutrent should not be exceeded. 

'Typical thermal impedances (part soldered onto board; no air flow): 
Ceramic DIP: e1A = IOO"C/W; 61c = 30°CIW 
Plastic SOIC: e1A = 125°C/W; 61c = 4S"C/W 
Plastic DIP: e1A = 90°C/W; 61c = 4S"C/W 

"Temperature shown is for surface mount devices, mounted by vapor phase 
soldering. Through-hole devices (Ceramic and Plastic DIPs) can be soldered at 
+ 300'C for 10 seconds. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9622AN -40°C to +85°C 8-Pin Plastic DIP 
AD9622AQ -40°C to +85°C 8-Pin Cerdip 
AD9622AR -40°C to +85°C 8-Pin SOIC 
AD9622SQ -55°C to + 125°C 8-Pin Cerdip 

*For outline information see Package Information section. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 

Package 
Option* 

N-8 
Q-8 
R-8 
Q-8 

· II - 100% production tested at + 25°C, and sample tested at 
specified temperatures. AC testing of "A" grade devices 
done on sample basis. 

III-- Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI- All devices are 100% production tested at +25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 

OUTPUT 

+Vs G:l D I 
54mlla 

CB+ D D :J CB-- D 
D D 

--INPUT +INP~ 
i-- 46.Smlls 

Chip Layout 
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THEORY OF OPERATION 
The AD9622 is a wide bandwidth voltage feedback amplifier 
that is guaranteed for minimum gain stability of + 2. Since its 
open loop frequency response follows the conventional 6 dB/ 
octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding de
crease in small signal bandwidth. The AD9622 typically main
tains a 60 degree unity loop gain phase margin with RF "" 
270 n. This high margin minimizes the effects of signal and 
noise peaking. 

Feedback Resistor Choice 
At minimum stable gain ( + 2), the AD9622 provides optimum 
dynamic performance with RF = 270 n. When using this value 
and following the high speed layout guidelines, a shunt capacitor 
(CF) should not be required. This value for RF provides the best 
combination of wide bandwidth, low peaking, and 
distortion. 

However, if improved gain flatness is desired, a shunt capacitor 
(CF) will provide extra phase margin. This reduces both over
shoot and peaking with only a slight reduction of bandwidth. 

As an example, if the amplifier exhibits (worst case) peaking of 
I dB with RallRF = 135 n (Av= 2), then using a CF of 
= 1.5 pF across RF will reduce this peaking to 0 dB. In addi
tion, overshoot, noise, and settling time (0.01 %) will also 
improve. This comes at the expense of slightly decreased closed
loop bandwidth due to the RF x CF time constant created. 

If the equivalent input capacitance greatly exceeds 2 pF (due to 
source drive or long input traces to the amplifier), then added 
shunt capacitance (CF) will be necessary to maintain stability. 

Likewise, if larger RdRF minimum-gain setting resistors are 
used, CF will be necessary. As a rule of thumb, if the product 
of RFllRa x C1 ~. 270 x 10- 12 seconds, then CF is not required 
(for maximum bandwidth applications) and the amplifier's phase 
margin will maintain about 60°. 

For RFllRa > 150 n, use a CF equal to C1 x RdRF· As the 
value of RFllRa increases, the bandwidth of the amplifier will 
begin to be controlled by the RF x CF time constant. Increasing 
CF much beyond these guidelines will also cause amplifier 
instability. 

Pulse Response 
Unlike a traditional voltage feedback amplifier in which slew 
speed is usually dictated by its front end de quiescent current 
and gain bandwidth product, the AD9622 provides "on 
demand" transconductance current that increases proportionally 
to the input "step" signal amplitude. This results in slew speeds 
(1500 V/µs) comparable to wideband current feedback designs. 
This, combined with relatively low input noise current (3.2 pA/ 
y'Hz), gives the AD9622 the best attributes of both voltage and 
current feedback amplifiers. 

Bootstrap Capacitor (Cu) 
In most applications, the Cu capacitor should not be required. 
Under certain conditions, it can be used to further enhance set
tling time performance. 

REV.O 
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FEATURES 
270 MHz Small Signal Bandwidth 
190 MHz Large Signal BW (4 V p-p) 
High Slew Rate: 2100 V/JJ.S 
Low Distortion: -64 dB@ 20 MHz 
Fast Settling: 15 ns to 0.01 
2.6 nV/VHz Spectral Noise Density 
:1:3 V Supply Operation 

APPLICATIONS 
ADC Input Driver 
Differential Amplifiers 
IF/RF Amplifiers 
Pulse Amplifiers 
Professional Video 
DAC Current-to-Voltage 
Baseband and Video Communications 
Active Filters/Integrators/Log Amps 

GENERAL DESCRIPTION 
The AD.9623 is one of a family of very high speed and wide 
bandwidth amplifiers utilizing a voltage feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of large signal 
bandwidth, slew rate, settling, low distortion, and low noise. 

Proprietary design architectures have resulted in an amplifier 
family that combines the most attractive attributes of both cur
rent feedback and voltage feedback amplifiers. The AD9623 
exhibits extraordinarily accurate and fast pulse response. charac
teristics (8 ns settling to 0~1 % ) as well as extremely wide small 
and large signal bandwidth previously found only in c~ri:nt 
feedback amplifiers. When combined with balanced high imped
ance inputs and low input noise current more common to volt
age feedback architectures, the AD9623 offers performance not 
previously available in a monolithic operational amplifier. 

*Protected by U.S. Patent 5,150,074 and others pending. 

Parameter 

Minimum Stable Gain 
Harmonic Distortion (20 MHz)· 
Large Signal Bandwidth (4 V p-p) 
SSBW (0.5 V p-p) 
Slew Rate 
Rise/Fall Time (0.5 V Step) 
Settling T~e (to 0.1%/0.01%) 
Input Noise (0.1 MHz-200 MHz) 

This is an abridged data sheet. To obtain the most recent version or 
complete data slaeet, caD our fax retrieval system at 1-800-446-6212. 
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AD9621 

+l 
-52 
130 
350 
1200 
2.4 
7/11 
80 

Wideband Voltage 
Feedback Amplifier 

AD9623* I 
CONNECTION DIAGRAM 

#OPTIONAL CAPACITOR CB CONNECTED HERE 
DECREASES SETTLING TIME (SEE TEXT). 

Other members of the AD962X amplifier family are the 
AD9621 (G = + 1), AD9622 (G = +2), and the AD9624 
(G = +6). A separate data sheet is available from Analog • 
Devices for each model. Each generic device has been designed 
for a different minimum stable gain setting, allowing users flexi-
bility in optimizing system performance. Dynamic performance 
specifications such as slew rate, settling time, and distortion 
vary from model to model. The table below summarizes key 
performance attributes for the AD962X family and can be used 
as a selection guide. 

The AD9623 is offered in industrial and military temperature 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 

PRODUCT HIGHLIGHTS 
l. Wide Large Signal Bandwidth 
2. High Slew Rate 
3. Fast Settling 
4. Low Distortion 
5. Output Shon-Circuit Protected 
6. Low Intermodulation Distortion at High Frequencies 

AD9622 AD9623 AD9624 Units 

+2 +4 +6 VN 
-66 -64 -66 dB 
160 190 200 MHz 
220 270 300 MHz 
1500 2100 2200 V/µs 
1.7 1.6 1.5 ns 
8/14 8/14 8/14 ns 
49 36 32 µVans 
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AD9623-SPECIFICATIONS 
DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, ±Vs= ±5 V; RtoAo = 100 O; Av= +4; R, = 270 0) 

Test AD9623AN/AQ/AR AD9623SQ 
Parameter Conditions Temp Level Min Typ Max Min Typ Max Units 

DC SPECIFICATIONS' 
Input Offset Voltage +25°C I -8 ±2 +8 -8 ±2 +8 mV 

Full VI -10 +10 -10 +10 mV 
Input Bias Current +25°C I 6 12 6 ·~ µA 

Full VI 16 16 µ.A 
Bias Current TC Full v 30 30 nAl°C 

Input Offset Current +25°C I -2 ±0.3 +2 -2 ±0.3 +2 µA 
Full VI -3 +3 -3 +3 µA 

Offset Current TC Full v 2.0 2.0 nAl°C 
Input Resistance +25°C v 600 600 kO 
Input Capacitance +25°C v 1.2 1.2 pF 
Common-Mode Range Full VI ±3.0 ±3.4 ±3.0 ±3.4 v 
Common-Mode Rejection Ratio AVcM = l V +25°C I 52 63 52 63 dB 
Open Loop Gain VouT = ±2 V p-p +25°C v 69 69 dB 
Output Voltage Range Full VI ±3.0 ±3.4 ±3.0 ±3.4 v 
Output Current Full VI 60 70 60 70 mA 
Output Resistance +25°C v 0.3 0.3 n 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal VouT = 0.4 V p-p Full II 190 270 190 270 MHz 
Large Signal VouT = 4 V p-p +25°C v 190 190 MHz 

Amplitude of Peaking Full Spectrum Full II 0.1 1.2 0.1 1.2 dB 
Amplitude of Roll-off DC to 100 MHz Full II 0 0.7 0 0.7 dB 
Phase Nonlinearity 0.3 MHz to 100 MHz +25°C v 1.0 1.0 Degree 
2nd Harmonic Distortion 2 V p-p; 20 MHz Full II -64 -56 -64 -56 dBc 
3rd Harmonic Distortion 2 V p-p; 20 MHz Full II -72 -65 -72 -65 dBc 
Common-Mode Rejei:tion Ratio @20MHz +25°C v +21 +21 dB 
Spectral Input Noise Voltage l MHz to 200 MHz +25°C v 2.6 2.6 nV/y'Hz 
Spectral Input Noise Current 1 MHz to 200 MHz +25°C v 2.5 2.5 pA/yHz 
Average Equivalent Integrated 

Input Noise Voltage 0.1 MHz to 200 MHz +25°C v 36 36 µ.V rms 

TIME DOMAIN 
Slew Rate VoUT = 5 V Step Full IV 1500 2100 1500 2100 V/µ.s 
Rise/Fall Time VouT = 0.5 V Step +25°C v 1.6 1.6 ns 

VouT = 5 V Step Full VI 2.4 3.1 2.4 3.1 ns 
Overshoot VoUT = 2 V Step Full IV 3 15 3 15 % 
Settling Time 

To 0.1% VouT = 2 V Step +25°C v 8 8 ns 
To 0.01% VoUT = 2 V Step Full IV 15 20 15 20 ns 
To 0.1%2 VoUT = 4 V Step +25°C v 9 9 ns 
To 0.01%2 VouT = 4 V Step +25°C v 17 17 ns 

Overdrive Recovery 2x to ±2 mV +25°C v 150 150 ns 
Differential Gain ( 4.3 MHz) RL = 150 n +25°C v 0.01 0.01 % 
Differential Phase (4.3 MHz) RL = 150 n +25°C v <0.01 <0.01 Degree 

POWER SUPPLY REQUIREMENTS' 
Supply Voltage (±Vs) Full IV 3.0 5.0 5.5 3.0 5.0 5.5 v 
Quiescent Current 

+Is +Vs= 5 V Full VI 23 29 23 29 mA 
-Is -Vs= -5 V Full VI 23 29 23 29 mA 

Power Supply Rejection Ratio AVs = l V +25°C I 60 71 60 71 dB 

NOTES 
'Measured at Av = 21. 
'Measured with a 0.001 µF CB capacitor connected across Pins I and 8. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) ....................... ± 6 V 
Common-Mode Input Voltage .................. ±Vs 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . . 6 V 
Continuous Output 'Current2 • • • • • • • • • • • • • • • • • • 90 mA 
Operating Temperature Ranges 

AN, AQ, AR .................... -40°C to +85°C 
SQ .......................... -55°C to + 125°C 

Storage Temperature 
Ceramic ....................... -65°C to + 150°C 
Plastic ........................ -65°C to + 125°C 

Junction Temperature 
Ceramic3 ••••...•••••••••••••••••••••• + l 75°C 
Plastic3 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + l S0°C 

Lead Soldering Temperature (1 minute)4 •••••••••• +220°C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

20utput is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 

'Typical thermal impedances (part soldered onto board; no air flow): 
Ceramic DIP: 81A = 1 OO"C/W; 81c = 30"C/W 
Plastic SOIC: 81A = 125"C/W; 81c = 45"C/W 
Plastic DIP: 81A = 90"C/W; 81c = 45"C/W 

"Teniperature shown is for surface mount devices, mounted by vapor phase 
soldering. Throughhole devices (Ceramic and Plastic DIPs) can be soldered at 
+ 300°C for 10 seconds. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9623AN -40°C to +85°C 8-Pin Plastic DIP 
AD9623AQ -40°C to +85°C 8-Pin Cerdip 
AD9623AR -40°C to +85°C 8-Pin SOIC 
AD9623SQ -55°C to + 125°C 8-Piri Cerdip 

*For outline information see Package Information section. 

EXPLANATION OF TEST LEVELS 
Test Level 

Package 
Option* 

N-8 
Q-8 
R-8 
Q-8 

I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested at 

specified temperatures. AC testing of A-grade devices done 
on sample basis. 

III- Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI- All devices are 100% production tested at +2S°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 
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+VsDO~UT I 
~D D~T 
CB- 0 

0 0 
I -INPUT +INPUT I 
~ 48.Smlla --.I 
Chip Layout 

AD9623 
THEORY OF OPERATION 
The AD9623 is a wide bandwidth voltage feedback amplifier 
that is guaranteed for minimum gain stability of +4. Since its 
open-loop frequency response follows the conventional 6 dB/ 
octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding 
decrease in small signal bandwidth. The AD9623 typically main
tains a 60 degree unity loop gain phase margin. This high mar
gin minimizes the effects of signal and noise peaking. 

Feedback Resistor Choice 
At minimum stable gain ( +4), the AD9623 provides optimum 
dynamic performance with RF "" 390 !l. When using this value 
and following the high speed layout guidelines, a shunt capacitor 
(Cp) should not be required. This value Rp provides the best 
combination of wide bandwidth, low peaking, and distortion. 

However, if improved gain flatness is desired, a shunt capacitor 
(Cp) will provide extra phase margin. This reduces both over
shoot and peaking with only a slight reduction of bandwidth. 
See Figure I. 

As an example, if the amplifier exhibits (worst case) peaking of 
1 dB with RollRF = 98 !l (Av = 4), then using an effective Cp 
of= 0.5-1 pF across RF will reduce this peaking to 0 dB. In -
addition, overshoot, noise, and settling time (0.01 %) will also 
improve. This comes at the expense of slighdy decreasep closed-
loop bandwidth due to the Rp x Cp time constant created. 

If total input capacitance greatly exceeds 3 pF (due to source 
drive or long input traces to the amplifier), then added shunt 
capacitance (Cp) will be necessary to maintain stability for mini-
mum gain. 

Likewise, if larger RofRp minimum-gain setting resistors are 
used, Cp will be· necessary. As a rule of thumb, if the product 
of RpllRo x C1 s 300 x 10-12 seconds, then Cp is not required 
(for maximum bandwidth at minimum gain) and the amplifier's 
phase margin will maintain about 60°. 

For RFllRo > 150 !l, use a Cp equal to C1 x RofRp. For C1 

(total) @ 2 pF, requires Cp to be 0.5 pF. This can be achieved 
by two 1 pF capacitors in series, or by using a resistor divider 
network at the amplifier's output in conjunction with a larger 
capacitor. Increasing Cp much beyond these guidelines will also 
cause amplifier instability. 

Pulse Response 
Unlike a traditional voltage feedback amplifier in which slew 
speed is usually dictated by its front end de quiescent current 
and gain bandwidth product, the AD9623 provides "on 
demand" transconductance current that increases proportionally 
to the input "step" signal amplitude. This results in slew speeds 
(2100 V/µs) comparable to wideband current feedback designs. 
This, combined with relatively low input noise current (2.5 pA/ 
y'Hz), gives the AD9623 the best attributes of both voltage and 
current feedback amplifiers. 

Bootstrap Capacitor (Ca) 
In most applications, the Ca capacitor will not be required. 
Under certain conditions, it can be used to further enhance set
tling time performance. 
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FEATURES . 
300 MHz Small Signal Bandwidth 
200 MHz Large Sign~I BW (4 V p-p) 
High Slew Rate: 2200 V/µs 
Low Distortion: -60 dB@ 20 MHz 
Fast Settling: 15 ns to 0.01% 
2.2 nViVHz Spect.ral Noise Density. 
±3 V Supply Operation 

APPLICATiONS 
ADC Input Driver 
Differential A'11plifiers 
IF/RF Amplifiers 
Pulse Amplifiers 
Professional Video 
DAC Current-to-Voltage 
Baseband and Video Communications 
Active Filtersi/lntegrators/Log Amps 

GENERAL DESCRIPTION 
The AD9624 is one of a family .of very high speed and wide 
bandwidth amplifiers utilizing a voltage.feedback architecture. 
These amplifiers define a new level of performance for voltage 
feedback amplifiers, especially in the categories of l,arge signal 
bandwidth, slew rate, settling, low distortion, and low noise. 

Proprietary design architectures have resulted in an amplifier 
family that:combines. the most attractive attributes of both cur
rent fee,dback and voltage feedback amplifiers.· The AD9624 . 
exhibits extraordinarily accurate and fast pulse response charac
teristics (8 ns settling to 0.1 %) as well· as extremely wide small· 
and large signal bandwidth previously found only in current 
feedback amplifiers. When combined with baianced high imped
anceinputs and, low input noise curr.ent more common to volt
age feedback architei:tures, the AD9624 offers performance not 
previously available in a monolithic operational amplifier. 

*Protected by U.S. Patent 5,150,074 and otbers pending. 

Parameter AD9621 

Minimum Stable Gain +l 
Harmonic Distortion (20 MHz) -52 
Large Signal Bandwidth ( 4 V p-p) 130 
SSBW (0.5 V p-p) 350 
Slew Rate 1200 
Rise/Fall Time (0.5N Step) 2.4 
Settling Time (to 0.1%/0.01%) 7/11 

. Input !lloise (0.1 MHz-200 MHz) 80 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Wideband Voltage 
Feedback Amplifier 

AD9624* I 
CONNECTION DIAGRAM 

# OPTIONALCAPACITOR CB CONNECTED HERE 
DECREASES SE.TILING TIME (SEE TEXT). 

Other members of the AD962X amplifier family are the' ' 
AD9621 (G = +l),,AD9622 (G = +2), and the AD9623 (G = 
+4). A separate data Sheet is available from Analog Devices for 
each model. Each generic device has been desig'.ned for a differ
ent minimum stable gain setting, allowing users flexibility in 
optimizing system performance. Dynamic performance specifica
tions such as slew rate, settling time, and distortion vary from 
model to model. The table below summarizes key performance 
attributes for the AD962X family and can be used as a selection 
guide. 

The AD9624 is offered in industrial and military temperature · 
ranges. Industrial versions are available in plastic DIP, SOIC, 
and cerdip; MIL versions are packaged in cerdips. 

PRODUCT HIGHLIGHTS 
1. Wide Large Signal Bandwidth 
2. High Slew Rate 
3. Fast Settling 
4. Low Distortion 
5. Output Short-Circuit Protected 
6. Low Intermodulation Distortion at High Frequencies 

AD9622 AD9623 AD9624 Units 

+2 +4 +6 VN 
-66 -64 -66 dB 
160 190 200 MHz 
220 270 300 MHz 
1500 2100 2200 V/µs 
1.7 1.6 1.5 ns 
8/14 8/14 8/14 .ns 
49 36 32 µVrms 
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SPECIFICATIONS AD9624 
DC ELECTRICAL CHARACTERISTICS (Unless otherwise noted, ±Vs= ±5 V; RLDAD = 100 n; Av= +8; RF= 510 rn 

Parameter Conditions 

DC SPECIFICATIONS' 
Input Offset Voltage 

Input Bias Current 

Bias Current TC 
Input Offset Current 

Offset Current TC 
Input Resistance 
Input Capacitance 
Common-Mode Range 
Common-Mode Rejection Ratio llVcM = l V 
Open-Loop Gain VouT = ±2 V p-p 
Output Voltage Range 
Output Current 
Output Resistance 

FREQUENCY DOMAIN 
Small Signal Bandwidth 

Av= 6 VoUT = 0.4 V p-p 
Av= 8 VouT = 0.4 V p-p 

Large Signal Bandwidth VouT = 4 V p-p 
Amplitude of Peaking Full Spectrum 
Amplitude of Peaking (Av = 6) Full Spectrum 
Amplitude of Roll-off DC to 100 MHz 
Phase Nonlinearity 0.3 MHz to 100 MHz 
2nd Harmonic Distortion 2 V p-p; 20 MHz 
3rd Harmonic Distortion 2 V p-p; 20 MHz 
Common-Mode Rejection Ratio @20MHz 
Spectral Input Noise Voltage l MHz to 200 MHz 
Spectral Input Noise Current l MHz to 200 MHz 
Average Equivalent Integrated 

Input Noise Voltage 0.1 MHz to 200 MHz 

TIMEDOMAIN 
Slew Rate VoUT = 5 V Step 
Rise/Fall Time VoUT = 0.5 V Step 

VouT = 5 V Step 
Overshoot VoUT = 2 V Step 
Settling Time 

To 0.1% VoUT = 2 V Step 
To 0.01% VoUT = 2 V Step 
To 0.1%2 VoUT = 4 V Step 
To 0.01%2 VouT = 4 V Step 

Overdrive Recovery 2x to ±2 mV 
Differential Gain (4.3 MHz) RL = 150 n 
Differential Phase (4.3 MHz) RL = 150 n 

POWER SUPPLY REQUIREMENTS' 
Supply Voltage (±Vs) 
Quiescent Current 

+Is +Vs= 5 V 
-Is -Vs= -5 V 

Power Supply Rejection Ratio llVs = l V 

NOTES 
1 Measured at Av = 21. 
2Measured with a 0.001 µF CB capacitor connected across Pins I and 8. 

Specifications subject to crumge without notice. 
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Test 
Temp Level 

+25°c I 
Full VI 
+25°C I 
Full VI 
Full v 
+25°c I 
Full VI 
Full v 
+25°c v 
+25°c v 
Full VI 
+25°C I 
+25°C v 
Full VI 
Full II 
+25°c v 

Full IV 
Full II 
+25°C v 
Full II 
+25°C IV 
Full II 
+25°c v 
Full II 
Full II 
+25°c v 
+25°c v 
+25°c v 

+25°c v 

Full IV 
+is·c v 
Full IV 
Full IV 

+25°c v 
Full IV 
+25°c v 
+25°c v 
+25°C v 
+25°c v 
+25°c v 

Full IV 

Full VI 
Full VI 
+25°c I 

AD9624AN/AQ/AR AD9624SQ 
Min Typ Max Min Typ Max Units 

-8 ±2 +8 -8 ±2 +8 mV 
-10 +10 -10 +10 mV 

7 12 7 12 µA 
16 16 µA 

35 35 nAl°C 
-2 ±0.3 +2 -2 ±0.3 +2 µA 
-3 +3 -3 +3 µA 

2.5 2.5 nAl°C 
500 500 kO 
1.2 1.2 pF 

±3.0 ±3.4 ±3.0 ±3.4 v 
52 63 52 63 dB 

74 74 dB 
±3.0 ±3.4 ±3.0 ±3.4 v 
60 70 60 70 mA 

0.3 0.3 n 

200 300 200 300 MHz 
130 190 130 190 MHz 

170 170 MHz 
0 0.4 0 0.4 dB 
0.2 1.2 0.2 1.2 dB 
0.6 1.6 0.6 1.6 dB 
0.7 0.7 Degree 
-60 -52 -60 -52 dBc 
-72 -64 -72 -64 dBc 
+30 +30 dB 
2.2 2.2 nVl\/Hz 
2.5 2.5 pN\/Hz 

32 32 µV rms 

1400 2000 1400 2000 V/µs 
1.8 1.8 ns 
2.6 3.2 2.6 3.2 ns 
0 7 0 7 % 

8 8 ns 
15 20 15 20 ns 
9 9 ns 
17 17 ns 
130 130 ns 
0.015 0.015 % 
<0.01 <0.01 Degree 

3.0 5.0 5.5 3.0 5.0 5.5 v 

23 29 23 29 mA 
23 29 23 29 mA 

60 70 60 70 dB 
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AD9624 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltages (±Vs) ....................... ±6 V 
Common-Mode Input Voltage ................... ±Vs 
Differential Input Voltage ...... , ............... 6 V 
Continuous Output Current2 •••••••••••••••••• 90 mA 
Operating Temperature Ranges 

AN, AQ, AR .................... -40°C to +85°C 
SQ .......................... -55°C to + 125°C 

Storage Temperature 
Ceramic ....................... -65°C to + 150°C 
Plastic ........................ '-65°C to + 125°C 

Junction Temperature 
Ceramic3 . • • • • • • • • • • • • • • • • • • • • • • • • • • • • + l 75°C 
Plastic3 •••••....••••••••••••••••••••• + 150°C 

Lead Soldering Temperature (I minute)4 •••••••••• + 220°C 
NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating 
conditions for an extended period of time may affect device reliability. 

20utput is short-circuit protected; for maximum reliability, 90 mA continuous 
current should not be exceeded. 

'Typical thermal impedances (part soldered onto board; no air flow): 
Ceramic DIP: 01A = IOO"C/W; 01c = 30"C/W 
Plastic SOIC: 01A = 125'C/W; 01c = 45'C/W 
Plastic DIP: 01A = 90'C/W; 01c = 45'C/W 

4Temperature shown is for surface mount devices, mounted by vapor phase 
soldering. Through-hole devices (ceramic and plastic DIPs) can be soldered at 
+ 300'C for IO seconds. 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

AD9624AN -40°C to +85°C 8,Pin Plastic DIP 
AD9624AQ -40°C to +85°C 8-Pin Cerdip 
AD9624AR -40°C to +85°C 8-Pin SOIC 
AD9624SQ - 55°C to + 125°C 8-Pin Cerdip 

*For outline information see Package Information section. 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 

Package 
Option* 

N-8 
Q-8 
R-8 
Q-8 

II - 100% production tested at + 25°C, and sample tested at 
specified temperatures. AC testing of A-grade devices done 
on sample basis. 

III- Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI'- All devices are 100% production tested at +25°C. l00% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature extremes 
for commercial/industrial devices. 

+VsD+ ou~ur. -i 
MILS 

CB+ 0 0 :JVs 
CB- D 

D D 
I -INPu·r +INPUT I 
I+- 46.5 MILS -.I 

Chip Layout 
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THEORY OF OPERATION 
The AD9624 is a wide bandwidth voltage feedback amplifier 
that is guaranteed for minimum gain stability of +6. Since its 
open loop frequency response follows the conventional 6 dB/ 
octave roll-off, its gain bandwidth product is basically constant. 
Increasing its closed-loop gain results in a corresponding dee 
crease in small signal bandwidth. The AD9624 typically main
tains a 60 degree unity loop gain phase margin with RF == 
5 l 0 n. This high margin minimizes the effects of signal and 
noise peaking. 

Feedback Resistor Choice 
At minimum stable gain ( +6), the AD9624 provides optimum 
dynamic performance with RF = 5 lO n. When using this value 
and following the high speed layout guidelines, a shunt capacitor 
(CF) should not be required. This value for RF provides the best 
combination of wide bandwidth, low peaking, and distortion. 

However, if improved gain flatness is desired, a· shunt capacitor 
(CF) will provide extra phase margin. This reduces both over
shoot and peaking with only a slighueduction of bandwidth. 

As an example, if the amplifier exhibits (worst case) peaking of 
1.2 dB with RallRF = 85 n (Av = 6), then using a Cj, of 
= 0.5 pF (two 1 pF capacitors in series) across RF will reduce 
this peaking to 0 dB. In addition, overshoot, noise, and settling 
time (<0.01%) will also improve. This comes at the expense of 
slightly decreased closed-loop bandwidth due to the RF x CF 
time constant created. 

If the equivalent input capacitance greatly exceeds 4 pF (due to 
source drive or long input traces to the amplifier), then added 
shunt capacitance (CF) will be necessary to maintain stability at 
minimum gain. 

As a rule of thumb, if the product of RFllRG x. C1 :S 300 x 
10- 12 seconds, then CF is not required (for maximum band
width applications) and the amplifier's phase margin will main
tain about 60°. Generally, this should be the case. 

Pulse Response 
Unlike a traditional voltage feedback amplifier in which slew 
speed is usually dictated by its front end de quiescent current 
and gain bandwidth product, the AD9624 provides "on · 
demand" transconductance current that increases proportionally 
to the input "step" signal amplitude. This results in slew speeds 
(2000 V/µ.s) comparable to wideband current feedback designs. 
This, combined with relatively low input noise current (2.5 pA/ 
v'Hz), gives the AD9624 the best attributes of both voltage and 
current feedback amplifiers. 

REV.O 



1111111111 ANALOG 
WDEVICES 

FEATURES 
Excellent Gain Accuracy: 0.99 VIV 
Wide Bandwidth: 750 MHz 
Slew Rate: 1200 V/µs 
Low Distortion 

-65 dBc @ 20 MHz 
-80 dBc @ 4.3 MHz 

Settling Time 
6 ns to 0.1% 
8 ns to 0.02% 

Low N~ise: 2.4 nV/\/Hz 
Improved Source for CLC-110 

APPLICATIONS 
IF/Communications 
Impedance Transformations 
Drives Flash ADCs 
Line Driving 

General Description 
The AD9630 is a monolithic buffer amplifier that utilizes inno
vative (patent pending) closed-loop design techniques to achieve 
exceptional gain accuracy, wide bandwidth, and low distortion. 
Slew rate limiting has been overcome as indicated by the 
1200 V/µs slew rate; this improvement allows the user greater 
flexibility in wideband and pulse applications. The second har
monic distortion terms for an analog input tone of 4.3 MHz and 
20 MHz are -80 dBc and -66 dBc, respectively. Clearly, the 
AD9630 establishes a new standard by combining in one part 
outstanding de and dynamic performance. 

The large signal bandwidth, low distortion over frequency, and 
drive capabilities of the AD9630 make the buffer an ideal flash 
ADC driver. The AD9630 provides better signal fidelity than 
many of the flash ADCs that it has been designed to drive. 

*Patent(s) Pending 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·Sll0-446-6212. 
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Low Distortion, 750 MHz 
Closed-Loop Buffer Amp 

AD9630* I 
PIN CONFIGURATION 

.. OPTIONAL +Vs ... OPTIONAL- Vs 

NC = NO CONNECT 

NOTE' FOR BEST SETTLING TIME PERFORMANCE 
USE OPTIONAL POWER SUPPLIES. ALL SPECIFICATIONS 
ARE BASED ON USING SINGLE ±Vs CONNECTIONS 
EXCEPT FOR SETTLING TIME TO 0.02% AND SMALL 
SIGNAL S21. CONSULT THE FACTORY FOR VERSIONS 
WITH OPTIONAL POWER SUPPLY PINS DISCONNECTED 
INTERNAL TO THE PACKAGE. 

Other applications which require increased current drive at 
unity voltage gain such as cable driving benefit from the 
AD9630's performance. 

The AD9630 is available in Plastic DIP (N), Ceramic DIP (Q), 
and SOIC (R). Consult with the factory concerning availability 
of MIL-STD-883 parts. Die are de tested at + 25°C. 

DIE LAYOUT 
Die Dimensions 60x50xl5 mils 

OPTIONAL 
•V, •V, 

• • • UB13Q8B • • • • • OUTPUT 

• • • • • 
OPTIONAL -v, 

-v, 
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AD9630 .;._SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltages (±Vs) ....................... ±7 V 

Lead Soldering Temperature (IO sec) .•.......... + 300°C 
Storage Temperature 

Continuous Output Current2 •••••••••••••••••• 70 mA 
Temperature Range over Which Specifications Apply 

AD9630AN/AR/AQ .•............. -65°C to + 150°C 
Junction Temperature3 

AD9630AN/AR/AQ ................ -40°C to +85°C AD9630AN/ARJAQ ...................... + 156°c 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, ±V8 = ± 5 V; R1" = 50 n, RwAo = 100 OJ 

Test AD9630AN/AR/AQ 
Parameter Conditions Temp Level Min Typ Max Units 

DC SPECIFICATIONS 
Output Offset Voltage +25°C I -8 ±3 +8 mV 

Offset Voltage TC Full IV -40 ±8 +40 µVl°C 
Input Bias Current +25°C I -25 ±2 +25 µA 

Bias Current TC Full IV -!00 ±20 +100 nAl°C 
Input Resistance +25 to Tmax II 300 450 k!l 
Input Resistance Tmin VI 150 250 k!l 
Input Capacitance +25°C v 1.0 pF 
Gain VoUT = 2 V p--p +25 to Tmax II 0.983 0.990 VN 
Gain VoUT = 2 Vp--p Tnnn VI 0.980 0.98S VN 
Output Voltage Range Full VI +3.2 ±3.6 -3.2 v 
Output Current (50 .n Load) +25 to Tmax II 50 mA 
Output Current (50 .n Load) Tm.in VI 40 mA 
Output Impedance At de +zs0c v 0.6 .n 
PSRR 6.Vs = ±So/o Full VI 44 55 dB 
DC Nonlinearity ± 2 V Full Scale +zs0c v 0.03 % 

FREQUENCY DOMAIN 
Bandwidth ( - 3 dB) 

Small Signal V0 s0.7 V p--p Tmin to 25 II 400 750 MHz 
Small Signal V0 s0.7 V p--p Tmax II 330 550 MHz 
Large Signal V0 = 5 Vp--p Tmin to ZS v 120 MHz 
Large Signal V0 = S Vp--p Tmax v lOS MHz 

Output Peaking sZOO MHz Full II 0.4 1.2 dB 
Output Rolloff s200 MHz Full II 0 0.3 dB 
Group Delay de to 150 MHz +25°C v 0.7 ns 
Linear Phase Deviation de to 150 MHz +25°C v 0.7 Degrees 
2nd Harmonic Distortion 2 V p--p; 4.3 MHz Full IV -80 -73 dBc 

2 V p--p; 20 MHz Full IV -66 -S8 dBc 
2 V p--p; SO MHz Full II -S2 -43 dBc 

3rd Harmonic Distortion 2 V p--p; 4.3 MHz Full IV -86 -79 dBc 
2 V p--p; 20 MHz Full IV -75 -68 dBc 
2 V p--p; SO MHz Tmin to +25 II -47 -41 dBc 
2 V p--p; SO MHz Tmax II -46 -40 dBc 

Spectral Input Noise Voltage IOMHz +25°C v 2.4 nV/y'Hz 
Integrated Output Noise 100 kHz - 200 MHz +25°C v 32 µV 

TIME DOMAIN 
Slew Rate VoUT = S V Step +2S°C IV 700 1200 V/µs 
Rise/Fall Time VoUT = 1 V Step +25°C IV 1.1 1.7 ns 

VoUT = 1 V Step Tmin to Tmax IV 1.3 1.9 ns 
VoUT = 5 V Step +25°C IV 4.2 S.7 ns 
VoUT = S V Step Tmin to Tmax IV 5.0 6.5 ns 

Overshoot Amplitude VouT = 2 V Step Full IV 2 12 % 
Settling Time 

To 0.1% VoUT = 2 V Step Tmin to +25 IV 6 10 ns 
To 0.1% VouT = 2 V Step Tmax IV 7 12 ns 
To 0.02%4 VoUT = 2 V Step Tmin to +25 v 8 ns 
To 0.02%4 VouT = 2 V Step Tmax v 12 ns 

Differential Gain 4.4MHz +2S°C v O.OlS % 
Differential Phase 4.4 MHz +25°C v o.ozs Degree 

SUPPLY CURRENTS 
Vee (+Is) Vee= +5V Full II 19 26 mA 
VEE Hs) VEE= -s v Full II 19 26 mA 
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AD9630 
NOTES 
1 Absolute maximum ratings. are .limiting values to be applied individually, ·and beyond which the serviceability of the circuit may be impaired. Functional 

2 operabll!ty is not .nec~sarily implied. Exposure to absolute ~um rating conditions for an extended period of time may affect device reliability. 
Output is short-ctrcwt protected to ground, but .not to supplies. Prolonged short circuit to ground may affect device reliability. 
'Typi~al thermal impedances (pan soldered onto board): Mini-DIP (N): 01A = llO'CIW; 01c = 30'CIW; SOIC (R): 01A = 150°C/W; e1c = SO°C/W; 
Cerdip (Q): 01A "" llO'CIW; 01c = 20°C/W. 

4Short-term settling with 50 n source impedance. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% Production tested. 
II 100% Production tested at + 2S°C and sample tested at 

specified temperatures. AC testing of AN and AR grades 
done on sample basis only. 

III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Typical value. 
VI S versions are 100% production tested at temperature 

extremes. Other grades are sample tested at extremes. 

NC = NO CONNECT 

AD9630 Burn-In Circuit 

THEORY OF OPERATION 
The AD%30 is a wide-bandwidth, closed-loop, unity-gain buffer 
which makes use of a new voltage,feedback architecture (Patent 
Pending). This architecture brings together wide bandwidth and 
high slew rate along with exceptional de linearity. Most previous 
wide bandwidth buffers achieved their bandwidth by utilizing an 
open-loop topology which sacrificed both de linearity and fre
quency distortion when driven into low load impedances. The 
design's high loop correction factor radically improves de linear
ity and distortion characteristics without diminishing bandwidth. 
This, in combination with high slew rate, results in exception
ally low distortion over a wide frequency range. 

The AD9630 is an excellent choice to drive high speed and high 
resolution analog-til-digital Converters. Its output stage is 
desijpied to drive high speed flash converters with minimal or 
no. series resistance. A current booster built into the output 
driver helps to maintain low distortion. 

Parasitic or load capacitance (> 7 pF) connected directly to the 
AD%30 output will result in frequency peaking. A small series 
resistor (Rs) connected between the buffer output and capacitive 
load will negate this effect. Figure 1 shows the optimal value of 
Rs as a function of CL to obtain the flattest frequency response. 
Fiiure 2 illustrates frequency response for various capacitive 
loads utilizing the recommended Rs. 

REV.A 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9630AN -40°C to +8S°C 8-Pin Plastic DIP N-8 
AD9630AR -40°C to +8S°C 8-Pin SOIC R-8 
AD%30AQ -40°C to +8S°C 8-Pin Cerdip Q-8 
AD9630 Chips +2S°C Dice 

*For outline information see Package Information section. 

~:~--~ 
J20 1----+---+----+---+----t 

10 

-7 

NOR8NEEDED 
WHEN CL< 7pF; 
FOR CL> 30pF"R" 
CAN BE OMITTED 

Figure 1. Recommended Rs vs. CL 

10pl' --- ----f"'...... 25pF 

sopf'....... 

c.1Mlfz 100Mlfz CL 200Mlfz 300MHz 

Figure 2. Frequency Response vs. CL 
with Recommended Rs 

In pulse mode applications, with Rs equal to approximately 
12 ohms, capacitive loads of up to SO pF can be driven with 
minimal settling time degradation. 
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Ultralow Distortion, Wide 
Bandwidth Voltage Feedback Op Amps 

FEATURES 
Wide Bandwidth AD9631, G = +1 AD9632, G = +2 

Small Signal 320 MHz 250 MHz 
Large Signal (4 V P'Pl 175 MHz 180 MHz 

Ultralow Distortion (SFDR), Low Noise 
-113 dBc typ @ 1 MHz 
-95 dBc typ @ 5 MHz 
-72 dBc typ@ 20 MHz 
+46 dBc 3rd Order Intercept @ 25 MHz 
7.0 nV/,IHz Spectral Noise Density 

High Speed 
Slew Rate 1300 V/µs 
Settling 16 ns to 0.01%, 2 V Step 

±3 V to ±5 V Supply Operation 
17 mA Supply Current 

APPLICATIONS 
ADC Input Driver 
Differential Amplifiers 
IF/RF Amplifiers 
Pulse Amplifiers 
Professional Video 
DAC Current to Voltage 
Baseband and Video Communications 
Pin Diode Receivers 
Active Filters/Integrators/Log Amps 

PRODUCT DESCRIPTION 
The AD9631 and AD9632 are very high speed and wide band
width amplifiers. They are an improved performance alternative 
to the AD962 ! and AD9622. The AD963 l is unity gain stable. 
The AD9632 is stable at gains of two or greater. Utilizing a 
voltage feedback architecture, the AD9631/AD9632's excep
tional settling time, bandwidth, and low distortion meet the 
requirements of many applications which previously depended 
on current feedback amplifiers. Its classical op amp structure 
works much more predictably in many designs. 

A proprietary design architecture has produced an amplifier that 
combines many of the best characteristics of both current feed
back and voltage feedback amplifiers. The AD963 l and 
AD9632 exhibit exceptionally fast and accurate pulse response 
(16 ns to 0.01 %) as well as extremely wide small signal and 
large signal bandwidth and ultralow distorti.on. The AD963 l 
achieves -72 dBc at 20 MHz with 320 MHz small signal and 
175 MHz large signal bandwidths. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212, 
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AD9631/AD9632 I 
FUNCTIONAL BLOCK DIAGRAM 

8-Pin Plastic Mini-DIP (N), Cerdip (Q), 
and SO (R) Packages 

-INPUT 

+INPUT 

-Vs 

NC = NO CONNECT 

NC 

+Vs 

OUTPUT 

NC 

These characteristics position the AD963 l/AD9632 ideally for 
driving flash as well as high resolution ADCs. Additionally, the 
balanced high impedance inputs of the voltage feedback archi
tecture allow maximum flexibility when designing active filters. 

The AD9631 is offered in industrial (-40°C to +85°C) and mili
tary (-55°C to+ 125°C) temperature ranges and the AD9632 in 
industrial. Industrial versions are available in plastic DIP and 
SOIC; MIL versions are packaged in cerdip. 

-30 
Vo=2Vp-p 

~ -50 
I 

z 

~ -70 

~ 
!:! -90 z 
~ 
~ 
:c -110 

t-Vs=±SV 
RL= soon 

-130 
10k 100k 

t.l1 
L tl1 

2ND HARMONIC ~ 
~ 
~ 3RD HARMONIC 

1-1i:;..; 

1M 

FREQUENCY - Hz 

10M 
1 
100M 

Figure 1. AD9631 Harmonic Distortion vs. Frequency, 
G = +1 
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SPECIFICATIONS AD9631 /AD9632 
ELECTRICAL CHARACTERISTICS (+Vs= +5 V· RtoAo = 100 Q· Av= 1 (AD9631); Av= 2 (A09632), unless otherwise noted) - -

Parameter Conditions 

DYNAMIC PERFORMANCE 
Bandwidth (-3 dB) 

Small Signal VouT s 0.4 V p-p 
Large Signal' VoUT = 4 Vp-p 

Bandwidth for 0.1 dB Flatness VoUT = 300 mV p-p 
9631, RF= 140 n; 9632, RF= 42S n 

Slew Rate, Average +/- VouT = 4 V Step 
Rise/Fall Time VouT = O.S V Step 

VoUT = 4 V Step 
Settling Time 

To 0.1% VouT = 2 V Step 
To 0.01% VouT = 2 V Step 

HARMONIC/NOISE PERFORMANCE 
2nd Harmonic Distortion 2 V p-p; 20 MHz, RL = 100 n 

RL =soon 
3rd Harmonic Distortion 2 V p-p; 20 MHz, RL = 100 n 

RL =soon 
3rd Order Intercept 2SMHz 
Noise Figure Rs= SO n 
Input Voltage Noise 1 MHz to 200 MHz 
Input Current Noise 1 MHz to 200 MHz 
Average Equivalent Integrated 

Input Noise Voltage 0.1 MHz to 200 MHz 
Differential Gain Error (3.S8 MHz) RL =I.SO n 
Differential Phase Error (3.58 MHz) RL= lSOn 
Phase Nonlinearity de to 100 MHz 

DC PERFORMANCE2, RL = l SO n 
Input Offset Voltage3 

TM1N-TMAX 
Offset Voltage Drift 
Input Bias Current 

TM1N-TMAX 
Input Offset Current 

TM1N-TMAX 
Common-Mode Rejection Ratio VcM =±2.S V 
Open-Loop Gain VouT = ±2.S V 

TM1N-TMAX 

INPUT CHARACTERISTICS 
Input Resistance 
Input Capacitance 
Input Common-Mode Voltage Range 

OUTPUT CHARACTERISTICS 
Output Voltage Range, RL = lSO n 
Output Current 
Output Resistance 
Short Circuit Current 

POWER SUPPLY 
Operating Range 
Quiescent Current 

TM1N-TMAX 
Power Supply Rejection Ratio TMIN-TMAX 

NOTES 
1 See Max Ratings and Theory of Operation sections of data sheet. 
2Measured at Av= 50. 
3Measured with respect to the inverting input. 
Specifications subject to Change without notice. 

REV. 0 

AD9631A AD9632A 
Min Typ Max Min Typ Max Units 

220 320 180 2SO MHz 
lSO 17S lSS 180 MHz 

130 130 MHz 
1000 1300 1200 lSOO V/µs 

1.2 1.4 ns 
2.5 2.1 ns 

11 11 ns 
16 16 ns 

-64 -S7 -54 -47 dBc 
-72 -6S -72 -6S dBc 
-76 -69 -74 -67 dBc 
-81 -74 -81 -74 dBc 
+46 +41 dBm 
18 14 dB 
7.0 4.3 nV,IHz 
2.S 2.0 pA,IHz 

100 60 µVrms 
0.03 0.06 0.02 0.04 % 
0.02 0.04 0.02 0.04 Degree 
1.1 1.1 Degree 

3 10 2 s mV 
13 8 mV 

±10 ±10 µV/°C 
2 7 2 7 µA 

10 10 µA 
0.1 3 0.1 3 µA 

s s µA 
70 90 70 90 dB 
46 S2 46 S2 dB 
40 40 dB 

soo soo Jill 
1.2 1.2 pF 
±3.4 ±3.4 v 

±3.2 ±3.9 ±3.2 ±3.9 v 
70 70 mA 
0.3 0.3 n 
240 240 mA 

±3.0 ±S.O ±6.0 ±3.0 ±S.O ±6.0 v 
17 18 16 17 mA 

21 20 mA 
so 60 S6 66 dB 
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AD9631/AD963.2 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage 
Voltage Swing x Bandwidth Product 
Internal Power Dissipation2 

Plastic Package (N) 
Small Outline Package (R) 

Input Voltage (Common Mode) 
Differential Input Voltage 
Output Short Circuit Duration 

12.6V 
550VxMHz 

1.3 Watts 
0.9Watts 

±Vs 
±l.2V 

Observe Power Derating Curves 
Storage Temperature Range N, R -65°C to +125°C 
Operating Temperature Range (A Grade) -40°C to +85°C 
Lead Temperature Range (Soldering 10 sec) +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended Periods may affect device reliability. 

2Specification is for device in free air: , 
8-Pin Plastic Package: 01A = 90'C/Watt 
8-Pin SOIC Package: 0iA = 140'C/Watt 

METALIZATION PHOTO 
Dimensions shown in inches and (mm). 

-IN • 
Connect Substrate to -V 8• 

+Vs 
,. '7 

A=._j s 
IJ.060(~.27} 

MAXIMUM POWER DISSIPrnON 
The maximum power that can be safely dissipated by these de
vices is .limited by the associated rise in junction temperature. 
The maximum safe junction temperature for plastic encapsu
lated devices is determined by the glass transition temperature 
of the plastic, approximately + l 50°C. Exceeding this limit tem
porarily may cause a shift in parametric performance due to a 
change in the stresses exerted on the die by the package. Exceed
ing a junction temperature of+ l 75°C for an extended period can 
result in device failure. . . 
While the AD9631 and AD9632 are internally short circuit pro
tected, this may not be sufficient to guarantee that the maxi
mum junction temperature ( + l 50°C) is not exceeded un<jer all 
conditions. To ensure proper operation, it is necessary to ob
serve the maximum power derating curves. 

o.._....._...._ ....... __..__...._....._....._ ....... __..__...._....._....._ ....... __. 
-50 -40 -30 -20 -10 0 10 20 30 40 50. 60 70 60 90 

AMBIENT 'IBIPERATURE - 'C 

Figure 2. Plot of Maximum Power Dissipation vs. 
Temperature 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD9631AN --40C to +85°C Plastic DIP N-8 
AD9631AR --40°C to +85°C SOIC R-8 
AD963 l (SMD) -ss•c to +12s0 c Cerdip Q-8 
AD9631-EB Evaluation 

Board 
AD9632AN -40°c to +85°C Plastic DIP N"8 
AD9632AR --40°c to +8s0 c . SOIC R-8 
AD9632-EB Evaluation 

Board 

*N = Plastic DIP; Q = Cerdip; R= SOIC (Small Outline Integrated Circuit). 
For outl.ine infonnati.on sCe Package Information seCtio~;· 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V r~adily 
accumulate on the human body and test equipment and can discharge without detection. 
Although these devices feature proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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THEORY OF OPERATION 
General 
The AD9631 and AD9632 are wide bandwidth, voltage feed
back amplifiers. Since their open-loop frequency response fol
lows the conventional 6 dB/octave roll-off, their gain bandwidth 
product is basically constant. Increasing their closed-loop gain 
results in a corresponding decrease in small signal bandwidth. 
This can be observed by noting the bandwidth specification 
between the AD9631 (gain of I) and AD9632 (gain of 2). The 
AD9631/AD9632 typically maintain 65 degrees of phase mar
gin. This high margin minimizes the effects of signal and noise 
peaking. 

Feedback Resistor Choice 
The value of the feedback resistor is critical for optimum perfor
mance on the AD9631 (gain+ I) and less critical as the gain in
creases. Therefore, this section is specifically targeted at the 
AD9631. 

At minimum stable gain(+!), the AD9631 provides optimum 
dynamic performance with RF= 140 Q. This resistor acts only 
as a parasitic suppressor against damped RF oscillations that 
can occur due to lead (input, feedback) inductance and parasitic 
capacitance. This value of RF provides the best combination of 
wide bandwidth, low parasitic peaking, and fast settling time. 

In fact, for the same reasons, a I 00-130 Q resistor should be 
placed in series with the positive input for other AD963 l 
noninverting and all AD963 l inverting configurations. The cor
rect connection is shown in Figures 57 and 58. 

Figure 57. Noninverting Operation 

REV .. O 

AD9631/AD9632 

VouT 

Figure 58. Inverting Operation 

When the AD963 l is used in the transimpedance (I to V) mode, 
such as in photodiode detection, the value of RF and diode ca
pacitance (Ci) are usually known. Generally, the value of~ se
lected will be in the kn range, and a shunt capacitor (CF) across 
RF will be required to maintain good amplifier stability. The 
value of CF required to maintain optimal flatness ( < 1 ·dB Peak
ing) and settling time can be estimated as: 

where 000 is equal to the unity gain bandwidth product of the 
amplifier in rad/sec, and C1 is the equivalent total input 
capacitance at the inverting input. Typically 000 = 800 x I 06 

rad/sec (see Open-Loop Frequency Response curve (Fig-
ure 17). 

As an example, choosing RF= 10 kn and C1 = 5 pF, requires 
CF to be I. I pF (Note: C1 includes both source and parasitic 
circuit capacitance). The bandwidth of the amplifier can be es
timated. using the CF calculated as: 

f 1.6 
3dB := 21tRFCF 

Figure 59. Transimpedance Configuration 
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AD9631 /AD9632 
For general voltage gain applications, the amplifier bandwidth 
can be closely estimated as: 

This estimation loses accuracy for gains of +2/-1 or lower due 
to the amplifier's damping factor. For these "low gain" cases, 
the bandwidth will actually extend beyond the calculated value 
(see Closed-Loop BW plots, Figures 15 and 27). 

As. a rule of thumb, capacitor CF will not be required if: 

(RpllR,,)xC1 :s; NG 
4 ro0 

where NG is the Noise Gain (l + Rp/Rc;) of the circuit. For 
most voltage gain applicatfons, this should be the case. 

Pulse Response 
Unlike a traditional voltage feedback amplifier, where the slew 
speed is dictated by its front end de quiescent current and gain 
bandwidth product, the AD9631 and AD9632 provide "on de
mand" current that increases proportionally to the input "step" 
signal amplitude. This results in slew rates (1300 V/µs) compa
rable to wideband current feedback designs. This, combined 
with relatively low input noise current (2.0 pA/,IHz), gives the 
AD963 l and AD9632 the best attributes of both voltage and 
current feedback amplifiers. 

Large Signal Perfonnance 
The outstanding large signal operation of the AD963 l and 
AD9632 is due to a unique, proprietary design architecture. 
In order to maintain this level of performance, the maximum 
550 V-MHz product must be observed, (e.g., @ 100 MHz, 
Vo :s; 5.5 V p-p). 
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Power Supply Bypassing 
Adequate power supply bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can form resonant circuits that produce 
peaking in the amplifier's response. In addition, if large current 
transients must be delivered to the load, then bypass capacitors 
(typically greater than 1 µF) will be required to provide the best 
settling time and lowest distortion. A parallel combination of at 
least 4.7 µF, and between 0.1µFand0.01 µF, is recommended. 
Some brands of electrolytic capacitors will require a small series 
damping resistor ~4. 7 Q for optimum results. 

Driving Capacitive Loads 
The AD9631 and AD9632 were designed primarily to drive 
nonreactive loads. If driving loads with a capacitive component 
is desired, the best frequency response is obtained by the addi
tion of a small series resistance as shown in Figure 60. The ac
companying graph shows the optimum value for RsERIES vs. 
capacitive load. It is worth noting that the frequency response of 
the circuit when driving large capacitive loads will be dominated 
by the passive roll-off of RsERIES and CL· 

Figure 60. Driving Capacitive Loads 

30 

a 
I 

Ill 
~ 
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Figure 61. Recommended RsrniEs vs. Capacitive Load 
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FEATURES 
Ideal for Video Applications 

0.02% Differential Gain 
0.04° Differential Phase 
0.1 dB Bandwidth to 25 MHz (G = +21 

High Speed 
90 MHz Bandwidth (-3 dB) 
500 VI µs Slew Rate 
60 ns Settling Time to 0.1 % (V 0 = 10 V Step) 

Low Noise 
2.9 nV/VHi Input Voltage Noise 

Low Power 
6.8 mA Supply Current 
2.1 mA Supply Current (Power-Down Mode) 

High Performance Disable Function 
Turn-Off Time of 100 ns 
Input to Output Isolation of 54 dB (Off State) 

PRODUCT DESCRIPTION 
The ADEL2020 is an improved second source to the EL2020. 
This op amp improves on all the key dynamic specifications 
while offering lower power and lower cost. The ADEL2020 
offers 50% more bandwidth and gain flatness of 0.1 dB to 
beyond 25 MHz. In addition, differential gain and phase are less 
than 0.05% and 0.05° while driving one back terminated cable 
(150 0). 

The ADEL2020 offers other significant improvements. The 
most important of these is lower power supply current, 33% less 
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Improved Second Source 
to the EL2020 

ADEL2020 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) 20-Pin Small Outline Package 

NC = NO CONNECT 

than the competition while offering higher output drive. Impor
tant specs like voltage noise and offset voltage are less than half 
of those for the EL2020. 

The ADEL2020 also features an improved disable feature. The 
disable time (to high output impedance) is 100 ns with guaran
teed break before make. Finally the ADEL2020 is offered in the 
industrial temperature range of -40°C to +85°C in both plastic 
DIP and SOIC package. 
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ADEL2Q20-SPEClflCAJIQNS (@TA= +25°C and Vs= ±15 V de, RL = 150 n unless othenvise noted) 

ADEL2020A 
Parameter Conditions Temperature Min Typ Max 'units 

INPUT OFFSET VOLTAGE 1.5 7.5 mV 
TMIN-TMAX 2.0 10.0 mV 

Offset Voltage Drift 7 µVfC 

COMMON-MODE REJECTION VcM=±lOV 
Vos TMIN-TMAX so 64 dB 
±Input Current TMIN-TMAX 0.1 1.0 µAN 

POWER SUPPLY REJECTION Vs = ±4.S V to ± 18 V 

Vos TMIN-TMAX 65 72 dB 
±Input Current TMIN-TMAX 0.05 0,5 µAN 

INPUT BIAS CURRENT -Input TMIN-TMAX 0.5 7.5 µA 
+Input TMIN-TMAX l 15 µA 

INPUT CHARACTERISTICS 
+Input Resistance l 10 MO 
- Input Resistance 40. o 
+Input Capacitance 2 pF 

OPEN-LOOP TRANSRESISTANCE V0 = ±lOV 
RL = 400 0 TMIN-TMAX l 3.5 MO 

OPEN-LOOP DC VOLTAGE GAIN RL = 400 0, VouT = ±10 v TMIN-TMAX 80 100 dB 
RL = 100 0, VouT = ±2.5 v TMIN-TMAX 76 88 dB 

OUTPUT VOLTAGE SWING RL = 400 o TMIN-TMAX ±12.0 ±13.0 v 
Short-Circuit Current 150 mA 
Output Current TMIN-TMAX 30 60 mA 

POWER SUPPLY 
Operating Range ±3.0 ±18 v 
Quiescent Current TMIN-TMAX 6.8 10.0 mA 
Power-Down Current TMIN-TMAX 2.1 3.0 mA 
Disable Pin Current Disable Pin = 0 V TMIN-TMAX 290 400 µA 

Min Disable Pin Current to Disable TMIN-TMAX 30 µA 

DYNAMIC PERFORMANCE 
3 dB Bandwidth G=+l;Rp8 =820 90 MHz 

G = +2; RFB = 750 70 MHz 

G = +10; RFB = 680 30 MHz 

0.1 dB Bandwidth G = +2; RFB = 750 25 MHz 

FuH Power Bandwidth V0 = 20 V p-p, 
RL = 400 o 8 MHz 

Slew Rate RL = 400 o, G = + l 500 V/µs 

Settling Time to 0.1% 10 V Step, G = -1 60 ns 

Differential Gain f = 3.58 MHz 0.02 % 

Differential Phase f = 3.58 MHz 0.04 Degree 

INPUT VOLTAGE NOISE f=lkHz 2.9 nV/yHz 

INPUT CURRENT NOISE -IIN• f = l kHz 13 pNy'Hz 

+11N, f = 1 kHz 1.5 pNy'Hz 

OUTPUT RESISTANCE Open Loop (5 MHz) 15 o 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 ••••••• Observe Derating Curves 
Output Short Circuit Duration ..... Observe Derating Curves 
Common-Mode Input Voltage ................... ±V8 

Differential Input Voltage ..................... ±6 V 
Storage Temperature Range 

Plastic DIP and SOIC .............. -65°C to + 125°C 
Operating Temperature Range ........... -40°C to +85°C 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods tnay affect device 
reliability. 

28-Pin Plastic Package: 61A = 90°C/Wan 
20-Pin sore Package: a1A = lSO"C/Watt 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the ADEL2020 features ESD protection 
circuitry, permanent damage may still occur on these devices if 
they are subjected to high energy electrostatic discharges. There
fore, proper ESD precautions are recommended to avoid any 
performance degradation or loss of functionality. 

Offset Null Configuration 

ADEL2020 

MAXIMUM POWER DISSIPATION 
The maximum power that can be safely dissipated by the 
ADEL2020 is limited by the associated rise in junction tempera
ture. For the plastic packages, the maximum safe junction tem
perature is 145°C. If the maximum is exceeded momentarily, 
proper circuit operation will be restored as soon as the die tem
perature is reduced. Leaving the device in the "overheated" con
dition for an extended period can result in device burnout. To 
ensure proper operation, it is important to observe the derating 
curves below. 

While the ADEL2020 is internally short circuit protected, this 
may not be sufficient to guarantee that the maximum junction 
temperature is not exceeded under all conditions. 

2.4 .---.----,.----.---r---r---r---. 

1!!2.2 ~ 
:; 2.0 .......... 1'. 
~ 1.8 ~~'l-...:220-PINSOIC _ __,f---I 

~ 1.& ~ "'-- I 
~1.4 .i~ 
Ci 8-PIN7 ~ 
ffi 1.2 1-----+--MIN~DIP ~ 

~ 1.ol---+--1f----+----+--"".31.''""""-+---I 
_, ~ gM ~ 
... 0.6 1---+-__,f---+---+--+---+---I 

0.4 ._ _ _,_ _ ___..__ _ _,_ _ __,, __ ..._ _ _._ _ __. 

-40 -20 0 20 40 60 60 100 
AMBIENT TEMPERATURE- °C 

Maximum Power Dissipation vs. Temperature 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

ADEL2020AN -40°C to +8S°C 8-Pin Plastic DIP N-8 
ADEL2020AR-20 -40°C to +8S°C 20-Pin Plastic SOIC R-20 
ADEL2020AR-20-REEL -40°C to +ss0c 20-Pin Plastic SOIC R-20 

*For outline infortnation see Package Infortnation section. 
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ADEL2020 
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Figure 1. Connection Diagram for AvcL = + 1 
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Figure 2. Closed-Loop Gain and Phase vs. Frequency, 
G = +1, RL = 150 n, RF= 1 kn for ±15 V, 910 n for ±5 v 

Figure 3. Closed-Loop Gain and Phase vs. Frequency, 
G = +1, RL = 1 k[J, RF= 1 kn for ±15 v, 910 n for ±5 v 
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ADEL2020 
6810 

+Vs 

Figure 5. Connection Diagram for AvcL = -1 
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Figure 6. Closed-Loop Gain and Phase vs. Frequency, 
G = -1, RL = 150 n, RF= 680 n for ±15 v, 620 n for 
±5V 
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Figure 7. Closed-Loop Gain and Phase vs. Frequency, 
G= -1,RL = 1 k[J, RF= 680!1 for Vs= ±15 v, 620 n 
for ±5 V 
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Figure 8. -3 dB Bandwidth vs. Supply Voltage, 
Gain= -1, RL = 150 n 
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ADEL2020 
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Figure 10. Closed-Loop Gain and Phase vs. Frequency, 
G = +2, RL = 150 a, RF= 750 a for ±15 v, 715 a for 
±5V 

Figure 11. Closed-Loop Gain and Phase vs. Frequency, 
G = +2, RL = 1 k{J, RF= 750 a for ±15V, 7150 for ±5 v 
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Figure 14. Closed-Loop Gain and Phase vs. Frequency, 
G = +10, RL = 150 kil 

Figure 15. Closed-Loop Gain and Phase vs. Frequency, 
G=+10,RL=1kil 
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Figure 16. -3 dB Bandwidth vs. Supply Voltage, 
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ADEL2020 
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~ ~ 
~ .___,____.__._.....__.__+-+++--+- INVERTING INPUT_ 1 
.:. t-1-;-++1--!-4-+4+1..1:..Y1-C .. U-RR.j.E..j.N.j.T-l-4-+.+I .:. 
610~-+---t-++t--l--"1-T-i"t--+---t-++t--l--"1-+-+1106 
z z 

~ " ffi ~ ~ ~ g ~ ...J!!. VOLTAGE NOISE a 
l--!---l-!--R>.._,'t"'--l--~ ...... :~~~~~~~~~~~~~~~6~~~~TI~R~~~~~'-f.-t--+-+I 

1.._....._ ................ __.__.__._...._.....___._i.i.i,__i.__..._. ....... 1 
10 100 1k 10k 100k 

FREQUENCY - Hz 

Figure 19. Input Voltage and Current Noise vs. Frequency 
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Figure 20. Closed-Loop Output Resistance vs. Frequency 

- - 0 20 @ 00 00 ~ = ~ JUNCTION TEMPERATURE - 'C 
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GENERAL DESIGN CONSIDERATIONS 
The ADEL2020 is a current feedback amplifier optimized for 
use in high performance video and data acquisition systems. 
Since it uses a current feedba,ck architecture, its closed-loop 
bandwidth depends on the value of the feedback resistor. The 
- 3 dB bandwidth is also somewhat dependent on the power 
supply voltage. Lowering the supplies increases the values of 
internal capacitances, reducing the bandwidth. To compensate 
for this, smaller values of feedback resistor are used at lower 
supply voltages. 

POWER SUPPLY BYPASSING 
Adequate power supply bypassing can be critical when optimiz
ing the performance of a high frequency circuit. Inductance in 
the power supply leads can contribute to resonant circuits that 
produce peaking in the amplifier's response. In addition, if large 
current transients must be delivered to the load, then bypass 
capacitors (typically greater than 1 µ.F) will be required to pro
vide the best settling time and lowest distortion. Although the 
recommended 0.1 µ.F power supply bypass capacitors will be 
sufficient in most applications, more elaborate bypassing (such 
as using two paralleled capacitors) may be required in some cases. 

CAPACITIVE LOADS 

When used with the appropriate feedback resistor, the ADEL2020 
can drive capacitive loads exceeding 1000 pF directly without 
oscillation. Another method of compensating for large load 
capacitance is to insert a resistor in series with the loop output. 
In most cases, less than 50 0 is all that is needed to achieve an 
extremely flat gain response. 

OFFSET NULLING 
A 10 kO pot connected between Pins 1 and 5, with its wiper 
connected to V +, can be used to trim out the inverting input 
current (with about ±20 µ.A of range). For closed-loop gains 
above about 5, this may not be sufficient to trim the output off
set voltage to zero. Tie the pot's wiper to ground through a 
large value resistor (50 kO for ±5 V supplies, 150 kO for ± 15 V 
supplies) to trim the output to zero at high closed-loop gains. 

OPERATION AS A VIDEO LINE DRIVER 
The AD EL2020 is designed to offer outstanding performance at 
closed-loop gains of one or greater. At a gain of2, the ADEL2020 
makes an excellent video line driver. The low differential gain 
and phase errors and wide -0.1 dB bandwidth are nearly inde
pendent of supply voltage and load. For applications requiring 
widest 0.1 dB bandwidth, it is recommended to use 715 0 feed
back and gain resistors. This will result in about 0.05 dB of 
peaking and a -0. l dB bandwidth of 30 MHz on ± 15 V supplies. 

REV.A 

ADEL2020 
DISABLE MODE 
By pulling the voltage on Pin 8 to common (0 V), the 
ADEL2020 can be put into a disabled state. In this condition, 
the supply current drops to less than 2.8 mA, the output 
becomes a high impedance, and there is a high level of isolation 
from input to output. In the case of a line driver for example, 
the output impedance will be about the same as for a 1.5 kO 
resistor (the feedback plus gain resistors) in parallel with a 
13 pF capacitor (due to the output) and the input to output iso
lation will be better than 50 dB at 10 MHz. 

Leaving the disable pin disconnected (floating) will leave the 
part in the enabled state. 

In cases where the amplifier is driving a high impedance load, 
the input to output isolation will decrease significantly if the 
input signal is greater than about 1.2 V peak to peak. The isola
tion can be restored to the 50 dB level by adding a dummy load 
(say 150 0) at the amplifier output. This will attenuate the feed
through signal. (This is not an issue for multiplexer applications 
where the outputs of multiple ADEL2020s are tied together as 
long as at least one channel is in the ON state.) The input 
impedance of the disable pin is about 35 kO in parallel with a 
few pF. When grounded, about 50 µ.A flows out of the disable Ill 
pin for ± 5 V supplies. 1 

Break before make operation is guaranteed by design. If driven 
by standard CMOS logic, the disable time (until the output is 
high impedance), is about 100 ns and the enable time (to low 
impedance output) is about 160 ns. Since it has an internal pull-
up resistor of about 35 kO, the ADEL2020 can be used with 
open drain logic as well. In this case, the enable time is 
increased to about l µ.s. 

If there is a nonzero voltage present on the amplifier's output 
at the time it is switched to the disabled state, some additional 
decay time will be required for the output voltage to relax 
to zero. The total time for the output to go to zero will 
generally be about 250 ns and is somewhat dependent on the 
load impedance. 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Bandwidth-110 MHz 
Slew Rate-3000 VI µs 
Low Offset Voltage - < 1 mV 
Very Low Noise - < 4 nV/v'Hz 
Low Supply Current - 8.5 mA Mux 
Wide Supply Range - ±5 to ±15 V 
Drives Capacitive Loads 
Pin Compatible with BUF03 

APPLICATIONS 
Instrumentation Buffer 
RF Buffer 
Line Driver 
High Speed Current Source 
Op Amp Output Current Booster 
High Performance Audio 
High Speed AD/DA 

GENERAL DESCRIPTION 
The BUF04 is a wideband, closed-loop buffer that combines 
state of the art dynamic performance with excellent de 
performance. This combination enables designers to maximize 
system performance without any speed versus de accuracy 
compromises. 

Built on a high speed Complementary Bipolar (CB) process for 
better power performance ratio, the BUF04 consumes less than 
8.5 mA operating from ±5 V or ±15 V supplies. With a 
2000 V/µs min slew rate, and 100 MHz gain bandwidth prod
uct, the BUF04 is ideally suited for use in high speed applica
tions where low power dissipation is critical. 

Full ± 10 V output swing over the extended temperature range 
along with outstanding ac performance and high loop gain accu
racy makes the device useful in high speed data acquisition 
systems. 

*Patent pending. 
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Closed-Loop 
High Speed Buffer 

BUF04* I 
FUNCTIONAL BLOCK DIAGRAM 

8-Lead Narrow-Body SO 
(S Suffix) 

BUF04 18 
Plastic DIP 

8-Lead and Cerdip 
(P, Z Suffix) 

NC = NO CONNECT 

High slew rate and very low noise and THD, coupled with wide 
input and output dynamic range, make the BUF04 an excellent 
choice for video and high performance audio circuits. 

The BUF04's inherent ability to drive capacitive loads over a 
wide voltage and temperature range makes it extremely useful 
for a wide variety of applications in military, industrial, and 
commercial equipment. 

The BUF04 is specified over the extended industrial ( -40°C to 
+85°C) and military (-55°C to + 125°C) temperature range. 
BUF04s are available in plastic and ceramic DIP plus S0-8 sur
face mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 
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SPECIFICATIONS BUF04 
ELECTRICAL CHARACTERISTICS (@Vs= ±15.0, Ta= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.3 I mV 

-40°C s: TA s: +8S°C 1.3 4 mV 
Input Bias Current Is VcM = 0 0.7 s µA 

-40°C s: TA s: +8S°C 2.2 10 µA 
Input Voltage Range VcM ±13 v 
Offset Voltage Drift !:i.V0 sl!:i.T 30 µVfC 
Offset Null Range ±2S mV 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 1so n, ±10.S ±11.l v 

-40°C s: TA s: +8S°C ±10 ±11 v 
RL = 2 kn, ±13 ±13.S v 
-40°C s: TA s: +8S°C ±13 ±13.IS v 

Output Current - Continuous louT ±SO ±6S mA 
Peak Output Current louTP Note 2 ±80 mA 

TRANSFER CHARACTERISTICS 
Gain AvcL RL=2kn 0.99S 0.998S LOOS VIV 

-40°C s: TA s: +8S°C 0.99S 0.9980 LOOS VIV 
Gain Linearity NL RL = 1 kn, V0 = ±10 V o.oos % 

RL = lSO kn 0.008 % II 
POWER SUPPLY 

Power Supply Rejection Ratio PSRR Vs= ±4.S V to ±18 V 76 93 dB 
-40°C s: TA s: +8S°C 76 93 dB 

Supply Current lsv V0 = OV, RL = x 6.9 8.5 mA 
-40°C s: TA s: +8S°C 6.9 8.5 mA 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2 kn, cL = 10 pF 2000 3000 V/µs 
Bandwidth BW -3 dB, CL= 20pF, RL = 00 110 MHz 
Bandwidth BW -3 dB, CL= 20pF, RL = 1 kn 110 MHz 
Band Width BW -3dB,CL":' 20pF,RL= 1so n 110 MHz 
Settling Time V1N = ±10 V Step to 0.1% 60 ns 
Differential Phase f = 3.S8 MHz, RL = ISO n 0.02 Degrees 

f = 4.43 MHz, RL = 1son 0.03 Degrees 
Differential Gain f = 3.S8 MHz, RL = 1son 0.014 % 

f = 4.43 MHz, RL = lSO n 0.008 % 
Input Capacitance 3 pF 

NOISE PERFORMANCE 
Voltage Noise Density en f=lkHz 4 nV/VHz 
Current Noise Density i,, f=lkHz 2 pA/y!Hz 

NOTE 
1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at + 125"C, with an L TPD of 1.3. 
Specifications subject to change without notice. 
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BUF04 
ELECTRICAL CHARACTERISTICS (@ V5 = ±5.0 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.8 2.0 mV 

-40°C :5 TA :5 +8s0c 1.0 4 mV 
Input Bias Current Ia VcM = 0 V O.IS s µA 

-40°C :5 TA :5 +8s0c 1.6 10 µA 
Input Voltage Range VcM ±3.0 v 
Offset Voltage Drift t:.V0 s/t:.T 30 µVl°C 
Offset Null Range ±2S mV 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 1so n, ±3.0 v 

-40°c :5 TA ,;; +8s0c ±2.7S ±3.00 v 
RL = 2 kn, ±3.0 ±3.6 v 
-40°C :5 TA :5 +8s0c ±3.0 ±3.3S v 

Output Current - Continuous louT ±40 mA 
Peak Output Current louTP Note 2 ±7S mA 

TRANSFER CHARACTERISTICS 
Gain AvcL RL = 2 kn, 0.99S 0.9977 LOOS VN 

-40°C :5 TA :5 +8s0c 0.99S LOOS VN 
Gain Linearity NL RL = 1 kn o.oos % 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±4.S V to ±18 V 76 93 dB 

-40°c,;; TA :5 +8s0c 76 93 dB 
Supply Current lsv V0 =0V,RL="' 6.60 8 mA 

-40°C :5 TA :5 +8s0c 6.70 8 mA 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2 kn, cL = 10 pF 2000 V/µs 
Bandwidth BW -3 dB, CL= 20 pF, RL = "' 100 MHz 
Bandwidth BW -3 dB, cL = 20 pF, RL = 1 kn 100 MHz 
Bandwidth BW -3 dB, cL = 2opF, RL = 1son 100 MHz 
Differential Phase f = 3.58 MHz, RL = ISO n 0.13 Degrees 

f = 4.43 MHz, RL = ISO n O.lS Degrees 
Differential Gain r = 3.58 MHz, RL = 1so n 0.04 % 

f = 4.43 MHz, RL = lSO n 0.06 % 

NOISE PERFORMANCE 
Voltage Noise Density en f=lkHz 4 nV/y'Hz 
Current Noise Density in f=lkHz 2 pA/\/Hz 

NOTE 
1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at + 1ZS°C, with an LTPD of 1.3. 

Specifications subject to change without notice. 
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BUF04 

WAFER TEST LIMITS (@ V5 = ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos Vs= ±15 V 1 mVmax 
Vos Vs= ±5 V 2 mVmax 

Input Bias Current Is VcM = 0 V s µ.A max 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ±18 V 76 dB 
Output Voltage Range Vo RL = 150 n ±10.5 Vmin 
Supply Current lsv Vo=OV,RL=2kn 8.5 mAmax 
Gain AVcL V0 = ±10 v, RL = 2 kn 1 ± 0.005 VN 

NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Input Voltage ............................ ±18 V 
Maximum Power Dissipation ............. See Figure 16 
Storage Temperature Range 

Z Package ..................... -65°C to + l 75°C 
P, S Package .................... -65°C to + 150°C 

Operating Temperature Range 
BUF04Z ...................... -55°C to + 125°C 
BUF04S, P ..................... -40°C to +85°C 

Junction Temperature Range 
Z Package ..................... -65°C to+ 150°C 
P, S Package ..................... -65°C to+ 150°C 

Lead Temperature Range (Soldering 60 sec) ... : ... + 300°C 

Package Type OJA' 81c Units 

8-Pin Cerdip (Z) 148 16 ocrw 
8-Pin Plastic DIP (P) 103 43 ocrw 
8-Pin SOIC (S) 158 43 ocrw 

NOTES 
1 Absolute maximum ratinl!" apply to both DICE and packaged parts, unless 
otherwise noted. 

2&1A is specified for the worst case conditions, i.e., e1A is specified for device in 
socket for cerdip, P-DIP, and LCC packages; 91A is specified for device 
soldered in circuit board for sore package. 

ORDERING GUIDE 

Temperature. Package Package 
Model Range Description Option* 

BUF04AZ/883 -55°C to + 125°C Cerdip Q-8 
BUF04GP -40°C to +85°C Plastic DIP N-8 
BUF04GS -40°C to +85°C so S0-8 
BUF04GBC +25°C DICE DICE 

*For outline information see Package Information section. 

REV.O 

DICE CHARACTERISTICS 

NULL PINS 

Y-

FORCE} 
Your 

SENSE 

BUF04 Die Size 0.075 x 0.064 inch, 5,280 Sq. Mils 
Substrate (Die Backside} ls.Connected to V+ 
Transistor Count 45. 
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BUF04-Typical Perfonnance Characteristics 
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Figure 3. Input Offset Voltage (V05) vs. Temperature 

9-342 OPERATIONAL AMPLIFIERS 

o'-----""""" 
-0.15 -0.1 -0.5 0.5 0.1 0.15 0.2 

OFFSET-mV 

Figure 4. Input Offset Voltage (V05) Distribution@ ±15 II, 
Cerdip 

~ 

~ 

25 

0 
0 0.2 0.4 0.6 0.8 

OFFSET-mV 

1.0 1.2 

Figure 5. Input Offset Voltage (V05) Distribution@ ±5 V, 
Cerdip 

-5.0 '---"---.L---1---.L---1---.L--.L---1 

~ ~ - 25 ~ ~ ~ ~ 
TEMPERATURE - °C 
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Figure 13. Bias Current vs. Input Voltage 
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Figure 15. Slew Rate vs. Temperature 
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BUF04 

INPUT (SOmV/DIV) 

OUTPUT (50mV/DIV) 

Vs= ±15V, AL= 2kQ, CL= 15pF 

Figure 25. Small-Signal Transient Response 

AUDIO PRECISION BUF04 THD+N (%)vs FREQ (Hz) 111 MAR 93 21 :31 :53 
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Figure 27. THO + Noise vs. Amplitude 

FUNCTIONAL DESCRIPTION 
The BUF04 is a closed-loop voltage buffer based on a current
feedback architecture. Its high open-loop transimpedance, high 
output current drive capability, and its low input offset voltage 
makes it useful in a variety of applications, such as buffering the 
inputs of sampling and flash AID converters, audio and video 
line drivers, active filters, and precision op amp boosters. 

A transistor-level equivalent circuit for the BUF04 is illustrated 
in Figure 29. The input stage consists of a pair of emitter
follower transistors, Ql and Q2, whose outputs drive a second 
set of transistors, Q3 and Q4. The emitters of Q3 and Q4 are 
connected together through diodes, Dl and DZ, to form a low
impedance input for the feedback signal (in current mode) from 
the output stage. The outputs of Q3 and Q4 are then "mir
rored" to QS and Q6 which form the gain stage of the BUF04. 
The signal is taken from the collectors of QS and Q6 which 
drive a "Darlington-connected" output stage made up of transis
tors Q7-Ql0. Three R-C networks (Rl-Cl, R2-C2, and R3-C3) 
form feed-forward paths which bypass certain sections of the 
BUF04 for improved high frequency performance and capacitive 
load drive capability. Since the signal conveyed internally in the 
BUF04 is a current, the frequency response and slew rate of the 
BUF04 are insensitive to supply voltage variations. 
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Figure 26. Large-Signal Transient Response 
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Figure 28. Bandwidth vs. Frequency 

Figure 29. Transistor-Level Equivalent Circuit 

An interesting feature of the BUF04 architecture is the use of 
"slew-enhancement" transistors, Qll-Ql4. Under normal small
signal (V1N < 2 V bes) conditions, these transistors are normally 
"OFF." In large signals, high speed transient applications where 
the input signal is > 2 V bes, these transistors turn on and liter
ally "brute-force" the output to follow the input. When the 
input signal drops below 2 V bes, the transistors return to their 
normally "OFF" state. 
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A two-terminal equivalent circuit of the BUF04 is shown in Fig
ure 30 where the transistor-level equivalent circuit is reduced to 
its essential elements. The input stage develops a signal current, 
11N, that is replicated by an internal current conveyor so as to 
flow through R., the transimpedance of the BUF04. The voltage 
developed across R, is buffered by a unity-gain output voltage 
follower. With an open-loop R, of 400 kn and an R1N of 30 n, 
the voltage gain of the BUF04, given by the ratio RJRIN is 
approximately 13,000-accurate to approximately 13.S bits. The 
BUF04's open-loop ac transimpedance response is determined 
by the open-loop pole formed by R, and C,. Since C, is typically 
8 pF, the open-loop pole occurs at approximately SO kHz. 

v,. 

RIN:30!l 

"'=400 kn 
C. :BpF 
RFB = 100!l 

Figure 30. Current-Feedback Functional Equivalent Circuit 
of the BUF04 

Grounding and Bypassing Considerations 
To take full advantage of the BUF04's very wide bandwidth, 
high slew rates, and dynamic range capabilities requires due dili
gence with regard to supply bypassing. In high speed circuits, 
the supply bypassing network must provide a very low
impedance return path for currents flowing to and from the load 
network. As with any high speed application, multiple bypassing 
is always recommended. A 10 µ.F tantalum elect.rolytic in paral
lel with a 0.1 µ.F ceramic capacitor is sufficient for most applica
tions. For those high speed applications where output load 
currents approach SO mA, small-valued resistors (1.1 n to 
4.7 n) in series with the tantalum capacitors may improve cir
cuit transient response by damping out the capacitor's self
inductance. Figure 31 illustrates bypassing recommendations. 

NOTE 
USE SHORT LEAD LENGTHS (c5mm) 

Figure 31. Recommended Power-Supply Bypassing 
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BUF04 
To minimize the effects of high-frequency coupling, circuits 
must be built with short interconnect leads, and large ground 
planes should be used whenever possible to provide a low resis
tance, low-inductance circuit path. Sockets should be avoided 
because the increased interlead capacitance can degrade band
width and stability. If sockets are necessary, individual pin sock
ets (oftentimes called "cage jacks," AMP Part No. S-330808-3 or 
S-330808-6) should be used. They contribute far less stray reac
tance than molded socket assemblies. 

Offset Voltage Nulling 
Although the offset voltage of the BUF04 is very low (I mV, 
maximum) for such a high speed buffer, the circuit shown in 
Figure 32 can be used if additional offset voltage nulling is 
required. A potentiometer ranging from lk to lOk can be used 
for Vos nulling; with a 10 kn potentiometer, the trim range is 
±30mV. 

V+ 

V-

Figure 32. Optional Offset Voltage Nulling Scheme 

APPLICATIONS 
Output Short-Circuit Protection 
To optimize the transient response and output voltage swing of 
the BUF04, internal output short-circuit current limiting was 
omitted. Although the BUF04 can provide continuous output 
currents of SO mA without protection, direct connection of the 
BUF04's output to ground or to the supplies will destroy the 
device. An active current limit technique, illustrated in Figure 
33, provides the necessary short-circuit protection while retain
ing full de output voltage swing to the load. 

v,. 

+15V 

SET ISC +(ISC-) <60mA, 
CONTINUOUS OJ;V 
RSC1 (RSC2)• ~ 

.>"-+---OVOUT 

0.01µF 

-15V 

Figure 33. Short-Circuit Current Limiting Using Current 
Sources 
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BUF04 
Output Current Transient Recovery 
Settling characteristics of high speed buffers also include the 
buffer's ability to recover, i.e., settle, from a transient output 
current load condition. When driving the input of an AID con
verter, especially the successive-approximation converter types, 
the buffer must maintain a constant output voltage under 
dynamically changing load current conditions. In these types of 
converters, the comparison point is usually diode-clamped, but 
it may deviate several hundred millivolts resulting in high fre
quency modulation of the AID input current. Open-loop and 
closed-loop buffers (also, op amps configured as followers) that 
exhibit high closed-loop output impedances and/or low unity
gain crossover frequencies recover very slowly from output load 
current transients. This slow recovery leads to linearity errors or 
missing codes because of errors in the instantaneous input volt
age. Therefore, the buffer (or op amp) chosen for this type of 
application should exhibit low output impedance and high unity
gain bandwidth so that its output has had a chance to settle to 
its nominal value before the converter makes its comparison. 

The circuit in Figure 34 illustrates a settling measurement cir
cuit for evaluating the recovery time of high speed buffers from 
an output load current transient. The input to the buffer is 
grounded for ease of measuring ithe recovery time, and two 
resistors are used to sum steady-state and transient load currents 
at the output. As a worst-case condition, RI, was chosen such 
that the BUF04 would source (or sink) a steady-state current of 
25 mA. R2 was then chosen to add a 10 mA transient current 
upon the steady-state value. To set accurately the nodal voltages 
internal to the BUF04, the supply voltages were offset by the 
voltage applied to RI. Because of its high transimpedance, wide 
bandwidth, and low output impedance, the BUF04 exhibits an 
extremely fast recovery time of 60 ns to 0.01 %, as shown in Fig
ure 34. Results were identical regardless whether the BUF04 
was sourcing or sinking current. 

V+ 

V-

TP1 TP2 

>'--+-'VllY-----0 v,. 
SOURCE: O' -2.5 V 
SINK: O' +2.5V 

SOURCE:-SV 
SINK: +5V 

Figure 34. Transient Output Load Current Test Circuit 
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25mA 

35mA 

Figure 35. BUF04's Output Load Current Recovery Time 

Tenninated Line Drivers 
The BUF04's high output current, large slew rate, and wide 
bandwidth all combine to make it an ideal device for high speed 
line driver applications. As shown in Figure 36, the BUF04 can 
be configured for driving doubly terminated 50 n and 75 n 
cables. To optimize the circuit's pulse response, a capacitor, Cr 
(Cx + CTR1M), is connected across the series back tennination. 
The BUF04 can drive a 50 n line to ±2.5 Vanda 75 n line to 
±3.75 V when operating on ±15 V supplies. 

6" 

v,. COAX 

Zo COAX Rs, RL Rx Cx c, 
500 RG-58 500 50 91 pf 3-15pF 
750 RG·59 75Q 75 62pF 3-15pF 

Figure 36. Line Driver Configuration 

Low-Pass Active Filter 
In many signal-conditioning applications, filters are required to 
band-limit noise or altogether eliminate other unwanted signals 
prior to conversion~ Often, high frequency filters are needed for 
these applications; however, there are few op amps that exhibit 
the high open-loop gain and wide unity-gain crossover frequency 
required for these applications. As illustrated in Figure 37, the 
BUF04 and a handful of passive components can be configured 
as a high frequency, low-pass active filter. Since the filter con
figuration is a unity-gain Sallen-Key topology, the BUF04 is 
particularly well suited for this application. In this circuit, an 
additional resistor, R3, was added to prevent interaction 
between CZ and the BUF04's input capacitance. 

c1• 
44pF (22pF x 2) 

• SILVERED MICA OR 
DIPPED CERAMIC 

Wo = Jn1 ' R2 1 C1 . C2 ; Q = ~ 
Figure 37. A 10 MHz Low-Pass Active Filter 
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Operation Within an Op Amp Feedback Loop 
The BUF04 is well suited as a current booster or isolation buffer 
within the closed loop of precision op amps such as the OP! 77, 
the OP97, the OP27, or the OP77. Since the BUF04 is a closed
loop voltage buffer, no interstage coupling resistor between the 
op amp and the buffer's input is required for circuit stability. 
The wide bandwidth and high slew rate of the BUF04 assure 
that the loop has the characteristics of the op amp; hence, no 
additional rolloff is required. 

v,. 

R1 
100 R2 

GAIN R2(kQ) 
1cl 1 
100 10 
1000 100 

Figure 38. BUF04 as Booster Stage for a Precision Op 
Amp 
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BUF04 
Paralleling BUF04s for Increased Load Drive Capability 
In applications where continuous output currents greater than 
50 mA are required or where heat management is an issue, a 
number of BUF04s can be connected in parallel to reduce the 
drive requirement of any one buffer. An example of one such 
application is illustrated in Figure 39. In this circuit, the 
BUF04s are required to drive a doubly terminated 50 n line to 
±5 V. This type of a load for a single BUF04 would certainly 
cause a power dissipation problem. Parallel operation results in 
lower input and output impedances and increased bias currents; 
on the other hand, input equivalent noise voltage is reduced and 
input offset voltage remains unchanged. 

v,.o-.... -:t10V 
Rs 
50Q 

•5V 
--e--OVoUT 

Figure 39. Paralleling BUF04s for High Output Currents 

Overdrive Recovery and Phase Reversal 
In applications where the inputs could be driven to the supply 
rails, the BUF04 recovers in 10 ns from positive or negative 
overdrive. The BUF04 does not exhibit any output voltage 
phase reversal when the input signal exceeds its input voltage 
range. 
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BUF04 
* BUF04 SPICE Macro-model 

* 
* 
*Copyright 1993 by Analog Devices, Inc. 

* 
* 
*Node assignments 

* noninverting input 

* 
* 
* 
* 
* 
.SUBCKT BUF04 

* 
*INPUT STAGE 

* 
RI 99 8 
R2 10 50 
VI 99 9 
DI 9 8 
V2 11 50 
D2 10 11 
11 99 5 
I2 4 50 
QI 50 3 s 
Q2 99 3 4 
Q3 8 61 30 
Q4 10 7 30 
R3 s 61 
R4 4 7 
CPI 61 99 
CP2 7 so 
RFB 6 2 
* 

r
ositive supply 

legative supply 

1 

!output 

I 99 50 6 

200 
200 
4.4 
DX 
4.4 
DX 
l.8E-3 
l.8E-3 
QP 
QN 
QN 
QP 
50E3 
SOE3 
14E-15 
14E-IS 
100 

* INPUT ERROR SOURCES 
* 
!Bl 99 I 0.7E-6 
VOS 3 I 0.3E-3 
LSI 30 2 IE-9 
CSI 99 2 2.0E-12 
CS2 99 3.0E-12 
* 
EREF 97 0 22 0 I 
* 
*TRANSCONDUCTANCE STAGE 
* 
RS 12 97 36SE3 
C3 12 97 8E-12 
GI 97 12 99 8 SE-3 
G2 12 97 10 SO SE-3 
E3 13 97 POLY(I) 99 97 -2.5 
E4 97 14 POLY(I) 97 SO -2.S 
D3 12 13 DX 
D4 14 12 DX 
R6 12 IS 200 
CZ IS 6 20E-12 
* 

9-350 OPERA TJONAL AMPLIFIERS 

7/93, Rev. A 
JCB I PMI 

1.1 
1.1 

*POLE AT 200 MHz 
* 
Rll 20 97 IE6 
C7 20 97 0.759E-IS 
G7 97 20 12 22 IE-6 
* 
*POLE AT 200 MHz 
* 
Rl2 21 97 IE6 
C8 21 97 0.759E-15 
G8 97 21 20 22 IE-6 
* 
*OUTPUT STAGE 
* 
FSY 99 50 POLY(2) V7 V8 1.85E-3 I I 
RB 22 99 16.67E3 
Rl4 22 50 16.67E3 
RIS 27 99 80 
Rl6 27 so 80 
L2 27 6 IOE-9 
Gil 27 99 99 21 12.SE-3 
Gl2 so 27 21 SO 12.SE-3 
vs 23 27 3.3 
V6 27 24 3.3 
D5 21 23 DX 
D6 24 21 DX 
GIO 97 70 27 21 12.5E-3 
D7 70 71 DX 
D8 72 70 DX 
V7 71 97 DCO 
V8 97 72 DCO 

* 
* MODELS USED 

* 
.MODEL QN NPN(BF = 1000 IS= IE-IS) 
.MODEL QP PNP(BF = 1000 IS= IE-15) 
.MODEL DX D(IS=IE-IS) 
.ENDS BUF04 
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BUF04 
BUF04 SPICE 

99 

12 

CS1 

G2 R5 

RFB 

Ill 
99 

G10 

97 
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111111111 ANALOG 
Llilll DEVICES 

FEATURES 
• Low Vos ................................... 25µV Max 
• Low Vos Drift .......................... 0.6µV/°C Max 
• Ultra-Stable vs Time ............... 1.0µV/Month Max 
• Low Noise .............................. 0.6µVp-p Max 
• Wide Input Voltage Range . . . . . . . . . . . . . . . . . . . . . . ± 14V 
• Wide Supply Voltage Range ............. ±3V to ±18V 
• Fits 725, 108A/308A, 741, AD510 Sockets 
• 125°C Temperature-Tested Dice 

ORDERING INFORMATION t 

TA= +25°C ______ P_A_C_K_A_G_E_____ OPERATING 

Vos MAX CERDIP PLASTIC LCC TEMPERATURE 
(µ V) T0-99 8-PIN 8-PIN 20-CONTACT RANGE 

25 OPO?AJ" OP07AZ" MIL 
75 OP07EJ OPO?EZ OP07EP COM 
75 OP07 J" OP07Z" OP07RC/883 MIL 

150 OP07CJ OP07CZ OP07CP XIND 
150 OP07CStt XIND 
150 OP07DJ OP07DP XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after parl 
number. Consult factory for 883 data sheet. 
Burn~in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-07 has very low input offset voltage (25µV max for 
OP-07 A) which is obtained by trimming at the wafer stage. 
These low offset voltages generally eliminate any need for 
external nulling. The OP-07 also features low input bias cur
rent (±2nA forOP-07A) and high open-loop gain (300V/mVfor 
OP-07 A). The low offsets and high open-loop gain make the 
OP-07 particularly useful for high-gain instrumentation 
applications. 

The wide input voltage range of ±13V minimum combined 
with high CMRR of 110dB (0P-07A) and high inputimpedace 
provides high accuracy in the noninverting circuit configura
tion. Excellent linearity and gain accuracy can be maintained 

Ultralow Offset Voltage 
Operational Amplifier 

OP07 I 
PIN CONNECTIONS 

vosTRIEM
8 Vos::: 

-IN 2 60UT 

+IN J 5 N.C. 

4 V- !CASE) 

T0-99 (J-Suffix) 

EPOXY MINI-DIP (P-Sulflx) 
8-PIN HERMETIC DIP 

(Z-Sullix) 

8-PIN SO 
(S-Suffix) 

OP-07RC/883 
LCC 

(RC-Suffix) 

even at high closed-loop gains. 
Stability of offsets and gain with time or variations in temper
ture is excellent. The accuracy and stability of the OP-07, 
even at high gain, combined with the freedom from external 
nulling have made the OP-07 a new industry standard for 
instrumentation and military applications. 

The OP-07 is available in five standard performance grades. The 
OP-07 A and the OP-07 are specified for operation over the full mili
tary rangeof-55°C to+ 125°C;the OP-07E is specified for operation 
over the 0°C to+ 70°C range, and OP-07C and Dover the-40°C to 
+85°C temperature range. 

The OP-07 is available in hermetically-sealed T0-99 metal can or 
ceramic 8-pin Mini-DIP, and in epoxy 8-pin Mini-DIP. It is a direct 
replacement for 725, 1 OBA, and OP-05 amplifiers; 7 41-types may 
be directly replaced by removing the 7 41 's nulling potentiometer. The 
OP-207, a dual OP-07, is available for applications requiring close 
matching of two OP-07 amplifiers. For improved specffications, see 
theOP-77..0P-177. 

SIMPLIFIED SCHEMATIC 

*NOTE: 
R2A AND R28 ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY FOR 
MINIMUM INPUT 
OFFSET VOLTAGE. 

NON
INVERTING 
INPUT 

INVERTING 
INPUT 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-808-446-6212. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage •••.............•........•••.•••..........•.......•.............. ±22V 

Differential Input Voltage .•....................•...............•...•....... ±30V 

Input Voltage (Note 2) .•..........•.•.••••••....•••....•••••••...........•.•• ±22V 

Output Short-Circuit Duration •.•.•.......•.•.........•............ Indefinite 

Storage Temperature Range 

J, RC and Z Packages ............................. -65°C to + 150°C 

P Package ...•............•.•..•.......................... -65°C to + 125°C 

Operating Temperature Range 

OP-07 A, OP-07, OP-07RC ••..•......••......••• -55°C to + 125°C 

OP-07E ••..•...•••..•.....••..••••.•.............................. 0°c to+ 70°C 

OP-07C, OP-07D •••••.•...••..........•..•.....•....... -40°C to +85°C 

Lead Temperature (Soldering, 60 sec) ....•......•............ +300°C 

Junction Temperature (TJ) .......••.••.•.............•..•............. +150°C 

OP07 

PACKAGE TYPE e1A (Note3) 8JC UNITS 

T0-99 (J) 150 18 ·crw 
8-Pin Hermetic DIP (Z) 148 16 •crw 
8-Pin Plastic DIP (P) 103 43 •crw 
20-Contact LCC 98 38 •crw 
8-Pin SO(S) 158 43 ·crw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than ±22V, the absolute maximum input voltage is 

equal to the supply voltage. 
3. 9.A is specified for worst case mounting conditions, i.e., 9.A is specified for 

dbvice in socket for TO, CerDIP, P-DIP, and LCC package~; 8.A is specified 
for device sc;>ldered to printed circuit board for SO package. 1 

ELECTRICAL CHARACTERISTICS at Vs=± 15V, TA= 25° C, unless otherwise noted. 

OP-07A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note1) 10 25 30 75 p.V 

Long-Term Input Offset 
.:l.VosfTime (Note2) 0.2 1.0 0.2 1.0 µ.V/Mo 

Voltage Stability 

Input Offset Current los 0.3 2.0 0.4 2.8 nA 

Input Blas Current le ;±0.7 ±2.0 ±1.0 ±3.0 nA 

Input Noise Voltage ene:e 0.1Hz to 10Hz (Note 3) 0.35 0.6 0.35 0.6 ,.ve-e 

f0 =10Hz(Note3) 10.3 18.0 10.3 18.0 
Input Noise Voltage Density en 10 = 100Hz (Note 3) 10.0 13.0 10.0 13.0 nV/..,/HZ 

10 = 1000Hz (No1e 3) 9.6 11.0 9.6 11.0 

Input Noise Current ine:e 0.1Hz to 10Hz (Note3) 14 30 14 30 pAe:e 

10 = 10Hz (Note 3) 0.32 0.80 0.32 0.80 
Input Noise Current Densi1y in 10 = 100Hz (Note 3) 0.14 0.23 0.14 0.23 pAJ..,/HZ 

10 = 1000Hz (Note 3) 0.12 0.17 0.12 0.17 

Input Resistance -
R1N Differential-Mode 

(Note 4) 30 80 20 80 MO 

Input Resistance -
R1NCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 v 

Common-Mode Rejection Ratio CMRR VcM=±13V 110 126 110 126 dB 

Po-r Supply Rejection Ratio PSRR Vs=±3Vto±18V 4 10 4 10 µ.VN 

RL2: 2kn, Vo= ±10V 300 500 200 500 
Large-Signal Voltage Gain Ayo RL2:5000, Vo=±0.5V, 150 '400 150 400 

V/mV 
V5=±3V(Note4) 

RL2: 10kfi 12.5 ±13.0 12.5 13.0 

Output Voltage Swing Vo RL2:2kfi 12.0 ±12.8 12.0 12.8 v 

RL2:1kfi 10.5 ±12.0 10.5 12.0 

Slew Rate SR RL2: 2kn (Note 3) 0.1 0.3 0.1 0.3 V/µ.s 

Closed-Loop Bandwidth BW AvcL =+1 (Note3) 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output Resistance Ro v0 = o, 10 =0 60 60 n 

V5=±15V, No Load 75 120 75 120 
mW Po-r Consumption pd 

Vs=±3V, No Load 4 6 4 6 

Offset Adjustment Range Rp= 20kfi ±4 ±4 mV 

NOTES: 
1. OP-07A grade Vos is measured approximately one minute after app!ica- Excluding the Initial hour of operation, changes In Vos during the ffrst 30 

lion of power. For all o1her grades Vos is measured approximately 0.5 operating days are typically 2.5µ.V - refer to typical performance curves. 
seconds after application of power. Parameter is sample tested. 

2. Long-Term Input Offset Voltage Stability refera to the averaged trend line of 3. Sample tested. 
Vos vs. Time over extended periods after the first 30 days of operation. 4. Guaranteed by design. 
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OP07 
ELECTRICAL CHARACTERISTICS at Vs= ± tsV, -55° C :s; TA :s; + 125° C, unless otherwise noted. 

OP·07A OP-07 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Olf1let Voltage Vos (Note 1) 

Avaraga Input Olftet 
Voltage Drift With· 
out External Trim TC Vos (Note2) 
With External Trim TCVosn Rp-20k0(Note3) 

Input Olf1let Current los 

Avarage Input Offset Current 
TClos (Note2) 

Drift 

Input Blaa Current 19 

Avarage Input Blas Current 
TCl9 (Note2) 

Drift 

Input Voltage Range IVR 

Common-Mode Rejection Ratio CMRR VCM=±13V 

Power Supply Rejection Ratio PSRR Vs= ±3V to ±18V 

Large-Signal Voltage Gain Avo RL ~ 2k0, Vo= ±10V 

Output Voltage Swing Vo RL~2k0 

NOTES: 
1. OP-07A grade Vos is measured approximately one minute after applica

tion of power. For all other grades V05 is measured approximately 0.5 
seconds after application of power. 

2. Sample tested. 
3. Guaranteed by design. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

200kfl 

OPTIONAL OFFSET NULLING CIRCUIT 

INPUT 

PINOUTS SHOWN FOR. J, P, AND Z PACKAGES 

9-354 OPERA TIDNAL AMPLIFIERS 

25 80 80 200 p.V 

0.2 0.6 0;3 1.3 ,,.w•c 
0.2 0.6 0.3 1.3 ,,.w•c 
0.8 4 1.2 5.6 nA 

5 25 8 50 pA/"C 

±1 ±4 ±2 ±6 nA 

8 25 13 50 pAJDC 

±13 ±13.5 ±13 ±13.5 v 
108 123 108 123 dB 

5 20 5 20 µ.VN 

200 400 150 400 V/mV 

±12 ±12.6 ±12 ±12.6 v 

TYPICAL LOW-FREQUENCY NOISE TEST CIRCUIT 

V• 

3.31d1 

2.SMH 

INPUT REFERRED NOISE= 2~~oo"' 5~5~~: = 200nV/cm 

(SEE SCOPE PHOTO IN TYPICAL PERFORMANCE CURVES) 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

BURN-IN CIRCUIT 

PINOUTS SHOWN FOR J, P, AND Z PACKAGES 

4.7µF 

J 1~10H• FIL TERI 
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OP07 
ELECTRICAL CHARACTERISTICS at Vs= ± 15V, TA= 25° C, unless otherwise noted. 

OP-07E OP·07C OP-070 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos (Note1) 30 75 60 150 60 150 µV 

Long-Term v05 
V0 sfTlme (Note2) 0.3 1.5 0.4 2.0 0.5 3.0 µV/Mo 

Stability 

Input Offset Current los 0.5 3.8 0.8 6.0 0.8 6.0 nA 

Input Blas Current 19 ±1.2 ±4.0 ±1.8 ±7.0 ±2.0 ±12 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

&np·p (Note3) 
0.35 0.6 0.38 0.85 0.38 0.65 µVp-p 

Input Noise 
lo= 10Hz 10.3 18.0 10.5 20.0 10.5 20.0 

Voltage Density 
en 10 = 100Hz (Note 31 10.0 13.0 10.2 13.5 10.3 13.5 nV!,/HZ 

lo= 1000Hz 9.8 11.0 9.8 11.5 9.6 11.5 

Input Noise Current lnp-p 
0.1 Hz to 10Hz 

(Note3) 
14 30 15 35 15 35 PAp-p 

Input Noise 
10 = 10Hz 0.32 0.60 0.35 0.90 0.35 0.90 

Current Density 
in lo= 100Hz (Note 3) 0.14 0.23 0.15 0.27 0.15 0.27 pA!,/HZ 

10 = 1000Hz 0.12 0.17 0.13 0.18 0.13 0.18 

Input Resistance -
R1N 

Differential-Mode 
(Note4) 15 50 8 33 31 MO 

Input Resistance -

Common-Mode R1NCM 160 120 120 GO Ill 
Input Voltage Range IVR ±13 ±14 ±13 ±14 ±13 ±14 v 
Common-Mode 

CMRR 
Rejection Ratio 

VcM = ±13V 106 123 100 120 94 110 dB 

Power Supply 
PSRR 

Vs=±3V 

Rejection Ratio to±18V 
5 20 32 32 µVIV 

RL;,2k0, 
200 500 120 400 120 400 

Large-Signal 
Vo=±10V 

Ayo RL;,5000 V/mV 
Voltage Gain 

Vo=±0.5V 150 400 100 400 400 

Vs= ±3V (Note 41 

RL;, 10k0 ±12.5 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 
Output Voltage 

Vo RL;,2k0 ±12.0 ±12.8 ±11.5 ±12.8 ±11.5 ±12.8 v 
Swing 

RL;,1k0 ±10.5 ±12.0 ±12.0 ±12.0 

SlewRata SR RL;,2k0(Note3) 0.1 0.3 0.1 0.3 0.1 0.3 V/p.s 

Closed-Loop 
BW 

AvcL = +1 
0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Bandwidth (Note5J 

Open-Loop Output 
Ro Vo=O, lo=O 

Resistance 
60 60 60 o 

Vs= ±15V, No Load 75 120 60 150 60 150 
mW Power Consumption pd 

Vs= ±3V, No Load 4 6 8 4 8 

Offlet Adjustment 
Rp=20k0 ±4 ±4 ±4 mV 

Range 

NOTES: 
1. lnpu1 Offeet Voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 

2. Long-Term Input Offset Voltage Stability refers to the averaged trend line 
of Vos vs. Time over extended periods alter the first 30 days of operation. 

Excluding the Initial hour of operation, changes In Vos during the first 30 
operating days are typically 2.5p.V - 'refer to typical performance curves. 
Parameter Is sample teated. 

3. Sample tested. 
4. Guaranteed by design. 

5. Guaranteed but not tested. 
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OP07 
ELECTRICAL CHARACTERISTICS at vs = "'1 SV. o•c s TA s + 70°C for OP-07E, and --40°C s TA s +85°C for OP-07C/D, unless 
otherwise noted. 

OP-07E OP-07C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offlet Voltage Vos (Note 11 45 130 85 250 85 250 ,.v 
Average Input Offset 

Voltage Drift With-

out External Trim TCVos (Note3) 0.3 1.3 0.5 1.8 0.7 2.5 ,.w•c 
With External Trim TCVoSn Rp=20k0(Note3) 0.3 1.3 0.4 1.8 0.7 2.5 ,.vrc 

Input Offset Curnint los 0.9 5.3 1.6 8.0 1.8 8.0 nA 

Average Input Offset 
TClos (Note2) 8 35 

Current Drift 
12 50 12 50 pA/'C 

Input Blas Current le ±1.5 ±5.5 ±2.2 ±9.0 ±3.0 ±14 nA 

Average Input Blas 
TCle (Note2) 13 35 

CurnintDrlft 
18 50 18 50 pAl'C 

Input Voltage Range IVR ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 ±13.5 v 
Common-Mode 
Rejection Ratio 

CMRR VcM=±13V 103 123 97 120 94 106 dB 

Power Supply 

Rejection Ratio 
PSRR Vs= ±3V to ±18V 32 10 51 10 51 ,.VN 

Large-Signal 
Avo 

RL2'2k0 
180 

Voltage Gain V0 =±10V 
450 100 400 100 400 V/mV 

Output Voltage 
Vo 

Swing 
RL2'2k0 ±12 ±12.6 ±11 ±12.6 ±11 ±12.6 v 

NOTES: 
1. Input offset voltage measurements ara performed by automated test 

equipment approximately 0.5 seconds after application of power. 
2. Sample tested. 
3. Guaranteed by design. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Low Noise .................... 80nVp-p (0.1Hz to 10Hz) 

.......................................... 3nV/~ 
• Low Drift ............................... , .. 0.2µV/°C 
• High Speed ........................ 2.SV/µs Slew Rate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8MHz Gain Bandwidth 
• Low Vos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10µV 
• Excellent CMRR . . . . . . . . . . . . . . . 126dB at VcM of± 11V 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . . . . . 1.8 Miiiion 
• Fits 725, OP-07, OP-05, AD510, AD517, 5534A sockets 
• Available in Die Form 

ORDERING INFORMATION t 
PACKAGE 

TA =+25°C OPERATING 
Vos MAX CERDIP PLASTIC LCC TEMPERATURE 

(µV) T0-99 8-PIN 8-PIN 20-CONTACT RANGE 

25 OP27AJ" OP27AZ.' MIL 
25 OP27EJ OP27EZ OP27EP IND/COM 
60 OP27BJ' OP27BZ' OP27BR/883 MIL 
60 OP27FJ OP27FZ OP27FP IND/COM 
100 OP27CJ OP27CZ MIL 
100 OP27GJ OP27GZ OP27GP XIND 
100 OP27Gstt XIND 

For devices processed in total compliance to MIL-STD·883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-27 precision operational amplifier combines the low 
offset and drift of the OP-07 with both high speed and low 
noise. Offsets down to 25µV and drift of 0.6µV/°C maximum 
make the OP-27 ideal for precision instrumentation applica
tions. Exceptionally low noise, en= 3.5nVtv'HZ. at 10Hz, a 
low 1/f noise corner frequency of 2.7Hz, and high gain (1.8 
million), allow accurate high-gain amplification of low-level 

SIMPLIFIED SCHEMATIC 

INVERTING 
INPUT(-) .,.__..._..._ ..... -+-~~~-1-~~~--' 

• R1 • R2ARE PERMANENTLY ADJUSTED 
AT WAFER TEST FOR MINIMUM 
OFFSET VOLTAGE. 

Thia is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-8011-446-6212. 
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Low Noise, Precision 
Operational Amplifier 

OP27 I 
signals. A gain-bandwidth product of SM Hz and a 2.BV/µsec 
slew rate provides excellent dynamic accuracy in high-speed 
data-acquisition systems . 

A low input bias current of ± 10nA is achieved by use of a 
bias-current-cancellation circuit. Over the military temper
ature range, this circuit typically holds 18 and 108 to ±20nA 
and 15nA respectively. 

The output stage has good load driving capability. A guaran
teed swing of± 10V into 6000 and low output distortion make 
the OP-27 an excellent choice for professional audio applica
tions. 

PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of0.2µV/month, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

PIN CONNECTIONS 

BALB 
BA0.L7V+ 

-IN2 &OUT 

+IN3 5N.C. 

4V-{CASE) 

T0-99 
(J-Sufflx) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

EPOXY MINI-DIP 
(P-Sufflx) 

8-PINSO 
(S-Sufflx) 

OP·27BRC/883 
LCCPACKAGE 

(RC-Suffix) 

OUTPUT 
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OP27 
Low cost, high~volume production of OP-27 is achieved by 
using an on-chip zener-zap trimming network. This reliable 
and stable offset trimming scheme has proved its effective
ness over many years of production history. 

The OP-27 provides excellent performance in low-noise 
high-accuracy amplification of low-level signals. Applica
tions include stable integrators, precision summing ampli
fiers, precision voltage-threshold detectors, comparators, 
and professional audio circuits such as tape-head and 
microphone preamplifiers. 

The OP-27 isa direct replacementfor725, OP-06, OP-07 and 
OP-05 amplifiers; 741 types may be directly replaced by 
removing the 741's nulling potentiometer. 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage ................................................................. :22V 
Input Voltage (Note 1) ...................................................... :22V 
Output Short-Circuit Duration ................................... Indefinite 
Differential Input Voltage (Note 2) .................................. :0. 7V 
Differential Input Current (Note 2) ................................ :25mA 
Storage Temperature Range ............. : .......... -65°C to +150°C 

Operating Temperature Range 
OP-27A, OP-278, OP-27C (J, Z, RC) ........ -ss·c10 +125°C 
OP-27E, OP-27F (J, Z) ................................ -25°Cto +85°C 
OP-27E, OP-27F (P) ........................................ o•c to +70°C 
OP-27G (P, s, J, Z) ...................................... -40°c to +ss•c 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature ................................... -65°C to +150°C 

PACKAGE TYPE 8JA (Note3) 8JC UNITS 

T0-99(J) 150 18 'C/W 
8-Pin Hermetic DIP (ZJ 148 16 •ctw 
8-Pin Plastic DIP (P) 103 43 'C/W 
20-Contact LCC (RC) 98 38 'C/W 
8-PinSO(S) 158 43 •ctw 

NOTES: 
1. For supply voltages less than ±22V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. The OP-27's inputs are protected by back-to-back diodes. Current limiting 

resistors are not used in order to achieve low noise. If differential input voltage 
exceeds ±fl.7V, the input current should be limited to 25mA. 

3. 8iA is specified for worst case mounting conditions, i.e .. 8.A is specified for 
device in socket for TO, CerDIP, P-DIP, and LCC packagei; 8.A is specified 
for device soldered to printed circuit board for SO package. 1 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

OP-27A/E OP-278/F OP-27C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset Voltage Vos (Note 1) 10 25 20 60 30 100 µV 

Long-Term v05 
Vos/Time (Notes 2. 31 0.2 1.0 

Stability 
0.3 1.5 0.4 2.0 µV/Mo 

Input Offset Current las 35 50 12 75 nA 

Input Bias Current Is ±10 ±40 ±12 ±55 ±15 ±80 nA 

Input Noise Voltage 
0.1Hz to 10Hz 

8np-p 
(Notes 3, 5) 

0.08 0.18 0.08 0.18 0.09 0.25 µVp-p 

f0 = 10Hz (Note 31 3.5 5.5 3.5 5.5 3.8 8.0 
Input ~oise 

en f0 = 30Hz !Note 3) 3.1 4.5 3.1 4.5 3.3 5.8 nV/VHZ 
Voltage Density 

t 0 = 1000Hz (Note 31 3.0 3.8 3.0 3.8 3.2 4.5 

t 0 = 10Hz (Notes 3,6) 1.7 4.0 1.7 4.0 1.7 
Input Noise 

in f0 = 30Hz (Notes 3, 6J 1.0 2.3 1.0 2.3 1.0 pA/VHZ 
Current Density 

f0 = 1000Hz (No\es 3, 6J 0.4 0.6 0.4 0.6 0.4 0.6 

Input Resistance-
R1N (Note 71 

Differential·Mode 
1.3 0.94 0.7 Mn 

Input Resistance -
R1NCM Com mon·Mode 

2.5 GO 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±11.0 ±12.3 v 

Common·Mode 

Rejection Ratio 
CMRR VcM=±11V 114 126 106 123 100 120 dB 

Power Supply 

Rejection Ratio 
PSRR Vs= ±4V to ±18V 10 10 20 µVIV 

Large·Signal RL<:2kll,Vo=±10V 1000 1800 1000 1800 700 1500 
Ave V/mV 

Voltage Gain AL<: 6000, Vo= ±10V 800 1500 800 1500 600 1500 

Output Voltage AL<: 2k0 ±12.0 ±13.8 ±12.0 ±13.8 ±11.5 ±13.5 
Vo v 

Swing RL<:6000 ±10.0 ±11.5 ±10.0 ±11.5 ±10.0 ±11.5 

Slew Rate SR RL<:2kn (Note4) 1.7 2.8 1.7 2.8 1.7 2.8 Vlµs 
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OP27 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. (Continued) 

PARAMEnR SYMBOL CONDITIONS 

Gain Bandwidth Prod. GBW 

Open-Loop Output 

Resistance 
Ro 

Power Consumption Pd 

Offset Adjustment 

Range 

NOTES: 

(Note4) 

Rp == 10ktl 

OP-27A/E 
MIN TYP 

5.0 8.0 

70 

90 

±4.0 

1. Input offset voltage measurements are performed - 0.5 seconds after 
application of power. A/E grades guaranteed fully warmed-up. 

2. Long-term input offset voltage stability refers to the average trend line of 
V05 vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in Vos during the first 30 

MAX 

140 

OP-279/F OP-27C/G 
MIN TYP MAX MIN TYP MAX UNITS 

5.0 8.0 5.0 8.0 MHz 

70 70 fl 

90 140 100 170 mW 

±4.0 ±4.0 mV 

days are typically 2.SµV - refer to typical performance curve. 
3. Sample tested. 
4. Guaranteed by design. 
5. See test circuit and frequency .response curve for 0.1 Hz to 10Hz tester. 
6. See test circuit for current noise measurement. 
7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs= ±15V, -55°C::; TA::; +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage ~ VQs ~ 

Average Input 

Offset Drift 
TCVos 

TCVosn 

Input Offset Current los 

Input Bias Current le 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Powar Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

CMRR 

PSRR 

Avo 

(Note 11 

(Note2) 

1Note3) 

Vs= ±4.SV to ±18V 

RL2'2k0, Vo=±10V 

MIN 
OP-27A 

TYP 

30 

0.2 

15 

±20 

±10.3 ±11.5 

108 122 

600 1200 

±11.5 ±13.5 

MAX 

60 

0.6 

50 

±60 

16 

MIN 
OP-279 

TYP 

50 

0.3 

22 

±28 

±10.3 ±11.5 

100 119 

2 

500 1000 

±11.0 ±13.2 

MAX 

200 

1.3 

85 

±95 

20 

MIN 
OP-27C 

TYP 

70 

0.4 

30 

±35 

±10.2 ±11.5 

94 116 

4 

300 800 

±10.5 ±13.0 

MAX UNITS 

300 µV 

1.8 µV/°C 

135 nA 

±150 nA 

v 

dB 

51 µVN 

V/mV 

v 

ELECTRICAL CHARACTERISTICS at Vs = :1: 15V, -25°C:.: TA:.: +85°C for OP-27 J and OP-27Z, o•c:.: TA :.: + 70°C for OP-27EP, 
FP and-40°C:.: TA:.: +85°C tor OP-27GP, GS, unless otherwise noted. 

OP-27E 
PARAMEnR SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage Vos 

Average Input 

Offset Drift 
TCVos 

TCVosn 

Input Offset Current 108 

Input Blas Current le 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Powar Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

NOTES: 

CMRR 

PSRR 

Avo 

(Note2) 

(Note3) 

Vs= ±4.5V to ±18V 

RL2'2k0, Vo=±10V 

20 

0.2 

10 

±14 

±10.5 ±11.8 

110 124 

750 1500 

±11.7 ±13.8 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed. fully warmed-up. 

REV.A 

50 

0.6 

50 

±60 

15 

OP-27F OP-27G 
MIN TYP MAX MIN TYP MAX UNITS 

40 140 55 220 µV 

0.3 1.3 0.4 1.8 µV/°C 

14 85 20 135 nA 

±18 ±95 ±25 ±150 nA 

±10.5 ±11.8 ±10.5 ±11.8 v 

102 121 96 118 dB 

16 2 32 µVN 

700 1300 450 1000 V/mV 

±11.4 ±13.5 ±11.0 ±13.3 v 

2. The TCVos performance Is within the specifications unnulled or when 
nulled with Rp = SkO to 20k0. TCVos is 100% tested for A/E grades, 
sample tested for B/C/F/G grades. 

3. Guaranteed by design. 
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OP27 
DICE CHARACTERISTICS 

DIE SIZE 0.109 x 0.055 inch, 5995 sq. mils 
(2.77 x 1.40mm, 3.88 sq. mm) 

1. NULL 
2. (-)INPUT 
3. (+)INPUT 
4. v-
6. OUTPUT 
1. v+ 
8. NULL 

WAFER TEST LIMITS at Vs=± 15V, TA= 25° C for OP-27N, OP-27G, and OP-27GR devices; TA= 125° C for OP-27NT and 
OP-27GT devices, unless otherwise noted. 

OP-27NT OP-27N OP-27GT OP-27G OP-27GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note 1) 60 35 200 60 100 µVMAX 

Input Offset Current los 50 35 85 50 75 nAMAX 

Input Bias Current le ±60 ±40 ±95 ±55 ±80 nAMAX 

Input Voltage Range IVR ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMRR VcM= IVR 108 114 100 106 100 dB MIN 

Rejection Ratio 

Power Supply 
PSRR Vs=±4Vto±18V 10 10 20 µVIV MAX 

Rejection Ratio 

Large-Signal 
Avo 

RL2:2k0, Vo=±10V 600 1000 500 1000 700 
Voltage Gain RL2'6000, Vo=±10V 800 800 600 

V/mVMIN 

Output Voltage Swing Vo 
RL;:;, 2k0 ±11.5 ±12.0 ±11.0 ±12.0 ±11.5 
RL2:6000 ±10.0 ±10.0 ±10.0 

VMIN 

Power Consumption pd Vo=O 140 140 170 mW MAX 

NOTE: 
Electrical tests are performed at waler probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield alter packaging is not 
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs=± 15V, TA= +25° C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Average Input Offset TCV05 or Nulled or Unnulled 
Voltage Drift TCVoSn Rp = 8kn to 20kn 

Average Input Offset 
TClos Current Drift 

Average Input Bias 
TCle 

Current Drift 

Input Noise 
lo= 10Hz 

Voltage Density en 10 = 30Hz 
10 = 1000Hz 

Input Noise 
10 = 10Hz 

Current Density in 10 = 30Hz 
10 = 1000Hz 

Input Noise Voltage 9np.p 0.1 Hz to 10Hz 

Slew Rate SR RL2' 2k0 

Gain Bandwidth Product GBW 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 

9-360 OPERATIONAL AMPLIFIERS 

OP-27N OP-27G OP-27GR 
TYPICAL TYPICAL TYPICAL 

0.2 0.3 OA 

80 130 180 

100 160 200 

3.5 3.5 3.8 
3.1 3.1 3.3 
3.0 3.0 3.2 

1.7 1.7 1.7 
1.0 1.0 1.0 
0.4 0.4 0.4 

0.08 0.08 0.09 

2.8. 2.8 2.8 

8 8 8 

UNITS 

µV/°C 

pA1°c 

pA1°c 

nVl,/HZ 

pAl,/HZ 

µVp-p 

Vlµs 

MHz 
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11111111111 ANALOG 
WDEVICES 

FEATURES 
• Low Noise . . . . . . . . . . . . . . . . . . BOnV p-p (0.1Hz to 10Hz) 

...................... 3nV!./HZ at 1kHz 
• Low Drift .................................. 0.2µV/°C 
• High Speed ......................... 17V/µs Slew Rate 

.................. 63MHz Gain Bandwidth 
• Low Input Offset Voltage . . . .. .. . . . . . . .. . . . . . . .. 10µV 
• Excellent CMRR ... 126dB (Common-Voltage of ±11V) 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . . . . . 1.8 Million 
• Replaces 725, OP-05, OP-06, OP-07, AD510, AD517, 

SE5534 In Gains >5 
• Available In Die Form 

ORDERING INFORMATION 1 

PACKAGE 
OPERATING TA =+25°C 

Vos MAX CERDIP PLASTIC LCC TEMPERATURE 
(µV) TC>-99 8-PlN 8-PIN 20-CONT ACT RANGE 

25 OP37AJ' OP37AZ' MIL 
25 OP37EJ OP37EZ OP37EP IND/COM 
60 OP37BJ' OP37BZ' OP37BRC/883 MIL 
60 OP37FJ OP37FZ OP37FP IND/COM 

100 OP37CJ' OP37CZ MIL 
100 OP37GJ OP37GZ OP37GP XIND 
100 OP37GStt XIND 

For devices processed in total compliance to MIL·STD-883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO·can packages. 

tt For availability and burn-in information on SO package. contact your local 
sales office. 

GENERAL DESCRIPTION 
The OP-37 provides the same high performance as the OP-27, 
but the design is optimized for circuits with gains greater 
than five. This design change increases slew rate to 17V/ µsec 
and gain-bandwidth product to 63MHz. 

Low Noise, Precision, High Speed 
Operational Amplifier (AvcL > 5) 

OP37 I 
PIN CONNECTIONS 

Vos TRIMe· Vos TR:MV• 
-IN2 60UT 

+IN 3 5 N.C. 

4 V- (CASEI 

T0-99 
(J-Suftlx) 

8-PIN HERMETIC DIP 
(Z-Suftlx) 

EPOXY MINI-DIP 
(P-Suftlx) 

8-PINSO 
(S-Sufflx) 

OP-37BRC/883 
LCC PACKAGE 

(RC-Suffix) 

The OP-37 provides the low offset and drift of the OP-07 plus 
higher speed and lower noise. Offsets down to 25µVand drift 
of 0.6µV/°C maximum make the OP-37 ideal for precision 
instrumentation applications. Exceptionally low noise 
(en=3.5nV!v'HZ at 10Hz), a low 1/f noise corner frequency of 
2.7Hz, and the high gain of 1.8 million, allow accurate high-gain 
amplification of low-level signals. 

The low input bias current of± 10nAand offset current of 7nAare 
achieved by using a bias-current~cancellation circuit. Over 
the military temperature range this typically holds 18and los 
to ±20nA and 15nA respectively. 

The output stage has good load driving capability. A guaran
teed swing of± 10V into 6000 and low output distortion make 
the OP-37 an excellent c.hoice for professional audio 
applications. 

SIMPLIFIED SCHEMATIC 

NON· 
INVERTING 
INPUT(+) 

O-+--+-~~..-__,.-__,_ 

INVERTING 
INPUT H 

o-..... -+~~+-~~~-r~~~~~ 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP37 
PSRR and CMRR exceed 120dB. These characteristics, 
coupled with long-term drift of0.2µV/month, allow the circuit 
designer to achieve performance levels previously attained 
only by discrete designs. 

Low-cost, high-volume production of the OP-37 is achieved by 
using on-chip zener-zap trimming. Th.is reliable and stable 
offset trimming scheme has proved its effectiveness over 
many years of production history. 

The OP-37 brings low-noise instrumentation-type perfor
mance to such diverse applications as microphone, tape
head, and RIAA phono.,preamplifiers, high-speed signal con
ditioning for data acquisition systems, and wide-bandwidth 
instrumentation. · 

ABSOLUTE MAXIMUM RATINGS (Note 4) 
Supply Voltage .................................................................. >:.22V 
Internal Voltage (Note 1) ................................................... >:.22V 
Output Short-Circuit Duration ..................................... Indefinite 
Differential Input Voltage (Note 2) ................................... >:.O. 7V 
Differential Input Current (Note 2) ................................. >:.25mA 
Storage Temperature Range ......................... -65°C to +150°C 

Operating Temperature Range 
OP-37A, OP-378, OP-37C (J, Z, RC) ......... ~5°Cto+125°C 
OP-37E, OP-37F (J, Z) .............•................... -25°C to +85°C 
OP-37E, OP-37F (P) ......................................... o•c to + 70°C 
OP-37G (P, s, J, Z) ....................................... -4o•c to +ss•c 

Lead Temperature Range (Soldering, so sec) ..•.•.•........ 3oo•c 
Junction Temperature .................................... -65°C to + 150°C 

PACKAGE TYPE e1A(NOTE3) 9JC UNITS 

T0-99 (J) 150 18 ·ctw 
8-Pin Hermetic DIP (Z) 148 16 ·ctw 
8-Pin Plastic DIP (P) 103 43 ·ctw 
20-Contact LCC (RC, TC) 98 38 •ctw 
8-Pin SO (S) 158 43 •ctw 

NOTES: 
1. For supply voltages less than ±22V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. The OP-37's inputs are protected by back-to-back diodes. Current limlllng 

resistors are not used in order to achieve low noise. If differential input voltag8 
exceeds ±0.7V, the input current should be limited to 25mA. 

3. e1A is specified for worst case mounting conditions, i.e., e1A Is specified for 
device In socket for TO, CerDIP, P-DIP, and LCC packages; e1A is specified 
for device soldered to printed circuit board for SO package. 

4. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

OP-37A/E OP-378/F OP-37C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 1Note11 10 25 20 60 30 100 µV 

Long· Term v05 
Vos/Time (Notes 2, 3) 0.2 1.0 0.3 1.5 0.4 2.0 µV/Mo Stability 

Input Offset Current las 35 50 12 75 nA 

Input Bias Current 19 ±10 ±40 ±12 ±55 ±15 ±80 nA 

Input Noise Voltage 
0.1Hz to 10Hz 0.08 0.18 8np-p 1Notes3, 51 

0.08 0.18 0.09 0.25 µVp-p 

fo-"" 10Hz (Note 3J 3.5 5.5 3.5 5.5 3.8 8.0 
Input Noise 

to = 30Hz (Note 3) 3.1 4.5 3.1 4.5 3.3 5.6 nV/.,/Hz' •n Voltage Density 
t0 = 1000Hz !Note 31 3.0 3.8 3.0 3.8 3.2 4.5 

fo = 10Hz {Notes 3, 6) 1.7 4.0 1.7 4.0 1.7 
Input Noise 

in 10 = 30Hz {Notes 3, 6) 1.0 2.3 1.0 2.3 1.0 pA/.,/HZ 
Current Density fo = 1000Hz (Notes 3, 61 0.4 0.6 0.4 0.6 0.4 0.6 

Input Resistance -
A1N {Note 71 

Differential-Mode 
1.3 0.94 0.7 MO 

Input Resistance -
A1NCM Common-Mode 

2.5 GO 

Input Voltage Range IVR ±11.0 ±12.3 ±11.0 ±12.3 ±11.0 ±12.3 v 
Common-Mode 

Rejection Ratio 
CMRR VcM=±11V 114 126 106 123 100 120 dB 

Power Supply 

Rejection Ratio 
PSSR Vs= ±4V to ±18V 10 10 20 µVN 

RL<:2kn, Vo=±10V 1000 1800 1000 1800 700 1500 
Large-Signal AL 2: 1 kll, Vo= ±1.0V 800 1500 800 1500 400 1500 

Ayo V/mV 
.Voltage Gain RL = 60011, Vo= ±1V, 250 700 250 700 200 500 

Vs= ±4V, (Note 4) 

Output Voltage RL2:2kll ±12.0 ±13.8 ±12.0 ±13.8 ±11.5 ±13.5 
Vo v 

Swing RL2:6000 ±10.0 ±11.5 ±10.0 ±11.5 ±10.0 ±11.5 

Slew Rate SR RL<: 2k0 (Note 4) 11 17 11 17 11 17 Vlµs 

fo = 10kHz {Note 41 45 63 45 63 45 63 
Gain Bandwidth Prod. GBW MHz 

fo= 1MHz 40 40 40 
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ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. (Continued) 

OP-37A/E OP-378/F OP-37C/G 
PARAMETER 

Open-Loop Output 

Resistance 

Power Consumption 

Offset Adjustment 

Range 

NOTES: 

SYMBOL CONDITIONS MIN 

v0 = 0.1 0 = o 

Rp = 10kll 

1. Input offset voltage measurements are performed by automated test 
equipment approximately 0.5 seconds after application of power. A/E 
grades guaranteed fully warmed up. 

TYP MAX MIN TYP, MAX MIN TYP MAX 

70 70 70 

90 140 90 140 100 170 

±4.0 ±4.0 ±4.0 

days are typically 2.SµV - refer to typical performance curve. 
3. Sample tested. 
4. Guaranteed by design. 

OP37 

UNITS 

ll 

mW 

mV 

2. Long-term input offset voltage stability refers to the average trend line of 
V05 vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes in v05 during the first 30 

5. See test circuit and frequency response curve for 0.1 Hz to 10Hz tester. 
6. See test circuit for current noise measurement. 
7. Guaranteed by input bias current. 

ELECTRICAL CHARACTERISTICS for Vs=± 15V, -55°C :s TA :s +125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN 

Input Offset Voltage Vos !Note 11 

OP-37A 
TYP 

30 

MAX MIN 

60 

OP-378 
TYP 

50 

MAX MIN 

200 

OP-37C 
TYP 

70 

MAX 

300 

UNITS 

µV 

Average Input TCV05 iNote 21 1.3 9 
0.2 0.6 0.3 0.4 1.8 µV/°C 

_O_f_fs_e_t_D_rif_t~~~~T_c_v~0~8~"~~'-N_ot_e_3_1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Input Offset Current 105 

Input Bias Current le 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

CMRR 

PSRR 

Ava 

VcM = ±10V 

Vs= ±4.5V to± 18V 

Al 2: 2kU, Vo= ±10V 

15 50 

±20 ±60 

±10.3 ±11.5 

108 122 

16 

600 1200 

±11.5 ±13.5 

22 85 30 135 nA 

±28 ±95 ±35 ±150 nA 

±10.3 ±11.5 ±10.2 ± 11.5 v 

100 119 94 116 dB 

20 51 µVIV 

500 1000 300 800 V/mV 

±11.0 ±13.2 ±10.5 ±13.0 v 

ELECTRICAL CHARACTERISTICS for Vs= ±1 SV, -25°C s TA s +85°C for OP-37EJ/FJ and 0P'37EZIFZ, 0°C s TA s +70°C for 
OP-37EP/FP and -40°C s TA s +85° for OP-37GP/GS/GJ/GZ, unless otherwise noted. 

OP-37E OP-37F OP-37G 
PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Average Input 

Offset Drift 

TC Vos 

TCVosn 

Input Offset Current los 

Input Bias Current le 

Input Voltage Range IVR 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large .. Signal 

Voltage Gain 

Output Voltage 

Swing 

NOTES: 

CMRR 

PSRR 

Avo 

1Note21 

1Note3) 

Vs= ±4.5V to ±18V 

RL2'2k0, Vo=±10V 

MIN TYP 

20 

0.2 

10 

±14 

±10.5 ±11.8 

110 124 

750 1500 

±11.7 ±13.6 

1. Input offsel voltage measurements are performed by automated test 
equipment approximately 0.5 seconds alter application of power. A/E 
grades guaranteed fully warmed up. 

REV.A 

MAX 

50 

0.6 

50 

±60 

15 

MIN TYP MAX MIN TYP MAX UNITS 

40 140 55 220 µV 

0.3 1.3 0.4 1.8 µV/°C 

14 85 20 135 nA 

±18 ±95 ±25 ±150 nA 

±10.5 ±11.8 ±10.5 ±11.8 v 

102 121 96 118 dB 

16 32 µVIV 

700 1300 450 1000 V/mV 

±11.4 ±13.5 ±11.0 ±13.3 v 

2. The. TCVos performance is within the specifications unnulled or when 
nulled with Rp= 8k0 to 20k0. TC Vos is 100% tested for A/E grades, sample 
tested for B/C/F/G grades. 

3. Guaranteed by design. 
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OP37 
DICE CHARACTERISTICS 

DIE SIZE 0.098 X 0.056 inch, 5488 sq. mlls 
(2.49 x 1.42 mm, 3.54 sq. mm) 

1. NULL 
2. (-)INPUT 
3. (+)INPUT 
4. V-
8. OUTPUT 
1. v+ 
8. NULL 

WAFER TEST LIMITS at Vs= ±15V, TA= 25°C for OP-37N, OP-37G and OP-37GR devices; TA= 125°C for OP-37NT and 
OP-37GT devices, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP·37G OP-37GR 
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS 

Input Offset Voltage Vos (Note1) 60 35 200 60 100 µVMAX 

Input Offset Current los 50 35 85 50 75 nAMAX 

Input Bias Current le ±60 ±40 ±95 ±55 ±80 nAMAX 

Input Voltage Range IVR ±10.3 ±11 ±10.3 ±11 ±11 VMIN 

Common-Mode 
CMRR VcM=±11V 108 

Rejection Ratio 
114 100 106 100 dB MIN 

Power Supply 
PSRR 

T" = 25°C. Vs= ±4V to ±18V 10 10 10 10 20 
µV/VMAX 

Rejection Ratio T4 = 125°C. Vs= ±4.5V to ±18V 16 20 

Large-Signal RL;,2k0,Vo=±10V 600 1000 500 1000 700 
V/mVMIN 

Voltage Gain Avo RL;, 1kn, Vo=±10V 800 800 

AL;, 2k0 ±11.5 ±12.0 ±11.0 ±12.0 ±11.5 
VMIN Output Voltage Swing Vo RL;,600n ±10.0 ±10.0 ±10.0 

Power Consumption pd Vo=O 140 140 170 mW MAX 

NOTES: 
For25° C characteristics of OP-37NT and OP-37GT devices, see OP-37N and 
OP-37G characteristics, respectively. 

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not 
guarenteed lor standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot asembly and testing. 

TYPICAL ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

OP-37NT OP-37N OP-37GT OP-37G OP·37GR 
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS 

Average Input Offset TCVos or Nulled or Unnulled 
0.2 0.2 0.3 0.3 0.4 ,,w•c 

Voltage Drift TCVoSn Rp= 8kn to 20kn 

Average Input Offset 
TClos 80 80 130 130 180 pA/°C 

Current Drift 

Average Input Bias 
TCle 100 100 160 160 200 pAt•c 

Current Drift 

Input Noise 
10 = 10Hz 3.5 3.5 3.5 3.5 3.8 

en f0 =30Hz 3.1 3.1 3.1 3.1 3.3 nV!,/HZ 
Voltage Density 

10 = 1000Hz 3.0 3.0 3.0 3.0 3.2 

lo= 10Hz. 1.7 1.7 1.7 1.7 1.7 
Input Noise 

in f0 =30Hz 1.0 1.0 1.0 1.0 1.0 pAl,/HZ 
Current Density 

10 = 1000Hz 0.4 0.4 0.4 0.4 0.4 

Input Noise Voltage e"E!:I! 0.1Hz to 10Hz 0.08 0.08 0.08 0.08 0.09 µVp_p 

Slew Rate SR RL;, 2k0 17 17 17 17 17 V/µs 

Gain Bandwidth Product GBW t0 = 10kHz 83 83 83 83 83 MHz 

NOTE: 
1. Input offset voltage measurements are performed by automated test 

equipment approximately 0.5 seconds after application of power. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Fast 
• Slew Rate ........................................................... SOV/µs Min 
• Settling-Time (0.01%) ........................................... 1µs Max 
• Gain-Bandwidth Product ................................. 1 OM Hz Typ 

Precise 
• Common-Mode Rejection .........................•........ 88dB Min 
• Open-Loop Gain ....•....................................... SOOV/mV Min 
• Offset Voltage ................................................... 750µV Max 
• Bias Current ...................................................... 200pA Max 

Excellent Radiation Hardness 
Available in Die Form 

ORDERING INFORMATION 1 

T. = 25•c _______ P_A_c_KA_G_E ____ _ OPERATING 
Vos MAX CERDIP PLASTIC SO LCC TEMPERATURE 

(mV) T0-99 8-PIN 8-PIN 8-PIN 20-CONTACT RANGE 

1.0 OP42AJ* OP42AZ* OP42ARC/883 MIL 
0. 75 OP42EJ OP42EZ IND 
1.5 OP42FJ OP42FZ IND 
5.0 OP42GP OP42GS XIND 

• For devices processed in lolal compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
cerdip, plastic dip, and TO-can packages. 

GENERAL DESCRIPTION 

The OP-42 is a fast precision JFET-input operational amplifier. 
Similar in speed to the OP-17, the OP-42 offers a symmetric 

High Speed, Fast Settling 
Precision Operational Amplifier 

OP42 I 
PIN CONNECTIONS 

20-CONTACT LCC 
(RC-Suffix) 

N.C 

• 

~::?~~2\V: OUT 

.,SGZ.uLL 
4 

V- (CASE) 

T0-99 
(J-Suffix) 

8-PIN CERDIP 
(ZSuffix) 

EPOXY MINI-DIP 
(P-Suffix) 

8-PINSO 
(S-Suffix) 

58V/µs slew rate and is internally compensated for unity-gain 
operation. OP-42 speed is achieved with a supply current of less 
than 6mA. Unity-gain stability, a wide full-power bandwidth of 
900kHz, and a fast settling-ti me of 800nsto0.01 % makethe OP-
42 an ideal output amplifier for fast digital-to-analog converters. 

Equal attention was given to both speed and precision in the OP-
42 design. Its tight 750µV maximum input offset voltage com
bined with well-controlled drift of less than 1 OµV!°C eliminates 
the need for external nulling in many circuits. The OP-42's 

Continued 

SIMPLIFIED SCHEMATIC 

NULL NULL 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP42 
GENERAL DESCRIPTION Continued 

common-mode rejection of 88d8 minimum over a :1:11V input 
voltage range is exceptional for ~ high-speed amplifier. High 
CMR combined with a minimum 500V/mV gain into 10kQ load 
ensure excellent linearity in both noninverting and inverting gain 
configurations. The low input bias and offset currents provided 
by the JFET input stage suit the OP-42 for use in high-speed 
sample and hold circuits, peak detectors, and log amplifiers. 
Excellent radiation hardness characteristics make the OP-42 
ideal for military and aerospace applications. 

The OP-42 conforms to the standard 741 pinout with nulling to 
V-. The OP-42 upgrades the performance of circuits using the 
AD544, AD611, AD711, and LF400 by direct replacement. In 
circuits without nulling, the OP-42 offers an upgrade for designs 
using the OP-16, OP-17, LT1022, LT1056, and HA2510. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. :1:20V 
Input Voltage (Note 2) ...................................................... :1:20V 
Differential Input Voltage (Note 2) ..................................... 40V 
Output Short-Circuit Duration .................................... lndefined 

Storage Temperature Range ......................... -65°C to + 175°C 
Operating Temperature Range 

OP42A (J, Z) .............................................. -ss•c to +12s0 c 
OP42E, F (J, Z) ............................................ -2s0 c to +as•c 
OP42G ......................................................... -40°C to +as·c 

Junction Temperature ................................... -65°C to + 175°C 
Lead Temperature Range (Soldering, 60 sec.) ........... +300°C 

PACKAGE TYPE e 1A(NOTE3) e1c UNITS 

T0-99 (J) 150 18 •crw 
8-Pin Hermetic DIP (Z) 148 16 •crw 
8-Pin Plastic DIP (P) 103 43 'Ctw 
20-Contact LCC (RC,TC) 98 38 •crw 
8·Pin SO (S) 158 43 ·crw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than :20V, the absolute maximum input voltage is 

equal to the supply vollage. 
3. eiA is specified for worst case mounting conditions, i.e., e.A is specified for 

device in socket for TO, CERDIP, P-DIP, and LCC package~; e1A is specified 
for device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs= :1:15V, TA= +25°C, unless otherwise noted. 

OP·42E OP-42F OP·42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 0.3 0.75 0.4 1.5 1.5 5.0 mV 

Input Bias Current le VCM = OV Ti= 25'C 80 200 130 250 130 250 pA 

Input Offset Current 1os VCM = OV Ti= 25'C 4 40 6 50 6 50 pA 

Input Voltage Range (Note 1) 
+12.5 

:11 
+12.5 

:11 
+12.5 

v IVR :11 
-12.0 -12.0 -12.0 

Common-Mode 
CMR vcM=:11V 88 98 80 92 80 92 dB Rejection 

Power-Supply 
PSRR 

V8 = :10V 
9 40 12 50 12 50 iiVN Rejection Ratio to:20V 

Large-Signal RL = 10kD 500 900 500 900 500 900 

Ava RL =2kD 
V0 = :10V 

200 260 200 260 200 260 V/mV 
Voltage Gain 

RL=1kD 
T1 =25'C 

100 170 100 170 100 170 

Output Voltage +12.5 
:11.5 

+12.5 
:11.5 

+12.5 v 
Swing Vo RL = 1kD :11.5 

-11.9 -11.9 -11.9 

Short-Circuit Output Shorted +33 
:60 :20 

+33 
:60 :20 

+33 
:60 mA 

Current Limit 1sc to Ground 
:20 

-28 -28 -28 

Supply Current 1sv 
No Load 

5.1 6.0 5.1 6.5 5.1 6.5 mA 
V0 =OV 

Slew Rate SR 50 58 40 50 40 50 Viii• 

Full-Power 
BWP (Note2) 750 900 600 800 600 800 kHz 

Bandwidth 

Gain-Bandwidth 
GBW f0 = 10kHz 10 10 10 MHz 

Product 

Settling • Time t. 
10V Step 0.01 % 

0.8 1.0 0.9 1.2 0.9 1.2 µS 
(Note3) 

Overload Recovery 
tOR 700 700 700 ns 

Time 

Phase Margin ~. Odb Gain 47 47 47 degrees 

Gain Margin A180 
180' Open-Loop 

9 9 9 dB 
Phase Shift 

Capacitive Load 
CL 

Unity-Gain Stable 
100 300 100 300 100 300 pF 

Drive Capability (Note4) 
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OP42 

ELECTRICAL CHARACTERISTICS at Vs= :t:15V, TA= +25°C, unless otherwise noted. Continued 

OP·42E OP·42F OP-42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Differential Input 
ZIN - 101211s - 101211s - 101211s OllpF Impedance 

Open-Loop 
Ro 50 Output Resistance 50 50 Q 

Vollage Noise an p-p 0.1Hzto 10Hz 2 2 2 11Vp-p 

10 =10Hz 38 38 38 
Votlage Noise 10 =100Hz 16 16 16 

nVtVHZ Density e. 10 =1kHz 13 13 13 
10 =10kHz 12 12 12 

Current Noise 

'· 10 =1kHz 0.007 0.007 0.007 pA,v'HZ Density_ -

Extema1V08 
RP01 =20k0 4 4 4 mV TrimRange 

Long-Tenn 
5 5 5 - 11V/month v Drift 

Supply Vollage Range Vs z8 z15 z20 z8 z15 z20 z8 z15 z20 v 

NOTES: 3. Settling-lime Is sample tasted for A and E grades. Test circuit la shown In 
1. Guaranteed by CMR test. Figure 4. Settling-lime for F grade la guaranteed but not tested. 
2. Guaranteed by slew-rate test and fonnula BW P = SR/(2"1 OV PEAK). 4. Guaranteed but not tasted. 

ELECTRICAL CHARACTERISTICS at V 8 = :t:15V, TA= +25°C, unless otherwise noted. 

PARAMETER SYMBOL 

Offset Voltage Vos 

Input Bias Current le 

Input Offset Current 1os 

Input Voltage Range IVR 

Common-Mode 
CMR 

Rejection 

Power-Supply 
PSRR 

Rejection Ratio 

Large-Signal 
Avo Voltage Gain 

Output Voltage 
Vo Swing 

Short-Circuit 
1sc Current Umtt 

Supply Current 1sv 

Slew Rate SR 

Full· Power 
BWP Bandwidth 

Gain-Bandwidth 
GBW 

Product 

Setlllng -Time '· 
Ova~oad Racovary 

'oR Time 

Phase Margin •• 

REV.C 

CONDITIONS 

vcM = ov T1=25•c 

vcM=OV T1=25"C 

(Nota1) 

VcM=z11V 

V8 =z10V 
loz20V 

RL = 10k0 
v 0 =z10V 

RL =2k0 
RL=1k0 

T1:25°C 

RL = 1kQ 

Output Shorted 
to Ground 

No Load 
V0 =0V 

(Nota2) 

10 =10kHz 

10V Stap0.01% 
(Nota3) 

OdbGaln 

MIN 

z11 

86 

500 
200 
100 

45 

700 

OP-42A 
TYP 

0.3 

BO 

4 

+12.5 
-12.0 

96 

9 

900 
260 
170 

+12.5 
-11.9 

+33 
-28 

5.1 

52 

850 

10 

0.8 

700 

47 

MAX UNITS 

1.0 mV 

200 pA 

40 pA 

v 

dB 

40 11VN 

V/mV 

v 

mA 

6.0 mA 

kHz 

MHz 

1.0 ... 
na 
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OP42 
ELECTRICAL CHARACTERISTICS at V6 = :1:15V, TA= 25°C, unless otherwise noted: Continued 

PARAMETER SYMBOL CONDITIONS 

Gain Margin Ano 
180° Open-Loop 
Phase Shift 

Capacitive Load 
CL 

Unity-Gain Slable 
Drive Capability (Note4) 

Differential Input 
ZIN Impedance 

Open-Loop 
Ro Output Resistance 

Vollage Noise 8n P·P 0.1Hzto 10Hz 

10 = 10Hz 
Voltage Noise 10 =100Hz 

Density en 10 = 1kHz 
10 = 10k~z 

Current Noise 
In 10 =1kHz Density 

ExtemalV0 s 
RP01 =20k0 Trim Range 

Long-Term 
v 0 sDrift 

Supply Vollage Range Vs 

NOTES: 
1. Guaranteed by CMR test. 
2.· Guaranteed by slew-rate test and formula BW P = SR/{2ot1 OV PEAK). 

OP-42A 
MIN TYP MAX UNITS 

9 dB 

100 300 pF 

1012116 OllpF 

50 Q 

2 f&Vp.p 

38 
16 

nVt/HZ 
13 
12 

0.007 pA/v'Hz 

4 mV 

,., 
5 1&Vlmonth 

,.a ,.15 "'20 v 

3. Settling-time is sample tested for A and E grades. Test circuit is shown in 
Figure 4. Settling-time for F grade is guaranteed but not tested. · 

4. Guaranteed but nottested. 

ELECTRICAL. CHARACTERISTICS atV6 = :1:15V, -25°C s TA s 85°C for E/Fgrades, and-40°C sTA s +85°CforG grade, 
unless othel'Wise noted. 

OP·42E OP·42F OP-42G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 0.4 1.2 0.6 2.5 2.0 6.0 mV 

Offset Voltage 
Temperature 
Coefficient 

TCVos 4 10 .B 8 1&Vi'C 

Input Bias Current le (Note1) 0.5 1.2 0.6 2.0 0.6 2.0 nA 

Input Offset Current 1os (Note1) - 0.05 0.2 0.06 0.4 0.06 0.4 nA 

+12.5 
,.11 

+12.5 
.. 11 

+12.5 
v Input Voltage Range IVR (Note2) ,.11 

-12.0 -12.0 -12.0 

Common-Mode 
CMR vcM=,.11V 86 96 80 94 80 94 dB 

Rejection 

Power-Supply 
PSRR 

V8 =,.10V 
2 40 6 50 6 50 1&VN Rejection Ratio to .. 2ov 

Large-Signal RL = 10k0 (Note 1) 200 500 200. 500 200 500 
V/mV 

Vollage Gain Avo RL =2k0 v 0 =,.1ov 100 160 100 160 100 160 

Output Vollage +12.3 
,.11.0 

+12.3 
,.11.0 

+12.3 
v 

Swing Vo RL =2k0 ,.11.0 
-11.8 -11.8 -11.8 

Short-Circuit 
1sc 

Output Shorted ,.a .. eo ,.9 .. so ,.9 ,.eo mA 
Current Limit to Ground 

Supply Current 1sv 
No Load 

5.1 6.0 5.1 6.5 5.1 6.5 mA 
V0 =0V 

Slew Rate SR RL =2k0 45 57 40 50 40 50 .V/ps 

Capacitive Load 
CL 

Unity-Gain Slable 
100 250 100 250 100 250 pF 

Drive Capability (Note3) 

NOTES: 2. Guaranteed by CMR 1881. 
1. T1 = 85°C for E/F/G Grades; Tit 125'C for A g;ade. 3. Guaranteed but not teeted. 
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OP42 
ELECTRICAL CHARACTERISTICS at Vs= :1:15V, -55°C s TA s 12s•c for A grade, unless otherwise noted. 

OP-42A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset Voltage Vos 0.5 2.0 mV 

Offset Voltage 
Temperature TCV05 4 10 µV/"C 
Coefficient 

Input Bias Current le (Note 1) 6 20 nA 

Input Offset Current 1os (Note 1) 0.2 1.0 nA 

Input Vollage Range IVR (Note2) .11 
+12.5 

v 
-12.0 

Common-Mode 
CMR vcM=•11V 80 94 dB 

Rejection 

Power-Supply 
PSRR 

V8 = •10V 
10 50 µVN 

Rejection Ratio to•20V 

Large-Signal 
Avo 

RL = 10kC (Note 1) 160 350 
V/mV 

Voltage Gain RL =2kC V0 =±10V 80 110 

Output Voltage 
Vo RL = 2kll ±11.0 

+12.3 
v 

Swing -11.8 

Short-Clrcun 
1sc 

Output Shorted 
•8 •60 mA 

II Current Limit to Ground 

Supply Current 1sv 
No Load 

5.1 6.0 mA 
V0 =0V 

Slew Rate SR RL = 2kll 40 52 V/µa 

Capacitive Load 
CL 

Unity-Gain Stable 
100 250 pF 

Drive Capability (Note3) 

NOTES: 

t. Tl = 85°C for E/F Grades; T1 = 125°C for A grade. 
2. Guaranteed by CMR test. 

3. Guaranteed but not tested. 
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~ANALOG 
WDEVICES 

Next Generation OP07, 
Ultralow Offset Voltage Operational Amplifier 

FEATURES 
• Outstanding Gain Linearity 
• Ultra High Gain ............................................ SOOOV/mV Min 
• Low V 0s Over Temperature ........••••.................... 60µ V Max 
• Excellent TCV OS ••••••••••••••••••••••••••••••••••••••••••• 0.3µ v /°C Max 
• High PSRR •••••.....•.•.•.••..................••..................... 3µV/V Max 
• Low Power Consumption ................................. 60mW Max 
• Fits OP-07, 725, 108A/308A, 741 Sockets 
• Available in Die Form 

ORDERING INFORMATION 1 

PACKAGE 
OPERATING 

CERDIP PLASTIC LCC TEMPERATURE 
T0-99 8-PIN 8-PIN 20-PIN RANGE 

OP77AJ" OP77AZ." MIL 
OP77EJ OP77EZ IND 

OP77EP COM 
OP77BJ" OP778Z" OP778RC/883 MIL 
OP77FJ OP77FZ IND 

OP77FP COM 
OP77GP COM 
OP77GStt COM 
OP77HP XIND 
OP77HStt XIND 

For devices processed in total compliance to MIL·SDT-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP-77 significantly advances the state-of-the-art in preci
sion op amps. The OP-77's outstanding gain of 10,000,000 or 
more is maintained over the full :1: 1 OV output range. This excep
tional gain-linearity eliminates incorrectable system nonlineari
ties common in previous monolithic op amps, and provides 

- OP77 I 
PIN CONNECTIONS 

EPOXY MINI-DIP (P-Sufflx) 
8-PIN HERMETIC DIP 

(Z-Sufflx) 

8-PIN SO 
($-Suffix) 

Vos TRIM~· Vos :R~: 
-IN 2 &OUT 

+IN 3 5N.C. 

• V-(CASE) 

T0-99 (J-Sulflx) 

OP-77BRC/883 
LCC 

(RC-Suffix) 

superior performance in high closed-loop-gain applications. 
Low initial Vos drift and rapid stabilization. time, ct;>mbined with 
only SOmW power consumption, are significant improvements 
over previous designs. These characteristics, plus the excep
tional TCV0 s of 0.3µV!°C maximum and the low V0 s of 25µV 
maximum, eliminates the need for Vos adjustment and in
creases system accuracy over temperature. 

PSRR of3µVN (110dB) and CMRR of 1.0µVN maximum virtu
ally eliminiate errors caused by power supply drifts and com
mon-mode signals. This combination of outstanding character
istics makes the OP-77 ideally suited for high-resolution instru
mentation and other tight error budget systems. Continued 

SIMPLIFIED SCHEMATIC 
v+o-~~.-~~~~-.~~~~~~.-~~~..-~..-~~ ....... ~~~-.-~~~.,.-_,.~....-~-, 

7 

*NOTE: 
A2A ANO R2B ARE 
ELECTRONICALL V 
ADJUSTED ON CHIP 
AT FACTORY. 

NON
INVERTING 
INPUT 

INVERTING 
INPUT 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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This product is available in six standard grades and five stan

dard packages: the T0-99 can, the 8-pin mini-DIP in ceramic, 

SO or epoxy, and the 20-contact LCC. 

The OP-77 is a direct or upgrade replacementfortheOP-07, 05, 

725, or 108A op amps. 7 41-types can be replaced by eliminat

ing the V 0s adjust pot. For higher precision performance refer to 

OP-177. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 

Supply Voltage .......•.••••••••••.•••••••••••...••.•.....•......••.......••.•.. ±22V 

Differential Input Voltage .•••.•••......•..•••••.••.•••••..••••••••••••••.. ±30V 

Input Voltage (Note 1) ••.•••••••••••.•••.•............................•••.•• ±22V 

Output Short-Circuit Duration •••••••••••••••.•....•...••..•••••• Indefinite 

Storage Temperature Range 

J, z, and RC Packages •••••••••••••••••••••••••••••• -65°C to + 150°C 

P Package ••••••••••.•••••••••••••••••••••••••••••••••.•..•• -65°C to + 125°C 

Operating Temperature Range 

OP-77 A, OP-778 (J' z. RC)······················· -55°C to + 125°C 
OP-77E, OPP-77F (J, Z) .............................. -25°C to +85°C 

OP77 
OP-77E, OP-77F, OP-77G (P, S) ••••••••....••••••••••..• o•c to 70° 

OP-77H (P, S) •••••••••••••••.•••.•.•••••••••••••.••••••••••• -40°0 to +85°C 

Junction Temperature (Tl) ..••..••••..•...•..•.•..•••.•• -65°C to +150C 

Lead Temperature (Soldering, 60 sec.) •..•••••••••••••••••..•• +300°C 

PACKAGE TYPE 8JA (Note3) 8JC UNITS 

T0-99(J) 150 18 •ctw 
8-Pin Hermetic DIP (Z) 148 16 'C/W 

8-Pin Plastic DIP (P) 103 43 'C/W 

20-Contact LCC (RC, TC) 98 38 'C/W 

8-PinSO(S) 158 43 •ctw 
NOTES: 
1. For supply voltages less than ±22V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. Absolute maximum ratings apply ID both DICE and packaged parts, unless 

otherwise noted. 
3. 8.A Is specified for worst case mounting conditions, i.e., 8.A is specified for 

di.vice in socket for TO, CerDIP, P-DIP, and LCC package~; 8JA is specified 
for device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs • ±15V, TA • +25°C, unless otherwise noted. 

OP-77A OP-778 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Vollllge Vos 10 25 20 60 11V 

·Long-Term Input Offset 
AV01flme (Note1) 0.2 0.2 jLV/Mo 

Vollage Stability 

Input Offset Current 1os 0.3 1.5 0.3 2.8 nA 

Input Blas Current la -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

Input Noise Voltage e. 0.1Hzto1 OHz (Note 2) 0.35 0.6 0.35 0.6 11Vp-p 

f0 • 1 OHz (Note 2) 10.3 18.0 10.3 18.0 
Input Noise Vollage Density e. f0 • 1 OOHz (Note 2) 10.0 13.0 10.0 13.0 v1./Hz 

f0 • 1 OOOHz (Note 2) 9.6 11.0 9.6 11.0 

Input Noise Current in 0.1HzID1 OHz (Note 2) 14 30 14 30 pAp-p 

f0 • 1 OHz (Note 2) 0.32 0.80 0.32 0.80 
Input Noise Current Density in f0 = 100Hz (Note 2) 0.14 0.23 0.14 0.23 pAl./Hz 

f0 • 1 OOOHz (Note 2) 0.12 0.17 0.12 0.17 

Input Reslslance-
RIN (Note3) 26 45 18.5 45 Mn 

Differential-Mode 

Input Resl11ance-
RINCM 200 200 Gn 

Common-Mode 

Input Voltage Range IVR :1:13 :1:14 :1:13 :1:14 v 

Common-Mode Rejection Rado CMRR VcM•:l:13V 0.1 1.0 0.1 1.0 11VIV 

Power Supply Rejection Rado PSRR v1 .:1:3Vto±18V 0.7 3 0.7 3 11VIV 

Large-Signal Vollage Gain Avo I\ Ulen, VO -±10V 5000 12000 2000 8000 V/mV 

RLl!o10kn :1:13.5 :1:14.0 :1:13.5 :1:14.0 
Output Voltage SWlng Vo RL2'2kn :1:12.5 :1:13.0 :1:12.5 :1:13.0 v 

RL 2'1kn :1:12.0 :1:12.5 :1:12.0 :1:12.5 

Slew Rate s~ RL "'2kn (Note 2) 0.1 0.3 0.1 0.3 V/jLS 

Closed-Loop Bandwidth BW Al!CL • +1 (Note 2) 0.4 0.6 0.4 o.6 MHz 

Open-Loop Output Re1i11Bnce Ro 80 60 n 

Power Coneumpdon pd 
V8 -:1:15V,Noload 50 60 50 60 

mW v8 -:1:3V, No Load 3.5 4.5 3.5 4.5 

OlfsetAdjuatment Range Re·20kn :1:3 :1:3 mV 

NOTES: Excluding the Initial hour of operation, changes in v 0 8 during the flrst30 oper· 
1. Long. T arm Input Offset Voltage Stability refers to the a-aged trend line of adng days are typically 2.511V. 

V 0s vs Time - eXblnded periods alter the first 30 days of operation. 2. Sample tested. 
3. Guaranteed by design. 
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OP77 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55."C::; TA::; +125°C, unless otherwise noted. 

OP-77A OP-778 
PARAME'TER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos . 25 60 45 120 µV 

Average Input Offset 
TC Vos (Note1) 

Voltage Driit 
0.1 0.3 0.2 0.6 µVl"C 

Input Offset Current los 0.5 2.2 0.5 4.5 nA 

Average Input Offset Current 
TClos (Note2) 

Drift 
1.5 25 1.5 50 pA/"C 

Input Bias Current le -0.2 2.4 4 -0.2 2.4 6 nA 

Average Input Bias Current 
TCle 

Drift 
(Note2) 8 25 15 35 pA/"C 

Input Voltage Range IVR ±13. ±13.5 ±13 ±13.5 v 
Common-.Mode Rejection Ratio CMRR VcM=±13V 0.1 1.0 0.1 3 µIJIV 

Power Supply Rejection Ratio PSRR Vs= ±3V to± 18V 3 5 µV/V 

Large-Signal Voltage Gain Avo RL2:2kn, Vo=±10V 2000 6000 1000 4000 V/mV 

Output Voltage Swing Vo RL2: 2kll ±12 ±13.0 ±12 ±13.0 v 

Power Consumption pd Vs= ±15V, No Load 60 75 60 75 mW 

NOTES:. 
1. OP-77A: TCV0s is 100% tested. 
2. Guaranteed by end-point limits. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW-FREQUENCY NOISE TEST Cl~CUIT 

2.5Mll 

V-

INPUT REFERRED NOISE= ;,&x, 

OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT 

100kll 

+18V 

INPUT 

10kll 

10pF~ 

-1av 
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OP77 

ELECTRICAL CHARACTERISTICS at Vs=± 15V, TA= 25° C, unless otherwise noted. 

OP·77E OP-77F OP-77G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 25 20' 60 50 100 µV 

Long-Term Vos 
Vos/Time (Note 1) 0.3 0.4 0.4 µV/Mo Stability 

Input Offset Current los 0.3 1.5 0.3 2.8 0.3 2.8 nA 

Input Bias Current le -0.2 1.2 2.0 -0.2 1.2 2.8 -0.2 1.2 2.8 nA 

Input Noise Voltage 
0.1Hz to 10Hz· 

0.35 0.6 enp-p (Note2) 
0.38 0.65 0.38 0.65 µVp-p 

10 = 10Hz 10.3 18.0 10.5 20.0 10.5 20.0 
Input Noise 

I 0 = 100Hz (Note 2) 10.0 13.0 10.2 13.5 10.2 13.5 nV/VHz en Voltage Density 
10 = 1000Hz 9.6 11.0 9.8 11.5 9.8 11.5 

Input Noise Current 
0.1 Hz to 10Hz 

inp-p (Note2) 
14 30 15 35 15 35 PAp-p 

10 = 10Hz 0.32 0.80 0.35 0.90 0.35 0.90 
Input Noise 

in I 0 = 100Hz (Note 2) 0.14 0.23 0.15 0.27 0.15 0:21 pA/VHz Current Density 
10 = 1000Hz 0.12 0.17 0.13 0.18 0.13 0.18 

Input Resistance -
R1N (Note3) 26 45 18.5 45 18.5 45 Mn 

Differential-Mode • Input Resistance ~ 
R1NCM 200 200 200 Gn 

Common-Mode 

Input Voltage Range IVR ±13 ±14 ±13 ±14 ±13 ±14 v 
Common-Mode 

CMRR VcM=±13V 0.1 1.0 
Rejection Ratio 

0.1 1.6 0.1 1.6 µVIV 

Power Supply 
PSRR Vs= ±3V to ±18V 0.7 3.0 

Rejection Ratio 
0.7 3.0 0.7 3.0 µVIV 

Large-Signal 
Avo 

RL2:2kn, 
·5000 12000 2000 6000 2000 6000 V/mV 

Voltage Gain Vo=±10V 

RL2: 10k0 ±13.5 ±14.0 ±13.5 ±14.0 ±13.5 ±14.0 
Output Voltage 

Vo RL2: 2k0 ±12.5 ±13.0 ±12.5 ±13.0 ±12.5 ±13.0 v 
Swing 

RL2: 1k0 ±12.0 ±12.5 ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL 2: 2k0 (Note 2) 0.1 0.3 0.1 0.3 0.1 0.3 Vlµs 

Closed-Loop 
BW 

AvcL = +1 
0.4 0.6 0.4 0.6 0.4 0.6 MHz 

Bandwidth (Note2) 

Open-Loop Output 
Ro 60 60 60 n 

Resistance 

Vs=± 15V, No Load 50 60 50 60 50 60 
mW Power Consumption pd 

Vs= ±3V, No Load . 3.5 4.5 3.5 4.5 3.5 4.5 

Offset Adjustment 
Range 

Rp= 20k0 ±3 ±3 ±3 mV 

NOTES: 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line 

of V05 vs. Time over extended periods after the first 30 days of operation. 
Excluding the initial hour of operation, changes In Vos during the-first 30 
operating days are typically 2.5µV. 

2. Sample tested. 
3. Guaranteed by design. 

REV.O OPERATIONAL AMPLIFIERS 9-373 



OP77 
ELECTRICAL CHARACTERISTICS at Vs= :t15V, -25°C sTA s +85°CforOP-77E/FJ and OP-77E/FZ, o·c s TA" +70°Cfor 
OP-77E/F/GP/GS, -40°C s TA s +85°C for OP-77HP/HS, unless otherwise noted. 

OP-77E OP-77F OP·77G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 
J, Z Packages 
PPackage 

Average lnpul Offset 
TV Cos 

J, Z Packages 
(Note1) 

Voltage Drift P Package 

Input Offset Current 1os 
Average Input Offset 

TClos (Note2) 
Current Drift 

Input Bias Current le 
E, F, G Grades -0.2 
H Grade 

Average Input Bias 
TCl8 (Note2) 

Current Drift 

Input Voltage Range IVR •13.0 

Common-Mode 
CMRR VCM = •13V Rejection Ratio 

Power Supply 
PSRR V8 =z3Vto•18V 

Rejection Ratio 

Large-Signal 
Avo 

RL .,2k0 
2000 Voltage Gain v 0 = .1ov 

Output Voltage 
Vo RL "2k1J .12 

Swing 

Power Consumption pd Vs= •15V, No Load 

NOTES: 
1. OP-77E: TCV08 is100% tested on J and Z packages. 
2. Guaranteed by end-point limits. 

OPEN-LOOP GAIN LINEARITY 

Vy TYPICAL 

1Dkn '°'" 

NOTES: 
1. GAIN NOT CONSTANT CAUSES NONLINEAR ERRORS. 
2. Avo SPEC IS ONLY PART OF THE SOLUTION. 

PRECISION OP AMP 

Avo"" 650V/mv 
RL = 2kn 

3. CHECK YOUR OP AMP PERFORMANCE, ESPECIALL V AT TEMPERATURES. 

10 
10 

0.1 
0.3 

0.5 

1.5 

2.4 

8 

•13.5 

0.1 

1.0 

6000 

•13.0 

60 

Actual open-loop voltage gain can vary greatly at various output 
voltages. All automated testers use end-point testing and there
fore only show the average gain. This causes errors in high 
closed-loop gain circuits. Since this is so difficult for manufac
turers to test, you should make your own evaluation. This simple 
test circuit makes it easy. An ideal op amp would show a hori
zontal scope trace. 
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45 
55 

0.3 
0.6 

2.2 

40 

4.0 

40 

1.0 

3.0 

75 

-0.2 

•13.0 

1000 

.12 

l-1ov 

20 
20 

0.2 
0.4 

0.5 

1.5 

2.4 

15 

•13.5 

0.1 

1.0 

4000 

•13.0 

60 

Ayo"" 10,000V/mV 
RL = 2kn 

100 
100 

0.6 
1.0 

4.5 

85 

6.0 

60 

3.0 

5.0 

75 

Vy 

ov 

80 150 
µV 

0.7 1.2 11vrc 

0.5 4.5 nA 

1.5 85 pArC 

-0.2 2.4 6.0 
nA 

2.4 •6.o 

15 60 pA/°C 

•13.0 •13.5 v 

0.1 3.0 µVN 

1.0 5.0 µVN 

1000 4000 V/mV 

.12 •13.0 v 

60 75 mW 

..Q.f:U. 

l+1ov Vx 

This is the output gain linearity trace for the new OP-77. The 
output trace is virtually horizontal at all points, assuring ex
tremely high gain accuracy. The average open-loop gain is truly 
impressive - approximately 10,000,000. 
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r.ANALOG 
WDEVICES 

Precision, Low Voltage Micropower 
Operational Amplifier 

FEATURES 

• Single/Dual Supply Operation .................. + 1.6V to +36V 
+0.8V to ±18V 

• True Single-Supply Operation; Input and Output 
Voltage Ranges Include Ground 

• Low Supply Current .......................................... 20µA Max 
• High Output Drive ............................................... 5mA Min 
• Low Input Offset Voltage ................................ 150µV Max 
• High Open-Loop Gain ................................. 700V/mV Min 
• Outstanding PSRR ....................................... 5.6µV/V Max 
• Standard 741 Pinout with Nulling to V-
• Available in Die Form 

GENERAL DESCRIPTION 

The OP-90 is a high performance micropower op amp that 
operates from a single supply of +1.6V to +36Vor from dual 
supplies of ±0.8 to ±18V. Input voltage range includes the 
negative rail allowing the OP-90 to accommodate input 
signals down to ground in single supply operation. The 
OP-90's output swing also includes ground when operating 
from a single supply, enabling "zero-in, zero-out" operation. 

The OP-90 draws less than 20µA of quiescent supply current, 
while able to deliver over 5mA of output current to a load. 
Input offset voltage is below 150µV eliminating the need for 
external nulling. Gain exceeds 700,000 and common-mode 
rejection is better than 100dB. The power supply-rejection 
ratio of under 5.6µV/V minimizes offset voltage changes 
experienced in battery powered systems. 

The low offset voltage and high gain offered by the OP-90 
bring precision performance to micropower applications. 
The minimal voltage and current requirements of the OP-90 

OP90 I 
PIN CONNECTIONS 

v09 NUll ~· N.C. 
-IN - 1V+ 

+IN 3 e OUT 

V- • Vos NULL 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN EPOXY MINI-DIP 
(P-Suffix) 

8-PIN SO (S-Suffix) 

r.! t q r.! r.! 
z > z z z 

OP-90 ARC/883 
LCC (RC-Suffix) 

suit it for battery and solar powered applications, such as 
portable instruments, remote sensors, and satellites. 

ORDERING INFORMATION I II 
PACKAGE 

TA =25°C OPERATING 

V0sMAX CEROIP PLASTIC LCC TEMPERATURE 
(mV) 8-PIN 8-PIN 20·CONTACT RANGE 

150 OP90AZ* OP90AAC/883 MIL 
150 OP90EZ IND 
250 OP90FZ IND 
450 OP90GP XINO 
450 OP90GStt XIND 

* For devices processed in total compliance to MIL-STD-883, add/883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 

CerDIP, plastic DIP, and TO-can packages. 
II For availability and burn-in information on SO and PLCC packages, contact 

your local sales office. 

SIMPLIFIED SCHEMATIC 

+ IN 0--'V'./lr--r 

-IN C>--'Vl/v---+--+---' 

NULL 

"ELECTRONICALLY ADJUSTED ON CHIP 
FOR MINIMUM OFFSET VOLTAGE 

NULL 

O--+---t•--..--<>OUTPUT 

'----+-------<>--.___ ___ ...._ _ __... _ _..._-4---<1---0----------<>~ 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.B OPERATIONAL AMPLIFIERS 9-375 



OP90 ·, 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Volta:g,e ........... 0 .................................................... :1:1 BV 
Differential Input Voltage .............. [(V-) - 20V] to ((V+) + 20V] 
Common-Mode Input Voltage 

...... , ..............•.......•..........•............ [(V-) -20V] to [(V+) + 20V] 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range 

z Package .................................................. -ss•c to + 1 so·c 
P Package .................................•................ -ss•c to + 1 so•c 

Operating Temperature Range 
OP-90A ...............................................•...... -ss•c to + 12s•c 
OP-90E, OP-90F ......................................... -2s•c to +as·c 
OP-90G ........................................................ -40°c to +as•c 

Junction Temperature (T1) ·············'·············· -65°Cto +1so•c 
Lead Temperature (Soldering, 60 sec) .•.• : .........•...•....• +300°C 

PACKAGE TYPE elA (Note 2) elC UNITS 

8-Pln Hennellc DIP (Z) 148 16 °CNtl 
8-Pln Plas1lc DIP (P) 103 43 "Cf!N 

20-Conlact LCC (RC) 96 38 °CNtl 
8-Pln SO (S) 156 43 °CNtl 

NOTES: 
1. Absolute maximum ratings apply lo both DICE and packaged parts, unless o1her· 

wise noted. 
2. e1,.. is speclfted for worst C88!I m0Un1lng conditions, I.e., e1,.. Is speclftedlor device 

in socket for CerDIP, P-OIP, and LCC packagee; e!A is specified for device so~ 
dered lo printed clrcutt boerd for SO package. 

ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, TA= +25°C, unless otherwise noted. 

OP-90A/E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage 

Input Offset Cu"ent 

Input Bias Current 

Large Signal 
Voltage Gain 

Input Voltage Range 

Vos 

los 

Avo 

IVR 

Output Voltage Swing VoH 

Common Mode 
Rejection 

Power Supply 
Rejection Ratio 

Slew Rate 

Supply Current 

capacitive Load 
Stability 

Input Noise Voltege 

Input Resistence 
Differential Mode 

Input Resistance 
Common Mode 

NOTES: 

Vol 

CMR 

PSRR 

SR 

lsv 

9np-p 

R1NCM 

1. Guaranteed but not 100% tested. 
2. Guaranteed by CMR test. 

Vs= ±15V;V,o= ±10V 
RL = 100kll 
RL = 10kll 
RL = 2kll 

V+ = 5V. V- = OV, 
1V < Vo<4V 

RL = 100kll 
RL = 10kll 

50 

0.4 

4.0 

700 1200 
350 600 
125 250 

200 400 
100 180 

V+=5V, V-=OV 0/4 
Vs= ±15V (Note 2) -15/13.5 

Vs= ±15V 
RL = 10kll 
RL = 2kll 

V+ = 5V, V- = OV 
R'L = 2kll 

±14 ±14.2 
±11 ±12 

4.0 4.2 

150 

3 

15 

V+ = 5V, V-=OV 

AL= 10kll 100 500 

V+ = 5V. V-= OV, 

OV < VcM< 4V 
Vs= ±15V, 
-15V < VcM < 13.5V 

Vs= ±15V 

Vs=±1.5V 
Vs=±15V 

Av=+1 
No Oscillations 
(Note 1) 

f0 =0.1Hzto10Hz 
Vs=±15V 

ifs=±15V 

Vs=±15V 

90 

100 

5 

110 

130 

1.0 

12 

9 
14 

250 650 

3 

30 

20 

5.6 

15 
20 
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OP-90F 
MIN TYP MAX 

75 250 

0.4 

4.0 

500 1000 
250 500 
100 200 

125 300 
75 140 

014 
-15/13.5 

±14 ±14.2 
±11 ±12 

4.0 4.2 

20 

100 500 

80 

90 

5 

100 

120 

1.0 

12 

9 
14 

250 650 

3 

30 

20 

5.6 

15 
20 

OP-90G 
MIN TYP MAX 

125 450 

0,4 5 

4.0 25 

400 800 
200 400 
100 200 

100 250 
70 140 

014 
-15/13.5 

±14 ±14.2 
±11 ±12 

4.0 4.2 

100 500 

80 100 

90 120 

3.2 

12 

9 
14 

250 650 

3 

30 

20 

10 

15 
20 

UNITS 

µV 

nA 

nA 

V/mV 

v 

v 

v 

µV 

dB 

µVN 

Vims 

pF 

Mil 

Gil 
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OP90 

ELECTRICAL CHARACTERISTICS at Vs= ±1.SV to ±15V, -55°C s TA s 125°C, unless otherwise noted. 

OP-90A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 80 400 µV 

Average Input Offset 
TCV0s 0.3 2.5 µV/°C Voltage Drift 

Input Offset Current los VcM= OV 1.5 nA 

Input Bias Current Is VcM = OV 4.0 20 nA 

Vs= ±15V, Vo= ±10V 

R L = 100k!l 225 400 

RL = 10k!l 125 240 

Large Signal AL= 2kll 50 110 
Voltage Gain Avo V/mV 

V+ = 5V, V- = OV, 

1V<V0 <4V 

AL= 100k!l 100 200 

AL= 10k!l 50 110 

v+ = 5V v- = ov 0/3.5 
Input Voltage Range IVR ' (Note 1) 

-15/13.5 
v 

Vs= ±15V 

Vs= ±15V 

Vo RL = 10kll ±13.5 ±13.7 v 

Ill AL= 2kll ±10.5 ±11.5 
Output Voltage Swing 

V+ = 5V, V- = OV 
VoH v 

AL= 2kll 3.9 4.1 

Vol 
V+ = 5V, V- = OV 

µV 
AL= 10k!l 100 500 

V+ = 5V, V- = OV, OV < VcM < 3.5V 85 105 
Common Mode Rejection CMR 

Vs= ±15V. -15V < VcM < 13.5V 95 115 
(HJ 

Power Supply 
Rejection Ratio 

PSRR 3.2 10 µVIV 

Vs= ±1.5V 15 25 
Supply Current lsv Vs= ±15V 19 30 

µA 

NOTE: 
1. Guaranteed by CMR test. 
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OP90 
ELECTRICAL CHARACTERISTICS at vs= :t:1.5V to :t:15V, -25°C.s TA s +85°C for OP-90E/F, -40°C s TA s +85°C for OP-90G, 
unless otherwise noted. 

OP-90E OP-90F OP-90G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 70 270 110 550 180 675 µV 

Average Input Offset 
TCVos 0.3 0.6 5 1.2 5 µV/'C 

Voltage Drift 

Input Offset Current los VcM=OV 0.8 3 1.0 1.3 nA 

Input Bias Current le VcM= OV 4.0 15 4.0 20 4.0 25 nA 

Vs= ±15V, Vo= ±10V 
RL = 100kll 500 800 350 700 300 600 
RL = 10kll 250 400 175 350 150 250 

Large Signal 
Avo 

RL = 2kll 100 200 75 150 75 125 
V/mV 

Voltage Gain V+ = 5V, V- = OV, 

1V <Vo< 4V 
RL = 100kll 150 280 100 220 80 160 
RL = 10kll 75 140 50 110 40 90 

V+ = 5V, V- = OV 0/3.5 0/3.5 0/3.5 
Input Voltage Range IVR 

-15/13.5 -15/13.5 
v 

Vs= ±15V (Note 1) -15/13.5 

Vs= ±15V 

Vo RL = 10kll ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 v 
RL = 2kll ±10.5 ±11.8 ±10.5 ±11.8 ±10.5 ±11.8 

Output Voltage Swing VoH 
V+ = 5V, V- = OV 

v 
RL = 2kil 3.9 4.1 3.9 4.1 3.9 4.1 

Vol 
V+ = 5V, V- = OV 

µV 
RL = 10kll 100 500 100 500 100 500 

V+ = 5V, V- = OV, 
90 110 80 100 80 100 

Common Mode 
CMR 

OV < VcM< 3.5V 
dB 

Rejection Vs= ±15V, 
100 120 90 110 90 110 

-15V < VcM < 13.5V 

Power Supply 
PSRR 1.0 5.6 

Rejection Ratio 
3.2 10 5.6 17.8 µVIV 

Vs= ±1.5V 13 25 13 25 12 25 
Supply Current lsv Vs= ±15V 17 30 17 30 16 30 

µA 

NOTE: 
1. Guaranteed by CMR test. 
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1111111111 ANALOG 
a.I DEVICES 

FEATURES 
• Low Supply Current •..•••................•.............•.•.. 600µA Max 
• OP-07 Type Performance 

Offset Voltage .•.•..•...•••....••..•.•..•••...•....•.....•...... 20µV Max 
Offset Voltage Drift •.•.•...•.•...•••...•...•..•...••.. 0.6µVl°C Max 

• Very Low Bias Current 
2s•c ....••....••....•••...••..•.••.•.....•••...••.•..........••.•... 1 OOpA Max 
..ss•c to + 12s•c ••..••••..••••...••......••.•..•.••....•.•••• 2sopA Max 

• High Common-Mode Rejection •............••.....•.• 114dB Min 
• Extended Industrial Temp. Range .•••••••••• -40°C to +85°C 
• Available In Die Form 

ORDERING INFORMATION 1 

T0-99 

OP97AJ• 
OP97EJ 
OP97FJ 

PACKAGE 

CERDIP 

OP97AZ" 
OP97EZ 
OP97FZ 

PLASTIC 

OP97EP 
OP97FP 

OP97Fstt 

OPERATING 
TEMPERATURE 

RANGE 

Mil 
XIND 
XIND 
XIND 

For devices processed in total compliance to M ll-STD-883, add /883 alter part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

ti For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

Low Power, High Precision 
Operational Amplifier 

OP97 I 
GENERAL DESCRIPTION 

The OP-97 is a low-power alternative to the industry-standard 
OP-07 precision amplifier. The OP-97 maintains the standards 
of performance set by the OP-07 while utilizing only 600µA 
supply current, less than 116 that of an OP-07. Offset voltage is 
an ultra-low 25µ V, and drift over temperature is below 0.6µ V l°C. 
External offsettrimming is not required in the majority of circuits . 

PIN CONNECTIONS 

NULL 

OVER 
....,_ ____ .J-- COMP 

EPOXY MINI-DIP 
(P·Sufflx) 

8-PIN CERDIP 
(Z·Sufflx) 

EPOXYSOtt 
(S-Sufflx) 

NULL 
8 

NULLe7V+ 
-IN2 - BOUT 

+IN 3 + 5 OYER 

4 COMP 

V·(CASE) 

T0-99 
(J-Suffix) 

SIMPLIFIED SCHEMATIC 
NULL(1) NULL(I) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800·446-6212. 
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OP97 
lr:nprovements have been made over OP·07 specifications in 
several areas. Notable is bias current; which remains below 
250pA over the full military temperature range. The OP-97 is 
ideal for use in precision long-term integrators or sample-and
hold circuits that must operate at elevated temperatures. 

Common-mode rejection and power-supply rejection are also 
improved with the OP-97, at 114dB minimum over wider ranges 
of common-mode or supply voltage. Outstanding PSR, a 
supply range specified from ±2.25V to ±20V and the OP-97's 
minimal power requirements combine to make the OP-97 a 
preferred device for portable and battery-powered instruments. 

The OP-97 conforms to the OP-07 pinout, with the null 
potentiometer connected between pins 1 and 8 with the wiper 
to V+. The OP-97 will upgrade circuit designs using 725, OP05, 
OP07, OP12, and 1012 type amplifiers. It may replace 741-type 
amplifiers in circuits without nulling or where the nullin'g 
circuitry has been removed. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................ , ................................ ±20V 
Input Voltage (Note 3) ...................................................... ±20V 
Differential Input Voltage (Note 4) ..................................... ±1V 
Differential Input Current (Note 4) ................................ ±1 OmA 

Output Short-Circuit Duration .......................... , ... , .... Indefinite 
Operating Temperature Range 

OP-97A (J, Z) ............................................. -'55°C to +12s·c 
OP-97E, F (J, P, Z, S) .................................. -40°C to +85°C 

Storage Temperature Range ........................ -65°C to + 150°C 
Junction Temperature Range ....................... -65°C to +150°C 
Lead Temperature (Soldering, 60 sec) ..................... ; .. +300°C 

PACKAGE TYPE e1A (Note2) 9JC UNITS 

T0-99 (J) 150 18 'C/W 
8-Pin Hermetic DIP (Z) 148 16 'C/W 
8-Pin Plastic DIP (P) 103 43 'C/W 
8-PinSO(S) 158 43 'C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. a.A is specified for worst case mounting conditions, i.e.,-.e.A is specified for 

d~vice in socket for TO, CerDIP, and P·DIP packages; e.1A is specified for 
device soldered to printed circuit board for SO package. 1 

3. For supply voltages _less than :20y,_ the absolute maximum input voltage is 
equal to the supply voltage. 

4. The OP-97's inputs are protected by back-to-back diodes. Current-limiting re
sistors.are not used in order to achieve low noise. Differential input voltages 
greater than 1V will cause excessive current to flow through the input protec
tion diodes unless limiting resistance is used. 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, VcM = OV. TA = +25°C, unless otherwise noted. 

OP-97A/E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 

Vos 10 Voltage 25 30 75 µV 

Long-Term 
Offset Voltage AV08/Time 0.3 0.3 µV/Month 
Stability 

Input Offset 
los 30 100 30 150 pA Current 

Input Bias 
Is ±30 ±100 ±30 ±150 pA 

Current 

Input Noise 
en P-P 0.1 Hz to 10Hz 0.5 0.5 µVP·P Voltage 

Input Noise 10 = 10Hz (Note 2) 17 30 17 30 nVl,,/HZ 
Voltage Density en 

10 = 1000Hz (Note 3) 14 22 14 22 nV!,,/HZ 

Input Noise 
iN 10 = 10Hz 20 20 fA!,,/HZ 

Current Density 

Large-Signal 
Avo Vo= ±10V; RL = 2kn 300 2000 200 2000 V/mV Voltage Gain 

Common-Mode CMR 
Rejection 

VcM = ±.13.5V 114 132 110 132 dB 

Power-Supply PSR V8 = ±2V to ±20V 114 132 110 132 dB Rejection 

Input Voltage 
Range IVR (Note 1) ±13.5 ±14.0 ±13.5 ±14.0 v 

Output Voltage 
Vo Swing 

RL = 10k!l ±13 ±14 ±13 ±14 v 

Slew Rate SR 0.1 0.2 0.1 0.2 Vlµs 
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OP97 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, VcM = OV, TA= +25°C, unleSs otherwise noted. (Continued.) 

OP-97A/E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Differential 
R1N (Note4) 

Input Resistance 30 30 MO 

Closed-Loop 
BW AvcL =+1 0.4 0.9 0.4 0.9 MHz Bandwidth 

Supply Current lsv 380 600 380 600 µ.A 

Supply Voltage Vs Operating Range ±2 ±15 ±20 ±2 ±15 ±20 v 
NOTES: 
1. Guaranteed by CMR test. 
2. 10Hz noise voltage density is sample tested. Devices 100% tested for noise 

are available on request. 
3. Sample tested. 
4. Guaranteed by design. 

ELECTRICAL CHARACTERISTICS at V 5 = ±15V, V cu = OV, -40°C s TA s +85°C for the OP-97E/F and -55°C s TA s + 125°C 

for the OP-97A, unless otherwise noted. 

OP-97A/E OP-97F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset 
Vos 25 60 60 200 µV II Voltage 

Average Temperature 
TCVos 

0.2 0.6 0.3 2.0 
µV/°C 

Coefficient of V 0s $-Package 0.3 

Input Offset 
1os 60 250 80 750 pA 

Current 

Average Temperature 
TCl0 s 0.4 2.5 0.8 7.5 pAl'C 

Coefficient of I 

Input Bias 
le ±80 :1:250 ±80 ±750 pA 

Current 

Average Temperature 
TCl8 0.4 2.5 0.6 7.5 pAl'C 

Coefficient of I 

Large-Signal 
Avo V0 = +10V; RL = 2k0 200 1000 150 1000 VimV 

Voltage Gain 

Common-Mode 
CMR VcM=±13.5V 108 128 108 128 dB 

Rejection 

Power-Supply 
PSR Vs•:!:2.5Vto:!:20V 108 126 108 128 dB 

Rejec;tion 

Input Voltage 
IVR (Note1) ±13.5 ±14.0 ±13.5 ±14.0 v 

Range 

Output Voltage 
Vo RL = 10kn ±13 ±14 ±13 ±14 v 

Swing 

Slew Rate SR 0.05 0.15 0.05 0.15 V/119 

Supply Current 1sv 400 800 400 800 µA 

Supply Voltage Vs Operating Range :1:2.5 ±15 ±20 ±2.5 ±15 ±20 v 
NOTES: 
1. Guaranteed by CMR test. 
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WDEVICES 

Low Noise, Low Drift 
Single-Supply Operational Amplifiers 

FEATURES 
Single- or Dual-Supply Operation 
Low Noise: 4.7 nV/VHz@ 1 kHz 
Wide Bandwidth: 3.4 MHz 
Low Offset Voltage: 100 µV 
Very Low Drift: 0.2 µV/°C 
Unity Gain Stable 
No Phase Reversal 

APPLICATIONS 
Digital Scales 
Multimedia 
Strain Gages 
Battery Powered Instrumentation 
Temperature Transducer Amplifier 

GENERAL DESCRIPTION 
The OP-113 family dual operational amplifier features the lowest 
noise and drift of any single-supply amplifier. It has been 
designed for systems with internal calibration. Often these pro
cessor based systems are capable of calibrating corrections for 
offset and gain, but they cannot correct for temperature drifts 
and noise. Optimized for these parameters, the OP-113 family 
can be used to take advantage of superior analog performance 
combined with digital correction. Many systems using internal 
calibration operate from unipolar supplies, usually either + 5 
volts or + 12 volts. The OP-113 family is designed to operate 
from single supplies from +4 volts to + 36 volts, and to main
tain its low noise and precision performance. 

The OP-113 family is unity gain stable and has a typical gain 
bandwidth product of 3.4 MHz. Slew rate is in excess of 1 V/µs. 
Noise density is a very low4.7 nV/\/Hz, and noise in the 0.1 Hz 
to 10 Hz band is 120 n V p-p. Input offset voltage is guaranteed 
and offset drift is guaranteed to be less than 0.8 µ Vl°C. Input 
common-mode range includes the negative supply and to within 
1 volt of the positive supply over the full supply range. Phase 
reversal protection is designed into the OP-113 family for cases 
where input voltage range is exceeded. Output voltage swings 
also include the negative supply and go to within 1 volt of the 
positive rail. The output is capable of sinking and sourcing cur
rent throughout its range and is specified with 600 0 loads. 

Digital scales and other strain gage applications benefit from the 
very low noise and low drift of the OP-113 family. Other appli
cations include use as a buffer or amplifier for both AID and 
DI A sigma-delta converters. Often these converters have high 
resolutions requiring the lowest noise amplifier to utilize their 
full potential. Many of these converters operate in either single
supply or low-supply voltage systems, and attaining the greater 
signal swing possible increases system performance. No other 

*Protected by U.S. Patent No. 5,146,181. 
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OP-113/0P-213/0P-413* I 
PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

-INA OP-113 V+ 
NULLBNC 

+INA OUTA 

V- NULL 

8'Lead Narrow-Body SO 
(S Suffix) 

OUTABV+ 
-IN A OP-213 OUT B 

+INA -IN B 

V- +IN B 

14-Lead Epoxy DIP 
(P Suffix) 

14-Lead Ceramic DIP 
(Y Suffix) 

OUTD 

-IND 

+IND 

V-

+INC 

8-Lead Epoxy DIP 
(P Suffix) 

8-Lead Ceramic DIP 
(Z SuffJX) 

8-Lead Epoxy DIP 
(P Suffix) 

8-Lead Ceramic DIP 
(Z SuffJX) 

16-Lead Wide-Body SOL 
(S Suffix) 

OUTA OUTD 

-INA -IND 

+INA +IND 

V+ OP-413 V-

+IN B +INC 

-INB -INC 

OUTB OUTC 

NC NC 

NC= NO CONNECT 

single supply amplifier provides bener performance for these 
applications. 

The OP-113 family is specified for single +5 volt and dual ±15 
volt operation over the XIND-extended industrial (-40°C to 
+ 85°C) temperature range. They are available in plastic and 
ceramic 8-pin DIPs, plus SOIC-8 surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

REV.A 



SPECIFICATIONS OP113/0P213/0P413 
ELECTRICAL CHARACTERISTICS (@Vs= ±15.0 V, TA= +25°C unless otherwise noted) 

OP·113E/OP-413E OP·113F/OP·413F 
Parameter Symbol Conditions Min Typ Max Min Typ 

INPUT CHARACTERISTICS 
Offset Voltage Vos OP-113 75 

-40°C :5 TA :5 +8s0 c 125 
OP-213 100 
-40°c :5 TA :5 +85'C 150 
OP-413 125 
-40°C :5 TA :5 +85'C 175 

Input Bias Current IB VcM = OV, 240 600 
-40'C :5 TA :5 +85'C 700 

Input Offset Current Ios VcM = 0 V 
-40°c :5 TA :5 +8S'C 50 

Input Voltage Range VcM -15 +14 -15 
Common-Mode Rejection CMR -15 V :5 VcM :5 +14 V 100 116 96 

-15 V :5 VcM :5 +14 V, 
-40'C :5 TA :5 +85'C 97 116 94 

Large Signal Voltage Gain Avo OP-113, OP-213, RL = 600 n, 
-40'C :5 TA :5 +85'C 1 2.4 1 
OP-413, RL = 1 kn, 
-40'C :5 TA :5 +85'C 1 2.4 1 
RL = 2 kn, 
-40'C :5 TA :5 +85'C 2 8 2 

Long Tenn Offset Voltage1 Vos Note 1 150 
Offset Voltage Drift l!i.V0 sllff Note 2 0.2 0.8 

OUTPUT CHARACTERISTICS 
Output Voltage Swing High VoH RL = 2 kn +14 +14 

RL = 2 kn, 
-40°c :5 TA :5 +85'C +13.9 +13.9 

Output Voltage Swing Low VoL RL = 2 kn -14.5 
RL = 2 kn, 
-40'C :5 TA :5 +85'C -14.5 

Short Circuit Limit lsc ±40 ±40 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs=±2Vto±l8V 103 120 100 

Vs=±2Vto±l8V 
-40°c :5 TA :5 +85'C 100 120 97 

Supply Current/ Amplifier Isy VouT = OV, RL = oo, 

Vs=±l8V 2 
-40'C :5 TA :5 +85'C 2.5 

Supply Voltage Range Vs +4 ±18 +4 

AUDIO PERFORMANCE 
THD +Noise VIN = 3 V rms, RL = 2 kn 

f = 1 kHz, 0.0009 0.0009 
Voltage Noise Density e. f = 10 Hz 9 9 

f=lkHz 4.7 4.7 
Current Noise Density i,, f=lkHz 0.4 0.4 
Voltage Noise e. p·p 0.1 Hz to 10 Hz 120 120 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2 kn 0.8 1.2 0.8 1.2 
Gain Bandwidth Product GBP 3.4 3.4 
Channel Separation VouT = 10 V p·p 

RL = 2 kn, f = 1 kHz 105 105 
Settling Time ls to 0.01 %, 0 to 10 V Step 9 9 

NOTES 
1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at 120'C, with an LTPD of 1.3. 
2Guaranteed specifications, based on characterization data. 

Specifications subject to change without notice. 

Max 

150 
225 
250 
325 
275 
350 
600 
700 

50 
+14 

300 
1.5 

-14.5 

-14.5 

2 
2.5 
±18 

Units 

µV 
µV 
µV 
µV 
µV 
µV 
nA 
nA 

nA 
v 
dB 

dB 

V/µV 

V/µV 

V/µV 
µV 
µVl°C 

v 

v 
v 

v 
mA 

dB 

dB 

mA 
mA 
v 

% 
nV/\/Hz 
nV/\/Hz 
pA/\/Hz 
nVp-p 

V/µs 
MHz 

dB 
µs 
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OP113/0P2l3/0P413 
ELECTRICAL CHARACTERISTICS (@ Vs = +5.0 V, TA = +25°C unless otherwise noted) 

OP-213E 
Parameter Symbol Conditions Min Typ Max 

INPUT CHARACTERISTICS 
Offset Voltage Vos OP-113 125 

-40°C s TA s +85°C 175 
OP-213 150 
-40°C s TA s +85°C 225 
OP-413 175 
-40°c s TA s +85°C 250 

Input Bias Current Ia VcM = OV, VoUT = 2 300 650 
-40°C s TA s +85°C 750 

Input Offset Current Ios VcM = 0 V, VouT = 2 
-40°C s TA s +85°C 50 

Input Voltage Range VcM 0 +4 
Common-Mode Rejection CMR 0 s VcM s 4 V 93 106 

0 s VcM s 4 V 
-40°C s TA s +85°C 90 

Large Signal Voltage Gain Avo OP-113, OP-213, RL = 600, 2k 
0.01 Vs VouT s 3.9 V 2 
OP-413, RL = 600, 2k 
0.01VsVouTs3.9V I 

Long Term Offset Voltage1 Vos Note I 200 
Offset Voltage Drift AV0 s/AT Note 2 0.2 1.0 

OUTPUT CHARACTERISTICS 
Output Voltage Swing High VoH RL = 600 n 4.0 

RL = 100 kO, -40°C s TA s +85°C 4.1 
RL = 600 n, -40°C s TA s +85°C 3.9 

Output Voltage Swing Low VoL RL = 6000 3.0 
RL = 100 kO 3.5 
RL = 600 n, -40°C s TA s +85°C 4.0 
RL = 100 kO, -40°C s TA s +85°C 5.0 

Short Circuit Limit Isc ±30 

POWER SUPPLY 
Supply Current Isy V0 UT = 2.0 V, No Load 1.35 1.75 
Supply Current Isy -40°C s TA s +85°C 2.0 

AUDIO PERFORMANCE 
THD +Noise VouT=OdBu,f= I kHz 0.001 
Voltage Noise Density en f=10Hz 9 
Voltage Noise Density en f=lkHz 4.7 
Current Noise Density i,, f=lkHz 0.45 
Voltage Noise en p-p 0.1 Hz to 10 Hz 120 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 2 kO 0.6 0.9 
Gain Bandwidth Product GBP 3.5 
Settling Time ts to 0.1%, 2 V Step 5.8 

NOTES 
1Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at 120°C, with an LTPD of 1.3. 
2Guaranteed specifications, based on characterization data. 
Specifications subject to change without notice. 
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OP-213F 
Min Typ Max Units 

175 µV 
250 µV 
300 µV 
375 µV 
325 µV 
400 µV 
650 nA 
750 nA 

50 nA 
+4 v 

90 dB 

87 dB 

2 V/µV 

I V/µV 
350 µV 
1.5 µV!°C 

4.0 v 
4.1 v 
3.9 v 

3.0 mV 
3.5 mV 
4.0 mV 
5.0 mV 

±30 mA 

1.75 mA 
2.0 mA 

0.001 % 
9 nV/\/Hz 
4.7 nV/\/I:!z 
0.45 pA/yHz 
120 nVp-p 

0.6 V/µs 
3.5 MHz 
5.8 µs 
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OP113/0P213/0P413 

WAFER TEST LIMITS (@ V5 = +5.0 V, T, = +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos Vs=±l5V ±100 µVmax 
VCM = 0, V0 UT = 2 V ±150 µVmax 

Input Bias Current Is VCM = ov 650 nAmax 
Input Offset Current los VcM = OV 50 nAmax 
Input Voltage Range1 0 to 4 Vmin 
Common-Mode Rejection CMRR 0 :5 VCM :5 4 v 90 dB min 
Power Supply Rejection Ratio PSRR Vs= ±2 V to ±18 V 100 µVN 
Large Signal Voltage Gain Avo RL = 2 k!l, Vs= ±15 V 2 V/µVmin 
Output Voltage Swing High VoH RL = 600 n 4.0 Vmin 
Supply Cutrent/Amplifier lsy V0 = OV,RL = oo, V5, V5 = ±18V 2.0 mAmax/amp 
NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Input Voltage ............................ ± 18 V 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . ± I 0 V 
Output Short-Circuit Duration to GND ......... Indefinite 
Storage Temperature Range 

z, Y Package ................... -65°C to + 11s0c 
P, s Package .................... -65°C to + 1so0c 

Operating Temperature Range 
OP-113/0P-213/0P-413A, B .......•.. --:SS°C to +12s0c 
OP-113/0P-213/0P-413E, F .......... -40°C to +85°C 

Junction Temperature Range 
z, Y Package ................... -65°C to + 1so0c 
P, s Package .•.•................ -6s0c to + 1so0c 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type 9JA2 91c Units 

8-Pin Cerdip (Z) 148 16 •CJW 
8-Pin Plastic DIP (P) 103 43 OCJW 
8-Pin SOIC (S) 158 43 OCJW 
14-Pin Cerdip (Y) 108 16 °C/W 
14-Pin Plastic DIP (P) 83 39 °C/W 
16-Pin SOL (S) 92 27 °C/W, 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged pans, unless 
otherwise noted. 

291A is specified for the worst case conditions, i.e., 91A is specified for device in 
socket for cerdip, P-DIP, and LCC packages; 91A is specified for device 
soldered in circuit board for SOIC package. 

DICE CHARACTERISTICS 

V- NULL 

OP-113 Die Size 0.064 X 0.0627 inch, 3,968 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 66. 

REV.A 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP! BAZ/883 -ss·c to + 12s0 c 8-Pin Cerdip Q-8 
OP113BZ/883 -ss·c to + 12s0 c 8-Pin Cerdip Q-8 
OP113EZ -40°C to +8s0c 8-Pin Cerdip Q-8 
OP113EP -40°C to +8S0c 8-Pin Plastic DIP N-8 
OP113ES -40°C to +8s0c 8-Pin SOIC S0-8 
OP113FP -40°C to +8s0c 8-Pin Plastic DIP N-8 
OP113FS -40°c to +8s0c 8-Pin SOIC S0-8 
OP113GBC +is·c DICE 

OP213AZ/883 -ss·c to + 12s0c 8-Pin Cerdip Q-8 
OP213BZ/883 -ss·c to + 12s0c 8-Pin Cerdip Q-8 
OP213E.Z -40°C to +8s0c 8"Pin Cerdip Q-8 
OP213EP -40°C to +8s0c 8-Pin Plastic DIP N-8 
OP213ES -40°C to +8S0c 8-Pin SOIC S0-8 
OP213FP -40°c to +8s0c 8-Pin Plastic DIP N-8 
OP213FS -40°c to +8s0c 8-Pin SOIC S0-8 
OP213GBC +1s0c DICE 

OP413AY/883 -ss·c to + 12s0c 14-Pin Cerdip Q-14 
OP413BY/883 -ss•c to + 12s0c 14-Pin Cerdip Q-14 
OP413EY -40°c to +8s0c 14-Pin Cerdip Q-14 
OP413EP -40°c to +8s0c 14-Pin Plastic DIP N-14 
OP413ES -40°C to +8s0c 16-Pin SOL SOL-16 
OP413FP -40°c to +8s0c 14-Pin Plastic DIP N-14 
OP413FS -40°C to +8s0 c 16-Pin SOL SOL-16 
OP413GBC +1s0c DICE 

*For outline information see Package Information section. 
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OP113/0P2l3/0P413 

V- +INB 

OP-213 Die Size 0.062 X 0.097 inch, 6,014 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count,. 132. 

OUTA OUTD 

= h~·=~i= 
.. ::=~•'. ... J;:~ . . ~-:~c 
-INB- --INC ' ' 55JJZ ____ _ 

. I I . 
OUTB OUTC 

OP-413 Die Size 0.106 X 0.106inch/10, 176 sq. mils. 
Substrate (Die Backside) Is Connected to V+. ' 
Transistor Count, 256. 

APPLICATIONS 
The OP-113, OP-213 and OP-413 form a new family of high 
performance amplifiers that feature precision performance in 
standard dual supply co~tions, and, more imponantly, 
maintain precision performance when a sin,gle.power supply is 
used. In addition to accurate de specifications, it is the lowest 
noise sin,gle supply amplifier available with only 4.7 nV/yHz 
typical noise density. 

Single supply applications have special requirements due to the 
generally reduced dynamic range of the output signal. Single 
supply applications are often operated at voltages of + 5 volts or 
+ 12 volts, compared to dual supply applications with supplies 
of ± 12 volts or ± 15 volts. This results in reduced output 
swings. Where a dual supply application may often have 20 volts 
of signal output swing, sin,gle supply applications are limited to 
at most the supply range, and more commonly several volts 
below the supply. In order to attain the greatest swing the single 
supply output stage must swing closer to the supply rails than in 
dual supply applications. , 

The OP-113 family has a new patented output stage that allows 
the output to swing closer to ground, or the negative supply, 
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~ previous bipolar output stages. Previous op amps had out~ 
puts· that could swing to within about ten millivolts of the nega
tive, supply in single supply applications. However the OP-113 
family combines both a bipolar and a CMOS device in the out
put stage, enabling it to swing to within a few hundred miero
volts of ground. 

When operating with reduced supply voltages, the input range 
is also reduced. This reduction in signal range results in reduced 
signal-to-noise ratio, for any given amplifier. There are only two 
ways to improve this; increase the signal range or reduce the 
noise. The OP-113 family addresses both of these parameters. 
Input signal range is from the negative supply to within one volt of 
the positive supply over the full supply range. Competitive parts 
have input ranges that are a half a volt to five volts less than this. 
Noise has also been optimized in the OP-113 family. At 4. 7 n V/ 
\/Hz, it is less than one founh that of competitive devices. 

Phase ReveiSal 
The OP-113 family is protected against phase reversal as long as 
both of the inputs are within the supply ranges. However, if there 
is a possibility of either input going below the negative supply 
(or ground in the sfugle supply case), then the inputs should be 
protected with a series resistor to limit input current to 2 mA. 

OP-113 Offset Adjust 
The OP-113 has the facility for external offset adjustment; using 
the industry standard arrangement. Pins 1 iind 5 are used in 
conjunction with a potentiometer of 10 kn total resistance, con
nected with the wiper to V- (or ground in sin,gle supply appli
cations). The total adjustment range is about ±2 mV using this 
configuration. 

Adjusting the offset to zero has minimal effect on offset drift 
(assuming the potentiometer has a tempco ofless than 1000 ppm/ 
°C). Adjustment away from zero, however, (like all bipolar 
amplifiers) will result in a TCV 0s of approximately 3.3 µ V/°C 
for every millivolt of induced o(fset. 

It is, therefore, not generally recommended that this trim be 
used to compensate for system errors originating outsidt; of the 
OP-113. The initial offset of the OP-113 is low enough that 
.external trimming is almost never required, but if necessary, the 
2 mV trim range may be somewhat excessive. Reducing the 
trimming potentiometer to a 2 kn value will give a more reason-
able range of ±400 µV. · 

R1 R1 -.. 
17.Zkll 30111 
0.1% 0.1% 

OUTPUT 
o-1ov 
F.S. 

Figure 1. Precision Load Cell Scale Amplifier 
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APPLICATION CIRCUITS 
A High Precision Industrial Load·Cell Scale Amplifier 
The OP-113 family makes an excellent amplifier for conditioning 
a load-cell bridge. Its low noise greatly improves the signal reso
lution, allowing the load cell to operate with a smaller output 
range, thus reducing its nonlinearity. Figure 1 shows one half of 
the OP-113 family used to generate a very stable 10.000 V 
bridge excitation voltage while the second amplifier provides a 
differential gain. R4 should be trimmed for maximum common
mode rejection. 

A Low Voltage Single Supply, Strain-Gage Amplifier 
The true zero swing capability of the OP-113 family allows the 
amplifier in Figure 2 to amplify the strain-gage bridge accurately 
even with no signal input while being powered by a single + 5 
volt supply. A stable 4.000 V bridge voltage is made possible by 
the rail-to-rail OP-295 amplifier, whose output can swing to 
within a millivolt of either rail. This high voltage swing greatly 
increases the bridge output signal without a corresponding 
increase in bridge input. 

... 

Aa•2,127.4D 

Figure 2. Single S1.1pply Strain-Gage Amplifier 

A High Accuracy Linearized RTD Thermometer Amplifier 
Zero-suppressing the bridge facilitates simple linearization of the 
RTD by feeding back a small amount of the output signal to the 
RTD (Resistor Temperature Device). In Figure 3 the left leg of 
the bridge is servoed to a virtual ground voltage by amplifier 
Al, while the right leg of the bridge is also servoed to zero-volt 
by amplifier A2. This eliminiltes any emir resulting from 
common-mode voltage change in the amplifier. A three-wire 
RTD is used to balance the wire resistance on both legs of the 
bridge, thereby reducing temperature mismatch errors. The 
5.000 V bridge excitation is derived fr9m the extremely stable 
AD588 reference device with 1.5 ppml°C drift performance. 

Linearization of the RTD is done by feeding a fraction of the 
output voltage back to the RTD in the form of a current. With 
just the right amount of positive feedback, the amplifier output 
will be linearly proportional to the temperature of the RTD. 

REV.A 

1000 

RTil 

-15V +15Y 

OP113/0P213/0P413 

Figure 3. Ultraprecision RTD Amplifier 

To calibrate the circuit, first immerse the RTD in a zero-degree 
ice bath or substitute an exact 100 n resistor in place of the 
RTD. Adjust the ZERO ADJUST potentiometer for a 0.000 V 
output, then set R9 LINEARITY ADJUST potentiometer to 
the middle of its adjustment range. Substitute a 280.9 n resistor 
(equivalent to 500"C) in place of the RTD, and adjust the 
FULL-SCALE ADJUST potentiometer for a full-scale voltage 
of 5.000 V. 

To calibrate out the nonlinearity, substitute a 194.07 n resistor 
(equivalent to 250°C) in place of the RTD, then adjust the LIN
EARITY ADJUST potentiometer for a 2.500 V output. Check 
and readjust the· full-scale and half-scaie as needed: 

Once calibrated, the amplifier outputs a 10 mVl°C temperature 
coefficient with an' accuracy better than ±0.5°C over an RTD 
measurement range of -150°C to + 500°C. Indeed the amplifier 
can be calibrated to a higher temperature range, up to 8500C. 

A High Accuracy Thermocouple Amplifier 
Figure 4 shows a popular K-type thermocouple amplifier with 
cold-junction compensation. Operating from a single + 12 volt 
supply, the OP-113 family's low noise allows temperature mea
surement to better than 0.02°C resolution from 0°C to 1000°C 
range. The cold-junction error is corrected by using an inexpen
sive silicon diode as a temperature measuring device. It should 
be placed as close to the two terminating junctions as physically 
possible. An aluminum block might serve well as an isothermal 
system. 

K·TYPE 
THERMOCOUPLE 

40.1µ.vrc 

Figure 4. Accurate K-Type Thermocouple Amplifier 
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OP113/0P213/0P413 
R6 should be adjusted for a zero-volt output with the thermo
couple measuring tip immersed in a zero-degree ice bath. When 
calibrating, be sure to adjust R6 initially to cause the output to 
swing in the positive direction first. Then back off in the nega
tive direction until the output just stops changing. 

An Ultralow Noise, Single Supply Instrumentation Amplifier 
Extremely low noise instrumentation amplifiers can be built 
using the OP-113 family. Such an amplifier that operates off a 
single supply is shown in Figure 5. Resistors RI-RS should be 
of high precision and low drift type to maximize CMRR perfor
mance. Although the two inputs are capable of operating to zero 
volt, the gain of -100 configuration will limit the amplifier 
input common mode to not less than 0.33 V. 

+5VTO +36V 

+o----------------1 
v,. 

*ALL RESISTORS :!:0.1%, :t:25PPM/°C 
GAIN = 20k!l + 6 

RG 

Figure 5. Ultra/ow Noise, Single Supply Instrumentation 
Amplifier 

Supply Splitter Circuit 
The OP-113 family has excellent frequency response characteris
tic that makes it an ideal pseudo-ground reference generator as 
shown in Figure 6. The OP-113 family serves as a voltage fol
lower buffer. In addition, it drives a large capacitor that serves 
as a charge reservoir to minimize transient load changes, as well 
as a low impedance output device at high frequencies. The 
circuit easily supplies 25 mA load current with good settling 
characteristics. 

R1 
Sk!l 

R2 
SkQ 

y5+=+5V-+12V 

R3 
2.Sk!l 

C1 
0.1µF 

Figure 6. False Ground Generator 
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Low Noise Voltage Reference 
Few reference devices combine low noise and high output drive 
capabilities. Figure 7 shows the OP-113 family used as a two
pole active filter that band limits the noise of the 2.500 V refer
ence. Total noise measures 3 µ. V p-p. 

OUTPUT 
+2.SOOV 

Figure 7. Low Noise Voltage Reference 

+5 V Only Stereo DAC For Multimedia 
The OP-113 family's low noise and single supply capability are 
ideally suited for stereo DAC audio reproduction or sound syn
thesis applications such as multimedia systems. Figure 8 shows 
an 18-bit stereo DAC output setup that is powered from a single 
+5 volt supply. The low noise preserves the 18-bit dynamic 
range of the ADl868. For DACs that operate on dual supplies, 
the OP-113 family can also be powered from the same supplies. 

r~ - U:l'T 
~CHANNEL i 47kn OUTPUT 

~--it-.. 

Figure 8. +5 V Only 18-Bit Stereo DAC 

Low Voltage Headphone Amplifiers 
Figure 9 shows a stereo headphone output amplifier for the 
AD1849 16-bit SoundPort® Stereo Codec device. The pseudo
reference voltage is derived from the common-mode voltage gen
erated internally by the AD1849, thus providing a convenient 
bias for the headphone output amplifiers. 

SoundPort is a registered trademark of Analog Devices, Inc. 
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OPTIONAL 
OAIN 

' ' l 
I 

AD1149 I 
I 
I 

'"" 

I ,.a 
1kO ~OPTIONAL t GAIN 

220µF 

+ ~HEADPHONE 
RIGHT 

47kQ -=- . 

Figure 9. Headphone Output Amplifier for Multimedia 
Sound Codec 

Low Noise Microphone Amplifier for Multimedia 
The OP-113 family is ideally suited as a low noise microphone 
preamp for low voltage audio applications. Figure 10 shows a 
gain of 100 stereo preamp for the AD1849 16-bit SoundPort Ste
reo Codec chip. The common-mode output buf(er ser\res as a 
"phantom power" driver for the microphones. 

LEFT g c:= 
MIC 

INPUT ":"' 

'"""'g IU!C"'l!T 
CONDENllR 

MIC 

U.UT ":"' 

""" 

""" 
Figure 10. Low Noise Stereo Microphone Amplifier for 
Multimedia Sound Codec 
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Precision Voltage Comparator 
With its PNP inputs and zero volt common-mode capability, the 
OP-113 family can make useful voltage comparators. There is 
only a slight penalty in speed in comparison to IC comparators. 
However, the significant advantage is its voltage accuracy. For 
example, Vos can be a few hundred microvolts or less, com
bined with CMRR and PSRR exceeding 100 dB, while operating 
on S V supply. Standard comparators like the 111/311 family 
operate on S volts, but not with common-mode at ground, nor 
with offset below 3 mV. Indeed no commercially available single 
supply comparator has a V 0s less than 200 µ V. 

Figure 11 _shows the OP-113 family response to a 10 mV over
drive signal when operating in open loop. The top trace shows 
the output rising edge has a 15 µs propagation delay, while the 
bottom trace shows a 7 µs delay on the output falling edge. This 
ac response is quite acceptable in many applications. 

±1UmV OVERDRIVE +sV 
+2.5V 

ovffi 
-2.SV 

t,=lt=Sms 

Figure 11. Precision Comparator 

The low noise and 250 µ V (maximum) offset voltage enhance 
the overall de accuracy of this type of comparator. Note that 
zero crossing detectors and similar ground referred comparisons 
can be implemented even if the input swings to -0.3 volts 
below ground. 
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80 

0 

V8 =::t:15V 

TA=+:z&o(: 

- -40 -30 -20 -'10" 0 10 20 30 40 50 

INPUT OFFSET VOLTAGE, Vos- µV " 

Figure 12a. OP-113 Input Offset (V05} Distribution 
@±15V 

~ z 
:::> 

V8 =:t:15V 

400 1--+--+--+--+--+-TA s +25°C 
896 (PLASTIC) x OP AMPS 

300 t---+--+---<-.+--

200 l--+-+--1-~ 

0 
-100 -so " -llo "'-40 " -20 ". 20 40 80 80 100 

INPUT OFFSET VOLTAGE, Vos- µV 

Figure .12b. OP-213 Input Offset (V 0 5 } Distribution 
@±15V 

~ z 
:::> 

400 

Vs=:t:15V 

TA= +25oC 

1220 x OP AMPS 
PLASTIC PKG 

300 I--+--+--+--

200 I--+--+-+--

0 
-80 -40 -20 20 40 80 80 100 120 140 

INPUT OFFSET VOLTAGE, Vos - µV 

Figure 12c. OP-413 Input Offset (V0 sJ Distribution 
@±15V 

9-390 OPERATIONAL AMPt.IFIERS 

120 

90 

30 

Vs=:t15V 

---+--+---<--+-.4cJ'?C s TA s +85°C 
40i>xOPAMPS 
PLASTIC PKG 

0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1.0 

TCV09-µV 

Figure 13a. OP-113 Temperature Drift (TCV05} 

Distribution@ ± 15 V · 
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Figure 13b. OP-213 Temperature Drift (TCV 0 5 } 

Distribution @ ± 15 V 
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Figure 13c. OP-413 TemperatureDrift(TCV05} 

Distribution @ ± 15 V 
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o ._ _ _._ _ _.__vc_M_J~o-v _ _._ _ __.. __ .___...__-__. 
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TEMPERATURE - °C 

Figure 14. OP-113 Input Bias Current vs. Temperature 

5.0 ..--...... --.--...... --.---...---.--....,.---. 2.0 

Vs= +5.0V 

3.0 .__....__ _ _._ _ _.. __ .__...._ _ _._ _ _.. _ __. 0 

- -511 - 0 25 50 ~ ~ ~ 
TEMPERATURE - °C 

Figure 15. Output Swing vs. Temperature and RL @ +5 V 
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Figure 16. Channel Separation 
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Figure 17. OP-213 Input Bias Current vs. Temperature 
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Figure 18. Output Swing vs. Temperature and RL@ ± 15 V 
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Figure 19. Open-Loop Gain vs. Temperature@ +5 V 
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Figure 20. OP-413 Open-Loop Gain vs. Temperature 
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Figure 21. Open-Loop Gain, Phase vs. Frequency@ +5 V 
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Figure 22. Closed-Loop Gain vs. Frequency @ +5 V 
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Figure 23. OP-213 Open-Loop Gain vs. Temperature 
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Figure 24. Open-Loop Gain Phase vs. Frequency@ ±15 V 
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Figure 25. Closed-Loop Gain vs. Frequency@ ±15 V 

REV.A 



70 

i 85 

& 

Y+JsY 
Y-=aY 

""""' 
GBW 

b 
em 

-,........ 

~ 1 

- - - o ~ ~ n ~ ~ 
TI!MPERATURE- °C 

Figure 26. Gain Bandwidth Product and Phase Margin vs. 
Temperature @ +5 V 
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Figure 27. Voltage Noise Density vs. Frequency 
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Figure 28. Common-Mode Rejection vs. Frequency@ +5 V 
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Figure 29. Gain Bandwidth Product and Phase Margin 
vs. Temperature @ ± 15 V 
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Figure 30. Current Noise Density vs. Frequency 
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Figure 32. Power Supply Rejection vs. Frequency 
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Figure 33. Maximum Output Swing vs. Frequency@ +5 V 
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Figure 34. Small Signal Overshoot vs. Load Capacitance 
@+5V 
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Figure 35. Closed-Loop Output Impedance vs. Frequency 
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Figure 38. Slew Rate vs. Temperature <fz' +5 V 
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Figure 39. Input Voltage Noise @ ± 15 V 
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Figure 43. Supply Current vs. Temperature 
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Figure 44. OP-213 Simplified Schematic 

*OP113 Family SPICE Macro-Model 9/92, Rev. A 
JCN/PMI 

*Copyright 1992 by Analog Devices, Inc. 
* 

* 
*Node Assignments 

* 
* 

* 
* 

Noninverting Input 

Inverting Input 

Positive Supply 

Negative Supply 

I 
Output 

I 
.SUBCKT OP113 Family 3 2 7 4 6 

* 
*INPUT STAGE 
R3 4 19 l.5E3 
R4 4 20 l.5E3 
Cl 19 20 5.31E-12 
II 7 18 !06E-6 
!OS 2 3 25E-09 
EOS 12 5 POLY(!) 51 4 25E-06 
QI 19 3 18 PNPI 
Q2 20 12 18 PNP! 
CIN 3 2 3E-12 
DI 3 I DY 
02 2 I DY 
EN522201 
GNI 0 2 25 0 IE-5 
GN2 0 3 28 0 IE-5 

*VOLTAGE NOISE SOURCE WITH FLICKER NOISE 
ON! 21 22 DEN 
DN2 22 23 DEN 
VNI 21 0 DC 2 
VN2 0 23 DC2 

* 
* CURRENT NOISE SOURCE WITH FLICKER NOISE 
DN3 24 25 DIN 
DN4 25 26 DIN 
VN3 24 0 DC2 
VN4 0 26 DC2 

* 
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* SECOND CURRENT NOISE SOURCE 
DN5 27 28 DIN 
DN6 28 29 DIN 
VN5 27 0 DC 2 
VN6 0 29 DC 2 

* GAINSTAGE&DOMINANTPOLEAT .2000E+Ol HZ 
G2 34 36 19 20 2.65E-04 
R7 34 36 39E+06 
V3 35 4 DC 6 
04 36 35 DX 
VB2 34 4 1.6 

* SUPPLY/2 GENERATOR 
!SY 7 4 0.2E-3 
RIO 7 60 40E+3 
RI! 60 4 40E+3 
C3 60 0 !E-9 

* CMRR STAGE & POLE AT 6 kHZ 
ECM 50 4 POLY(2) 3 60 2 60 O 1.6 O 1.6 
CCM 50 51 26.SE-12 
RCM! 50 51 !E6 
RCM2 51 4 I 

OUTPUT STAGE 
Rl2 37 36 !E3 
RB 38 36 500 
C4 37 6 20E-12 
CS 38 39 20E-12 
Ml 39 36 4 4MNL=9E-6W=IOOOE-6AD=l5E-9AS=l5E-9 
M2 45 36 4 4 MN L=9E-6 W=!OOOE-6AD=l5E-9AS=l5E-9 
05 39 47 DX 
D6 47 45 DX 
Q3 39 40 41 QPA 8 
VB 7 40 DC 0.861 
Rl4 7 41 375 
Q4 41 7 43 QNA I 
Rl7 7 43 15 
Q5 43 39 6 QNA 20 
Q6 46 45 6 QPA 20 
Rl8 46 4 15 
Q7 36 46 4 QNA I 
M3 6 36 4 4 MN L=9E-6 W=2000E-6 AD=30E-9 AS=30E-9 

* 
* NONLINEAR MODELS USED 

* .MODEL DX D (IS= IE-15) 
.MODEL DY D (IS=lE-15 BV=7) 
.MODEL PNPl PNP (BF=220) 
.MODEL DEN D(JS=IE-12 RS=IOl6 KF=3.278E-15 AF=!) 
.MODEL DIN D(IS=IE-12 RS=l00019 KF=4.173E-15 AF=!) 
.MODEL QNA NPN(IS=l.19E-16 BF=253 VAF=l93 VAR=15 RB=2.0E3 
+ IRB=7.73E-6 RBM=l32.8 RE=4 RC=209 CJE=2.1E-13 VJE=0.573 
+ MJE=0.364 CJC=l.64E-13 VJC=0.534 MJC=0.5 CJS=l.37E-12 
+ VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 
.MODEL QPA PNP(IS=5.21E-17 BF=l31 VAF=62 VAR=15 RB=l.52E3 
+ IRB=l.67E-5 RBM=368.5 RE=6.31 RC=354.4 CJE=l.IE-13 
+ VJE=0.745 MJE=0.33 CJC=2.37E-13 VJC=0.762 MJC=0.4 
+ CJS=7.11E-13 VJS=0.45 MJS=0.412 TF=l.OE-9 PTF=30) 
.MODEL MN NMOS(LEVEL=3 VTO=l.3 RS=0.3 RD=0.3 TOX=S.SE-8 
+LO= l.48E-6 WO= IE-6 NSUB= l.53El6 U0=650DELTA=10 VMAX=2E5 
+ XJ=l.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=l CJ=2.9E-4 
+ PB=0.837 MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 

* 
.ENDS OP113 Family 
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11111111111 ANALOG 
WDEVICES 

FEATURES 
Low Noise: 6 nV /"I/Hz 
High Slew Rate: 25 V /µs 
Wide Bandwidth: 10 MHz 
Low Supply Current: 2.5 mA 
Low Offset Voltage: 1 mV 
Unity Gain Stable 
S0-8 Package 

APPLICATIONS 
Line Driver 
Active Filters 
Fast Amplifiers 
Integrators 

GENERAL DESCRIPTION 
The OPl 76 is a low noise, high output drive op amp that 
features the Butler Amplifier front-end. This new front-end 
design combines both bipolar and JFET transistors to attain 
amplifiers with the accuracy and low noise performance of 
bipolar transistors, and the speed and sound quality of JFETs. 
Total Harmonic Distortion plus Noise equals previous audio 
amplifiers, but at much lower supply currents. 

Improved de performance is also provided with bias and offset 
currents greatly reduced over purely bipolar designs. Input 
offset voltage is guaranteed at l m V and is typically less than 

*Protected by U.S. Patent No. 5101126. 

Bipolar/JFET, 
Audio Operational Amplifier 

OP176* I 
PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

8-Lead Epoxy DIP 
(P SutTtx) 

200 µV. This allows the OPl 76 to be used in many de coupled 
or summing applications without the need for special selections 
or the added noise of additional offset adjustment circuitry. 

The output is capable of driving 600 Q loads to l 0 V rms while II 
maintaining low distortion. THD + Noise at 3 V rms is a low 1 

0.0006%. 

The OPl 76 is specified over the extended industrial (-40°C to 
+85°C) temperature range. OPl 76s are available in both plastic 
DIP and S0-8 packages. S0-8 packages are available in 2500 
piece reels. Many audio amplifiers are not offered in S0-8 
surface mount packages for a variety of reasons, however, the 
OPl 76 was designed so that it would offer full performance in 
surface mount packaging. 

Simplified Schematic 
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OPl 76-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos l mV 
Offset Voltage Vos -40°C :5 TA :5 +85°C l.25' mV 
Input Bias Current 1. VcM = OV 350 nA 

VcM = o V, -40°C :5 TA :5 +85°C 400 nA 
Input Offset Current los VcM = OV ±50 nA 

VcM = O V, -40°C :5 TA :5 +85°C ±100 nA 
Input Voltage Range VcM -10.5 +10.5 v 
Common-Mode Rejection CMRR VcM = ± 10.5 V, 

-40°C :5 TA :5 +85°C 80 106 dB 
Large Signal Voltage Gain Avo R1.=2kn 250 V/mV 

RL = 2 kn, -40°C :5 TA :5 +85°C 175 V/mV 
R1.=600Q 200 V/mV 

Offset Voltage Drift l'N0 slliT 5 .µV/°C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2 kn, -40°C :5 TA :5 +85°C -13.5 +13.5 v 

RL = 600 n, Vs= ±18 v -14.8 +14.8 v 
Output Short Circuit Current lsc ±25 ±50 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±4.5 V to±l!! V 86 108 dB 

-40°C :5 TA :5 +85°C 80 dB 
Supply Current lsv Vs= ±4.5 V to ±18 V, V0 = 0 V, 

RL = 00, -40°C :5 TA :5 +85°C 2.5 mA 
Supply Current lsy Vs =±22 V, V0 = OV, ~= oo, 

-40°C :5 TA :5 +85°C 2.75 mA 
Supply Voltage Range Vs ±4.5 ±22 v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2kn 15 25 V/µs 
Gain Bandwidth Product GBP 10 MHz 

AUDIO PERFORMANCE 
THD+ Noise v,N = 3 Vrms, 

~=2kn,f= l kHz 0.001 % 
Voltage Noise Density e. f= I kHz 6 nV/../HZ 
Current Noise Density i. f= I kHz 0.5 pA/../HZ 

Specifications subject to change without notice. 
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OP176 

WAFER TEST LIMITS (@Vs= ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos l mVmax 
Input Bias Current I. VcM = OV 350 nAmax 
Input Offset Current Ios VcM = OV ±50 nAmax 
Input Voltage Range' VcM ±10.5 Vmin 
Common-Mode Rejection CMRR VcM = ±10.5 V 80 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 Vto±18 V 86 dB min 
Large Signal Voltage Gain Avo R1. = 2 k.Q 250 VlmVmin 
Output Voltage Range Vo R1.=2kQ 13.5 Vmin 

Vs = ± 18.0 V, R1. = 600 Q 14.8 Vmin 
Supply Current Isv Vs =±22.0V, V0 = OV, R1.= = 2.75 mAmax 

V8 = ±4.5 V to ±18 V, 2.5 mAmax 
V0 =0V,R1.== 

NOTES 
Electrical tests and wafer probe co the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
1Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS' DICE CHARACTERISTICS 

Supply Voltage ................................ ±22 V 
Input Voltage' ................................. ± 18 V 
Differential Input Voltage' ....................... ±7 .5 V V+ OUT NULL 

Output Short-Circuit Duration to GND .......... Indefinite 
Storage Temperature Range 

P, S Package ........................ -65°C to +150°C 
Operating Temperature Range 

OPl 76G ............................ -40°C to +85°C 
Junction Temperature Range 

P, S Package ........................ -65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

V-

Package Type 0JA3 0ic Units -IN +IN 

8-Pin Plastic DIP (P) 103 43 oc/W 
8-Pin SOIC (S) 158 43 oc/W 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

OP176 Die Size 0.069 x 0,067 Inch, 4,623 Sq. Mils. 
Substrate (Die Backside) Is Connected to V-. 
Transistor Count, 26. 

2For input voltages greater than ±7.5 V limit input current to less than 5 mA. 
301A is specified for the worst case conditions, i.e., 01Ais specified for device in socket 
for P-DIP packages; 81A is specified for device soldered in circuit board for SOIC 
package. 

ORDERING GUIDE 

Model Temperature Range Package Description Package Option* 

OP176GP -40°C to +85°C 8-Pin Plastic DIP N-8 
OP176GS -40°C to +85°C 8-Pin SOIC S0-8 
OP176GSR -40°C to +85°C S0-8 Reel, 2500 Pieces 
OP176GBC +25°C DICE 

*For outline information see Package Information section. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sens.itive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the OPl 76 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~Q] 
ESD SENSITIVE DEVICE 
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-OPl 76-Typical Characteristics 

Figure 1. Input Offset Voltage Drift Distribution@± 15 V 
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Figure 2. Output Swing vs. Temperature 
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Figure 3. Input Bias Current vs. Temperature 
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Figure 4. Maximum Output Swing vs. Frequency 
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Figure 7. Short Circuit Current vs. Temperature@± 15 V 
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Figure 9. Closed-Loop Gain vs. Frequency 
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Figure 10. Power Supply Rejection vs. Frequency 
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Figure 11. Open-Loop Gain vs. Temperature 
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Figure 12. Closed-Loop Output Impedance vs. Frequency 
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Figure 13. Common-Mode Rejection vs. Frequency 
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Figure 14. Small Signal Overshoot vs. Load Capacitance 
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Figure 15. Slew Rate vs. Differential Input Voltage 
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Figure 17. Slew Rate vs. Load Capacitance 
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Figure 19. Voltage Noise Density vs. Frequency 
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OP176 
APPLICATIONS 
Short Circuit Protection 
The OPl 76 has been designed with output short circuit 
protection. The typical output drive current is ±50 mA. This 
high output current and wide output swing combine to yield an 
excellent audio amplifier, even when driving large signals, at low 0•010 

power and in a small package. 

Total Harmonic Distortion 
Total Harmonic Distonion +Noise (THD + N) of the OP176 
is well below 0.001 % with any load down to 600 n. However, 
this is dependent upon the peak output swing. In Figure 23 it is 
seen that the THD +Noise with 3 V rms output is below 
0.001%. In the following Figure 24, THD +Noise is below 
0.001 % for the .IO kn and 2 kn loads but increases to above 
0.01 % for the 600 n load condition. This is a result of the 
output swing capability of the OPl 76. Notice the results in 
Figure 25, showing THD vs. V1N (V rms). 

20 100 1k 10k 20k 

FIGURE 23. THD + Noise vs. Frequency 

20 100 1k 10k 20k 

Figure 24. THD + Noise vs.· Ru,,.D 
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20 100 1k 10k 20k 

Figure 25. THD + Noise vs. Output Amplitude (V rms) 

The output of the OPl 76 is designed to maintain low harmonic 
distortion while driVing 600 n loads. However, driving 600 n 
loads with very high ouqiut swings results in higher distortion if 
clipping occurs. 

To attain low harmoniC distortion with larg'e. output swings, 
supply voltages may be increased. Figure 26 shows the perfor
mance of the·OPl 76 driVing 600 n loads .with supply voltages 
varying from± 18 volts to ±20 volts. Notice. that with± 18 volt 
supplies the distortion is fairly higb, while with± 20 volt supplies 
it is a very low 0.0007%. 

Figure 26. THD + Noise vs. Supply Voltage 
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Noise 
The voltage noise density of the OP! 76 is below 6 nV/-VHz from 
30 Hz. This enables low noise designs to have good perfor
mance throughout the full audio range. Figure 27 shows a 
typical OP! 76 with a l/f corner at 6 Hz. 

Figure 27. 1/f Noise Corner 

Noise Testing 
For audio applications the noise density is usually the most 
important noise parameter. For characterization the OP! 76 is 
tested using an Audio Precision, System One. The input signal 
to the Audio Precision must be amplified enough to measure 
accurately. For the OP! 76 the noise is gained by approximately 
I 020 using the circuit shown in Figure 28. Any readings on the 
Audio Precision must then be. divided by the gain. In imple
menting this test fixture, good supply bypassing is essential. 

Figure 28. Noise Test 

Upgrading "5534" Sockets 

OUTPUT 

The OP! 76 is a superior amplifier for upgrading existing 
designs using the industry standard 5534. In most application 
circuits, the OP! 76 can directly replace the 5534 without any 
modifications to the surrounding circuitry. Like the 5534, the 
OP176 follows the industry standard, single op amp pinout. The 
difference between these two devices is the location of the null 
pins and the 5534's compensation capacitor. 

The 5534 normally requires a 22 pF capacitor between Pins 5 
and 8 for stable operation. Since the OP! 76 is internally 
compensated for unity gain operation, it does not require 
external compensation. Nevertheless, if the 5534 socket already 
includes a capacitor, the OP! 76 can be inserted without 
removing it. Since the OP! 76's Pin 8 is a "NO· CONNECT" 
pin, there is no internal connection to that pin. Thus, the 22 pF 
capacitor would be electrically connected through Pin 5 to the 
internal nulling circuitry. With the other end left open, the 
capacitor should have no effect on the circuit. However, to 
avoid altogether any possibility for noise injection, it is recom
mended that the 22 pF capacitor be cut out of the circuit 
entirely. 
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If the original 5534 socket includes offset nulling circuitry, one 
would find a I 0 kn to I 00 kn potentiometer connected between 
Pins I and 8 with said potentiometer's wiper arm connected to 
V+. In order to upgrade the socket to the OP! 76, this circuit 
should be removed before inserting the OP! 76 for its offset 
nulling scheme uses Pins I and 5. Whereas the wiper arm of the 
5534 trimming potentiometer is connected to the positive 
supply, the OP! 76's wiper arm is connected to the negative 
supply. Directly substituting the OP! 76 into the original socket 
would inject a large current imbalance into its input stage. In 
this case, the potentiometer should be removed altogether, or, if 
nulling is still required, the trimming potentiometer should be 
rewired to match the nulling circuit as illustrated in Figure 29. 

P1 :10kU 
Vos TRIM RANGE= ±2mV 

Figure 29. Offset Voltage Nulling Scheme 

Input Overcurrent Protection 
The maximum input differential voltage that can be applied to 
the OP! 76 is determined by a pair of internal Zener diodes 
connected across its inputs. They limit the maximum differen
tial input voltage to ± 7 .5 V. This is to prevent emitter-base 
junction breakdown from occurring in the input stage of the 
OP! 76 when very large differential voltages are applied. 
However, in order to preserve the OP! 76's low input noise 
voltage, internal resistances in series with the inputs were not 
used to limit the current in the clamp diodes. In small signal 
applications, this is not an issue; however, in applications where 
large differential voltages can be inadvertently applied to the 
device, large transient currents can flow through these diodes. 
Although these diodes have been designed to carry a current of 
± 5 mA, external resistors as shown in Figure 30 should be used 
in the event that the OP! 76's differential voltage were to exceed 
±7.5 v. 

Figure 30. Input Overcurrent Protection 
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OP176 
Output Voltage Phase Reversal 
Since the OPI.76's input stage combines bipolar transistors for 
low noise and p-channel JFETs for high speed performance, the 
output voltage of the OPI 76 may exhibit phase reversal if either 
of its inputs exceeds the specified negative common-mode input 
voltage. This might occur in some applications where a trans
ducer, or a system, fault might apply very large voltages upon 
the inputs of the OPI 76. Even though the input voltage range 
of the OPI 76 is ±I 0.5 V, an input voltage of approximately 
-13.5 V will cause output voltage phase reversal. In inverting 
amplifier configurations, the OPI 76's internal 7,5 V clamping 
diodes will prevent phase reversal; however, they will not 
prevent this effect from occurring in noninverting applications. 
For these applications, the fix is a 3. 92 kQ resistor in series 
with the noninverting input of the device and is illustrated in 
Figure 31. 

6 VouT 

'RFil IS OPTIONAL 

F,igure 31. Output Voltage Phase Reversal Fix 

Overdrive Recovery 
The overdrive recovery time of an operational amplifier is the 
time required for the output voltage to recover to a rated output 
level from a saturated condition. This recovery time is impor
tant in applications where the amplifier must recover quickly 
after a large abnormal transient event. The circuit shown in 
Figure 32 was used to evaluate the OPI 76's overload recovery' 
time. The OPl 76 takes approximately 1 µs to recover to V0 U"r= 
+10 Vand approximately 900 ns to recover to V0 U"r =-10 V. 

R1 R2 
1kil 10kil 

RL 
2.43kil 

Figure 32. Overload Recovery Time Test Circuit 

High Speed Operation 
As with most high speed amplifiers, care should be taken with 
supply decoupling, lead dress, and component placement. 
Recommended circuit configurations for inverting and 
noninverting applications are shown in Figure 33 and Figure 34. 
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+15V 

v,. 

-15V 

Figure 33. Unity Gain Follower 

+15V 

Figure 34. Unity Gain Inverter 

In inverting and noninverting applications, the feedback. 
resistance forms a pole with the source resistance and capaci
tance (Rg and Cs) and the OP! 76's input capacitance (CIN), as 
shown in Figure 35. With Rs and R. in the kQ range, this pole 
can create excess phase shift and even oscillation. A small 
capacitor, c •• , in parallel with R.. eliminates this problem. By 
setting Rs (Cs + C1N) = RFB C.., the effect of the feedback pole is 
completely removed. 

Your 

Figure 35. Compensating the Feedback Polil 
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Attention to Source Impedances Minimizes Distortion 
Since the OP! 76 is a very low distortion amplifier, careful 
attention should be given to source impedances seen by both 
inputs. As with many FET-type amplifiers, the p-channel 
JFETs in the OP! 76's input stage exhibit a gate-to-source 
capacitance that varies with the applied input voltage. In an 
inverting configuration, the inverting input is held at a virtual 
ground and, as such, does not vary with input voltage. Thus, 
since the gate-to-source voltage is constant, there is no distor
tion due to input capacitance modulation. In noninverting 
applications, however, the gate-to-source voltage is not 
constant. The resulting capacitance modulation can cause 
distortion above I kHz if the input impedance is > 2 kQ and 
unbalanced. 

Figure 36 shows some guidelines for maximizing the distortion 
performance of the OP! 76 in noninverting applications. The 
best way to prevent unwanted distortion is to ensure that the 
parallel combination of the feedback and gain setting resistors 
(RF and R,) is less than 2 kQ. Keeping the values of these 
resistors small has the added benefits of reducing the thermal 
noise of the circuit and de offset errors. If the parallel combina
tion of RF and Re is larger than 2 ill, then an additional 
resistor, R,, should be used in series with the noninverting 

*Rs= Ad/RF IF RolfRF > 2kn 
FOR MINIMUM DISTORTION 

Figure 36. Balanced Input Impedance to Mininize 
Distortion in Noninverting Amplifier Circuits 

input. The value of R, is determined by the parallel combina
tion of RF and Re to maintain the low distortion performance of 
the OP! 76. For a more generalized treatment on circuit 
impedances and their effects on circuit distortion, please review 
the section on Active Filters at the end of the Applications 
section. 

Driving Capacitive Loads 
As with any high speed amplifier, care must be taken when 
driving capacitive loads. The graph in Figure 14 shows the 
OP! 76's overshoot versus capacitive load. The test circuit is a 
standard noninverting voltage follower; it is this configuration 
that places the most demand on an amplifier's stability. For 
capacitive loads greater than 400 pF, overshoot exceeds 40% 
and is roughly equivalent to a 45° phase margin. If the applica
tion requires the OP! 76 to drive loads larger than 400 pF, then 
external compensation should be used. 

Figure 37 shows a simple circuit which uses an in-the-loop 
comp~nsation technique that allows the OP! 76 to drive any 
capacitive load. The equations in the figure allow optimization 
of the output resistor, Rx, and the feedback capacitor, CF, for 
optimal circuit stability. One important note is that the circuit 
bandwidth is reduced by the feedback capacitor, CF, and is 
given by: 
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Rx= R0 R0 WHERE R0 =OPEN-LOOP OUTPUT RESISTANCE 

T 
c,= [1+ (--'-)] t,+ RG)c, Ro 

IAcd R, 

Figure 37. In-the-Loop Compensation Technique for 
Driving Capacitive Loads 

APPLICATIONS USING THE OP176 
A High Speed, Low Noise Differential Line Driver 
The circuit of Figure 38 is a unique line driver widely used in 
many applications. With± 18 V supplies, this line driver can 
deliver a differential signal of 30 V p-p into a 2.5 kQ load. The 
high slew rate and wide bandwidth of the OP! 76 combine to 
yield a full power bandwidth of 130 kHz while the low noise 11 front end produces a referred-to-input noise voltage spectral 1 

density of 15 n V !.fHz. The circuit is capable of driving lower 
impedance loads as well. For example, with a reduced output 
level of 5 V rms (14 V p-p ), the circuit exhibits a full-power 
bandwidth of 190 kHz while driving a differential load of 249 Q! 
The design is a transformerless, balanced transmission system 
where output common-mode rejection of noise is of paramount 
importance. Like the transformer-based design, either output 
can be shorted to ground for unbalanced line driver applications 
without changing the circuit gain of I. Other circuit gains can 
be set according to the equation in the diagram. This allows the 
design to be easily set for noninverting, inverting, or differential 
operation. 

R3 
2k<l 

A1, A2, A3 = OP176 

GAIN:fil 

"' SET R2, R4, R5: R1 AND R6, R7, R8 = R3 

Figure 38. A High Speed, Low Noise Differential Line 
Driver 
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A Low Noise Microphone Preamplifier with a Phantom 
Power Option 
Figure 39 is an example of a circuit that cotnpines the strengths 
of the SSM2017 and the OP176 into a variable gain micro
phone preamplifier with an optional phantom power feature. 
The SSM20 I 7's strengths lie in its low noise and distonion, and 
gain flexibility/simplicity. However, rated only for 2 kQ or 
higher loads, this makes driving 600 n loads somewhat limited 
with the SSM2017 alone. A pair of OP! 76s are used in the 
circuit as a high current output buffer (U2) and a DC servo 
stage (U3). The OP! 76's high output current drive capability 
provides a high level drive into 600 n loads when operating 
from ± 18 V supplies. For a complete treatment of the circuit 
design details, the interested reader should consult application 
note AN-242, available from Analog Devices. 

20 100 1k 10k 20k 

This amplifier's performance is quite good over programmed 
gain ranges of 2 to 2000. For a typical audio load of 600 n, 
THD +Nat various gains and an output level of 10 V rms is 
illustrated in Figure 40. For all but the very highest gain, the 
THD + N is consistent and well below 0.01 %, while the gain of 
2000 becomes more limited by noise. The noise performance of 
the circuit is exceptional with a referred-to-input noise voltage 
spectral density of I nV/VHz at a circuit gain of 1000. 

Figure 40. Low Noise Microphone Preamplifier THD + N 
Performance at Various Gains fVour = 10 V rms and 
RL = 600Q) 

,- - - - - - - - - - - - .4iw-, 
I· C8 + I 

:~~/~ : 
I . I 

PHANTOM POWER SUPPLY CONNECTIONS, 
INTERLOCKED WITH +/-Vs (SEE NOTE 5). 

I u1:l =~1kll I 
I_ - - - - ~ - - I - - _I 

Z1 Z2 

NOTES: 
1) Z1~ 1N752 (SEE TEXT). 
2) CINX, Cox LOW LEAKAGE ELECTROLYTIC TYPES (SEE TEXT). 

3) GAIN :G = 2 x ((10k/R0 ) +1) (SEE TEXT). 

4) ALL RESISTORS 1% METAL FILM. 
5) DOTTED PHANTOM POWER RELATED COMPONENTS OPTIONAL (SEE TEXT). 

C5 
33pF 

R2 
20kll 

-Vs 

Figure 39. A Low Noise Microphone Preamplifier 
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+V50lo-1---· -~---0+18V 

C6 .J!C3 
. n;a:·1~F 1~F/25V 

c:T + C4 

l0.1~F l 100~/25V 
-VsO - - O -18V 

C2 
1~FILM 

OUTPUT 

OUT COMMON 
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A Low Noise, +5 V/+10 V Reference 
In many high resolution applications, voltage reference noise 
can be a major contributor to overall system error. Monolithic 
voltage references often exhibit too much wide band noise to be 
used alone in these systems. Only through careful filtering and 
buffering of these monolithic references can one realize wide
band microvolt noise levels. The circuit illustrated in Figure 41 
is an example of a low noise precision reference optimized for 
both ac and de performance around the OP! 76. With a+ 10 V 
reference (the ADS87), the circuit exhibits a I kHz spot output 
noise spectral density < I 0 n V/~Hz. The reference output 
voltage is selectable between S V and I 0 V, depending only on 
the selection of the monolithic reference. The output table 
illustrated in the figure provides a selection of monolithic 
references compatible with this circuit. 

OUTPUT TABLE 

Your 
10V 
10V 
10V 
10V 
5V 
5V 
5V 
5V 

+15V 

U1 

AD587 
REF01 
REF10 
AD581 
REF195 
AD586 
REF02 
REF05 

C4 
0.1µF 

TOLERANCE 
(+/-mV) 

5TO 10 
30TO 100 
30 TO 50 
5T030 
2TO 10 
2.5 TO 20 
15T050 
15 T025 

+c2 
100µF/25V 

R4 
100.U Your 

R6 
3.3n 

C5 + 
10µFi25V 

REF 
COMMON 

Figure 41. A Low Noise, +5 VI+ 10 V Reference 

In operation, the basic reference voltage is set by U I, either a 
S V or 10 V 3-terminal reference chosen from the table. In this 
case, the reference used is a I 0 V buried Zener reference, but 
all Ul IC types shown can plug into the pinout and can be 
optionally trimmed. The stable 10 V from the reference is then 
applied to the Rl-C l -C2 noise filter, which uses electrolytic 
capacitors for a low corner frequency. When electrolytic 
capacitors are used for filtering, one must be cognizant of their 
de leakage current errors. Here, however, a de bootstrap of Cl 
is used, so this capacitor sees only the small R2 de drop as bias, 
effectively lowering its leakage current to negligible levels. The 
resulting low noise, de-accurate output of the filter is then 
buffered by a low noise, unity gain op amp using an OP! 76. 
With the OP! 76's low Vos and control of the source resistances, 
the de performance of this circuit is quite good and will not 
compromise voltage reference accuracy and/or drift. Also, the 
OP! 76 has a typical current limit of 50 mA, so it can provide 
higher output currents when compared to a typical IC reference 
alone. 
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A Differential ADC Driver 
High performance audio sigma-delta ADCs, such as the stereo 
16-bit AD1878 and the 18-bit AD1879, present challenging 
design problems with regards to input interfacing. Because of 
an internal switched capacitor input circuit, the ADC input 
structure presents a difficult dynamic load to the drive amplifier 
with fast transient input currents due to their 3 MHz ADC 
sampling rate. Also, these ADCs inputs are differential with a 
rated full-scale range of±6.3 V, or about 4.4 V rms. Hence, the 
ADC interface circuit of Figure 42 is designed to accept a 
balanced input signal to drive the low dynamic impedances seen 
at the inputs of these ADCs. The circuit uses two OP176 

TO 0.1µF T T 100µ/25V 

u1.u2 <& J_ 1 0 COM 
{ 

+Vs 0>---<10---1•+---CO ~!::LOG 

C1 I+ 100µ/25V 
100pF -Vs oo.11JF I - 2V >--~1---+--o A~ALOG 

BALANCED 
INPUTS TO 

(+) V1N- AD1878/ 
AD1879 

(-) SIGMA-
C3 DELTA 
0.0047pF ADC 

VIN+ L&R 
INPUTS 

~=AG, PIN 10OR18 

(+) ... !tn- NOTES 
C1-C5 = NPO CERAMIC, NON-INDUCTIVE, 

C3-C5 CLOSE TO ADC 
FOR R1-R6 = 1% METAL FILM 
SINGLE-ENDED 

- INPUTS 
+ 

Figure 42. A Balanced Driver Circuit for Sigma-Delta ADCs 

amplifiers as inverting low-pass filters for their speed and high 
output current drive. The outputs of the OP! 76s then drive the 
differential ADC inputs through an RC network. This RC 
network buffers the amplifiers against step changes at the ADC 
sampling inputs using one differential (C3) and two common
mode connected capacitors (C4 and CS). The S 1 Q series 
resistors isolate the OP! 76s from the heavily capacitive loads, 
while the capacitors absorb the transient currents. Operating on 
± 12 V supplies, this circuit exhibits a very low THD + N of 
0.00 I% at 5 V rms outputs. For single-ended drive sources, a 
third op amp unity gain inverter can be added between R2's ( +) 
input terminal and R4. For best results, short-lead, noninduc
tive capacitors are suggested for C3, C4, and CS (which are 
placed close to the ADC), and 1 % metal-film types for RI 
through R6. For surface mount PCBs, these components can 
be NPO ceramic chip capacitors and thin-film chip resistors. 
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An RIAA Phono Preamp 
Figure 43 illustrates a simple phono preamplifier using RIAA 
equalization. The 0 PI 7 6 is used here to provide gain and is 
chosen for its low input voltage noise and high speed perfor
mance. The feedback equalization network (RI, R2, Cl, and 
C2) forms a three time constant network, providing reasonably 
accurate equalization with standard component values. The 
input components terminate a moving magnet phono cartridge 
as recommended by the manufacturer, the element values 
shown being typical. When this ac coupled circuit is built with a 
low noise bipolar' input device such as the OP! 76, amplifier bias 
current makes direct cartridge coupling difficult. This circuit 
uses input and output capacitor coupling to minimize biasing 
interactions. 

Input ac coupling to the amplifier is provided via C5, and the 
low frequency termination resistance, Rr, is the parallel equiva
lent ofR6 and R7. R3 of the feedback network is ac grounded 
via C4, a large value electrolytic. Additionaily, this resistor is 
set to a low value to minimize circuit noise from nonamplifier 
sources. These design measures reduce the de offset at the 
output of the OPI 76 to a few millivolts. The output coupling 
network of C3 and R4 is shown as suitable for wide band 
response, but it can be set to a 7950 µs time constant for use as 
a 20 Hz rumble filter. 

The 1 kHz·gain ("G") of this circuit, controlled by R3, is 
calculated as: 

G (@1 kHz)= 0;101 x (1 + ~) 

For an R3 of 200 Q, the circuit gain is just under 50 x ("' 34 dB), 
and higher gains are possible by decreasing R3. For any value 
of R3, the R5-C6 time constant should be equal to R3 and the 
series equivalent of Cl and C2. 

Using readily available standard values for network elements 
(RI, R2, C 1, and C2) makes the design easily reproducible and 
inexpensive. These components are ideally high quality 
precision types, for low equalization errors and minimum 

R8 
1001Ul Ct 

150pf 

R7 
100kll 

flt= R8J IR7 
"50kll 

+Vs 

parasitics. One percent metal-film resistors and two percent 
film capacitors of polystyrene or polypropylene are recom
mended. Using the suggested values, the frequency response 
relative to the ideal RIAA characteristic is within ±0.2 dB over 
20 Hz-20 kHz. Even tighter response can be achieved by using 
the alternate values, shown in brackets"[]," with the trade-off 
of a non off-the-shelf part. 

As previously mentioned, the OP! 76 was chosen for three 
reasons: (1) For optimal circuit noise performance, the 
amplifier used should exhibit voltage and current noise. densities 
of 5 nV/vHz and 1 pA/vHz, respectively. (2) For high gain 
accuracy, especially at high stage gains, the amplifier should 
exhibit a gain bandwidth product in excess of 5 MHz. (3) 
Equally important because of the 100% feedback through the 
network at high frequencies, the amplifier must be unity gain 
stable. With the OP! 76, the circuit exhibits low distortion over 
the entire range, generally well below 0.01 % at outputs levels of 
5 V rms using± 18 V supplies. To achieve maximum perfor
mance from this high gain, low level circuit, power supplies 
should be well regulated and noise free, and care should be 
taken with shielding and conductor layout. 

Active Filter Circuits Using the OPl 76 
A general active filter topology that lends itself to both high-pass 
(HP) and low-pass (LP) filters is the well known Sallen-Key 
(SK) VCVS (Voltage-Controlled, Voltage Source) architecture. 
This filter type uses the op amp as a fixed gain voltage follower 
at either unity or a higher gain. Discussed here are simplified 2-
pole, unity gain forms of these filters, which are attractive for 
several reasons: One, at audio frequencies, using an amplifier 
with a 10 MHz bandwidth such as the OP! 76, these filters 
exhibit reasonably low sensitivities for unity gain and high 
damping (low Q). Second, as voltage followers, they are also 
inherently gain accurate within their pass band; hence, no gain 
resistor scaling errors are generated. Third, they can also be 
made "de accurate," with output de errors of only a few 
millivolts. The specific filter response in terms of HP, LP and 
damping is determined by the RC network around the op amp, 
as .shown in Figure 44a. 

+Vs 0 ! :t 0+18V 

0.1pF I 100pF ~ 

~ 0.1pf I 100pF I+ 
-Vs 0---<----~0-18V 

R3 

+c4 
1000pF/18V 

C2 
~pf 

R4 
1001Ul C8 

3nF 

Figure 43. An RIAA Phono Preamplifier Circuit 
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High Pass Sections 
Figure 44a illustrates the high-pass form of a 2-pole SK filter 
using an OP! 76. For simplicity and practicality, capacitors Cl 
and C2 are set equal ("C"), and resistors R2 and RI are 
adjusted to a ratio, N, which provides the filter damping 
coefficient, o:, as per the design expressions. This high pass 
design is begun with selection of standard capacitor values for 
Cl and C2 and a calculation ofN. The values for RI and R2 
are then determined from the following expressions: 

and 

RI= I 
2n:xFREQxC x-JN 

R2=NxR/ 

~1---<J--~-W...---.--< 
C1 

O.OWF 

C2 
0.01~F 

R2 
22k 

(22.508k) 

ZcoMP (HIGH PASS) 

IN(-) OUTPUT 

+ R2 + 
t-c~c~1 
'--iE--.-lE--+ 

I R1 I 
'-Wr' 

GIVEN: a. FREQ 
SETC1 =C2=C 

a=}.r =-ij 
N=t.- =~ 

Rl = 2nFRE~xcxTN 
R2=NxR1 

1 kHz BW SHOWN 

Figures 44a. Two-Pole Unity Gain HP/LP Active Filters 

In this examples, circuit o: (or l/Q) is set equal to Vz, providing 
a Butterworth (maximally flat) characteristic. The filter corner 
frequency is normalized to I kHz, with resistor values shown in 
both rounded and (exact) form. Various other 2-pole response 
shapes are possible with appropriate selection of o:, and fre
quency can be easily scaled, using inversely proportional R or 
C values for a given o:. The 22 V/µs slew rate of the OP! 76 will 
support 20 V p-p outputs above 100 kHz with low distortion. 
The frequency response resulting with this filter is shown as the 
dotted HP portion of Figure 45. 
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Low Pass Sections 
In the LP SK arrangement of Figure 44b, the R and C elements 
are interchanged where the resistors are made equal. Here, the 
ratio of C2/C I (" M") is used to set .the filter o:, as noted. 
Otherwise, this filter is similar to the HP section, and the 
resulting I kHz LP response is shown in Figure 45. The design 
begins with a choice of a standard capacitor value for CI and a 
calculation of M. This then forces a value of '.'M x Cl" for C2. 
Then, the value for RI and R2 ("R") is calculated according to 
the following equation: 

R= I 
2n: x FREQ xC Ix-JM 

R2 
11k 

(11.254k) 

lcoMP (LOW PASS) 

IN(-) OUTPUT 

+ C2 + 
t--if---; 
~ 

I C1 I 

y{-J 

GIVEN: a. FREQ 

2 1 
«=lM' =a 

M=t.- =~ 
CHOOSEC1 

C2=MxC1 

R= 27tFREQxC1 xJ"'M 

1 kHz BW SHOWN 

Figures 44b. Two-Pole Unity Gain HP/LP Active Filters 
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Figure 45. Relative Frequency Response of 2-Pole, 1 kHz 
Butterworth LP (Left) and HP (Right) Active Filters 
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OP176 
Passive Component Selection for Active Filters 
The passive components suitable for active filters deserve more 
than casual attention. Resistors should be I%, low TC, metal
film types of the RN55 or RN60 style. Capacitors should be I% 
or 2% film types preferably, such as polypropylene or polysty
rene, or NPO (COG) ceramic for smaller values. 

Active Filter Circuit Subtleties 
In designing active filter circuits with the OP! 76, moderately 
low values (10 kQ or less) for RI and R2 can be used to 
minimize the effects of Johnson noise when critical. The 
practical tradeoff is, of course, capacitor size and expense. DC 
errors will result for larger values of resistance, unless compen
sation for amplifier input bias current is used. To add bias 
compensation in the HP filter section of Figure 42a, a feedback 
compensation resistor equal to R2 can be used. This will 
minimize bias current induced offset to the product of the 
OP! 76's 10 s and R2. For an R2 of 25 kQ, this produces a typical 
compensated offset voltage of 50 µV. Similar compensation is 
applied to Figure 42b, using a resistance equal to RI+ R2. 
Using de compensation, filter output de errors using the OP! 76 
will be dominated by its V 0,, which is typically I m V or less. A 
caveat here is that the additional resistors can increase noise 
substantially. For example, a 10 kQ resistor generates - 12 nV/ 
'1Hz of noise and is about twice that of the OP! 76. These 
resistors can be ac bypassed to eliminate their noise using a 
simple shunt capacitor chosen such that its reactance (Xe) is 
much less than R at the lowest frequency of interest. 

A more subtle form of ac degradation is also possible in these 
filters, namely nonlinear input capacitance modulation. This 
issue was previously covered for general cases in the section on 
minimizing distortion. In active filter circuits, a fully compen
sating network (for both de and ac performance) can be used to 
minimize this distortion. To be most effective, this network 
(ZcoMrl should include RI through C2 as noted for either filter 
type, of the same style and value as their counterparts in the 
forward path. The effects of a ZcoMP network on the THD + N 
performance of two 1 kHz HP filters is illustrated in Figure 46. 
One filter (A) is the example shown in Figure 44a (Curves Al 
and A2), while the second (B) uses RC values scaled 10 times 
upward in impedance (Curves Bl and B2). Both filters operate 
with a 2 V rms input, ± 18 V supplies, 100 kQ loading, and 
analyzer bandwidth of 80 kHz. 
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Figure 46. THO + N (%) vs. Frequency for Various 1 kHz HP 
Active Filters Illustrating the Effects of the ZcoMP Network 

Curves Al and B 1 show performance with ZcoMP shorted, 
while curves A2 and B2 illustrate operation with ZcoMP active. 
For the "A" example values, distortion in the pass band of 
1 kHz-20 kHz is below 0.001 % compensated, and slightly 
higher uncompensated. With the higher impedance "B" net
work, there is a much greater difference between compensated 
and uncompensated responses, underscoring the sensitivity to 
higher impedances. Although the positive effect of ZcoMP is seen 
for both "A" and "B" cases, there is a buffering effect which 
takes place with lower impedances. As case "A" shows, when 
using larger capacitance values in the source, the amplifier's 
nonlinear C-V input characteristics have less effect on t!1e 
signal. 

Thus, to minimize the necessity for the' complete ZcoMP com
pensation, effective filter designs should use the lowest capaci
tive impedances practical, with an 0.01 µFlower value limit as a 
goal for lowest distortion (while lower values can certainly be 
used, they may suffer higher distortion without the use of full 
compensation). Since most designs are likely to us.e low relative 
impedances for reasons of low noise and offset, the effects of 
CM distortion may or may not actually be apparent to a given 
application. 
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OP176 
OPl 76 SPICE Model 
* 
* Node Assignments 
* Noninverting Input 
* I Inverting Input 
* I I Positive Supply 
* I I I Negative Supply 
* I I I I Output 
* I I I I I 
* I I I I I 
.SUBCKT OP! 76 I 2 99 SO 34 
* 
*INPUT STAGE & POLE AT 100 MHz 

* 
R3 s 51 2.487 
R4 6 51 2.487 
CIN I 2 3.7E-12 
CM! I 98 7.SE-12 
CM2 2 98 7.SE-12 
C2 s 6 320E-12 
II 97 4 IOOE-3 
IOS I 2 IE-9 
EOS 9 3 POLY(!) (26,28) 
QI s 2 7 QX 
Q2 6 9 8. QX 
RS 7 4 1.970 
R6 8 4 1.970 
DI 2 36 DZ 
02 I 36 DZ 
EN 3 I (10,0) 
GNI 0 2 (13,0) 
GN2 0 I (16,0) 
* 
EREF98 0 (28,0) 
EP 97 0 (99,0) 
EM SI 0 (50,0) 
* 
* VOLTAGENOISE SOURCE 
* 
DNI 3S 10 DEN 
DN2 10 II DEN 
VNI 3S 0 DC 2 
VN2 0 II DC 2 
* 
* CURRENT NOISE SOURCE 
* 
DN3 12 13 DIN 
DN4 13 14 DIN 
VN3 12 0 DC2 
VN4 0 14 DC2 
* 
* CURRENT NOISE SOURCE 
* 
DNS IS 16 DIN 
DN6 16 17 DIN 
VNS IS 0 DC 2 
VN6 0 17 DC2 
* 

0.2E-3 

*GAIN STAGE & DOMINANT POLE AT 32 Hz 
* 
R7 18 98 l.243E6 
C3 18 98 4E-9 
GI 98 18 (S,6) 4.021E-l 
V2 97 19 l.3S 
V3 20 SI l.3S 
D3 18 19 DX 
04 20 18 DX 
* 

9-414 OPERATIONAL AMPLIFIERS 

*POLE/ZERO PAIR AT 1.S MHz/2.7 MHz 
* 
RS 21 98 IE3 
R9 21 22 l.2SE3 
C4 22 98 47.2E-12 
G2 98 21 (18,28) IE-3 
* 
*POLE Al' 100 MHz 
* 
RIO 23 98 I 
cs 23 98 l.S9E-9 
G3 98 23 (21,28) 
* 
*POLE AT 100 MHz 
* 
Rll 24 98 I 
C6 24 ' 98 l.S9E-9 
G4 98 24 (23,28) 
* 
*COMMON-MODE GAIN NETWORK WITH ZERO AT 
I kHz 
* 
Rl2 2S 26 IE6 
C7 2S 26 60E-12 
Rl3 26 98 I 
E2 25 98 POLY(2) (1,98) (2,98) 0 2.SO 2.SO 
* 
*POLE AT 100 MHz 
* 
Rl4 27 98 I 
cs 27 98 l.S9E-9 
GS 98 27 (24,28) 
* 
*OUTPUT STAGE 
* 
RIS 28 99 S8.333E3 
Rl6 28 so S8.333E3 
C9 28 so JEc6 
ISY 99 so 1.743E-3 
Rl7 29 99 100 
R!8 29 so 100 
L2 29 34 IE-9 
G6 32 so (27,29) IOE-3 
G7 33 so (29,27) lOE-3 
GS 29 99 (99,27) IOE-3 
G9 so 29 (27,SO) IOE-3 
V4 30 29 1.74 
V5 29 31 . 1.74 
Fl 29 0 V4 I 
F2 0 29 vs I 
DS 27 30 ·ox 
06 31 27 DX 
D7 99 32 DX 
08 99 33 DX 
09 so 32 DY 
DIO so 33 DY 
* 
* MODELS USED 
* 
.MODEL QX PNP(BF=SES) 

· .MODEL DX D(IS=!E-12) 
.MODEL DY D(IS=IE-IS BV=SO) 
.MODEL DZ D(IS=IE-IS BV=7.0) 
.MODEL DEN D(IS=IE-12 RS=4.3SK KF=l.9SE-IS AF=!) 
.MODEL DIN D(IS=IE-12 RS=268 KF=l.08E-IS AF=!) 
.ENDS OP! 76 · 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Ultra-Low Offset Voltage 

TA= 25°C ........................................................... 10µV Max 
-55°C ~TA~ 12s0 c ........................................... 20µV Max 

• Outstanding Offset Voltage Drift ................ 0.1µV/°C Max 
• Excellent Open-Loop Gain and 

Gain Linearity ............................................... 12V /µV Typ 
• CMRR .................................................................. 130dB Min 
• PSRR .................................................................. 120dB Min 
• Low Supply Current ........................................ 2.0 mA Max 
• Fits Industry Standard Precision Op Amp Sockets 

(OP07/0P77) 

ORDERING INFORMATION t 
PACKAGE OPERATING 

CERDIP PLASTIC LCC so TEMPERATURE 
8-PIN 8-PIN 20-PIN 8-PIN RANGE 

OP177AZ" MIL 
OP177BZ" OP177BRC/883 MIL 
OP177EZ XIND 
OP177FZ OP177FP XIND 
OP177GZ OP177GP OP177GS XIND 

MIL= -ss•c to+ 12s•c XIND = -40'C to +85'C 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
cerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The OP-177 features the highest precision performance of any 
op amp currently available. Offset voltage of the OP-177 is only 
10µV MAX at room temperature and 20µV MAX over the full 
military temperature range of -55°C to + 125°C. The ultra-low 
V0 s of the OP-177, combines with its exceptional offset voltage 

•NOTE: 
R2A AND R2e ARE 
ELECTRONICALLY 
ADJUSTED ON CHIP 
AT FACTORY. 

NON-
INVERTING 
INPUT 

INVERTING 
INPUT 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Ultra-Precision 
Operational Amplifier 

OP177 I 
PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

8-PIN SO 
(S-Suffix) 

OP-177BRC/883 
LCC 

(RC-Suffix) 

drift (TCV0 s) of 0.1µV/°C MAX, to eliminate the need for exter- Ill 
nal Vos adjustment and increases system accuracy over tem-
perature. 

The OP-177's open-loop gain of 12V/µV is maintained over the 
full ±1 OV output range. CMRR of 130dB MIN, PSRR of 120dB 
MIN, and maximum supply current of 2mA are just a few ex
amples of the excellent performance of this operational ampli
fier. The OP-177's combination of outstanding specifications 
insure accurate performance in high closed-loop gain applica
tions. 

This low noise bipolar input op amp is also a cost effective alter
native to chopper-stabilized amplifiers. The OP-177 provides 
chopper-type performance without the usual problems of high 
noise, low frequency chopper spikes, large physical size, lim
ited common-mode input voltage range, and bulky external 
storage capacitors. 

Continued 

a,, 

"· OUTPUT 
6 
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OP177 
GENERAL DESCRIPTION Continued 

The OP-177 is offered in both the-55°C to +125°C military, and 
the -40°0 to +85°C extended industrial temperature ranges. 
This product is available in 8-pin ceramic and epoxy DIPs, as 
well as the space saving 8-pin Small-Outline (SO) and the 
Leadless Chip Carrier (LCC) packages. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................................................. ±22V 
Differential Input Voltage ................................................. ±30V 
Input Voltage (Note 1) ...................................................... ±22V 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range 
z and RC Packages ................................... -es•c to + 1 so•c 
P Package .................................................. -65°C to + 12s0 c 

Operating Temperature Range 
OP-177 A, OP-1778 ................................... -ss·c to + 12s·c 
OP-177E, OP-177F, OP-177G ···················· -40°C to +85°C 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (Ti) ............................ -65°C to +150°C 

PACKAGE TYPE e 1A (NOTE2) elC UNITS 

8-Pin Hermetic DIP (Z) 148 16 •cJW 
8-Pin Plastic DIP (P), 103 43 •cJW 
20-Contact LCC (RC) 98 38 •cJW 
8-Pin SD (S) 158 43 "C/W 

NOTES: 
1. For supply voltages less than ±22V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. 8JA is specified for worst case mounting conditions, i.e., e1A is specified for 

device in socket for CerDIP, P-DIP, and LCC packages; e.A is specified for 
device soldered to printed circuit board for SO package. 1 

ELECTRICAL CHARACTERISTICS at Vs = ±15V, TA= +25°C, unless otherwise noted. 

OP·177A OP-1778 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset Voltage Vos 4 10 10 25 µV 

Long-Term Input Offset 
'1VosiTime (Note 1) 0.2 0.2 µV/Mo 

Voltage Stability 

Input Offset Current 1os 0.3 1.0 0.3 1.5 nA 

Input Bias Current IB -0.2 1.5 -0.2 2.0 nA 

Input Noise Voltage en f0 = 1 Hz to 1 OOHz (Note 2) 118 150 118 150 nVRMS 

Input Noise Current in f0 =1Hz to 100Hz (Note 2) 3 8 8 pARMS 

Input Resistance 
RIN (Note3) 26 45 26 45 MO 

Differential·Mode 

Input Resistance 
RINCM 200 200 GO 

Common-Mode 

Input Voltage Range IVR (Note4) ±13 ±14 ±13 ±14 v 
Common-Mode 

CMRR VcM=±13V 130 
Rejection Ratio 

140 130 140 dB 

Power Supply 
PSRR Vs= ±3V to ±18V 120 125 115 125 dB 

Rejection Ratio 

Large-Signal Voltage Gain Ava RL ;:, 2kn, v 0 = ±1 av (Note 5) 5000 12000 5000 12000 V/mV 

RL;:, 10k0 ±13.5 ±14.0 ±13.5 ±14.0 

Output Voltage Swing VO RL;:, 2k0 ±12.5 ±13.0 ±12.5 ±13.0 v 
RL ;:,1ko ±12.0 ±12.5 ±12.0 ±12.5 

Slew Rate SR RL;:, 2kQ (Note 2) 0.1 0.3 0.1 0.3 V/µs 

Closed-Loop Bandwidth BW AvcL = + 1 (Note 2) 0.4 0.6 0.4 0.6 MHz 

Open-Loop Output Resistance Ro 60 60 Q 

Power Consumption 
Vs= ±15V, No Load 50 60 50 60 

mW Pd 
VS= ±3V, No Load 3.5 4.5 3.5 4.5 

Supply Current 1sv Vs =±15V, No Load 1.6 2.0 1.6 2.0 mA 

Offset Adjustment Range Rp= 20k0 ±3 ±3 mV 

NOTES: 2. Sample tested. 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Guaranteed by design. 

Vos vs. Time over extended periods after the first 30 days of operation. Ex- 4. Guaranteed by CMRR test condition. 
eluding the initial hour of operation, changes in Vos during the first 30 operat- 5. To insure high open-loop gain throughoutthe ±1 OV output range, Avo is tested 
ing days are typically less than 2.0µV. at-10V sV0 SOV, OV $ V0 s +10V, and-10V $ V0 $ +10V. 
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OP177 
ELECTRICAL CHARACTERISTICS at Vs = ±15V, -55°C.,; TA .,; + 125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Input Offset Voltage Vos 

Average Input Offset 
TCVos (Note t) 

Voltage Drift 

Input Offset Current 1os 

Average Input Offset 
Tc10 s (Note2) 

Current Drift 

Input Bias Current 'B 

Average Input Bias 
TCIB (Note2) 

Current Drift 

Input Voltage Range IVR (Note3) 

Common-Mode Rejection Ratio CMRR VcM=±13V 

Power Supply Rejection Ratio PSRR VS= ±3V to ±18V 

Large-Signal Voltage Gain Avo RL ~2kn, V0 =±10V(Note4) 

Output Voltage Swing VO RL ~2kQ 

Power Consumption pd Vs= ±15V, No Load 

Supply Current 1sv Vs= ±t5V, No Load 

NOTES: 
1. TCV08 is 100% tested. 
2. Guaranteed by end-point limits. 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

200kll 

50ll 

OPTIONAL OFFSET NULLING CIRCUIT 

REV.A 

INPUT 

+ 

Vos TRIM RANGE IS TYPICALLY ±3.0mV 

OP-1nA OP-1nB 
MIN TYP MAX MIN TYP MAX UNITS 

10 20 25 55 µV 

0.03 0.1 0.1 0.3 µV/°C 

0.5 1.5 0.5 2.0 nA 

1.5 25 1.5 25 pN°C 

-0.2 2.4 4 -0.2 2.4 4 nA 

8 25 8 25 pA/°C 

±t3 ±13.5 ±t3 ±13.5 v 

120 140 120 140 dB 

120 t25 110 120 dB 

2000 6000 2000 6000 V/mV 

±12 ±13.0 ±12 ±13.0 v 

60 75 60 75 mW 

2.0 2.5 2.0 2.5 mA 

3. Guaranteed by CMRR test condition. 
4. To insure high open-loop gain throughout the ±1 OV output range, Avo is tested 

at-tOV :SV0 :S OV, OV :SV0 ,; +10V, and-10V,; V0 ,; +10V. 

BURN-IN CIRCUIT 

+20V 

-20V 

PINOUTS SHOWN FOR PANO Z PACKAGES 
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OP177 
ELECTRICAL CHARACTERISTICS at Vs = :1: 15V, TA = +25°C, -unless otherwise noted; 

OP-177E OP-177F OP-177G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 4 10 10 25 20 60 µV 

Long-Term Vos 
V0 s!Time (Note 1) 0.2 0.3 0.4 µV/Mo 

Stability 

Input Offset Current 1os 0.3 1.0 0.3 1.5 0.3 2.8 nA 

Input Bias Current 18 -0.2 1.0 1.5 -0.2 1.2 2.0 -0.2 1.2 2.8 nA 

Input Noise Voltage en f0 = 1Hz to 100Hz (Note 2) 118 150 118 t50 118 150 nVAMS 

Input Noise Current in f0 = 1Hz to 1aaHz (Note 2) 3 3 8 3 8 pAAMS 

Input Resistance -
R,N (Note3) 26 45 26 45 18.5 45 Mn 

Differential-Mode 

Input Resistance -
RINCM 2aa 2aa 2aa Gn 

Common-Mode 

Input Voltage Range IVR (Note4) ±13 ±14 ±13 ±14 ±13 ±14 v 

Common-Mode 
CMRR vcM=±13V 13a 14a 13a 14a 115 14a dB 

Rejection Ratio 

Power Supply 
PSRR Vs =±3Vto±18V 12a 125 115 125 11a 12a dB 

Rejection Ratio 

Large-Signal 
Avo 

RL ;,2kQ, 
5aao 12aaa 5aaa 12aaa 2aaa 6aaa V/mV 

Voltage Gain V0 = ±1av (Note 5) 

RL;, 1akn ±13.5 ±14.a ±13.5 ±14.a ±13.5 ±14.a 
Output Voltage 

Vo RL ;,2kQ ±12.5 ±13.a ±12.5 ±13.a ±12.5 ±13.a v 
Swing 

RL ;,1kn ±12.a ±12.5 ±12.a ±12.5 ±12.a ±12.5 

Slew Rate SR RL ;, 2kn (Note 2) a.1 a.3 a.1 a.3 a.1 a.3 V/µs 

Closed-Loop 
BW AVCL = +l a.4 

Bandwidth (Note2) 
a.6 a.4 a.6 a.4 a.6 MHz 

Open-Loop Output 

Resistance Ro 6a 6a 6a n 

Vs =±15V, No Load 5a 6a 5a 6a 5a 6a 
mW Power Consumption pd 

Vs= ±3V, No Load 3.5 4.5 3.5 4.5 3.5 4.5 

Supply Current lsv Vs =±15V, No Load 1.6 2.a 1.6 2.a 1.6 2.a mA 

Offset Adjustment 
Range 

RP= 2akn ±3 ±3 ±3 mV 

NOTES: 2. Sample tested. 
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line of 3. Guaranteed by design. 

Vos vs. Time over extended periods after the first 30 days of operation. Exclud- 4. Guaranteed by CMRR test condition. 
ing the initial hour of operation, changes in V0 s during the first 3a operating 5. To insure high Open-loop gain throughout the ±1 av output range, Avo is tested 
days are typically less than 2.aµV. at-1av,; Vo,; av, av,; Vo,; +1aV, and-1av,; Vo,; +1aV. 
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OP177 
ELECTRICAL CHARACTERISTICS at Vs = :t15V, -40°C =<TA=< :t85°C, unless otherwise noted. 

OP-177E OP-177F OP-177G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 20 15 40 20 100 µV 

Average Input Offset 
TCV0 S (Note 1) 0.03 0.1 0.1 0.3 0.7 1.2 µV/°C Voltage Drift 

Input Offset Current 1os 0.5 1.5 0.5 2.2 0.5 4.5 nA 

Average Input Offset 
TCl0 s (Note2) 1.5 25 1.5 40 1.5 85 pA/°C 

Current Drift 

Input Bias Current 18 -0.2 2.4 4.0 -0.2 2.4 4.0 2.4 ±6.0 nA 

Average Input Bias 
TCl8 (Note2) 25 40 15 60 pA/°C 

Current Drift 

Input Voltage Range IVR (Note3) ±13.0 ±13.5 ±13.0 ±13.5 ±13.0 ±13.5 v 

Common-Mode 
CMRR 

Rejection Ratio 
vcM=±13V 120 140 120 140 110 140 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs = ±3V to ±1 BV 120 125 110 120 106 115 dB 

Large-Signal 
Avo 

RL z2kQ 
2000 6000 2000 6000 1000 4000 V/mV 

Voltage Gain V0 =±10V 

Ill Output Voltage 
Vo RL ~ 2kQ ±12.0 ±13.0 ±12.0 ±13.0 ±12.0 ±13.0 v 

Swing 

Power Consumption pd Vs =±15V, No Load 60 75 60 75 60 75 mW 

Supply Current 1sv Vs= ±15V, No Load 2.0 2.5 2.0 2.5 2.0 2.5 mA 

NOTES: 3. Guaranteed by CMRR test condition. 
1. OP177E and OP177F: TCV os is 100% tested. 4. To insure high open-loop gain throughoutthe ±10.V output range, Avo is tested 
2. Guaranteed by end-point limits. at-10VsVO sOV, OVs Vo s+10V, and-10Vs Vos +10V. 
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1111111111 ANALOG 
a.I DEVICES 

FEATURES 
Single-Supply - +3 Volts to +36 Volts 
Wide Bandwidth - 5 MHz 
Low Offset Voltage - <1 mV 
High Slew Rate - 10 V /µs 
Low Noise-10 nV/-\/Hz 
Unity-Gain Stable 
Input and Output Range Includes GND 
No Phase Reversal 

APPLICATIONS 
Multimedia 
Telecom 
ADC Buffers 
Wide Band Filters 
Microphone Preamplifiers 

GENERAL DESCRIPTION 
The OP183 is a single-supply, 5 MHz bandwidth amplifier with 
slew rates of 10 V/µs. The OP283 is a dual version. Both can 
operate from voltages as low as 3 volts and up to 36 volts. This 
combination of slew rate and bandwidth yields excellent single
supply ac performance making them ideally suited for telecom and 
multimedia audio applications. 

In addition to its ac characteristics, the OP183 family provides 
good de performance with guaranteed 1 mV offset. Noise is a 
respectable 10 nV/vHz. Supply current is only 1.2 mA per 
amplifier. 

These amplifiers are well suited for single-supply applications that 
require moderate bandwidths even when used in high gain configu
rations. This makes them useful in filters and instrumentation. 
Their output drive capability and very wide full power bandwidth 
make them a good choice for multimedia headphone drivers or 
microphone input amplifiers. 

The OPl83 and OP283 are available in 8-pin plastic DIP and S0-8 
surface mount packages. They are specified over the extended 
industrial (-40°C to +85°C) temperature range. 

9-420 OPERATIONAL AMPLIFIERS 

5 MHz Single-Supply 
Operational Amplifiers 

OPl 83/0P283 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

OP183 
TOP VIEW 

(Not to Scale) 

8-Lead Narrow-Body SO 
(SSuftlx) 

OP283 
TOP VIEW 

(Nol to Scale) 

8-Lead Epoxy DIP 
(P Suffix) 

NC = NO CONNECT 

8-Lead Epoxy DIP 
(P Suffix) 
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SPECIFICATIONS OP183/0P283 
ELECTRICAL CHARACTERISTICS (@Vs= +5.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos VcM = 2.5 V, Vou-r = 2.5 V, 0.025 1.0 mV 

-40°C s T • s +85°C 1.25 mV 
Input Bias Current 1. VcM = 2.5 V, V0 UT = 2.5 V, 350 600 nA 

-40°C s T. s +85°C 430 750 nA 
Input Offset Current Ios VcM = 2.5 V, VoUT = 2.5 V, nA 

-40°C s TA s +85°C II ±50 nA 
Input Voltage Range 0 +3.5 v 
Common-Mode Rejection Ratio CMRR VcM = 0 to 3.5 V 

-40°C s TA s +85°C 70 104 dB 
Large Signal Voltage Gain Avo RL = 2 kQ, 0.2 S V 0 S 3.8 V 100 V/mV 
Offset Voltage Drift l!.V0 slliT 4 µV/oc 
Bias Current Drift 1118//iT -1.6 nN°C 

OUTPUT CHARACTERISTICS 
Output Voltage High VoH RL=2WtoGND +4.0 4.22 v 
Output Voltage Low VoL RL=2WtoGND 50 75 mV 
Short Circuit Limit lsc Source 25 mA 

Sink 30 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= +4 V to +6 V, 

-40°C s TA s +85°C 70 104 dB 
Supply Current/ Amplifier Isv V0 = 2.5 V, 

-40°C s TA s +85°C 1.2 1.5 mA 
Supply Voltage Range Vs +3 ±18 v • DYNAMIC PERFORMANCE 
Slew Rate SR RL=2kQ 5 10 V/µs 
Full-Power Bandwidth BWp I% Distortion >50 kHz 
Settling Time ts To0.01% 1.5 µs 
Gain Bandwidth Product GBP 5 MHz 
Phase Margin 0o 46 Degrees 

NOISE PERFORMANCE 
Voltage Noise en P-P 0.1 Hz to 10 Hz 2 µVp-p 
Voltage Noise Density en f = I kHz, VcM = 2.5 V 10 nV/vHz 
Current Noise Density i. 0.4 pN.JHz 

ELECTRICAL CHARACTERISTICS (@Vs= +3.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos VcM = 1.5 V, VoUT = 1.5 V, 0.3 1.0 mV 

-40°C s T. s +85°C 1.25 mV 
Input Bias Current I. VcM = 1.5 V, VoUT = 1.5 V, 350 600 nA 

-40°C s T. s +85°C 750 nA 
Input Offset Current los VcM = 1.5 V, VoUT = 1.5 V, nA 

-40°C s TA s +85°C 11 ±50 nA 
Input Voltage Range 0 +1.5 v 
Common-Mode Rejection Ratio CMRR V CM = 0 V to J.5 V, 

-40°C s T. s +85°C 70 103 dB 
Large Signal Voltage Gain Avo Re = 2 ka, 0.2 s V 0 s 1.8 V 100 260 V/mV 

OUTPUT CHARACTERISTICS 
Output Voltage High You Re = 2 kQ to GND +2.0 2.25 v 
Output Voltage Low VoL Rc=2WtoGND 90 125 mV 
Short Circuit Limit lsc Source 25 mA 

Sink 30 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= +2.5 V to +3.5 V, 

-40°C s T. s +85°C 60 113 dB 
Supply Current/ Amplifier Isv -40°C s T. s +85°C, V0 = 1.5 V 1.2 1.5 mA 

DYNAMIC PERFORMANCE 
Gain Bandwidth Product GBP 5 MHz 

NOISE PERFORMANCE 
Voltage Noise Density en f= I kHz, VcM = 1.5 V 10 nV/'1Hz 
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0Pl83/0P283 
ELECTRICAL CHARACTERISTICS (@V5 = ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.01 1.0 mV 

-40°C s TA s +85°C 1.25 mV 
Input Bias Current I. 300 600 nA 

-40°C s TA s +85°C 400 750 nA 
Input Offset Current Ios -40 s TA s +85°C II ±50 nA 
Input Voltage Range -15 +13.5 v 
Common-Mode Rejection Ratio CMRR VcM = -15 Vto +13.5 V, 

-40°C s TA s +85°C 70 86 dB 
Large Signal Voltage Gain Avo RL=2kQ 100 1000 V/mV 
Offset Voltage Drift !:N osl!J.T 3 µVi°C 
Bias Current Drift !J.I8/!J.T -1.6 nA/°C 
Long Term Offset Voltage Vos Note I 1.5 mV 

OUTPUT CHARACTERISTICS 
Output Voltage High VoH RL = 2 kn to GND, -40°C s TA s +85°C +13.9 14.1 v 
Output Voltage Low VoL RL = 2 kn to GND, -40°C s TA s +85°C -14.05 -13.9 v 
Short-Circuit Limit Isc Source 30 mA 

Sink 50 mA 
Open -Loop Output Impedance ZoUT f = I MHz, Av = +I 15 n 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±2.5 V to ±18 V, 

-40°C s TA s +85°C 70 25 dB 
Supply Current/Amplifier Isv Vs =±18V, V0 = OV, 

-40°C s TA s +85°C 1.2 I. 75 mA 
Supply Voltage Range Vs +3 ±18 v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2kQ 10 15 V/µs 
Full-Power Bandwidth BWP l % Distortion 50 kHz 
Settling Time ts To 0.01% 1.5 µs 
Gain Bandwidth Product GBP 5 MHz 
Phase Margin 0o 56 degrees 

NOISE PERFORMANCE 
Voltage Noise enp-p 0.1 Hz to 10 Hz 2 µVp-p 
Voltage Noise Density en f= I kHz 10 nV/~Hz 
Current Noise Density in 0.4 pA/~Hz 

NOTES 
'Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent lots at+ 125 °C, with an LTPD of 1.3. 

Specifications subject to change without notice. 

WAFER TEST LIMITS (@V5 = +5.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos Vs=±l5V,V0 =0V 1.0 mVmax 
Input Bias Current 1. VcM = 2.5 V ±600 nAmax 
Input Offset Current Ios VcM=2.5V ±50 nAmax 
Common-Mode Rejection CMRR V CM = 0 V tO 3.5 V 70 dBmin 
Power Supply Rejection Ratio PSRR V = ±2.5 Vto±18 V 70 dBmin 
Large Signal Voltage Gain Avo RL=2k0,0.2SV0 $3.8V 100 V/mVmin 
Output Voltage High VoH RL=2kn 4.0 Vmin 
Output Voltage Low VoL RL=2kQ 75 mVmax 
Supply Current/ Amplifier Isv V,,= ±15 V, V0 = 0 V, RL = 00 1.5 mAmax 

NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .................................. ±18V 
Input Voltage .................................... ± 18 V 
Differential Input Voltage2 • • • • • • • • • • • • • • • • • • • • • • • • • • • ± 7 V 
Output Short-Circuit Duration to GND . . . . . . . . . . . . Indefinite 
Storage Temperature Range 

P, S Package . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to + 1 so 0 c 
Operating Temperature Range 

OP183/0P283G ........................ -40°C to +85°C 
Junction Temperature Range 

P, S Package ........................... -65°C to + l 50°C 
Lead Temperature Range (Soldering 60 Sec) .......... +300°C 

Package Type 8JA3 81c Units 

8-Pin Plastic DIP (P) 103 43 oc;w 

8-Pin SOIC (S) 158 43 °C/W 

NOTES 
1Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ±7 V, the absolute maximum input voltage is equal 
to the supply voltage. Maximum input current should not exceed 2 mA. 

301A is specified for the worst case conditions, i.e., 01A is specified for device in socket 
for P-DIP packages; 0JA is specified for device soldered in circuit board for sore 
packages. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP183GP -40°c to +85°C 8-Pin Plastic DIP N-8 
OP183GS -40°C to +85°C 8-Pin SOIC S0-8 
OP183GBC +25°C DICE 

OP283GP -40°C to +85°C 8-Pin Plastic DIP N-8 
OP283GS -40°C to +85°C 8-Pin SOIC S0-8 
OP283GBC +25°C DICE 

*For outline information see Package Information section. 

REV. 0 

OPl 83/0P283 
DICE CHARACTERISTICS 

V+ OUT NULL 

NULL 

-IN IN+ V-

OP183 Die Size 0.058 X 0.063 Inch, 3,717 Sq. Mils 
Substrate (Die Backside) Is Connected to V-. 
Transistor Count, 30. 

V+ OUTB -INB +INB 

OUTA -INA +INA V-

OP283 Die Size 0.063 X 0.092 Inch, 5,796 Sq. Mils 
Substrate (Die Backside) Is Connected to V-. 
Transistor Count, 55. 
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OP183/0P283-Typical Characteristics 
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Figure 1. OP183 Input Offset Voltage 
Distribution @ +5 V 
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OP183/0P283-Typical Characteristics 
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Figure 31. Large Signal Performance 
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Figure 32. Small Signal Performance 
@±15V 
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OPl 83/0P283 
APPLICATIONS 

OP183 Offset Adjust 
Figure 36 shows.how the OP183's offset voltage can be adjusted by 
connecting a potentiometer between Pins 1 and 5, and connecting 
the wiper to VEE· The recommended value for the potentiometer is 
10 \ill. This will give an adjustment range of approximately ± I m V. 
If a larger adjustment span is desired, a 50 kQ potentiometer will 
yield a range of ±2.5 mV. 

Vos 

Figure 36. OP183 Offset Adjust 

Phase Reversal 
The OP183 family is protected against phase reversal as long as 
both of the inputs are within the range of the positive supply and 
the negative supply minus 0.6 volts. However if there is a possibility 
of either input going beyond these limits, then the inputs should be 
protected with a series resistor to limit input current to 2 mA. 

Direct Access Arrangement 
The OP183/0P28.~ can be used in a single supply Direct Access 
Arrangement (DM) as is shown in Figure 37. This figure shows a 
portion of a typical DM capable of operating from a single +5 volt 
supply and it should also work on + 3 volt supplies with minor 
modifications. Amplifiers A2 and A3 are configured so that the 
transmit signal TXA is inverted by A2 and is not inverted by A3. 
This arrangement drives the transformer differentially so that the 
drive to the transformer is effectively doubled over a single amplifier 
arrangement. This application takes advantage of the OP183/283's 
ability to drive capacitive loads, and to save power in single supply 
applications. 

Figure 37. Direct Access Arrangement 
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+S Volt Only Stereo DAC for Multimedia 
The OP283's low noise and single supply capability are ideally 
suited for stereo DAC audio reproduction or sound synthesis 
applications such as multimedia systems. Figure 38 shows an 18-bit 
stereo DAC output setup that is powered from a single +5 volt 
supply. The low noise preserves the J 8Cbit dynamic range of the 
AD 1868. For DA Cs that operate on dual supplies, the OP283 can 
also be powered from the same supplies. 

.:20fl_! RIGKl' 
~CHANNEL i 47k!l OUTPUT 

Figure 38. +5 Volt Only 18-Bit Stereo DAC 

Low Voltage Headphone Amplifiers 
Figure 39 shows a stereo headphone output amplifier for the 
AD1849 16-bit SoundPort® Stereo Codec device. The pseudo~ 
.reference voltage is derived from the common-mode voltage 
generated internally by the AD1849, thus providing a convenient 
bias for the headphone output amplifiers. 

AD1849 

OPTIONAL 
GAIN 
1kil 5kU 

I skn 
1kn $OPTIONAL f GAIN 

220µF 

+ ~HEADPHONE 
LEFT 

47kn -:-

Figure 39. Headphone Output Amplifier for Multimedia 
Sound Codec 

SoundPort is a registered trademark of Analog Devices Inc. 
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Low Noise Microphone Amplifier for Multimedia 
The OP! 83 family is ideally suited as a low noise microphone 
preamp for low voltage audio applications. Figure 40 shows a gain 
of I 00 stereo preamp for the AD 1849 16-bit SoundPort Stereo 
Codec chip. The common-mode output buffer serves as a "phan
tom power" driver for the microphones. 

LEFTg ELECTRET 
CONDENSER 

MIC 
INPUT -::-

RIGHT 
ELECTRET g 

CONDENSER 
MIC 

INPUT "::" 

'""" 

'""" 
Figure 40. Low Noise Stereo Microphone Amplifier for 
Multimedia Sound CODEC 

A +3 Volt SO Hz/60 Hz Active Notch Filter with False Ground 
To process ac signals, it may be easier to use a false-ground bias 
rather than the negative supply as a reference ground. This would 
reject the power-line frequency interference which oftentimes can 
obscure low frequency physiological signals, such as heart rates, 
blood pressures, EEGs, ECGs, et cetera. 

Figure 41 shows a 50 Hz/60 Hz active notch filter for eliminating 
line noise in patient monitoring equipment. It has several kilohertz 

v,. 

.. 
76kn 

C4 1pFJ 

"" '""" 

A1, A2, AND A3 = 112 OP283 

•• 2.67kn 

Q=0.75 

NOTE: FOR 50Hz APPLICATIONS 
CHANOE R1414TO3.1kQ 

v. 

AND R5 TO 1.58kn (3.18kn + 2). 

Figure 41. +3 Volt Supply 50 Hz/60 Hz Notch Filter with 
Pseudo Ground 
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OP183/0P283 
bandwidth and is not sensitive to false-ground perturbations. The 
simple false-ground circ~it shown achieves good rejection of low 
frequency interference using standard off-the-shelf components. 

Amplifier A3 biases Al and A2 to the middle of their input 
common-mode range. When operating on a +3 V supply, the 
center of the OP283's common-mode range is 0.75 V. This notch 
filter effectively squelches 60 Hz pickup at a filter Q of 0. 75. To 
reject 50 Hz interference, simply change the resistors in the twin-T 
section (RI through R5) from 2.67 kQ to 3.16 kn. 

The filter section uses an OP283 dual op amp in a twin-T configu
ration whose frequency selectivity is very sensitive to the relative 
matching of the capacitors and resistors in the twin-T section. 
Mylar is the material of choice for the capacitors, and the relative 
matching of the capacitors and resistors determines the filter's pass 
band symmetry. Using I% resistors and 5% capacitors produces 
satisfactory results. 

A Low Voltage Frequency Synthesizer for Wireless 
Transceiver 
The OPJ83's low noise and the low voltage operation capability 
serves well for the loop filter of a frequency synthesizer. Figure 42 
shows a typical application in a radio transceiver. The phase noise 
performance of the synthesizer depends on low noise contribution 
from each component in the loop as the noise is amplified by the 
frequency division factor of the prescaler. 

CRYSTAL a 
REFERENCE 
OSCILLATOR 

PHASE 
DETECTOR 

PRESCALER 

Figure 42. A Low Voltage Frequency Synthesizer for a 
Wireless Transceiver 

The resistors used in the low-pass filter should be of low to 
moderate values to reduce noise contribution due to the input bias 
current as well as. the resistors themselves. The filter cutoff 
frequency should be chosen to optimize the loop constant. 
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OPl 83/0P283 

Figure 43. OP183 Simplified Schematic 

* OP283 SPICE Macro-model Rev. A, 9/93 GI 98 9 ( 4,5) 6.28E-4 .. JCB/ADI R5 9 98 l.59E9 .. C2 9 98 IOE-12 

* Copyright 1993 by Analog Devices DI 9 10 DX .. D2 11 9 DX 

* Refer to "README.DOC" file for License Statement. El 10 98 POLY(!) 99 98 -1.35 1.03 

* Use of this model indicates your acceptance of the terms and V2 50 11 -0.63 

* provisions in the License Statement. * 

* *COMMON MODE STAGE WITH ZERO AT 353 Hz 

* Node assigmnents * 

* noninverting input ECM 14 98 POLY(2) (1,98) (2,98) 0 3:5 3.5 

* I .. inverting input R7 14 15 IE6 

* I positive supply C4 14 15 3.75E-ll 

* I I negative supply RS 15 98 1 

* I I I output * 

* I I I I *POLE AT 20 MHz 

.SUBCKT OP283 2 99 50 45 * 

* GP2 98 31 (9,98) lE-6 

*INPUT STAGE AND POLE AT 600 kHz RP2 31 98 IE6 .. CP2 31 98 7.96E-15 

11 99 8 IE-4 * 

Ql 4 I 6 QP *ZERO AT 1.5 MHz 

Q2 5 3 7 QP * 

CIN 1 2 l.5PF EZI 32 98 (31,98) IE6 

RI 50 4 1591 RZI 32 33 IE6 

R2 50 5 1591 RZ2 33 98 I 

Cl 4 5 83.4E-12 CZl 32 33 106E·l5 

R3 6 8 1075 * 

R4 7 8 1075 *POLE AT IOMHz 

IOS 1 2 12.5E-9 * 

EOS 3 2 POLY(!) (15,98) 25E-6 I GPIO 98 40 (33,98) IE-6 

DCl 2 36 DZ RPlO 40 98 IE6 

DC2 1 36 DZ CPlO 40 98 15.9E-15 .. * 

*GAIN STAGE AND DOMINANT POLE AT 10 Hz *OUTPUT STAGE 

* * 

EREF 98 0 POLY(2) (99,0) (50,0) 0 0.5 0.5 ROI 99 45 140 
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OPl 83/0P283 
R02 45 50 140 
G7 45 99 (99,40) 7.14E-3 
GS 50 45 (40,50) 7.14E-3 
G9 9S 60 (45,40) 7.14E-3 
D7 60 61 DX 
DS 62 60 DX 
V7 61 9S DCO 
vs 9S 62 DCO 
GSY 99 50 (99,SO)SE-6 
FSY 99 50 POLY(2) V7 VS l.075E-3 1 1 
D9 40 41 DX 

DlO 42 40 DX 
vs 41 45 1.2 
V6 45 42 1.5 

* 
* MODELS USED 

* 
.MODELDXD 
.MODEL DZ D(IS=!E-15 BV=7.0) 
.MODEL QP PNP(BF=l43) 
.ENDS 

Ill 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Low Input Offset Voltage . . . .. . . . . . . .. .. .. .. .. 75µV Max 
• Low Offset Voltage Drift, 

Over-55°C :5 TA:5 +125°C ................ 0.5µV/°C Max 
• Low Supply Current (Per Amplifier) . . . . . . . . . . 725µA Max 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . . . 5000V/mV Min 
• Low Input Bias Current .. .. .. .. .. .. .. .. . .. .. .. 2nA Max 
• Low Noise Voltage Density ........... 11nV!v'HZ at 1kHz 
• Stable With Large Capacitive Loads . . . . . . . . . . . . 10nF Typ 
• Pin Compatible to OP-14, OP-221, LM158, MC1458/1558, 

and LT1013 With Improved Performance 
• Available In Die Form 

ORDERING INFORMATION 1 

PACKAGE 
TA =+25°C OPERATING 
V0sMAX CERDIP LCC TEMPERATURE 

(µV) 8-PIN PLASTIC 20-CONTACT RANGE 

75 OP200AZ• OP200ARC• MIL 
75 OP200EZ XIND 

150 OP200FZ XIND 
200 OP200GP XIND 
200 OP200Gstt XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO-can packages. 

It For availability and burn-in information on SO and PLCC packages, conlact 
your local sales olfice. 

Dual Low Offset, Low Power 
Operational Amplifier 

OP200 I 
GENERAL DESCRIPTION 

The OP-200 is the first monolithic dual operational amplifier to 
offer OP-77 type precision performance. Available in the 
industry standard 8-pin pinout, the OP-200combines precision 
performance with the space and cost savings offered by a dual 
amplifier. 

The OP-200 features an extremely low input offset voltage of 
less than 75µV with a drift below 0.5µV/°C, guaranteed over the 

PIN CONNECTIONS 
LCC 

(RC-Suffix) .. 
(J ~ 0 + 0 
z 0 z > z 

16-PIN SOL 
($-Suffix) 

EPOXY MINI-DIP (P-Suffix) 
8-PIN HERMETIC DIP 

(Z-Suffix) 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

This is an abridged data sheet. To obtain the most recent version or 
complete da~ sheet, call our fax retrieval system at 1-800-446-6212, 
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full military temperature range. Open-loop gain of the OP-200 
exceeds 5,000,000 into a 10kn load; input bias current is under 
2nA; CMR is over 120dB and PSRR below 1.BµVN. On-chip 
zener-zap trimming is used to achieve the extremely low input 
offset voltage of the OP-200 and eliminates the need for offset 
nulling. 

Power consumption of the OP-200 is very low, with each 
amplifier drawing less than 725µA of supply current. The total 
current drawn by the dual OP-200 is less than one-half that of a 
single OP-07, yet the OP-200 offers significant improvements 
over this industry standard op amp. The voltage noise density of 
the OP-200, 11 nVl,/HZ at 1 kHz, is half that of most competitive 
devices. 

The OP-200 is pin compatible with the OP-14, OP-221, LM158, 
MC1458/1558, and LT1013 and can be used to upgrade systems 
using these devices. The OP-200 is an ideal choice for 
applications requiring multiple precision op amps and where 
low power consumption is critical. 

For a quad precision op amp, see the OP-400. 

OP200 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±20V 
Differential Input Voltage ................................................. ±30V 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, RC, s. Z·Package .................................. -ss•c to +1so•c 
Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (T_J ............................ -65°C to +150°C 
Operating Temperature Range 

OP-200A .................................................... -ss•c to+ 12s•c 

OP-200E, OP-200F ····································· -40°C to +85°C 
OP-200G ...................................................... -40°c to +as•c 

PACKAGE TYPE e1,,(Note2) 8JC UNITS 

8-Pin Hermetic DIP (Z) 148 16 "CIW 

8-Pin Plastic DIP (P) 96 37 •ctW 
20-Contac! LCC (RC) 88 33 °CIW 

16-Pin SOL (S) 92 27 •ctW 
NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 

d~vice in socket for CerDIP, P-DIP, and LCC packages; e1A is specified for ' 
2. 8.A is specified for worst case mounting conditions, i.e., 8.A is specified for • 

device soldered to printed circuit board for SOL package. 1 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

OP-200A/E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 

Vos 25 75 50 150 80 200 µV Voll.age 

Long Term Input 
0.1 0.1 0.1 µV/mo Voltage Stability 

Input Offset 
los VcM=OV 0.05 1.0 0.05 2.0 0.05 3.5 nA Current 

Input Bias 
le VcM=OV 0.1 2.0 0.1 4.0 0.1 5.0 nA Current 

Input Noise 
en p-p 0.1 Hz to 10Hz 0.5 0.5 0.5 µVp-p Voltage 

Input Noise 10 = 10Hz 22 36 22 36 22 
nvtv'HZ Voltage Density en lo= 1000Hz (Note 1) 11 18 11 18 11 

Input Noise 
in P-P 0.1 Hz to 10Hz 15 15 15 pA.,..0 Current 

Input Noise 
In lo= 10Hz Current Density 0.4 0.4 0.4 pA/JHZ 

Input Resistance 
R1N 10 10 10 Mn Differential Mode 

Input Resistance 
R1NCM 125 125 125 Gil Common Mode 

Large Signal Vo= ±10V 
Ave RL = 10kil 5000 12000 3000 7000 3000 7000 

Voltage Gain V/mV 
RL = 2kil 2000 3700 1500 3200 1500 3200 
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OP200 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. (Continued) 

OP-200A/E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage 
IVR (Note3) ±12 ±13 ±12 ±13 ±12 ±13 v 

Range 

Common-Mode 
CMR VcM=±12V 120 135 

Rejection 
115 135 110 130 dB 

Power Supply 
PSRR Vs= ±3V to ±18V 0.4 1.8 0.4 3.2 0.6 5.6 µVIV 

Rejection Ratio 

Output Voltage 
Vo 

RL = 10kil ±12 ±12.6 ±12 ±12.6 ±12 ±12.6 v 
Swing RL = 2kil ±11 ±12.2 ±11 ±12.2 ±11 ±12.2 

Supply Current 
lsy No Load 570 725 570 725 570 725 µA 

Per Amplifier 

Slew Rate SR 0.1 0.15 0.1 0.15 0.1 0.15 Vlµs 

Gain Bandwidth 
Product 

GBWP Av=+1 500 500 500 kHz 

Channel 
cs 

V0 = 20VP-P 
123 145 123 145 123 145 dB 

Separation f0 = 10Hz (Note 2) 

Input 
CtN 3.2 

Capacitance 
3.2 3.2 pf 

Capacitive Load Av=+1 
Stability No Oscillations 

10 10 10 nF 

NOTES: 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= +15V, -55°C ::; TA::; 125°C for OP-200A, unless otherwise noted. 

OP-200A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 45 125 µV 

Average Input Offset 
TCVos 0.2 0.5 µVl'C 

Voltage Drift 

Input Offset Current los VcM= OV 0.15 2.5 nA 

Input Bias Current Is VcM=OV 0.9 5.0 nA 

Large Signal 
Vo= ±10V 

Avo RL = 1on 3000 9000 
Voltage Gain 

RL = 2kil 1000 2700 
V/mV 

Input Voltage Range IVR (Note 1) ±12 ±12.5 v 
Common-Mode Rejection CMR VcM= ±12V 115 130 dB 

Power Supply 
PSRR Vs= ±3V to ±18V 

Rejection Ratio 
0.2 3.2 µVIV 

AL= 10kil ±12 ±12.4 
Output Voltage Swing Vo RL =2kil ±11 ±12 

v 

Supply Current 
lsv No Load 

Per Amplifier 
600 775 µA 

Capacitive Load Stability 
Av=+1 

nF 
No Oscillations 

NOTES: 
1. Guaranteed by CMR test. 
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OP200 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, -40°C s TA s +85°C, unless otherwise noted. 

OP-200E OP-200F OP-200G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 35 100 

Voltage 
80 250 110 300 µV 

Average Input 
TCVas 0.2 0.5 0.5 1.5 0.6 2.0 µV/°C Offset Voltage Drift 

Input Offset 
los VcM ~ OV 0.08 2.5 

Current 
0.08 3.5 0.1 6.0 nA 

Input Bias 
19 VcM = OV 0.3 5.0 0.3 7.0 0.5 10.0 nA 

Current 

Large-Signal 
V0 ~ ±lOV 

Ava RL = 10kll 3000 10000 2000 5000 2000 5000 
Voltage Gain 

RL = 2kll 1500 3200 1000 2500 1000 2500 
V/mV 

Input Voltage 
IVR (Note 1) ±12 ±12.5 ±12 ±12.5 ±12 ±12.5 v 

Range 

Common-Mode 
CMR 

Rejection 
VcM = ±12V 115 130 110 130 105 130 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs= ±3V to ±18V 0.15 3.2 0.15 5.6 0.3 10.0 µVIV 

Output Voltage RL = 10k!l ±12 ±12.4 ±12 ±12.4 ±12 ±12.4 Ill Vo v 
Swing RL = 2kll ±11 ±12 ±11 ±12 ±11 ±12.2 

Supply Current 
lsv 

Per Amplifier 
NO Load 600 775 600 775 600 775 µA 

Capacitive Load Av= +1 
Stability No Oscillations 

10 10 10 nF 

NOTES: 
1. Guaranteed by CMR test. 

CHANNEL SEPARATION TEST CIRCUIT NOISE TEST SCHEMATIC 

1000 10kfi 

eour(nYl../Hi) ai ../2 X en(nVIJHi) X 101 

CHANNEL SEPARATION = 20 log ( v;~oo ) 
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WDEVICES 

FEATURES 

• Excellent TCYos Match .................. 2µ.Vl°C Max 
• Low Input Offset Voltage ....•............. 150µ.V Max 
• Low Supply Current . . . . . . . . . . . .. • .. .. .. . .. . .. . 100µ.A 
• Slngle-Supply Operation ................ +SY to +30V 
• Low Input Offset Voltage Drift ............. 0.75µ.V/°C 
• High Open-Loop Gain ..................... 2000V/mV 
• l:ligh PSRR .... , .. .. .. . . .. .. .. .. . .. .. . . . . . .. .. 3µ.V/V 
• Low Input Bias Current .. .. .. . .. .. .. .. .. .. .. .. . . 12nA 
• Wide Common-Mode voltage 

Range ...................... V- to within 1.SV of V+ 
• Pin Compatible with 1458, LM158, LM2904 
• Available In Die Form 

GENERAL DESCRIPTION 

The OP-220 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The low 
offset voltage, and input offset voltage tracking as low as 
1.0µV/°C, make this the first micropower precision dual 
operational amplifier. 

The excellent specifications of the individual amplifiers com
bined with the tight matching and temperature tracking 
between channels provides high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
extremely low input offset voltage, low offset voltage drift, 
low noise voltage, and low bias current. They are fully 
compensated and protected. 

Matching between channels is provided on a'll critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection ratios. 

SIMPLIFIED SCHEMATIC (Each Ampllfler) 

•ACCESSIBLE IN CHIP FORM ONLY 

This is an abridged data sheet. To obtain the moat recent veraion or 
complete data sheet, call our fax retrieval s~ at 1·800-446-6212. 

9-436 OPERATIONAL AMPLIFIERS' 

Dual Micropower 
Operational Amplifier 

ORDERING INFORMATION t 

T., =+25"C PACKAGE 
08 MAX CERDIP 
(µV) T~9 8-PIN 

150 OP220AJ• OP220AZ 
150 OP220EZ 
300 OP220FZ 
750 OP220CJ• OP220CZ 
750 OP220GJ OP220GZ 
750 

OP220 I 
OPERATING 

PLASTIC TEMPERATURE 
8-PIN RANGE 

MIL 
IND 
IND 
MIL 

OP220GP XIND 
OP220GS XIND 

For devices processed In total compliance ID MIL-STD-883, add 1883 alter part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts In 

CerDJP, plastic DIP, and TO-can packages. 

PIN CONNECTIONS 

_..A 
+lllA 

,,_ 

OUTB .... 
+INB 

8-PIN HERMETIC DIP 
CZ-Suffix) 

8-PIN PLASTIC DIP 
(P-Sufflx) 

... Am-INA Y.. - 7 OUl'A 

+INB 3 + V+ 

-INI OUTI 

8-PINSO 
CS-Suffix) 

Y+ 

OUTA®· I 70UTB A B 
-INAI - . . - l~NB 

+INAI S+INB 

• ,,_ 
T0-99 

(J-Sufflx) 
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OP220 
ELECTRICAL CHARACTERISTICS at Vs = :1:2.5V to :1: 15V, -55°C s TA s + 125°C for OP-220A and C, -25°C s TA s +85°C for 

OP-220E and F, --40°C s TA s +85°C for OP-220G, unless otherwise noted. Continued 

OP·220A/E OP·220F OP-220C/G 
PARAME11!R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Large-Signal 
Avo 

Vs=± 15V, RL = 50kn 
500 1000 500 800 400 500 V/mV 

Voltage Gain Vo=±10V 

Output Voltage 
V+= 5V, V-=OV, 

0.9/3.8 0.9/3.8 113.8 
Swing Vo RL =20k0 v 

Vs= ±15V, RL = 50kn ±13.8 ±13.8 ±13.8 

Supply Current 
lsv 

Vs= ±2.5V, No Load 135 170 155 185 170 210 
pA 

(Both Ampllfleni) Vs=± 15V, No Load 190 250 200 280 275 330 

NOTE: 1. Sample tested. 

MATCHING CHARACTERISTICS at Vs= ± 15V, TA= 25° C, unless otherwise noted. 

OP·220A/E OP-220F OP-220C/G 
PARAME11!R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset 
!!.Vos 150 300 250 500 300 800 ,.v 

Voltage Match 

Average Nonlnvertlng 
19+ VcM=O 10 20 15 25 20 30 nA 

Blas Current 

Nonlnverting 2 1.4 2.5 nA los+ VcM=O 0.7 1.5 
Oflset Current 

Common-Mode 
Rejection Ratio 4CMRR VcM = -15V to +13.5V 92 100 87 95 72 85 dB 

Match (Note 1) 

Power Supply 
Rejection Ratio 4PSRR Vs= ±2.5V to ±15V 6 14 18 44 57 140 pVN 

Match (Note 2) 

MATCHING CHARACTERISTICS at Vs= ±15V, -55°C s TA s + 125°C for OP-220A and C; -25°C s TA s +85°C for OP-220E and 

F; -40°C s TA s +85°C for OP-220G, unless otherwise noted. Grades E, F are sample tested. 

OP-220A/E OP·220F OP-220C/G 
PARAME11!R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset 
4Vos 250 500 400 800 800 Voltage Match 1800 ,.v 

Input Offset 
TC.lVos 1Note31 1.5 ,.v1•c 

Voltage Tracking 
1.5 5 

Average Noninverting 
le+ VcM=O 10 25 15 30 22 40 nA 

Bias Current 

Average Drift of 
Non inverting TCl 8 + VcM = O (Note 3) 15 25 15 30 30 50 pA/°C 
Bias Current 

Noninverting 
•os+ VcM=O 0.7 2.5 2.5 5 nA 

Offset Current 

Average Drift of 
Non inverting rcr05+ VcM = O (Note 3) 15 12 22.5 15 30 pA/°C 
Offset Current 

Common-Mode 
Rejec11on Ratio 4CMRR VcM = -15V to +13V 87 98 82 96 72 80 dB 
Match (Note 1 ) 

Power Supply 
Rejection Ratio 4PSRR Vs=±2.5Vto±15V 10 26 30 78 57 250 pVN 
Match (Note·2) 

NOTES: . Input-referred differential error 
1. 4CMRR is 20 log10 VcM/4CME, where VcM is the voltage applied to both 2. 4PSRR rs: '1Vs 

noninvertlng inputs and aCME is the difference in common-mode 
Input-referred error. 3. Sample tested. 
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OP220 
ABSOLUTE MAXIMUM RATINGS (Note 1) PACKAGE TYPE e1A(Note2) 9JC UNITS 
Supply Voltage ................................................................. :t: 1 BV 

Differential Input Voltage .•••.••••.•••.••••••• 30V or Supply Voltage T0-99(J) 150 18 •crw 
Input Voltage •••••••••••.•••.••.•••.••••••.•••••.•••••.••.••.•••. Supply Voltage 8-Pln Hermetic DIP (Z) 148 16 •crw 
Output Short-Circuit Duration .••••.••••••••.•..••.•••••••..•••.• Indefinite 8-Pin Plastic DIP (P) 103 43 ·crw 
Storage Temperature Range •.•..........•••..••.•.• -ss•c to +tso•c 8-PinSO(S) 158 43 ·crw 
Operating Temperature Range NOTES: 

OP-220A, c •••.•••.•••..•..•..•••••.•••.....•..•••.••••.••. -ss·c to + 12s·c 1. Absolute maximum ratings apply to both OICE and packaged parts, unless 
OP-22oe, F .............................................•.... -2s•c to +as·c otherwise noted. 

OP-220G .••..•••••••••.•.•.••.••••.•.••••••...••.•••••.••••••• -40°c to +as·c 2. e1A Is specified for worst case mounting conditions, i.e., e1A is specified for 

Lead Temperature (Soldering, 60 sec) •••••••.•.•••••••••••••• +300°C 
device In socket for CerDIP and P-DIP packages; e1A is specified for device 

Junction Temperature (T) ............................ -ss•c to + 1 so•c 
soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs= ±2.SV to± 15V, TA= +25° C, unless otherwise noted. 

OP-220A/E OP-220F OP-220C/G 
PARAME11!R SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Vs= ±2.5V to ±15V 120 150 250 300 500 750 p.V 

Input Offset Current los VCM=O 0.15 1.5 0.2 2 0.2 3.5 nA 

Input Blas Current le VcM=O 12 20 13 25 14 30 nA 

Input Voltage Range IVR 
V+=5V, V-=OV, 013.5 0/3.5 0/3.5 v 
Vs=±15V -15/13.5 -15/13.5 -15/13.5 

V+=5V,V-=OV, 
90 100 85 90 75 85 

Common-Mode 
CMRR 

OVSVCMS3.5V 
dB 

Rejection Ratio Vs=±15V, 
95 100 90 95 80 90 

-15VSVCMS 13.SV 

Power Supply 
PSRR 

Vs= ±2.5V to ±15V 3 10 10 32 32 100 
p.VN 

Rejection Ratio V-= OV, V+ = 5V to 30V 6 18 18 57 57 180 

V+=SV, V-=OV, RL = 100k0 
500 1000 500 800 300 500 

Large-Signal 
Avo 

1VSVoS3.5V 
V/mV 

Voltage Gain Vs= ±15V, RL = 25k0 
1000 2000 1000 2000 800 1800 

Vo=±10V 

Output Voltage 
V+=5V, V-=OV, 

0.714 0.7/4 0.8/4 
Swing Vo RL = 10k0 v 

Vs=± 15V, RL = 25ktl ±14 ±14 ±14 

Slew Rate SR RL = 25k0, (Note 1 I 0.05 0.05 0.05 V/p.s 

Bandwidth BW AvCL =+1, RL =25k0 200 200 200 kHz 

Supply Current Vs= ±2.5V, No Load 100 115 115 125 125 135 
p.A 

(Both Amplifiers) lsv Vs= ±15V, No Load 140 170 150, 190 205 220 

ELECTRICAL CHARACTERISTICS at vs = :t:2.5V to :i: 15V, -55°C s: TA s: + 125°C for OP-220A and C, -25°C s: TA s: +85°C for 

OP-220E and F, -40°C s: TA s: +as•c for OP-220G, unless otherwise noted. 

OP-220A/E OP-220'F OP-220C/G 
PARAME11!R SYMBOL CONDmONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset 
Voltage Drift (Note 1 I TC Vos Vs=±15V 0.75 1.5 1.2 2 2 3 p.Vl'C 

Input Offset Voltage Vos 200 300 400 500 1000 1300 p.V 

Input Offset Current los VCM=O 0.5 2 0.6 2.5 0.8 5 nA 

Input Blas Current la VCM=O 12 25 13 30 14 40 nA 

V+=5V,V-=OV, 0/3.2 0/3.2 0/3.2 v Input Voltage Range IVR 
V3=±15V -15/13.2 -15113.2 -15/13.2 

V+=5V,V-=OV, 
85 90 80 85 70 80 

Common-Mode 
CMRR 

OV S VcMS 3.2V dB 
Rejection Ratio Vs=±15V 

90 95 85 90 75 85 
-15VSVcMS 13.2V 

Po-rSupply Vs= ±2.5V to ±15V 8 18 18 57 57 180 
p.VN 

Rejection Ratio 
PSRR 

V-= OV, V+= 5V to30V 10 32 32 100 100 320 
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Dual Low Power Operational Amplifier, 
Single or Dual Supply 

FEATURES 

• Excellent TCVos Match .................. 2µV/°C Max 
• Low Input Offset Voltage .................. 150µV Max 
• Low Supply Current . . . . . . . . . . . . . . . . . . . . . . 550µA Max 
• Single Supply Operation ................ +5V to +30V 
• Low Input Offset Voltage Drift ............. 0.75µV!°C 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . 1500V/mV Min 
• High PSRR . .. . .. . .. . . .. . .. .. . . . .. . . . . . . . . . . . . 3µV/V 
• Wide Common-Mode Voltage 

Range ...................... V-towithin 1.5VofV+ 
• Pin Compatible with 1458, LM158, LM2904 
• Available in Die Form 

ORDERING INFORMATION 1 

TA= +25°C 
PACKAGE 

OPERATING 
Vos MAX CERDIP PLASTIC TEMPERATURE 

{µV) T0·99 8·PIN 8·PIN RANGE 

150 OP-221 AJ/883 OP221Az• MIL 
150 OP221EZ IND 
300 OP221BJ MIL 
500 OP221CJ MIL 
500 OP221GJ OP221GZ OP221GP XIND 
500 OP221GS XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn~in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The OP-221 is a monolithic dual operational amplifier that 
can be used either in single or dual supply operation. The 

OP221 I 
wide supply voltage range, wide input voltage range, and low 
supply current drain of the OP-221 make it well-suited for 
operation from batteries or unregulated power supplies. 

The excellent specifications of the individual amplifiers com
bined with the tight matching and temperature tracking 
between channels provide high performance in instrumen
tation amplifier designs. The individual amplifiers feature 
very low input offset voltage, low offset voltage drift, low 
noise voltage, and low bias current. They are fully compen
sated and protected. 

Matching between channels is provided on all critical 
parameters including input offset voltage, tracking of offset 
voltage vs. temperature, non-inverting bias currents, and 
common-mode rejection. 

V+ • 

--INA2 

4 
V-

8-PINSO 
(S-Suffix) 

6--INfl 

••••• T0·99 
(J-Suffix) 

8-PIN 
HERMETIC DIP 

(Z-Suffix) 

8-PIN 
PLASTIC DIP 

(P-Suffix) 

SIMPLIFIED SCHEMATIC (Each Amplifier) 

*ACCESSIBLE IN CHIP FOAM ONLY 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800·446·6212. 
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OP221 
ABSOLUTE MAXIMUM FIATINGS (Note 1) 

Supply Voltage .............................. ; .................................. ±1 SV 

Differential Input Voltage ..................... 30V or Supply Voltage 

Input Voltage .................................................... Supply Voltage 

Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range ........................ -65°C to + 1 so•c 
Operating Temperature Range 

OP-221A, B, c ....... : .................................. -55°Cto +125° c 

OP-221 E ...................................................... -2s•c to +ss•c 

OP-221 G ...................................................... -40°C to +ss•c 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 
Junction Temperature (T1) ............................ -as•c to +1 so•c 

PACKAGE TYPE 9IA (Note 2) . 81c UNITS 

T0-99 (J) 150 18 •ctw 
B·Pin Hermetic DIP (Z) 148 16 •ctw 
B-Pln. Plaatlc DIP (P) 103 43 •ctw 
8-PlnSO(S) 158 43 •ctw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwtse noted: 
2. e1A Is specified for worst case mounting conditions, I.e., e1A Is specified for 

devlca In socket for TO, CarDIP and P-D.IP packages; e1,. is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs= ±2.SV to ±15V, TA= 25°C, unless otherwise noted. 

OP-221A/E OP-2218 OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 75 150 150 300 250 500 µ.V 

Input Offset Current "1os VcM=O 0.5 3 5 1.5 7 nA 

Input Bias Current le VcM=O 50 80 60 100 70 120 nA 

Input Voltage Range IVR 
V+ = 5V, V-= OV N t 0/3.5 0/3.5 0/3.5 
Vs= ±15V I 0 e 21 -'15/13.5 -15/13.5 -15/13.5 

v 

V+=5V, V-=OV 
90 100 85 90 75 85 

Common-Mode 
CMRR 

OV :S.VcM :S 3.5V 
dB 

Rejection Ratio V5=±15V 
95 100 90 95 80 90 

>-15v :S VcM :S 13.5V 

Power Supply 
PSRR 

Vs= ±2.5V to ±15V 3 10 10 32 32 100 
µ.VIV 

Rejection Ratio. V-=OV, V+= 5V to 30V 6 18 18 57 57 180 

Large-Signal 
Avo 

Vs=± 15V, RL = 10k!l 
1500 1000 800 V/mV 

Voltage Gain Vo=±10V 

Output Voltage 
V+=5V, V-=OV, 

0.7/4.1 0.7/4.1 0.8/4 
· Swing Vo RL = 10k!l 

v 
Vs=±15V, R~= 10k!l ±13.8 ±13.8 ±13.5 

Slew Rate SR Re= 1okn, tNote 11 0.2 0.3 0.2 0.3 0.2 0.3 Vfµ.S 

Bandwidth BW 600 600 600 kHz 

Supply Current Vs= ±2.5V, No Load 450 550 500 600 550 650 
µ.A 

1Both Amplifiers1 lsv Vs=± 15V, No Load 600 800 800 850 850 900 

NOTES: 
1. Sample tested. 
2. Guaranteed by CMRR test limits. 

ELECTRICAL CHARACTERISTICS at vs = :1:2.SV to :1:1 SV, -55°C s TA s + 125°C for OP-221 A, B, and c. -25°C s TA s +ss•c for 

OP-221 E, -40°C s TA s +ss•c for OP-221 G, unless otherwise noted. 

OP-221A/E OP-2218 OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average In put Offset TCV 
Voltage Drift (Note 1 J os 

0.75 1.5 1.2 2 2 3 ,,.vr•c 

Input Offset Voltage Vos 150 300 250 450 400 700 µ.V 

Input Offset Current los VcM=O 5 1.5 7 2 10 nA 

Input Bias Current le VcM=O 55 100 65 120 BO 140 nA 

V+=5V, V-=OV 0/3.2 0/3.2 0/3.2 
v Input Voltage Range IVR Vs=±15V . (Note 2) -15/13.2 -15/13.2 -15/13.2 

V+=5V, V-=OV 
85 90 80 85 70 80 

Common-Mode 
CMRR 

OV :S VcM :S 3.2V dB 
Rejection Ratio Vs=±15V 

90 95 85 90 75 85 
-15V :S VcM :S 13.2V 
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OP221 
ELECTRICAL CHARACTERISTICS at vs= :t:2.5V to :t:15V, -55°C"' TA"'+ 125°C for OP-221 A, B, and c. -25°C "'TA"' +85°C for 
OP-221 E, -40°C.: TA .: +85°C for OP-221 G, unless otherwise noted. (Continued) 

OP-221A/E OP-2218 OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Power Supply 
PSRR 

Vs= ±2.5V to ±15V 6 18 18 57 57 180 
Rejection Ratio V-=OV, V+=5Vto30V 10 32 32 100 100 320 

µVIV 

Large-Signal 
Avo 

Vs=± 15V, RL = 10kll 
1000 800 600 V/mV 

Voltage Gain V0 =±10V 

Output Voltage 
V+=5V, V-=OV, 

0.8/3.8 0.8/3.8 0.9/3.7 
Swing 

Vo RL = 10kll v 
Vs=± 15V, RL = 10kll ±13.5 ±14 ±13.5 ±14 ±13.2 

Supply Current Vs= ±2.5V, No Load 500 650 550 700 600 750 
1Both Amplifiers! lsv Vs=± 15V, No Load 700 900 900 950 950 1000 

µA 

NOTES: 
1. Sample tested. 
2. Guaranteed by CMRR test limits. 

MATCHING CHARACTERISTICS at Vs=± 15V, TA= 25° C, unless otherwise noted. 

OP-221A/E OP-2218 OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
a.Vos 50 200 150 400 250 600 µV 

Voltage Match 

Average Noninverting 
19+ 80 100 120 nA 

Bias Current 

Noninverting Input 
los+ 4 10 nA 

Offset Current 

Common-Mode 
Rejection Ratio ilCMRR VcM = -15V to +13.5V 92 87 72 dB 
Match I Note 11 

Power Supply 
Rejection Ratio ilPSRR Vs= ±2.5V to± 15V 14 44 140 µVIV 

Match (Note 21 

MATCHING CHARACTERISTICS at V 8 = :t:15V, -55°C.: TA.: +125°C for OP-221A, B, and C,-25°C.: TA.: +85°C for OP-

221 E, -40°C.: TA .: +85°C for OP-221 G, unless otherwise noted. Grades E and G are sample tested. 

OP-221A/E OP-2218 OP-221C/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
a.Vos 100 400 250 600 400 800 µV 

Voltage Match 

Average Noninvert.ing 
19+ VcM= 0 100 120 140 nA 

Bias Current 

Input Offset 
TCdVos 3 5 µV/'C 

Voltage Tracking 

Noninverting Input 
los+ Vc.,=O 3 6 12 nA 

Offset Current 

Common-Mode 

Rejection Ratio ilCMRR VcM = -15V to+ 13.2V 87 90 82 85 72 80 dB 
Match (Note 1) 

Power Supply 
Rejection Ratio dPSRR 26 78 250 µVIV 

Match (Note 2) 

NOTES: 
1. ilCMRR is 20 log 10 VcM/ACME, where VcM is the voltage applied to both 

noninverting inputs and .6.CME is the difference in common-mode input-
referred error. 

2. APSRR is: Input-Referred Differential Error 
ilVs 
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r.ANALOG 
L.lllDEVICES 

Dual, Precision 
JFET High Speed Operational Amplifier 

FEATURES 
• Fast Slew Rate .................................................. 22V/µs Typ 
• Settling Time (0.01 %) •...............•....................•.•• 1.2µs Max 
• Offset Voltage .......••.•........•.•..............•.•.....•........ 300µV Max 
• High Open-Loop Gain ..............•.............•..... 1000V/mV Min 
• Low Total Harmonic Distortion •...•.•.......•.•...... 0.002% Typ 
• Improved Replacementfor AD712, LT1057, OP-215, 

TL072, and MC34082 
• Available in Die Form 

APPLICATIONS 
• Output Amplifier for Fast D/As 
• Signal Processing 
• Instrumentation Amplifiers 
• Fast Sample/Holds 
• Active Filters 
• Low Distortion Audio Amplifiers 
• Input Buffer for AID Converters 
• Servo Controllers 

GENERAL DESCRIPTION 

The OP-249 is a high-speed, precision dual JFET op amp, simi
lar to the popular single op amp, the OP-42. The OP-249 outper
forms available dual amplifiers by providing superior speed with 
excellent DC performance. Ultra-high open-loop gain (1 kV/mV 
minimum), low offset voltage, and superb gain linearity, makes 
the OP-249 the industry's first true precision, dual high-speed 
amplifier. 

With a slew rate of 22V/µs typical, and a fast settling time of less 
than 1.2µs maximum to 0.01 %, the OP-249 is an ideal choice for 
high-speed bipolar DIA and AID converter applications. The 
excellent DC performance of the OP-249 allows the full accu
racy of high-resolution CMOS D/As to be realized. 

OP249 I 
Symmetrical slew rate, even when driving large loads, such as 
600Q, or 200pF of capacitance, and ultra-low distortion, make 
the OP-249 ideal for professional audio applications, active fil
ters, high-speed integrators, servo systems, and buffer amplifi
ers. 

The OP-249 provides significant performance upgrades to the 
TL072, AD712, OP-215, MC34082 and the L T1057. 

PIN CONNECTIONS 

8-PIN CERDIP 
(Z-Suffix) 

8-PIN EPOXY MINI-DIP 
(P-Suffix) 

V+ 
8 

4 
V-

T0-99 
(J-Suffix) 

: : Q Q ~ + .,. z z > 

20-CONTACT LCC 
(RC-Suffix) 

8-PINSO 
(S-Suffix) 

FAST SETTLING 
(0.01%) 

LOW DISTORTION 
Av= +1, RL = 10kQ 

EXCELLENT OUTPUT DRIVE 
RL :600Q 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1 ·800-446-6212. 
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ORDERING INFORMATION t 
PACKAGE OPERATING 

CERDIP PLASTIC LCC TEMPERATURE 
T0-99 8-PIN 8-PIN 20-CONTACT RANGE 

OP249AJ' OP249AZ' OP249ARCl883 MIL 
OP249EJ XIND 
OP249FJ OP249FZ XIND 

OP249GP XIND 
OP249GS" XIND 

For devices processed in total compliance to M IL-STD-883, add 1883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercia~ and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. For ordering information, see 
PM l's Data Book, Section 2. 

It For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±1 BV 

Input Voltage (Note 2) ...................................................... ±1 BV 

Differential Input Voltage (Note 2) ....•.•.............................. 36V 

Output Short-Circuit Duration ..........................•.•....•... Indefinite 

Storage Temperature Range ........................ -65°C to+ 175°C 

OP249 
Operating Temperature Range 

OP-249A (J, z. RC) ............................•.•..•.. -ss0 c to+ 12s0 c 

OP-249E,F (J, Z) .......................................... -40°c to +as0 c 

OP-249G (P, S) ..•........................................• -40°C to +as0 c 

Junction Temperature 

OP-249 (J, z. RC) ...................................... -65°C to+ 11s0 c 

OP-249 (P, S) ...............................•............. -65°C to +150°C 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 

PACKAGE TYPE e1A (Note3) 01C UNITS 

T0-99 (J) 145 16 °CIW 

8-Pin Hermetic DIP (Z) 134 12 oc/W 

8-Pin Plastic DIP (P) 96 37 °CIW 

20-Contact LCC (RC) 88 33 °C/W 

8-Pin SO (S) 150 41 °C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. For supply voltages less than ±18V, the absolute maximum input voltage is 

equal to the supply voltage. 
3. e.A is specified for worst case mounting conditions, i.e., e1A is specified tor 

d~vice in socket tor TO, CerDIP, P-DIP, and LCC packages; e.A is specified 
tor device soldered to printed circuit board tor SO package. 1 

ELECTRICAL CHARACTERISTICS at Vs = ±1 SV, TA = +25°C, unless otherwise noted. 

OP-249A OP-249E OP-249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 0.2 0.5 0.1 0.3 0.2 0.7 mV 

Long Term Offset 
Vos (Note 1) 0.8 0.6 1.0 mV Voltage 

Offset Stability 1.5 1.5 1.5 - µV/Month 

Input Bias Current le VCM = OV, Ti= +25°C 30 75 20 50 30 75 pA 

Input Offset Current 1os V CM= OV, Ti= +25°C 6 25 4 15 6 25 pA 

Input Voltage Range IVR (Note2) 
+12.5 

±11 
+12.5 

±11 
+12.5 v ±11 

-12.5 -12.5 -12.5 

Common-Mode 
CMR 

Rejection 
VcM=±11V 80 90 86 95 80 90 dB 

Power-Supply 
PSRR 

Vs =±4.5V 
12 31.6 9 31.6 12 50 µVN 

Rejection Ratio to±18V 

Large-Signal 
Ava 

V0 =±10V 
1000 1400 1000 1400 500 1200 V/mV 

Voltage Gain RL =2k0 

Output Voltage +12.5 +12.5 
±12.0 

+12.5 v 
Swing Vo RL =2k0 ±12.0 

-12.5 
±12.0 

-12.5 -12.5 

Short-Circuit Output Shorted +36 +36 
±50 ±20 

+36 
±50 mA 1sc ±20 ±50 ±20 

Current Limit to Ground -33 -33 -33 

Supply Current 1sv 
No Load 
V0 =0V 

5.6 7.0 5.6 7.0 5.6 7.0 mA 

Slew Rate SR RL = 2k0, CL = 50pF 18 22 18 22 18 22 V/µs 

Gain-Bandwidth 
GBW (Note4) 3.5 4.7 3.5 4.7 3.5 4.7 MHz 

Product 

Settling Time t. 
10VStep0.01% 

0.9 1.2 0.9 1.2 0.9 1.2 µs 
(Note3) 

Phase Margin 80 OdBGain 55 55 55 Deg 
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OP249 

ELECTRICAL CHARACTERISTICS at Vs = ±1 SV, TA = +25°C, unless otherwise noted. Continued 

OP-249A OP-249E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX 

Differential Input 
ZIN - 1012116 Impedance 

Open-Loop 
Ro 35 

Output Resistance 

Voltage Noise en P·P 0.1Hz to 10Hz 2 

10 = 10Hz 75 
Voltage Noise 10 = 100Hz 26 

Density en 10 = 1kHz 17 
10 = 10kHz 16 

Current Noise 
in 10 =1kHz 0.003 

Density 

Voltage Supply 
Vs ±4.5 ±15 

Range 

NOTES: 
1 Long term offset voltage is guaranteed by a 1000 HR life test performed on 3 

independent wafer lots at+ 125°C with a L TPD of 3. 

- 1012116 

35 

2 

75 
26 

17 
16 

0.003 

±18 ±4.5 ±15 ±18 

2. Guaranteed by CM R test. 
3. Settling-time is sample tested. 
4. Guaranteed by design. 

ELECTRICAL CHARACTERISTICS at Vs= ±1 SV, TA= +25°C, unless otherwise noted. 

PARAMETER SYMBOL CONDmONS MIN 

Offset Voltage Vos 

Input Bias Current 1. VCM = OV, Ti= +25°C 

Input Offset Current 1os VCM = OV, Ti= +25°C 

Input Voltage Range IVR (Note 1) ±11 

Common-Mode 
CMR VcM=±11V 

Rejection 
76 

Power-Supply 
PSRR 

Vs =±4.5V 
Rejection Ratio to±18V 

Large-Signal 
Avo 

V0 =±10V 
Voltage Gain RL =2k0 

500 

Output Voltage 
Vo RL =2k0 Swing 

±12.0 

Short-Circuit 
1sc 

Output Shorted 

Current Limit to Ground 
±20 

Supply Current 1sv 
No Load 

V0 =0V 

Slew Rate SR RL = 2k0, CL = 50pF 18 

Gain-Bandwidth 
GBW (Note2) 

Product 

Settling Time 1. 10V Step 0.01% 

Phase Margin eo OdBGaln 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed by design. 
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MIN 

-

±4.5 

OP-249G 
TYP 

0.4 

40 

10 

+12.5 
-12.0 

90 

12 

1100 

+12.5 
-12.5 

+36 
• -33 

5.6 

22 

4.7 

0.9 

55 

OP-249F 
TYP MAX UNITS 

1012116 OllPF 

35 a 

2 µVP·P 

75 
26 

nV/v'"Hz 
17 

16 

0.003 - pA/v'l'fz 

±15 ±18 v 

MAX UNITS 

2.0 mV 

75 pA 

25 pA 

v 

dB 

50 µVN 

V/mV 

v 

±50 mA 

7.0 mA 

V/µs 

MHz 

1.2 µs 

Deg 
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OP249 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. Continued 

OP-249G 
PARAMETER SYMBOL CONDmONs MIN TYP MAX UNITS 

Differential Input 
ZIN 1012116 QllPF Impedance 

Open-Loop 
Ro 35 Q Output Resistance 

Voltage Noise en p-p 0.1Hz to 10Hz 2 µVp-p 

10 = 10Hz 75 
Voltage Noise f0 = 100Hz 26 

nV/VFiZ 
Density en 10 = 1kHz 17 

10 = 10kHz 16 

Current Noise 
in 10 = 1kHz 0.003 pNVFIZ 

Density 

Voltage Supply 
Vs ±4.5 ±15 ±18 v Range 

ELECTRICAL CHARACTERISTICS at Vs = ±1 SV, -40°C s TA s +85°C for E/F grades, and -55°C s TA s + 125°C for A grade, II unless otherwise noted. 

OP-249A OP-249E OP-249F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 0.12 1.0 0.1 0.5 0.5 1.1 mV 

Offset Voltage 
Temperature TCVos 5 1.2 6 µV/°C 
Coefficient 

Input Bias Current la (Note 1) 4 20 0.25 3.0 0.3 4.0 nA 

Input Offset Current 1os (Note 1) 0.04 4 0.01 0.7 0.02 1.2 nA 

+12.5 +12.5 
±11 

+12.5 
v Input Voltage Range IVR (Note2) ±11 ±11 

-12.5 -12.5 -12.5 

Common-Mode 
CMR vcM=±11V 76 110 86 100 76 95 dB 

Rejection 

Power-Supply 
PSRR 

Vs= ±4.5V 
5 50 50 7 100 µVIV 

Rejection Ratio to±18V 

Large-Signal 
Avo 

RL =2kU 
500 1400 750 1400 250 1200 V/mV 

Voltage Gain V0 =±10V 

Output Voltage +12.5 +12.5 
±12.0 

+12.5 
v Vo RL = 2kU ±12.0 ±12.0 

Swing -12.5 -12.5 -12.5 

Short-Circuit 
1sc 

Output Shorted 
±10 ±60 ±18 ±60 ±18 ±60 mA 

Current Limit to Ground 

Supply Current 1sv 
No Load 

5.6 7.0 
V0 =OV 

5.6 7.0 5.6 7.0 mA 

NOTES: 
1. Ti = 85°C for E/F Grades; Ti = 125°C for A Grade. 

2. Guaranteed by CMR test. 
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ELECTRICAL CHARACTERISTICS at Vs ,;, ±15V, -40cC s TA s +85°C, unless othe~ise noted, 

OP-249G 
PARAMETER SYMBQL CONDITIONS ll!IN ·'TYP MAX UNITS 

Offset Voltage Vos 1.0 3.6 ·mv 

Offset Voltage 
Temperature TCVos 6 25 µV/"C 

Coefficient 

Input Bias Current le (Note 1) 0.5 4.5 nA 

Input Offset Current 1os (Note 1) 0.04 1.5 nA 

lripilt Voltage Range IVR (Note2) ±11.0 
+12.5 
-12.5 

v 

Common-Mode 
CMR VcM•±11V 76 95 

Rejection 
dB 

Power-Supply 
PSRR 

Vs =±4.5V 
10.0 100· 

Rejection Ratio to±18V 
µVN 

Large-Signal 
Avo 

RL = 2kll 
250 1200 

Voltage Gain V0 s±10V 
V/mV 

Output Voltage 
Vo Rl = 2kll ±12.Q,,. .. 

+12.5 
· Swi.ng . , ~12c5 

v 

Short-Circuit 
1sc 

Output Shorted 
±18 ±60 

Current Limit to Ground 
. mA 

Supply Curr~nt 1sv 
No Load 

V0 =0V 
5.6 7.0 mA 

NOrES: 
1. r1-s5°c. 

2 .. Guaranteed by CMR test. 
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WDEVICES 

FEATURES 
• Very Low Noise ............... 5nV/JHZ@ 1kHz Max 
• Excellent Input Offset Voltage ............... 75µV Max 
• Low Offset Voltage Drift ................... 1µV/°C Max 
• Very High Gain ......................... 1500V/mV Min 
• Outstanding CMR .......................... 106dB Min 
• Slew Rate ................................. 2.4V/µs Typ 
• Gain-Bandwidth Product .................... 5MHz Typ 
• Industry Standard 8-Pin Dual Pinout 
• Available In Die Form 

ORDERING INFORMATION 1 

TA :+25"C PACKAGE OPERATING 
V05 MAX CERDIP LCC TEMPERATURE 

(µV) 8-PIN PLASTIC 20..CONTACT RANGE 

75 OP270AZ: OP270ARC/883 MIL 
75 OP270EZ XIND 

150 OP270FZ XIND 
250 OP270GP XIND 
250 OPZIOGStt XIND 
For devices processed in total compliance to MIL-STD-883,add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
you local sales office. 

GENERAL DESCRIPTION 

The OP-270 is a high-performance monolithic dual opera
tional amplifier with exceptionally low voltage noise, 

Dual Very Low Noise Precision 
Operational Amplifier 

OP270 I 
PIN CONNECTIONS 

<( 

~ § ~ ;: ~ 

LCC 
(RC-Suffix) 

16-PIN SOL 
(S-Suffix) 

EPOXY MINI-DIP (P-Suffix) 
8-PIN HERMETIC DIP 

(Z-Suffix) 

5nV/y'H°Z at 1kHz Max, offering comparable performance 
to PM l's industry standard OP-27. 

The OP-270 features an input offset voltage below 75µV and 
an offset drift under 1µV/°C, guaranteed over the full mil· 
itary temperature range. Open-lo-op gain of the OP-270 is 
over 1,500,000 into a 10kll load insuring excellent gain accu
racy and linearity, even in high-gain applications. Input bias 
current is under 20nA which reduces errors due to signal 
source resistance. The OP-270's CMR of over 106dB .and 
PSRR of less than 3.2µV/V significantly reduce errors due to 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP270 

ground noise and power supply fluctuations. Power con
sumption of the dual OP-270 is one-third less than two 
OP-27s, a significant advantage for power conscious appli
cations. The OP-270 is unity-gain stable with a gain
bandwidth product of 5MHz and a slew rate of 2.4V/µs. 

The OP-270 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
noise instrumentation amplifiers, dual buffers, and low-noise 
active filters. 

The OP-270 conforms to the industry standard 8-pin DIP 
pinout. "1 is pin compatible with the MC1458/1558, 
SE5532/A, RM4558 and HA5102 dual op amps and can be 
used to upgrade systems using these devices. 

For higher speed applications the OP-271, with a slew rate of 
8V/µs, is recommended. For a quad op amp, see the OP-470. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ................................................................. ±1 SV 

Differential Input Voltage (Note 2) .................................. ±1.0V 

Differential Input Current (Note 2) ................................ ±25mA 

Input Voltage .................................................... Supply Voltage 

Output Short-Circuit Duration ................................ Continuous 

Storage Temperature R"ange 

P, RC, s, Z-Package .................................. -65°C to+ 1 so•c 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 

Junction Temperature (T_il ............................ -65°C to + 1 so•c 

Operating Temperature Range 

OP-270A .................................................... -ss•c to+ 12s•c 

OP-270E, OP-270F, OP-270G .................... -40°C to +85°C 

PACKAGE TYPE: e1A (Note3) 8JC UNITS 

8-Pin Hermetic DIP (Z) 134 12 °C/W 

8-Pin Plastic DIP (P) 96 37 °C/W 

20-Contact LCC (RC) 88 33 °C/W 

16-Pin SOL (SJ 92 27 °C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. The OP-270's inputs are protected by back-to-back diodes. Current limiting 

resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1 OV, the input current should be limited to ±25mA. 

3. e. A is specified for worst case mounting conditions, i.e., eiA is specified for 
dAvice in socket for CerDIP, P-DIP, and LCC packages; e. A is specified for de
vice soldered to printed circuit board for SOL package. 1 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

OP·270A/E OP·270F OP·270G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 10 75 20 150 50 250 µV 

Input Offset Current 1os VcM=OV 10 3 15 5 20 nA 

Input Bias Current le vcM=OV 5 20 10 40 15 60 nA 

Input Noise Voltage 
0.1Hzto10Hz 

80 200 80 200 80 nVp-p en p-p (Note 1) 

10 =10Hz 3.6 6.5 3.6 6.5 3.6 
Input Noise 10 =100Hz 3.2 5.5 3.2 5.5 3.2 - nVl..rHz 

Voltage Density e. 10 =1kHz 3.2 5.0 3.2 5.0 3.2 
(Note2) 

Input Noise 
r0 =10Hz 1.1 1.1 1.1 

Current Density in 10 =100Hz 0.7 0.7 0.7 pAl./'RZ 
10 = 1kHz 0.6 0.6 0.6 

Large-Signal 
V0 =±10V 

Voltage Gain Avo RL = 10kf.l 1500 2300 1000 1700 750 1500 
VimV 

RL =2kf.l 750 1200 500 900 350 700 

Input Voltage Range IVR (Note3) ±12 ±12.5 ±12 ±12.5 ±12 ±12.5 v 
Output Voltage Swing Vo RL :t2k0 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 v 
Common-Mode 

CMR VcM=±11V 106 125 100 120 90 110 dB 
Rejection 

Power Supply 
PSRR V5 =±4.5V to±18V 0.56 3.2 1.0 5.6 1.5 6 µVN 

Rejection Ratio 

Slew Rate SR 1.7 2.4 1.7 2.4 1.7 2.4 Viµs 
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ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. Continued 

OP-270A/E OP-270F OP-270G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP 

Supply Current 
lsv No Load 4 6.5 4 6.5 

(All Amplifiers) 

Gain Bandwidth Product GBW 5 

Channel Separation cs Vo= 20Vp·p 
125 175 125 175 

fo = 10Hz (Note 1) 
175 

Input Capacitance C1N 3 

Input Resistance 
A1N 0.4 0.4 

Differential·Mode 
0.4 

Input Resistance 
A1NCM 20 20 

Common-Mode 
20 

Settling Time ls 
Av = + 1, 1 OV Step 
to0.01% 

5 

NOTES: 
1. Guaranteed by not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C::; TA::;+ 125°C for OP-270A, unless otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vos 

Average Input 
TCVos 

Offset Voltage Drift 

Input Offset Current los 

Input Bias Current le 

Large-Signal 
Avo 

Voltage Gain 

Input Voltage Range IVR 

Output Voltage Swing Vo 

Common-Mode 
CMR 

Rejection 

Power Supply 
PSRR 

Rejection Ration 

Supply Current 
lsv 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 

CONDITIONS 

VcM = OV 

Vo=±10V 
RL = 10kQ 

RL=2kQ 

(Note 1) 

Vs= ±4.5V to ±1 SV 

No Load 

MIN 

750 
400 

±12 

±12 

100 

OP-270A 
TYP MAX 

30 175 

0.2 

6 

1600 

800 

±12.5 

±13 

120 

1.0 

4.5 

30 

60 

5.6 

7.5 

OP270 

MAX UNITS 

6.5 mA 

MHz 

dB 

pF 

MQ 

Go 

µs 

UNITS 

µV 

µV/°C 

nA 

nA 

V/mV 

v 

v 

dB 

µVIV 

mA 
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OP270 

ELECTRICAL CHARACTERISTICS at Vs= :1:15V, -40°C s TA s +85°C, unless.otherwise noted. 

OP·2701; OP·2701" OP·270G 

PARAMETER SYMBOL CONDmONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 25 150 45 275 100 400 ,.v 
Average Input 

TCVos 0.2 0.4 2 0.7 3 µV/"C 
. Offset Voltage Drift 

Input Offset Current 1os VcM=.OV 1.5 30 5 40 15 50 nA 

Input Bias Current la VcM=OV 6 60 15 70 19 80 nA 

Large-Signal 
V0 =z10V 

Voltage Gain Avo Rt:= 10kD 1000 1800 600 1400 400 1250 V/mV 

RL = 2kD 500 900 300 700 225 670 

Input Voltage Range IVR (Nota1) z12 z12.5 .. 12 z12.5 .. 12 z12.5 v 
Output Voltage Swing Vo RL a2kD .. 12 z13 .. 12 z13 .. 12 ,.13 v 
Common-Mode 

CMR VcM=,.11V 100 120 94 115 90 100 ·dB 
Rejection 

Power Supply 
PSRR V8 =z4.5Vto .. 1av 0.7 5.6 1.8 10 2.0 15 µVN 

RejecUon Ration 

Supply Current 
1sv No load 4.4 7.2 4.4 7.2 4.4 7.2 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 

• Excellent Speed ............................................. 8.5V/µs Typ 
• Fast Settling (0.01%) ............................................ 2µs Typ 
• Unity-Gain Stable 
• High Gain-Bandwidth ....................................... 5MHz Typ 
• Low Input Offset Voltage ................................ 200µV Max 
• Low Offset Voltage Drift ................................ 2µV/°C Max 
• High Gain ..................................................... 400V/mV Min 
• Outstanding CMR ........................................... 106 dB Min 
• Industry Standard 8-Pin Dual Pinout 
• Available in Die Form 

ORDERING INFORMATION t 

TA= +2s··c 
PACKAGE 

OPERATING 

Vos MAX CERDIP LCC TEMPERATURE 
(µV) 8-PIN PLASTIC 20-CONTACT RANGE 

200 OP271 AZ" OP271 ARC/883 MIL 
200 OP271EZ XND 
300 OP271FZ XND 
400 OP271GP XND 
400 OP271GStt XND 

For devices processed in total compliance to MIL ·STD-883, add 1883 alter part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP-271 is a unity-gain stable monolithic dual op amp featur
ing excellent speed, 8.5V/µs typical, and fast settling time, 2µs 
typical to 0. 01 %. The OP-271 has a gain-bandwidth of 5MHz with 
a high phase margin of 62°. 

High Speed, Dual 
Operational Amplifier 

OP271 I 
Input offset voltage of the OP-271 is under 200µ V with input offset 
voltage drift below 2µ V /°C, guaranteed over the full military tem
perature range. Open-loop gain exceeds 400,000 into a 1 Okn load 
ensuring outstanding gain accuracy and linearity. The input bias 
current is under 20nA limiting errors due to source resistance. 
The OP-271 's outstanding CMR, over 106dB, and low PSRR, 
under 5.6µ VIV, reduce errors caused by ground noise and power 
supply fluctuations. In addition, the OP-271 exhibits high CMR 
and PSRR over a wide frequency range, further improving system 
accuracy. Continued 

PIN CONNECTIONS 
<( 
f- . 

~=><..'.'. +~ 
z 0 z > z 

LCC 
(RC-Suffix) 

16-PIN SOL 
(S-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Suffix) 

SIMPLIFIED SCHEMATIC (One of the two amplifiers is shown.) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP271 
The OP-271 offers outstanding DC and AC matching between 

channels. Th is is especially valuable for applications such as 
multiple gain blocks, high-speed instrumentation and ampli

fiers, buffers and active filters. 

The OP-271 conforms.to the industry standard 8-pin dual op 
amp pinout. It is pin compatible with the TL072, TL082, 

LF412, and 1458/1558 dual op amps and can be used to 

significantly improve systems using these devices. 

For applications requiring lower voltage noise, see the OP-

270. For a quad version of the OP-271, see the OP-471. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ••.••..••••••..•••••••••..•...•.••.......•.••.....•....•....••... ±18V 
Differential Input Voltage (Note 2) ......• : ........................... ±1.0V 

Differential Input Current (Note 2) •..•...•...••..•.••...••......••. ±25mA 

Input Voltage ••••••.•••..•••.•••....•..•••.•.•.•...•••.......••.. Supply Voltage 
Output Short-Circuit Duration .••...•......••.••.....••..•.••. Continuous 
Storage Temperature Range ..•.....••............•. -65°C to + 150°C 

lead Temperature (Soldering, 60 sec) ............•........•.• +300°C 

Junc:tion Temperature (Tl) .............................. -65°C to+ 150C 

Operating Temperature Range 

OP-271 A ............•••.......•.......•.........•.......... -55°C to + 125°c 

OP-271 E. OP-271 F, OP-271 G ................... -40°C to +85°C 

PACKAGE TYPE e1A (Note3) SIC UNITS 

8-Pin Hermetic DIP (Z) 134 12 'C/W 

8-Pin Plastic DIP (P) 96 37 'CIW 

20-Contact LCC (RC) 88 33 'C/W 

8-PinSO(S) 92 27 'C/W 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. The OP-271's inputs are protected by back-to-back diodes. Current limiting 

resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1.0V, the input current should be limited to ±25mA. 

3. a.A is specified for worst case mounting conditions, i.e., 8.A is specified for 
dkvice in socket for CerDIP, P-DIP, and LCC packages; e1A is specified for 
device soldered to printed circuit board for SOL package. 1 

ELECTRICAL CHARACTERISTICS atV§ = :o:15V, TA= +25°C, unless otherwise noted. 

OP-271A/E OP-271F OP·271G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Input Offset 

Vos 75 200 150 300 200 400 µV Voltage 

Input Offset 
1os VCM :OV 10 15 7 20 nA Current 

Input Bias 
le vcM=OV 4 20 6 40 12 60 nA Current 

lnpul Noise 
Voltage 
Density 

en f0 =1kHz 7.6 7.6 7.6 - nV/ Hz 

Large· Signal V0 =•10V 
Voltage Avo RL = 10k0 400 650 300 500 250 400 V/mV 
Gain RL = 2k0 300 500 200 300 175 250 

Input Voltage IVR (Note 1) .12 .12.5 .12 .12.s .12 •12.5 v Range 

Output Voltage 
Vo RL ~2k0 .12 .13 .12 .13 •12 .13 v Swing 

Common·Mode CMR VCM = •12V 106 120 100 115 90 105 dB Rejection 

Power Supply 
7.0 µVN Rejection PSRR Vs= •4.5Vto•18V 0.6 3.2 1.8 5.6 2.4 

Ratio 

Slew Rate SR 5.5 8.5 5.5 8.5 5.5 8.5 V/µS 

Phase Margin "m Ay= +1 62 62 62 deg 

Supply Current 
1sv No Load 4.5 6.5 4.5 6.5 4.5 6.5 mA (All Amplifiers) 

Gain Bandwidth GBW 5 5 5 MHz Product 

Channel cs V0 = 20VP·P 125 175 125 175 175 dB 
Separation 10 = 1 OHz (Note 2) 

Input Capacitance CIN 3 3 3 pF 

Input Resistance R 
Differential-Mode 1 N 0.4 0.4 0.4 MO 

Input Resistance 
RINCM 20 20 20 GO 

Common-Mode 

Settling Time t. 
Ay = +1, 10V Step 

to0.01% 
2 2 2 µS 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 
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OP271 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C :5 TA :5125°C for OP-271A, unless otherwise noted. 

OP-271A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 115 400 µV 

Average Input 
TC Vos 0.4 2 µV/'C Offset Voltage Drift 

Input Offset Current los VcM = ov 1.5 30 nA 

Input Bias Current le VcM = OV 60 nA 

Large-Signal 
Vo= ±10V 

Voltage Gain Avo RL = 10kll 300 600 V/mV 
RL = 2kll 200 500 

Input Voltage Range IVR (Note 1) ±12 ±12.5 v 

Output Voltage Swing Vo RL 2: 2k!l ±12 ±13 v 

Common-Mode 
CMR VcM = ±12V 

Rejection 
100 120 dB 

Power Supply 
PSRR Vs= ±4.5V to ±18V 1.0 5.6 µVIV 

Rejection Ratio 

Supply Current 
lsv No Load 5.3 7.5 mA 

(All Amplifiers) 

Ill NOTE: 
1. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -40°C s TAs +85°C, unless otherwise noted. 

OP-271A/E OP·271F OP·271G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 100 330 215 560 300 700 µV 

Voltage 

Average Input 
Offset Voltage TCV0 s 0.4 2 4 2.0 5 µvrc 
Drift 

Input Offset 
1os VcM=OV 30 5 40 15 50 nA 

Current 

Input Bias 
'e vcM=OV 6 60 10 10· 15 80 nA 

Current 

Large-Signal V0 = ±10V 
Voltage Avo RL = 10k0 300 600 200 500 150 400 V/mV 
Gain AL= 2k0 200 500 100 400 90 300 

Input Voltage 
IVA (Note1) *12 *12.5 *12 *12.5 *12 *12.5 v 

Range 

Output Voltage 
Vo AL lt2k0 *12 *13 *12 *13 *12 :13 v 

Swing 

Common-Mode 
CMA VcM=*12V 100 120 94 115 90 100 dB 

A ejection 

Power Supply 
Rejection PSAA Vs=*4.5Vto:18V 0.7 5.6 51.8 10 2.0 15 µVN 

Ratio 

Supply Currant 
1sv No Load 5.2 7.2 

(All Amplifiers) 
5.2 7.2 5.2 7.2 mA 

NOTE: 
1. Guaranteed by CMA test. 
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WDEVICES 

FEATURES 
Excellent Sonic Characteristics 
Low Noise: 6 nV/YHz 
Low Distortion: 0.0006% 
High Slew Rate: 22 V/µs 
Wide Bandwidth: 9 MHz 
Low Supply Current: 5 mA 
Low Offset Voltage: 1 mV 
Low Offset Current: 2 nA 
Unity Gain Stable 
SOIC-8 Package 

APPLICATIONS 
High Performance Audio 
Active Filters 
Fast Amplifiers 
Integrators 

GENERAL DESCRIPTION 
The OP-275 is the first amplifier to feature the Butler Amplifier 
front-end. This new front-end design combines both bipolar and 
JFET transistors to attain amplifiers with the accuracy and low 
noise performance of bipolar transistors, and the speed and 
sountl quality of JFETs. Total Harmonic Distortion plus Noise 
equals previous audio amplifiers, but at much lower supply 
currents. 

A very low l/f corner of below 6 Hz maintains a flat noise den
sity response. Whether noise is measured at either 30 Hz or 
l kHz, it is only 6 nV/yHz. The JFET portion of the input 
stage gives the OP-275 its high slew rates to keep distortion low, 
even when large output swings are required, and the 22 V/µs 
slew rate of the OP-275 is the fastest of any standard audio 
amplifier. Best of all, this low noise and high speed are accom
plished using less than 5 mA of supply current, lower than any 
standard audio amplifier. 

*Patent pending. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

9-454 OPERATIONAL AMPLIFIERS 

Dual Bipolar/JFET, Audio 
Operational Amplifier 

OP275* I 
PIN CONNECTIONS 

8-Lead Narrow Body SOIC 
(S Suffix) 

OP-275 

8-Lead Epoxy DIP 
(P Suffix) 

Improved de performance is also provided with bias and offset 
currents greatly reduced over purely bipolar designs. Input off
set voltage is guaranteed at l m V and is typically less than 
200 µV. This allows the OP-275 to be used in many de coupled 
or summing applications without the need for special selections 
or the added noise of additional offset adjustment circuitry. 

The output is capable of driving 600 n loads to 10 V rms while 
maintaining low distortion. THD + Noise at 3 V rms is a low 
0.0006%. 

The OP-275 is specified over the extended industrial ( -40°C to 
+85°C) temperature range. OP-275s are available in both plastic 
DIP and SOIC-8 packages. SOIC-8 packages are available in 
ZSOO piece reels. Many audio amplifiers are not offered in 
SOIC-8 surface mount packages for a variety of reasons, how
ever the OP-275 was designed so that it would offer full perfor
mance in surface mount packaging. 
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SPECIFICATIONS OP275 
ELECTRICAL CHARACTERISTICS (@Vs= ±15.0 V, TA= +25°C unless otherwise specified) 

Parameter Symbol Conditions Min Typ Max Units 

AUDIO PERFORMANCE 
THD +Noise VIN = 3 V rms, RL = 2 kl1, f = 1 kHz 0.0006 % 
Voltage Noise Density en f = 30 Hz 7 nV/y'Hz 

f = 1 kHz 6 nV/y'Hz 
Current Noise Density in f = 1 kHz 1.5 pNy'Hz 
Headroom THD +Noise :s 0.01%, 

RL = 2 kl1, Vs= ±18 V >12.9 dBu 

INPUT CHARACTERISTICS 
Offset Voltage Vos 1 mV 

-40°C:sTA:s+85°C 1.25 mV 
Input Bias Current Is VcM = 0 V 100 350 nA 

VcM = 0 V, -40°C:sTA:s+85°C 100 400 nA 
Input Offset Current Ios VcM = 0 V 2 ±50 nA 

VcM = 0 V, -40°C:sTA:s+85°C 2 ±100 nA 
Input Voltage Range VcM -10.5 +10.5 v 
Common-Mode Rejection CMR VcM = ±10.5 V, 

-40°C:sTA:s+85°C 80 106 dB 
Large Signal Voltage Gain Avo RL = 2 kl1 250 V/mV 

RL = 2 kl1, -40°C:sTA:s+85°C 175 V/mV 
RL = 600 n 200 V/mV 

Offset Voltage Drift Li V 0s/LiT 5 µV/°C 
II 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2 kn -13.5 ±13.9 +13.5 v 

RL = 2 kl1, -40°C:sTA:s+85°C -13 ±13.9 +13 v 
RL = 600 n, Vs= ±18 v ±16 v 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±4.5Vto±l8V 85 111 dB 

Vs= ±4.5 V to ±18 V, 
-40°C:sTA:s+85°C 80 dB 

Supply Current Isy Vs= ±4.5 V to ±18 V, V0 = 0 V, 
RL = oo, -40°C:sTA:s+85°C 4 5 mA 
Vs= ±22 V, V0 = 0 V, RL = oc, 
-40°C:sTA:s+85°C 5.5 mA 

Supply Voltage Range Vs ±4.5 ±22 v 
DYNAMIC PERFORMANCE 

Slew Rate SR RL = 2 kl1 15 22 V/µs 
Full-Power Bandwidth BWr kHz 
Gain Bandwidth Product GBP 9 MHz 
Phase Margin 0o 62 Degrees 
Overshoot Factor VIN = 100 mV, Av = + 1, 

RL = 600 n, cL = loo pF 10 % 

Specifications subject to change without notice. 
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OP275 

WAFER TEST LIMITS (@ V5 = ±15.0 V, TA= +25°C unless otherwise specified) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos l mVmax 
Input Bias Current I~ VCM = 0 v 350 nAmax 
Input Offset Current las VCM = 0 v ±50 nAmax 
Input Voltage Range1 ±10.5 Vmin 
Common-Mode Rejection CMRR VCM = ±10.5 v 80 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ±18°V 85 dB min 
Large Signal Voltage Gain Ava RL = 2k0 250 V/mVmin 
Output Voltage Range Vo RL = lOkO ±13.5 Vmin 
Supply Current lsv V0 =0V,RL=oo 5 mAmax 

NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and norQlai yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
1Guaranteed by CMR test. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±22 V 
Input Voltage2 ••••••••••••••••••••••••••• ± 18 V 
Differential Input Voltage2 ••••••••••••••••••• ± 7 .5 V 
Output Short-Circuit Duration to GND3 •••••••• Indefinite 
Storage Temperature Range 

(P, S) Package ................... -65°C to + 150°C 
Operating Temperature Range 

OP-275G ....................... -40°C to +85°C 
Junction Temperature Range 

(P, S) Package ................... -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP275GP -40°C to +85°C 8-Pin Plastic DIP N-8 
OP275GS -40°C to +85°C 8-Pin SOIC S0-8 
OP275GSR -40°C to +85°C SOIC-8 Reel, 

2500 pcs. 
OP275GBC +25°C DICE 

*For outline information see Package Information section. 

9-456 OPERATIONAL AMPLIFIERS 

Package Type OJA 
4 

61c Units 

8-Pin Plastic DIP (P) 103 43 OCJW 
8-Pin SOIC (S) 158 43 OCJW 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'For supply voltages less than ±22 V, the absolute maximum input voltage is 
equal to the supply voltage. 

'Shorts to either supply may destroy the device. See data sheet for full details. 
461A is specified for the worst case conditions, i.e., 61A is specified for device in 
socket. for cerdip, P-DIP, and LCC packages; 01A is specified for device 
soldered in circuit board for SOIC package. 

DICE CHARACTERISTICS 

OUTA 

-IN A 

+INA 

V-

OP-275 Die Size 0.070 x 0.108 in. (7,560 sq. mils) 
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APPLICATIONS 

Short Circuit Protection 
The OP-275 has been designed with inherent output short 
circuit protection to ground. 

However shorts to either supply may destroy the device when 
excessive voltages or currents are applied. For safe operation 
the output current of the OP-275 should be design limited to 
±30 mA. 

Total Harmonic Distortion 
Total Harmonic Distortion + Noise (THD + N) of the OP-275 
is well below 0.001% with any load down to 600 n. However, 
this is dependent upon the peak output swing. In Figure 1 it is 
seen that the THD + Noise with 3 V rms output is below 
0.001%. In the following Figure 2, THD +Noise is below 
0.001 % for the 10 kO and 2 kO loads but increases to above 
0.1 % for the 600 n load condition. This is a result of the output 
swing capability of the OP-275. Notice the results in Figure 3, 
showing THD vs. VIN (V rms). This figure shows that the 
THD + Noise remains very low until the output reaches 
9.5 volts rms. This performance is similar to competitive 
products. 

The output of the OP-275 is designed to maintain low harmonic 
distortion while driving 600 !1 loads. However, driving 600 !1 
loads with very high output swings results in higher distortion if 
clipping occurs. A common example of this is in attempting to 
drive 10 V rms into any load with ±IS volt supplies. Clipping 
will occur and distortion will be very high. 
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Av= +1 
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Figure 1. THO + Noise vs. Frequency vs. RwAo 

FREQUENCY - Hz 

Figure 2. THO+ Noise vs. RwAo; V,N = 10 V rms, ±18 V 
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Figure 3. Headroom, THO + Noise vs. Output Amplitude 
(V rms); RwAo = 600 {l, VsuP = ± 18 V 

To attain low harmonic distortion with large output swings, sup
ply voltages may be increased. Figure 4 shows the performance 
of the OP-275 driving 600 n loads with supply voltages varying 
from ± 18 to ±20 volts. Notice that with ± 18 volt supplies the 
distortion is fairly high, while with ± 20 volt supplies it is a very 
low 0.0007%. 
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VouT = 10 Vrms@ 1kHz 
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SUPPLYVOLTAGE-V 

Figure 4. THO + Noise vs. Supply Voltage 

±22 

Noise 
The voltage noise density of the OP-275 is below 7 nV/y'Hz 
from 30 Hz. This enables low noise designs to have good perfor
mance throughout the full audio range. Figure 5 shows a typical 
OP-275 with a l/f corner at 5.2 Hz . 

Figure 5. 1/f Noise Corner, V5 = ±15 V, Av= 1000 
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OP275 
Noise Testing 
For audio applications the noise density is usually the most 
important noise parameter. For characterization the OP-275 is 
tested using an Audio Precision, System One. The input signal 
to the Audio Precision must be amplified enough to measure 
accurately. For the OP-275 the noise is gained by approximately 
1020 using the circuit shown in Figure 6. Any readings on the 
Audio Precision must then be divided by the gain. In imple
menting this test fixture, good supply bypassing is essential. 

OUTPUT 

Figure 6, Noise Test Fixture 

Driving Capacitive Loads 
The OP-275 was designed to drive both resistive loads to 600 .n 
and capacitive loads of over 1000 pF and maintain stability. 
While there is a degradation in bandwidth when driving capaci
tive loads, the designer need not worry about device stability. 
The graph in Figure 7 shows the 0 dB bandwidth of the OP-275 
with capacitive loads from 10 pF to 1000 pF. 
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Figure 7. [Jandwidth .vs. CtoJi.o· 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Rail-to-Rail Input and Output 
High Output Current: 50 mA 
Single-Supply: +5 V to +12 V 
Wide Bandwidth: 2 MHz 
High Slew Rate: 5 V /µs 
Low Distortion: 0.01% 
Unity Gain Stable 
No Phase Reversal 

APPLICATIONS 
Multimedia 
Telecom 
DAA Transformer Driver 
LCD Driver 
Low Voltage Servo Control 

GENERAL DESCRIPTION 
The OP279 is a dual, single-supply, high output current a .... ,,.,,c,,,:,,,:, 

fier. It is designed for applications that require drive currents 
up to 80 mA in low voltage applications. '' 

Driving headphones directly or transformers 
tors are applications that benefit from the OP , s, 
current. The powerful output is combined with'\ un 
stage that maintains very low distortion with wide com 
mode range even in single supply designs. 

OP279s are useful amplifiers for buffering either ASICs or 
DACs when greater drive capability is needed than can usually 
be provided by CMOS outputs. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

Rail-to-Rail Multimedia 
Operational Amplifier 

OP279 I 
FUNCTIONAL BLOCK DIAGRAMS 

8-Lead Narrow-Body SO 

(S Suffix) 

8-Lead Epoxy Dip 

(P Suffix) 

~wJ~fl·j~'1zMl;:J;z and slew the rate is 5 V/µs, making these 
r single supply applications that require 

s when used in high gain configurations. Op
teed from voltages as low as 4.5 V, up to 12 V. 

~, OP279 in +5 V systems, very good audio per-
,ant~s;afl,il'ie'attained. THD is below O.oJ % with a 600 U 

''l!:oi~e is a respectable 22 n V/'1Hz. Supply current is 
, , 2 mA per amplifier. 

'';ifhe OP279 is available in 8-pin plastic DIP and S0-8 surface 
mount packages. They are specified over the extended indus
trial (-40°C to +85°C) temperature range. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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OP279-SPEC I Fl CATIONS 
ELECTRICAL CHARACTERISTICS (@Vs= +5.0 V, Ve•= 2.5 V, -40°C :;; TA :;; +85°C unless otherwise noted) . 

P8rameter Symbol Conditions Min Typ Max Units · 

INPUT CHARACTERISTICS 
Offset Voltage Vos VoUT=2.5V 4 mV 
Input Bias Current lu VoUT=2.5V 350 600 nA 
Input Offset Current los VoUT=2.5V ±50 nA 
Input Voltage Range 0 5 v 
Common-Mode Rejection Ratio CMRR VcM=OVto5V 
Large Signal Voltage Gain Avo Ri. = 2 kn, 0.2 VS V0 S 3.8 V 100 V/mV 
Offset Voltage Drift !:i.Vosfl:!.T 4 µV/°C 

OUTPUT CHARACTERISTICS 
Output Voltage High VoH IL = I 0 mA Source +4.9 v 
Output Voltage Low VoL IL = 10 mA Sink 50 100 mV 
Short Circuit Limit lsc Source 50 80 mA 

Sink 50 80 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= +4.75 V to +12 V 70 104 dB 
Supply Current/Amplifier lsv Vo= 2.5V 2 2.5 mA 
Supply Voltage Range Vs +4.75 ±6 v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2k1l 5 V/µs 
Full-Power Bandwidth BWp 1 % Distortion kHz 
Gain Bandwidth Product GBP 2 MHz 
Phase Margin ~o 46 Degrees 

AUDIO PERFORMANCE 
Total Harmonic Distortion THO. O.Ql % 
Voltage Noise Density en 22 nV/.Jliz 

ELECTRICAL CHARACTERISTICS<@ 
Parameter SY1Dbol Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 4 mV 
Input Bias Current Is 400 600 nA 
Input Offset Current los ±50 nA 
Input Voltage Range -5 +5 v 
Common-Mode Rejection Ratio CMRR VcM=-5Vto+5V 70 86 dB 
Large Signal Voltage Gain Avo RL=2k0 100 1000 V/mV 
Offset Voltage Drift l:!.Vos/1:!.T 3 µV/°C 
Bias Current Drift !:i.lu/l:!.T -1.6 nA/oc 

OUTPUT CHARACTERISTICS 
Output Voltage High VoH IL = 10 mA Source +4.9 v 
Output Voltage Low VoL IL= 10 mA Sink -4.9 v 
Short Circuit Llmit lsc Source 80 mA 

Sink 80 mA 
Open-Loop Output Impedance ZoUT f= 1 MHz, Av =+l 15 n 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±2.5 V to ±6 V, -40 s TAS+85°C 70 25 dB 
Supply Current/Amplifier lsv Vs=±6V,V0 =0V 2 2.6 mA 
Supply Voltage Range Vs +4.75 ±6 v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2k1l 5 V/µs 
Full-Power Bandwidth BWp 1 % Distortion kHz 
Gain Bandwidth Product GBP 2 MHz 
Phase Margin ~ Degrees 

NOISE PERFORMANCE 
Voltage Noise enp-p 0.1Hzto10 Hz 2 µV~ 
Voltage Noise Density en f= 1 kHz 22 nV/ Hz 
Current Noise Density in 0.4 pAl.Jliz 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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WDEVICES 

FEATURES 
High Slew Rate: 9 V/µ,s 
Wide Bandwidth: 4 MHz 
Low Supply Current: 250 µ,A/Amplifier 
Low Offset Voltage: 3 mV 
Low Bias Current: 100 pA 
Fast Settling Time 
Common-Mode Range Includes V+ 
Unity Gain Stable 

APPLICATIONS 
Active Filters 
Fast Amplifiers 
Integrators 
Supply Current Monitoring 

GENERAL DESCRIPTION 
The OP-282/0P-482 dual and quad operational amplifiers fea
ture excellent speed at exceptionally low supply currents. Slew 
rate exceeds 7 V/µs with supply current under 250 µA per 
amplifier. These unity gain stable amplifiers have a typical gain
bandwidth of 4 MHz. 

The JFET input stage of the OP-282/0P-482 insures bias cur
rent is typically a few picoamps and below 500 pA over the full 
temperature range. Offset voltage is under 3 m V for the dual 
and under 4 mV for the quad. 

With a wide output swing, within 1.5 volts of each supply, low 
power consumption and high slew rate, the OP-282/0P-482 are 
ideal for battery-powered systems or power restricted applica
tions. An input common-mode range that includes the positive 
supply makes the OP-282/0P-482 an excellent choice for high
side signal conditioning. 

The OP-282/0P-482 are specified over the extended industrial 
temperature range. Both dual and quad amplifiers are available 
in plastic and ceramic DIP plus SOIC surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.O 

Dual/Quad Low Power, High Speed 
JFET Operational Amplifiers 

OP282/0P482 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SOIC 
(S Suffix) 

8-Lead Epoxy DIP 
(P Suffix) 

OP-282 

14-Lead Epoxy DIP 
(P Suffix) 

14-Lead Narrow-Body SOIC 
(S Suffix) 

20-Position Chip Carrier 
(RC Suffix) 

<I 
z 
"j 

m m 
z ... 
T 5 

~ c 
(.) :::> z 
z 0 "T 

0 

!:; 
0 

NC =NO CONNECT 
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OP282/0P482-SPECIFICATIONS 
ELECTRl.CAL CHARACTERISTICS •(@Vs= ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ 

INPUT CHARACTERISTICS 
Offset Voltage Vos OP-282 0.2 

OP-282, -40 s; TA s; +85°C 
Offset Voltage Vos OP-482 0.2 

OP-482, -40 s; TA s; +85°C 
Input Bias Current ls VCM = 0 v 3 

VcM = 0 V, Note 1 
Input Offset Current los VcM = OV 1 

VCM = 0 V, Note 1 
Input Voltage Range -11 
Common-Mode Rejection CMR -11 Vs; VcM s; +15 V, -40 s; TA s; +85°C 70 90 
Large Signal Voltage Gain Avo RL = lOk!l 20 

RL = 10 k!l, -40 s; TA s; +85°C 15 
Offset Voltage Drift !:.Vos/AT 10 
Bias Current Drift Als/AT 8 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 10 kn -13.5 ±13.9 
Short Circuit Limit lsc Source 3 10 

Sink -8 -12 
Open-Loop Output Impedance ZouT f=lMHz 200 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±4.5 V to ±18 V, 

-40 s; TA s; +85°C 25 
Supply Current/ Amplifier Isy V0 = o V, -40 s; TA s; +85°C 210 
Supply Voltage Range Vs ±4.5 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=lOk!l 7 9 
Full-Power Bandwidth BWp 1 % Distortion 125 
Settling Time ts To 0.01% 1.6 
Gain Bandwidth Product GBP 4 
Phase Margin 0o 55 

NOISE PERFORMANCE 
Voltage Noise en P-P 0.1 Hz to 10 Hz 1.3 
Voltage Noise Density en f=lkHz 36 
Current Noise Density in 0.01 

NOTE 
1The input bias and offset currents are tested at TA = T1 = +85°C. Bias and offset currents are guaranteed but not tested at -40°C. 
Specifications subject to change without notice. 

WAFER TEST LIMITS (@Vs= ±15.0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit 

Offset Voltage Vos OP-282 3 
Offset Voltage Vos OP-482 4 
Input Bias Current Is VcM = 0 V 100 
Input Offset Current los VCM = 0 v 50 
Input Voltage Range1 -11, +15 
Common-Mode Rejection CMRR -11 V :S VcM :S +15 V 70 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ± 18 V 316 
Large Signal Voltage Gain Avo RL = 10 k!l 20 
Output Voltage Range Vo RL = lOk!l ±13.5 
Supply Current/ Amplifier Isv V0 =0V,RL=oo 250 

NOTES 

Max Units 

3 mV 
4.5 mV 
4 mV 
6 mV 
100 pA 
500 pA 
50 pA 
250 pA 
+15 v 

dB 
V/mV 
V/mV 
µYrC 
pA!°C 

13.5 v 
mA 
mA 
n 

316 µVN 
250 µA 
±18 v 

V/µs 
kHz 
µs 
MHz 
Degrees 

µVp-p 
nV/y'Hz 
pA/y'Hz 

Units 

mVmax 
mVmax 
pAmax 
pAmax 
V minimax 
dBmin 
µVN 
V/mV min 
Vmin 
µAmax 

Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±18 V 
Input Voltage2 ••••••••••••••••••••••••••• ± 18 V 
Differential Input Voltage2 • • • • • • • • • • • • • • ••••••• 36 V 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range 

Y, Z, RC Packages ................ -6S°C to + l 7S°C 
P, S Packages ................... -6S°C to + 1S0°C 

Operating Temperature Range 
OP-282A, OP-482A ............... -SS°C to + 12S°C 
OP-282G, OP-482G ................ -40°C to +8S°C 

Junction Temperature Range 
Y, Z, RC Packages ................ -6S°C to + 12S°C 
P, S Packages ................... -6S°C to + 12S°C 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type OJA 
3 

61c Units 

8-Pin Cerdip (Z) 148 16 oc/W 
8-Pin Plastic DIP (P) 103 43 oc/W 
8-Pin SOIC (S) 1S8 43 oc/W 
14-Pin Cerdip (Y) 108 16 oc/W 
14-Pin Plastic DIP (P) 83 39 oc/W 
14-Pin SOIC (S) 120 36 oc!W 
20-Contact LCC (RC) 98 38 oc/W 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

36JA is specified for the worst case conditions, i.e., 01A is specified for device 
in socket for cerdip, P-DIP, and LCC packages; 01A is specified for device 
soldered in circuit board for sore package. 

OP282/0P482 
DICE CHARACTERISTICS 

OP-282 Die Size 0.063 x 0.060 Inch, 3,780 Sq. Mils 

-INA VouT A VouT o .. -IND 

VouT B VouTC 

OP-482 Die Size 0.070 x 0.098 Inch, 6,860 Sq. Mils 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP282AZ/883 -SS°C to + 12s0c 8-Pin Cerdip Q-8 
OP482A Y /883 -SS°C to + 12S°C 14-Pin Cerdip Q-14 
OP482ARC/883 -SS°C to + 12S°C 20-Contact LCC E-20A 
OP282GP -40°C to +8S°C 8-Pin Plastic DIP N-8 
OP282GS -40°C to +8S°C 8-Pin SOIC S0-8 
OP482GP -40°C to +8S°C 14-Pin Plastic DIP N-14 
OP482GS -40°C to +8S°C 14-Pin SOIC S0-14 
OP282GBC +2S°C DICE 
OP482GBC +2S°C DICE 

*For outline information see Package Information section. 
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WDEVICES 

FEATURES 
Low Offset Voltage: 250 µV 
Low Noise: 6 nV/\/jiZ 
Low Distortion: 0.0006% 
High Slew Rate: 22 V/µs 
Wide Bandwidth: 9 MHz 
Low Supply Current: 5 mA 
Low Offset Current: 2 nA 
Unity-Gain Stable 
S0-8 Package 

APPLICATIONS 
High Performance Audio 
Active Filters 
Fast Amplifiers 
Integrators 

GENERAL DESCRIPTION 
The OP-285 is a precision high speed amplifier featuring the 
Butler Amplifier front-end. This new front-end design combines 
the accuracy and low noise performance of bipolar transistors 
with the speed of JFETs. This yields an amplifier with high 
slew rates, low offset and good noise performance at low supply 
currents. Bias currents are also low compared to bipolar designs. 

The OP-285 offers the slew rat.e and low power of a JFET 
amplifier combined with the precision, low noise and low drift 
of a bipolar amplifier. Input offset voltage is laser-trimmed and 
guaranteed less than 250 µV. This makes the OP-285 useful in 
de coupled or summing applications without the need for special 
selections or the added noise of additional offset adjustment cir
cuitry. Slew rates of 22 V/µs and a bandwidth of 9 MHz make 
the OP-285 one of the most accurate medium speed amplifiers 
available. 

*Patents pending. 
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Dual, 9 MHz Precision 
Operational Amplifier 

PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

OP-285 

8-Lead Epoxy DIP 
(P Suffix) 

OP285* I 

The combination of low noise, speed and accuracy can be used 
to build high speed instrumentation systems. Circuits such as 
instrumentation amplifiers, ramp generators, bi-quad filters and 
de coupled audio systems are all practical with the OP-285. 

For applications that require long term stability, the OP-285 has 
a guaranteed maximum long term drift specification. 

The OP-285 is specified over the XIND-extended industrial
(-400C to +85°C) temperature range. OP-285s are available in 
8-pin plastic DIP and SOIC-8 surface mount packages. 
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SPECIFICATIONS OP285 
ELECTRICAL CHARACTERISTICS (@ V5 = ±15.0 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 35 250 µV 
Offset Voltage Vos -40°C :s:: TA :s:: +85°C 600 µV 
Input Bias Current Is VcM = 0 V 100 350 nA 
Input Bias Current Is VcM = o V, -40°C :s:: TA :s:: +85°C 400 nA 
Input Offset Current los VcM = 0 V 2 ±50 nA 
Input Offset Current los VcM = o V, -40°C :s:: TA :s:: +85°C 2 ±100 nA 
Input Voltage Range VcM -10.5 +10.5 v 
Common-Mode Rejection CMRR VcM = ±10.5 V, 

-40°C :s:: TA :s:: +85°C 80 106 dB 
Large Signal Voltage Gain Avo RL = 2 kn 250 V/mV 
Large Signal Voltage Gain Avo RL = 2 kn, -40°C :s:: TA :s:: +85°C 175 V/mV 
Large Signal Voltage Gain Avo RL = 600 n 200 V/mV 
Common-Mode Input Capacitance 7.5 pF 
Differential Input Capacitance 3.7 pF 
Long Terrn Offset Voltage A Vos Note 1 300 µV 
Offset Voltage Drift AV0 s/AT 1 µVi°C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2 kn -13.5 ±13.9 +13.5 v 
Output Voltage Swing Vo RL = 2 kn, -40°C :s:: TA :s:: +85°C -13 ±13.9 +13 v II 

RL = 600 n, Vs= ±18 v -16/+ 14 v 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = ±4.5 V to ± 18 V 85 111 dB 
Power Supply Rejection Ratio PSRR Vs= ±4.5 V to ±18 V, 

-40°C :5 TA :5 + 85°C 80 dB 
Supply Current Isv Vs= ±4.5 Vto ±18V, V0 = OV, 

RL = 00 , -40°C :s:: TA :s:: +85°C 4 5 mA 
Supply Current lsv Vs= ±22 V, V0 = 0 V, RL = oo, 

-40°C :s:: TA :s:: +85°C 5.5 mA 
Supply Voltage Range vs ±4.5 ±22 v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL=2kn 15 22 V/µs 
Gain Bandwidth Product GBP 9 MHz 
Phase Margin 0o 62 Degrees 
Settling Time ts To 0.1%, 10 V Step 625 ns 
Settling Time ts To 0.01%, 10 V Step 750 ns 
Distortion Av= +l, VouT = 8.5 V p-p, 

f = I kHz, RL = 2 kn -104 dB 
Voltage Noise Density en f = 30 Hz 7 nV/y!Hz 
Voltage Noise Density en f=lkHz 6 nV/y!Hz 
Current Noise Density in f=lkHz 0.9 pA/y!Hz 
Headroom THD +Noise :s:: 0.01%, 

RL = 2 kn, vs = ± 18 v >12.9 dBu 

NOTE 
'Long term offset voltage is guaranteed by a 1000 hour life test performed on three independent wafer lots at+ 125°C, with an LTPD of 1.3. 

Specifications subject to change without notice. 
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OP285 
WAFER TEST LIMITS (@Vs= ±15.0 V, Ta= +25°C unless otheiwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos 250 µVmax 
Input Bias Current Is VCM = 0 v 350 nAmax 
Input Offset Current los VCM = 0 v ±50 nAmax 
Input Voltage Range1 VcM ±10.5 Vmin 
Common-Mode Rejection CMRR VCM = ±10.5 v 80 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ± 18 V 85 dB 
Large Signal Voltage Gain Av0 RL = 2 kn 250 V/mVmin 
Output Voltage Range Vo RL=2k0 13 Vmin 
Supply Current lsv V0 =0V,RL=oo 5 mAmax 

NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ............................ ±22 V 
Input Voltage2 ••••••••••••••••••••••••••• ±18 V 
Differential Input Voltage2 ••••••••••••••••••• ±7.5 V 
Output Short-Circuit Duration to Gnd3 ••••••••• Indefinite 
Storage Temperature Range 

P, s Package .................... -6s0c to +150°C 
Operating Temperature Range 

OP-285G ....................... -40°c to +85°C 
Junction Temperature Range 

P, s Package .................... -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 Sec) ....... + 300°C 

Package Type QJA4 81c Units 

8-Pin Plastic DIP (P) 103 43 •CJW 
8-Pin SOIC (S) 158 43 ·ctw 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ±7.S V, the absolute maximum input voltage is 
equal to the supply voltage. 

'Shorts to either supply may destroy the device. See data sheet for full details. 
461A is specified for the worst case conditions, i.e., e1A is specified for device in 
socket for cerdip, P-DIP, and LCC packages; 01A is specified for device 
soldered in circuit board for SOIC package. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP285GP -40°c to +85°C 8-Pin Plastic DIP N-8 
OP28SGS -40°c to +85°c 8-Pin SOIC S0-8 
OP28SGSR -40°c to +8s0c S0-8 Reel, 2500 pcs. 
OP285GBC +25°c DICE 

*For outline information see Package Information section. 
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DICE CHARACTERISTICS 

OUTA 

-INA 

+INA 

V-

OP-285 Die Size 0.070 x 0.108 inch, 7,560 sq. mils 

Substrate (Die Backside) Is Connected to V
Transistor Count, 45 
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Typical Performance Characteristics 
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OP285 
APPLICATIONS 
Short Circuit Protection 
The OP-285 has been designed with inherent short circuit pro
tection to ground. An internal 30 0 resistor, in series with the 
output, limits the output current at room temperature to Isc + 
= 40 mA and Isc- = -90 mA, typically, with ±15 V supplies. 

However, shorts to either supply may destroy the device when 
excessive voltages or current are applied. If it is possible for a 
user to short an output to a supply, for safe operation, the out
put current of the OP-285 should be design-limited to ±30 mA, 
as shown in Figure I. 

RFB 
----"Nv---1 
I 

~=· A1 = 1/2 OP-285 

Figure 1. Recommended Output Short Circuit Protection 

Input Over Current Protection 
The maximum input differential voltage that can be applied to 
the OP-285 is determined by a pair of internal Zener diodes 
connected across the inputs. They limit the maximum differen
tial input voltage to ± 7 .5 V. This is to prevent emitter-base 
junction breakdown from occurring in the input stage of the 
OP-285 whe!l very large differential voltages are applied. How
ever, in order to preserve the OP-285's low input noise voltage, 
internal resistance in series with the inputs were not used to 
limit the current in the clamp di?'1es. In small-signal applica
tions, this is not an issue; however, in industrial applications, 
where large differential voltages can be inadvertently applied to 
the device, large transient currents can be made to flow through 
these diodes. The diodes have been designed to carry a current 
of ±8 mA; and, in applications where the OP-285's differential 
voltage were to exceed ± 7. 5 V, the resistor values shown in Fig
ure 2 safely limit the diode current to ± 8 mA. 

Figure 2. OP-285 Input Over Current Protection 

Output Voltage Phase Reversal 
Since the OP-285's input stage combines bipolar transistors for 
low noise and p-channel JFETs for high speed performance, the 
output voltage of the OP-285 may exhibit phase reversal if either 
of its inputs exceed its negative common-mode input voltage. 
This might occur in very severe industrial applications where a 
sensor, or system, fault might apply very large voltages on the 
inputs of the OP-285. Even though the input voltage range of 
the OP-285 is ±10.5 V, an input voltage of approximately 
-13.5 V will cause output voltage phase reversal. In invertillg 
amplifier configurations, the OP-285's internal 7 .5 V input 
clamping diodes will prevent phase reversal; however, they will 
not prevent this effect from occurring in noninverting applica
tions. For these applications, the fix is a simple one and is illus-
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trated in Figure 3. A 3.92 k!l resistor in series with the non
inverting input of the OP-285 cures the problem. 

*RFB IS OPTIONAL 

Figure 3. Output Voltage Phase Reversal Fix 

Overload, or Overdrive, Recovery 
Overload, or overdrive, recovery time of an operational amplifier 
is the time required for the output voltage to recover to a rated 
output voltage from a saturated condition. This recovery time is 
important in applications where the amplifier must recover 
quickly after a large abnormal transient event. The circuit 
shown in Figure 4 was used to evaluate the OP-285's overload 
recovery time. The OP-285 takes approximately 1.2 µs to 
recover to V 0UT = + 10 V and approximately 1.5 µs to recover 
to VouT = -10 V. 

R1 R;! 
1kQ 10kQ 

A 1 = 1/2 OP-285 ""::'" 

RL 
2.43kQ 

Figure 4. Overload Recovery Time Test Circuit 

Driving the Analog Input of an AID Converter 
Settling characteristics of operational amplifiers also include the 
amplifier's ability to recover, i.e., settle, from a transient output 
current load condition. When drivillg the input of an AID con
verter, especially successive-approximation converters, the 
amplifier must maintain a constant output voltage under dynam
ically changing load current conditions. In these types of con
verters, the comparison point is usually diode clamped, but it 
may deviate several hundred millivolts resulting in high fre
quency modulation of the AID input current. Amplifiers that 
exhibit high closed-loop output impedances and/or low unity
gain crossover frequencies recover very slowly from output load 
current transients. This slow recovery leads to linearity errors or 
missing codes because. of errors in the instantaneous input volt
age. Therefore, the amplifier chosen for this type of application 
should exhibit low output impedance and high unity-gain band
width so that its output has had a chani;e to settle to its nominal 
value before the converter makes its comparison. 

The circuit in Figure 5 illustrates a settling measurement circuit 
for evaluating the recovery time of an amplifier from an output 
load current transient. The amplifier is configured as a follower 
with a very high speed current generator connected to its out
put. In this test, a 1 mA transient current was used. As shown 
in Figure 6, the OP-285 exhibits an extremely fast recovery time 
of 139 ns to 0.01 %. Because of its high gain-bandwidth product, 
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*NOTE : DECOUPLE CLOSE 
TOGETHER ON GROUND PLANE 
WITH SHORT LEAD LENGTHS. 

+ 7A13 PLUG-IN 

7A13PLUG~N 

'I IVREFI 
0 0UT"" '1iCO 

Figure 5. Transient Output Load Current Test Fixture 

high open-loop gain, and low output impedance, the OP-285 is 
ideally suited to drive high speed AID converters. 

TTLCTRL 
(5V/ DIV) 

+10V 

VouT 
('bnV/ DIV) 

Figure 6. OP-285's Output Load Current Recovery Time 

1. -

1N4148 

-1SV 

+15V 

OP285 
Measuring Settling Time 
The design of OP-285 combines high slew rate and wide gain
bandwidth product to produce a fast-settling ( t8 < 1 µs) ampli
fier for 8- and 12-bit applications. The test circuit designed to 
measure the settling time of the OP-285 is shown in Figure 7. 
This test method has advantages over false-sum node techniques 
in that the actual output of the amplifier is measured, instead of 
an error voltage at the sum node. Common-mode settling effects 
are exercised in this circuit in addition to the slew rate and 
bandwidth effects measured by the false-sum-node method. Of 
course, a reasonably flat-top pulse is required as the stimulus. 

The output waveform of the OP-285 under test is clamped by 
Schottky diodes and buffered the JFET source follower. The 
signal is amplified by a factor of ten by the OP-260 and then 
Schottky-clamped at the output to prevent overloading the oscil
loscope's input amplifier. The OP-41 is configured as a fast inte
grator which provides overall de offset nulling. 

High Speed Operation 
As with most high speed amplifiers, care should be taken with 
supply decoupling, lead dress, and component placement. Rec
ommended circuit configurations for inverting and noninverting 
applications are shown in Figures 8 and Figure 9. 

+15V 

v,. 

-15V 

Figure 8. Unity Gain Follower 

r-''W-..--9--0 OUTPUT 

(TO SCOPE) 

750'2 

SCHOTTKY DIODES D1-D4 ARE 
HEWLETT .:PACKARD HP5082-2835 
IC1 IS 112 OP-260AJ 
IC2 IS PMI OP-41 EJ 

Figure 7. OP-285's Settling Time Test Fixture 
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OP285 

Figure 9. Unity Gain Inverter 

In inverting and noninverting applications, the feedback resis
tance forms a pole with the source resistance and capacitance 
CRs and Cs) and the OP-285's input capacitance (CIN), as shown 
in Figure 10. With Rs and RF ijl the kilohm range, this pole 
can create excess phase shift and even oscillation. A small capac
itor, Cp8 , in parallel with Rp8 eliminates this problem. By set
ting Rs (Cs + C1N) = Rp8 CFB, the effect of the feedback pole 
is completely removed. 

Rs 

Figure 10. Compensating the Feedback Pole 

High Speed, Low Noise Differential Line Driver 
The circuit of Figure 11 is a unique line driver widely used in 
industrial applications. With ± 18 V supplies, the line driver can 
deliver a differential signal of 30 V p-p into a 2.5 kn load. The 
high slew rate and wide bandwidth of the OP-285 combme to 
yield a full power bandwidth of 130 kHz while the low noise 
front end produces a referred-to-input noise voltage spectral 
density of IO nV/\/Hz. The design is a transformerless, bal
anced transmission system where output comn1on-mode rejec
tion of noise is of paramount importance. Like the transformer
based design, either output can be shorted to ground for 
unbalanced line driver applications without changing the circuit 
gain of I. Other circuit gains can be set according to the equa
tion in the diagram. This allows the design io be easily set to 
noninverting, inverting, or differential opq'Btion. 
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R3 
2k 

A1=1/2 OP-285 
A2, A3 • 1/2 OP-285 
GAIN = tf 
SET R2, R4, RS = R1 AND 116, R7, R8 = R3 

Figure 11. High Speed, Low Noise Differential Line Driver 

Low Phase Error Amplifier 
The simple amplifier configuration of Figure 12 utilizes the 
OP-285 and a few resistors to reduce phase error substantially 
over a wide frequency range when compared to conventional 
amplifier designs. This technique relies on the matched fre
quency characteristics of the two amplifiers in the OP-285. Each 
amplifier in the circuit h!IS the same f~back nc:tWork which 
produces a circuit gain .oflO, Since the two amplifiers are set to 
the same gain l\Ild are matched due to the monolithic construc
tion of the OP-285, they will exhibit identiCal frequency 
response. Recall from feedback theory that a pole of a feedback 
network becomes a zero· ii). the loop gain response·. By using this 
technique, the dominant pole of the 'amplifier in· the feedback 
loop compensates for the dominant pole of .the main amplifier, 

R2 
4.99k 

..:0 A1,A2•1/20NllS 

Figure 12. Active Feedback Allows Cancellation of A2's 
Dominant Pole by A 1 Which Reduces the Phase Shift 
Significantly. 
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thereby reducing phase error dramatically. This is shown in Fig
ure 13 where the JOx composite amplifier's phase response 
exhibits less than 1.5° phase shift through 500 kHz. On the 
other hand, the single gain stage amplifier exhibits 25 degrees of 
phase shift over the same frequency range. An additional benefit 
of the low phase error configuration is constant group delay, by 
virtue of constant phase shift at all frequencies below 500 kHz. 
Although this technique is valid for minimum circuit gains of 
10, actual closed-loop magnitude response must be optimized for 
the amplifier chosen. 

-5 

~ 
I- SINGLE STAGE ..... ~'~" 

AMPLIFIER RESPONSE 

-10 

g -1S 

k-20 
I 

~ -25 

ii: -30 

-35 

-45 
10k 100k 
START 10,000.000Hz 

LOW PHASE ERROR 
AMiL:ER RESPONSE 

"A. 
~ 

~ 

~ 

1M 10M 
STOP 10,000,000.000Hz 

Figure 13. Phase Error Comparison 

For a more detailed treatment on the design of low phase error 
amplifiers, please see Application Note AN-107. 

Fast Current Pump 
A fast, ± 30 mA current source, illustrated in Figure 14, takes 
advantage of the OP-285's speed and high output current drive. 
This is a variation of the Howland current source where a sec
ond amplifier, A2, is used to increase load current accuracy and 
output voltage compliance. With supply voltages of± 15 V, the 
output voltage compliance of the current pump is ±8 V. To 
keep the output resistance in the Mn range requires that 0.1 % 
or better resistors be used in the circuit. The gain of the current 
pump can be easily changed according to the equations shown in 
the diagram. 

R1 
2k 

A1, A2 = 1/2 OP-285 

R2 
2k 

GAIN =If i R4 = R2, R3 =A1 

lour= VIN2-VIN1 =A.VIN 
RS RS 

louT (MAX) = ±30mA 

Figure 14. A Fast Current Pump 
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A Low Noise, High Speed Instrumentation Amplifier 
A high speed, low noise instrumentation amplifier, constructed 
with a single OP-285, is illustrated in Figure 15. The circuit 
exhibits Jess than 1.2 µ V p-p noise (RTI) in the 0.1 Hz to 
10 Hz band and an input noise voltage spectral density of 
9 nV/\/Hz (1 kHz) at a gain of 1000. The gain of the amplifier 
is easily set by R., according to the formula: 

Vour = 9.98 kn + 2 
Vm Ra 

The advantages of a two op amp instrumentation amplifier 
based on a dual op amp is that the errors in the individual 
amplifiers tend to cancel one another. For example, the circuit's 
input offset voltage is determined by the input offset voltage 
matching of the OP-285, which is typically less than 250 µ V. 

v,. 

C1 
SpF-'IOpF 

A1, A2=1/2 OP-285 
GAIN=!!:l!!!!!!l.+2 

Ra 
GAIN R0(Q) 

2 OPEN 
10 1.24k 

100 102 
1000 10 

Figure 15. A High Speed Instrumentation Amplifier 

Common-mode rejection of the circuit is limited by the match
ing of resistors RI to R4. For good common-mode rejection, 
these resistors ought to be matched to better than 1%. The.cir
cuit was constructed with 1 % resistors and included potentiome~ 
ter Pl for trimming the DC CMRR and a capacitor Cl for 
trimming the AC CMRR. With these two trims, the circuit's 
common-mode rejection was better than 95 dB at 60 Hz and 
better than 65 dB at 10 kHz. For the best common-mode rejec
tion performance, use a matched (better than 0.1 % ) thin-film 
resistor network for RI through R4 and use the variable capaci
tor to optimize the circuit's AC CMR. 

The instrumentation amplifier exhibits very wide small- and 
large-signal bandwidths regardless of the gain setting, as shown 
in the table. Because of its low noise, wide gain-bandwidth 
product, and high slew rate, the OP-285 is ideally suited for 
high speed signal conditioning applications. 

Circuit Ro Circuit Bandwidth 
Gain (fi) VoUT = 100 m V p-p V0 UT = 20 V p-p 

2 Open 5MHz 780 kHz 
10 1.24 k 1 MHz 460 kHz 
100 102 90 kHz 85 kHz 
1000 10 10 kHz 10 kHz 
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v,. 

R1 
911.3kll' 

A1, A4 = 112 OP-286 
A2, A3 • 112 OP-2115 

Your 

Figure 16. A 3-Pole, 40 kHz Low-Pass Filter 

A 3-Pole, 40 kHz Low-Pass Filter 
The closely matched and uniform ac characteristics of the 
OP-285 make it ideal for use in GIC (Generalized Impedance 
Converter) and FDNR (Frequency-Dependent Negative Resis
tor) filter applications. The circuit in Figure 16 illustrates a 
linear-phase, 3-pole, 40 kHz low-pass filter .using an OP-285 as 
an inductance simulator (gyrator). The circuit uses one OP-285 
(A2 and A3) for the FDNR and one OP-285 (Al and A4) as an 
input buffer and bias current source for A3. Amplifier A4 is 
configured in a gain of 2 to set the pass band magnitude 
response to 0 dB. The benefits of this filter topology over classi
cal approaches are that the op amp used in the FDNR is not in 
the signal path and that the filter's performance is relatively 
insensitive to component variations. Also, the configiiration is 
such that large signal levels can be handled without overloading 
any of the filter's internal nodes. As shown in Figure 17, the 
OP-285's symmetric slew rate and low distortion produce a 
clean, well-behaved transient response. 

SCALE: VERTICAL-2V/ DIV 
HORIZONTAL-HI"" DIV 

Figure 17. Low-Pass Filter Transient Response 
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Driving Capacitive Loads 
The QP-285 was designed to drive both resistive loads to 600 Cl 
and capacitive loads of over 1000 pF and maintain stability. 
While there is a degradation in bandwidth when driving capaci
tive loads, the designer need not worry about device stability. 
The graph in Figure 18 shows the 0 dB bandwidth of the 
OP-285 with capacitive loads from 10 pF to 1000 pF. 

10 -9 

8 

:I! 7 
II 
I 6 r--

j!: 
~ 5 

14 
3 

0 ..._ __ ....._ _______ _._ __ __. __ ___. 

0 200 400 600 600 1000 
CLOAD-pF 

Figure 18. Bandwidth vs. CLoAo 
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OP-285 SPICE Model 
*Node assignments 

* noninverting input 

* 
* 
* 
* 
* 
* 

inverting input 
positive supply 

negative supply 

I Tput 

.SUBCKT OP-2SS 1299SO 34 
* 
*INPUT STAGE & POLE AT 100 MHZ 
* 
R3 s SI 2.lSS 
R4 6 SI 2.18S 
CIN 12 l.SE-12 
C2 S6 364E-12 
11 97 4 IOOE-3 
IOS 12 IE-9 
EOS 9 3 POL Y(l) 26 2S 35E-6 l 
QI S 2 7QX 
Q2 69SQX 
RS 74 1.672 
R6 s 4 . 1.672 
DI 2 36 DZ 
D2 1 36 DZ 
EN 3 l 10 0 l 
GN102 13 0 1 
GN201 16 0 1 
* 
EREF98 0 2S 0 1 
EP 97 0 99 0 1 
EM SI 0 so 0 1 
* 
*VOLTAGE NOISE SOURCE 

* 
DNI 3S 10 DEN 
DN210 11 DEN 
VNI 3S 0 DC 2 
VN2011 DC2 

* 
* CURRENT NOISE SOURCE 

* 
DN3 12 13 
DN413 14 
VN312 0 
VN40 14 
CNI 13 0 

* 

DIN 
DIN 
DC2 
DC2 
7.S3E-3 

* CURRENT NOISE SOURCE 

* 
DNS IS 16 
DN616 17 
VNS IS 0 
VN6 0 17 
CN2 16 0 

* 

DIN 
DIN 
DC2 
DC2 
7.S3E-3 

*GAIN STAGE & DOMINANT POLE AT 32 HZ* 
R7 IS 9S l.09E6 
C3 IS 9S 4.SSE-9 
GI 9S lS S 6 4.S7E-l 
V2 97 19 1.4 
V3 20 SI 1.4 
D31S 19 DX 
0420 IS DX 

* 

REV.O 

*POLE/ZERO PAIR AT l.SMHz/2.7MHz 

* 
RS 21 9S 
R9 21 22 
C4 22 9S 
G2 9S 21 

* 

1E3 
l.2SE3 
47.2E-12 
IS 2S IE-3 

*POLE AT 100 MHZ 

* 
RIO 23 9S 
cs 23 9S 
G3 9S 23 

* 

1 
l.S9E-9 
21 2S l 

*POLE AT 100 MHZ 
* 
Rll 24 9S 
C6 24 9S 
G4 9S 24 

* 

l 
l.S9E-9 
23 2S 1 

OP285 

*COMMON-MODE GAIN NETWORK WITH ZERO AT 
1 kHZ * 

IE6 
l.S9E-12 
1 

Rl2 2S 26 
C7 2S 26 
RB 26 9S 
E2 2S 9S POL Y(2) 1 9S 2 9S 0 2.S06 2.S06 

* 
*POLE AT 100 MHZ 
* 
Rl4 27 9S 
cs 27 9S 
GS 9S 27 

* 

1 
l.S9E-9 
24 2S l 

* OUTPUT STAGE 

* 
RIS 2S 99 
Rl6 2S SO 
C9 28 SO 
ISY 99 SO 
R17 29 99 
RlS 29 SO 
L2 29 34 
G6 32 SO 
G7 33 SO 
GS 29 99 
G9 SO 29 
V4 30 29 
vs 29 31 
Fl 29 0 
F2 0 29 
DS 27 30 
D6 31 27 
D7 99 32 
D8 99 33 
D9 SO 32 
DIO S033 

* 
* MODELS USED 

* 

100E3 
100E3 
IE-6 
l.8SE-3 
100 
100 
IE-9 
27 29 IOE-3 
29 27 IOE-3 
99 27 lOE-3 
27 50 lOE-3 
1.3 
3.8 
V41 
vs 1 
DX 
DX 
DX 
DX 
DY 
DY 

.MODEL QX PNP(BF = SES) 

.MODEL DX D(IS = IE-12) 

.MODEL DY D(IS = IE-IS BV =SO) 

.MODEL DZ D(IS = IE-IS BV = 7.0) 

.MODEL DEN D(IS = IE-12 RS= 4.3SK KF = l.9SE-1S 
AF= 1) .MODEL DIN D(IS = IE-12 RS= 77.3E-6 
KF = 3.3SE-1S AF = 1) .ENDS OP-28S 
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1111111111 ANALOG 
L.111 DEVICES 

Precision, Low Power, Micropower 
Dual Operational Amplifier 

FEATURES 

• Single/Dual Supply Operation ........... +1.6V to +36V 
........... ±0.8V to ±18V 

• True Single-Supply Operation; Input and Output Voltage 
Ranges Include Ground 

• Low Supply Current (per amplifier) .......... 20µA Max 
• High Output Drive ........................... SmA Min 
• Low Input Offset Voltage ................... 200µV Max 
• High Open-Loop Gain ................... 700V/mV Min 
• Outstanding PSRR ....................... 5.6µV/V Max 
• Industry Standard 8-Pln Dual Pinout 
• Available in Die Form 

ORDERING INFORMATION 1 

TA =+25°C PACKAGE OPERATING 
V0 sMAX CERDIP LCC TEMPERATURE 

(mV) 8-PIN PLASTIC 20-CONTACT RANGE 

200 OP290AZ" OP290ARC/883 MIL 
200 OP290EZ XIND 
300 OP290FZ XIND 
500 OP290GP XIND 
500 OP290GS" XIND 
For devices processed in total compliance to MIL·STD-883. add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP. and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages. contact 
your local. sales office. 

GENERAL DESCRIPTION 

The OP-290 is a high performance micropower dual op amp 
that operates from a single supply of +1.6V to +36V or from 

OP290 I 
PIN CONNECTIONS 

"' ~ ~ c..i I ~ z 0 z > z 

LCC 
(RC-Suffix) 

16-PIN SOL 
(S-Suffix) 

EPOXY MINI-DIP 
(P-Suffix) 

8-PIN HERMETIC DIP 
(Z-Sufflx) 

dual supplies of ±0.BV to± 1BV. Input voltage range includes 
the negative rail allowing the OP-290 to accommodate input 
signals down to ground in single supply operation. The 
OP-290's output swing also includes ground when operating 
from a single supply, enabling "zero-in, zero-out" operation. 

The OP-290 draws less than 20µA of quiescent supply cur
rent per amplifier, while able to deliver over 5mA of output 
current to a load. Input offset voltage is below 200µVeliminat
ing the need for external nulling. Gain exceeds 700,000 and 
common-mode rejection is better than 100dB. The power 

Continued 

SIMPLIFIED SCHEMATIC (One of two amplifiers is shown.) 

--+---11---+---0 OUTPUT 

-IN 0-~N\r--+---+-~ 

NULL NULL 

.__ _ __.. _____ _._ _ _.., ____ ..._ _ _._ _ _..,~----+--...... ---~--~v-
*ELECTRONICALLY ADJUSTED ON CHIP 
FOR MINIMUM OFFSET VOLTAGE 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP290 
GENERAL DESCRIPTION Continued 

supply rejection ratio of under 5.6µV/V minimizes offset vol
tage changes experienced in battery powered systems. 
The low offset voltage and high gain offered by the OP-290 
bring precision performance to micropower applications. 
The minimal voltage and current requirements of the OP-290 
suit it for battery and solar powered applications, such as 
portable instruments, remote sensors, and satellites. For a 
single op amp, see the OP-90; for a quad, see the OP-490. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ••••.•••.•.•.•...••..••••.•••.••..•••.•••.•••••..•••...•••••.••.. ±18V 
Differential Input Voltage ....•.....•... [(V'-)-20V] to [(V+) + 20V] 
Common-Mode Input Voltage 
•••..•....••.••...••••••••••.•.••••.••••.•.......•••.. [(V-) - 20V] to [(V+) + 20V] 

Output Short-Circuit Duration •.•••.•••...•..••..•••............. Indefinite 
Storage Temperature Range 

P, RC, S, Z Package ••.••••.•.••••.•...•.•............ -65°C to + 1 so•c 

Operating Temperature Range 

OP-290A ······················'····························· -'55°Cto+12s0 c 
OP-290E, OP-290F, OP-290G .................... -40°C to +85°C 

Junction Temperature (T.) ............................ -65°C to+ 1 so·c 
Lead Temperature Rang~ (Soldering, 60 sec) .............• 300°C 

PACKAGE TYPE e1A (Note2) 9 1c UNITS 

8-Pin Hermetic DIP (Z) t34 12 ·crw 
8-Pin Plastic DIP (P) 96 37 ·crw 
20-Contact LCC (RC) 88 33 ·crw 
16-Pin SOL (S) 92 27 ·crw 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless other

wise noted. 
2. 8.A is specified for worst case mounting conditions, i.e., eiA is specified for device 

in1 socket for CerDIP. P-DIP, and LCC packages; e1A is specified for device sol
dered to printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, TA= +25°C, unless otherwise noted. 

OP-290A/E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 50 200 75 300 125 500 µ.V 

Input Offset Current los VcM= OV 0.1 0.1 5 0.1 nA 

Input Bias Current Is VcM =av 4.a 15 4.a 2a 4.0 25 nA 

Vs=±15V, Vo= ±1aV 
R, = 1aakll 7aa 12oa 50a 1aaa 4ao 8aa 
R, = 1akll 350 6aa 25a 5aa 2aa 4ao 

Large Signal 
Avo 

R, =·2kll 125 25a 1ao 2aa 1oa 2aa V/mV 
Voltage Gain V+ = 5V, v- =av, 

1V<V0 <4V 
A,= 100kll 2ao 400 125 3aa 1oa 25a 
A,= 1akll 1aa 18a 75 14a 7a 14a 

V+ = 5V, v- = av a/4 a/4 a/4 
Input Voltage Range IVR -15/13.5 -15/13.5 v 

Vs= ±15V (Note 1) -15/13.5 

Vs= ±15V 
Vo A,= 10kll ±13.5 ±14.2 ±13.5 ±14.2 ±13.5 ±14.2 v 

R, = 2kll ±1a.5 ±11.5 ±10.5 ±11.5 ±1a.5 ±11.5 

Output Voltage Swing VoH 
V+=5V, V-=aV 

R, = 2kll 
4.a 4.2 4.a 4.2 4.a 4.2 v 

Vol 
V+=5V, V-=aV 

RL = 10k!l 
10 5a 10 5a 1a 5a ,,v 

V+=5V, V-=aV, 
90 115 8a 1oa 80 100 

Common-Mode 
CMR av< VcM < 4V dB Rejection Vs= ±15V, 1ao 12a 9a 12a 9a 120 

-15V < VcM < 13.5V 

Power Supply 
PSRR Rejection Ratio 

1.0 5.6 1.a 5.6 3.2 1a µVIV 

Supply Current Vs= ±1.5V 19 30 19 3a 19 30 
(All Amplifiers) lsv Vs= ±15V 25 4a 25 40 25 40 

µA 

Capacitive Load Av=+1 65a 65a 65a PF Stability No. Oscillations 

Input Noise Voltage Onp-p 
10 = 0.1 Hz to 10Hz 
Vs= ±15V 

3 3 µ.Vp-p 
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OP290 
ELECTRICAL CHARACTERISTICS at Vs= ±1.SV to ±15V, TA=+ 25°C, unless otherwise noted. Continued 

OP-290A/E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX. UNITS 

Input Resistance 
R1N Vs= ±15V 30 30 30 M!I Differential-Mode 

Input Resistance 
A1NCM Vs=±15V 20 20 20 G!I Common-Mode 

Slew Rate SR 
Av= +1 

Vs= ±15V 
12 12 12 Vims 

Gain Bandwidth 
GBWP 

Av= +1 
20 20 20 kHz Product Vs= ±15V 

10 = 10Hz 

Channel Separation cs V0 = 20Vp·p 120 150 120 150 120 150 dB 
Vs=± 15V (Note 2) 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 

ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, -55°C s TA s 125°C, unless otherwise noted. 

OP-290A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage Vos 80 500 

Average Input Offset 
TCVos Vs= ±15V 0.3 3 

Voltage Drift 
µVl"C 

Input Offset Current las VcM = OV 0.1 nA 

Input Bias Current Is VcM = OV 4.2 20 nA 

Vs= ±15V, Vo= ±10V 

AL= 100k!I 225 400 

AL= 10k!I 125 240 

Large Signal AL= 2kll 50 110 
Voltage Gain Ava 

V+ = 5V. V- = OV, 
V/mV 

1V<V0 <4V 

AL= 100kll 100 200 

AL= 10kll 50 110 

Input Voltage Range IVR V+ = 5V, V- = OV (Note 1) 
Vs= ±15V 

0/3.5 

-15/13.5 
v 

Vs= ±15V 

Vo AL= 10k!I ±13 ±14.1 v 
AL= 2k!I ±10 ±11 

Output Voltage Swing 
V+ = 5V. V- = OV 

VoH 3.9 4.1 
AL= 2k!I 

v 

VoL 
V+ = SV, V- = OV 

AL= 10kll 
10 100 µV 

V+ = 5V, V- = OV, OV < VcM < 3.5V 80 105 
Common-Mode Rejection CMR 

Vs= ±15V. -15V < VcM < 13.5V 90 115 
dB 

Power Supply 
PSRR 3.2 10 

Rejection Ratio 
µVIV 

Supply Current Vs= ±1.5V 30 50 

(All Amplifiers) 
lsv 

Vs= ±15V 38 60 
µA 

NOTE: 
1. Guaranteed by CMR test. 
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OP290 
ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, -40°C s TA s 85°C for OP-290E/F/G, unless otherwise noted. 

OP-290E OP-290F OP-290G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 70 400 115 600 200 750 µV 

Average Input Offset 
TCVos Vs= ±15V 0.3 

Voltage Drift 
0.6 5 1.2 µV/°C 

Input Offset Current los VcM = OV 0.1 0.1 0.1 nA 

Input Bias Current Is VcM= OV 4.2 15 4.2 20 4.2 25 nA 

Vs= ±15V. Vo= ±10V 

RL = 100kll 500 800 350 700 300 600 
RL = 10kll 250 400 175 350 150 250 

Large Signal 
Avo 

RL = 2kll 100 200 75 150 75 125 
V/mV 

Voltage Gain V+ = 5V, V- = OV, 

1V <Vo< 4V 

RL = 100kll 150 280 100 220 80 160 

RL = 10kll 75 140 50 110 40 90 

Input Voltage Range IVR 
V+ = 5V, V- = OV 0/3.5 0/3.5 0/3.5 

Vs= ±15V (Note 1) -15/13.5 -15/13.5 -15/13.5 
v 

Vs= ±15V 

Vo RL= 10kll ±13 ±14 ±13 ±14 ±13 ±14 v 
RL = 2kll ±10 ±11 ±10 ±11 ±10 ±11 

Output Voltage Swing VoH 
V+ = 5V, V-= OV 

RL = 2kll 
3.9 4.1 3.9 4.1 3.9 4.1 v 

VoL 
V+ = 5V, V- = OV 

RL = 10kll 
10 100 10 100 10 100 µV 

V+ = 5V, V- = OV, 
85 105 80 100 80 100 

Common-Mode 
CMR 

OV < VcM < 3.5V 
dB 

Rejection Vs= ±15V, 
95 115 90 110 90 110 

-15V < VcM < 13.5V 

Power Supply 
PSRR 3.2 7.5 

Rejection Ratio 
5.6 10 5.6 15 µVIV 

Supply Current Vs= ±1.5V 24 50 24 50 24 50 

(All Amplifiers) lsv 
Vs= ±15V 31 60 31 60 31 60 

µA 

NOTE: 
1. Guaranteed by CMR test. 
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1111111111 ANALOG 
WDEVICES 

Micropower Single-Supply 
Rail-to-Rail Input & Output Op Amps 

FEATURES 
Single-Supply Operation: 2.7 V to 12 V 
Wide Input Voltage Range 
Rail-to-Rail Output Swing 
Low Supply Current: 300 µA/ Amp 
Wide Bandwidth: 3 MHz 
Slew Rate: 0.5 V /µs 
Low Offset Voltage: 700 µV 
No Phase Reversal 
Drives Capacitive Loads 

APPLICATIONS 
Industrial Process Control 
Battery Powered Instrumentation 
Power Supply Control and Protection 
Telecom 
Remote Sensors 
Low Voltage Strain Gage Amplifiers 
DAC Output Amplifier 

GENERAL DESCRIPTION 
The OP291 and OP491 are dual and quad micropower single
supply, 3 MHz bandwidth amplifiers featuring rail-to-rail 
inputs and outputs. The OP29 l and OP49 l are guaranteed to 

operate from a 3 volt single supply as well as ± 5 volt dual 
supplies. 

Fabricated on Analog Devices' CBCMOS process, the OP291/ 
OP49 l have a unique input stage that allows the input voltage 
to safely extend 10 volts beyond either supply without any 
phase inversion or latch-up. The output voltage swings to 
within millivolts of the supplies and continues to sink or source 
current all the way to the supplies. 

Applications for these amplifiers include portable telecom 
equipment, power supply control and protection, and interface 
for transducers with wide output ranges. Sensors requiring a 
rail-to-rail input amplifier include Hall effect, piezo electric, 
and resistive transducers. 

The ability to swing rail-to-rail at both the input and output 
enables designers to build multistage filters in single-supply 
systems and maintain high signal-to-noise ratios. 

The OP29 l/OP49 l are specified over the extended industrial 
(-40°C to +125°C) temperature range. The OP291 dual 
amplifiers are available in 8-pin plastic DIPs and SO surface 
mount packages. The OP491 quad is available in 14-pin DIPs 
and 14-pin SO packages. 

REV. 0 

OP291/0P491 I 
PIN CONFIGURATIONS 

8-Lead Epoxy DIP 
(P Suffix) 

14-Lead Epoxy DIP 
(P Suffix) 

8-Lead Narrow-Body SO 
(S Suffix) 

OP291 

14-Lead Narrow-Body SO 
(S Suffix) 

OP491 

Figure 1. Input and Output with Inputs Overdriven by 5 V 
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OP291/0P491-SPECIFICATIONS 
ELECTRICAL SPECIFICATIONS(@ Vs= +3.0 V,VcM = 0.05 V, V0 = 1.4 V, TA= +25°C unless. otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage OP291 Vos 80 700 µV 

-40 s TA s +125°C 1.5 mV 
OP491 Vos 80 700 µV 

-40sTAs+l25°C 1.5 mV 
Input Bias Current IB 30 50 nA 

-40sTAs+l25°C 60 nA 
Input Offset Current Ios 0.1 8 nA 

-40 s TA s +125°C 16 nA 
Input Voltage Range 0 3 v 
Common-Mode Rejection Ratio CMRR VcM=OVto3V 70 90 dB 

-40sTAs+l25°C 65 87 dB 
Large Signal Voltage Gain Avo RL = 10 kQ, V0 = 0.3 V to 2.7 V 25 70 V/mV 

-40 s TA s +125°C 50 V/mV 
Offset Voltage Drift 11Vosif1T 1.1 µv;oc 
Bias Current Drift /1IB//1T 100 pA/oc 
Offset Current Drift 11Iosl11T 20 pA/oc 

OUTPUT CHARACTERISTICS n 
Output Voltage High Vott RL = 100 kQ to GND 2.95 2.99 v 

-40°C to +125°C 2.90 2.98 v 
RL = 2 kQ to GND 2.8 2.9 v 
-40°C to +125°C 2.70 2.8 v 

Output Voltage Low VoL RL = 100 kQ to V+ 4.5 10 mV 
-40°C to +125°C 35 mV 
RL = 2 kQ to V+ 40 55 mV 
-40°C to +125°C 100 mV 

Short Circuit Limit Isc Sink/Source ±9 ±13.5 mA 
-40°C to +125°C ±6.5 ±10.5 mA 

Open Loop Impedance ZouT f = l MHz, Av = 1 200 Q 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs=2.7Vto 12V 80 110 dB 

-40°C s TA s +125°C 75 110 dB 
Supply Current/ Amplifier Isv Vo= OV 200 350 µA 

-40°C s TA s +125°C 330 480 µA 

DYNAMIC PERFORMANCE 
Slew Rate +SR RL = 10 kQ 0.4 V/µs 
Slew Rate -SR RL= lOkQ 0.4 V/µs 
Full-Power Bandwidth BWp 1 % Distortion 1.2 kHz 
Settling Time ts To 0.01% 22 µs 
Gain Bandwidth Product GBP 3 MHz 
Phase Margin 0o 45 Degrees 
Channel Separation cs f= 1 kHz, RL = 10 kQ 145 dB 

NOISE PERFORMANCE 
Voltage Noise en p-p 0.1 Hz to 10 Hz 2 µVp-p 
Voltage Noise Density en f=lkHz 35 nV/.../Hz 
Current Noise Density in 0.8 pA/fflz 

Specifications subject to change without notice. 
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OP291/0P491 
ELECTRICAL SPECIFICATIONS (@Vs= +5.0 V, VcM = 0.05 V, V0 =1.4 V, TA= +25°C unless otherwise noted) 

Parameter Symbol 

INPUT CHARACTERISTICS 
Offset Voltage OP291 Vos 

OP491 Vos 

Input Bias Current Is 

Input Offset Current Ios 

Input Voltage Range 
Common-Mode Rejection Ratio CMRR 

Large Signal Voltage Gain Avo 

Offset Voltage Drift /'J.Vos//'J.T 
Bias Current Drift !iis/!iT 
Offset Current Drift !'J.l0 s//'J.T 

OUTPUT CHARACTERISTICS 
Output Voltage High Vott 

Output Voltage Low VoL 

Short Circuit Limit Isc 

Open Loop Impedance ZouT 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 

Supply Current/Amplifier Isy 

DYNAMIC PERFORMANCE 
Slew Rate +SR 
Slew Rate -SR 
Full-Power Bandwidth BWp 
Settling Time ts 
Gain Bandwidth Product GBP 
Phase Margin 0o 
Channel Separation cs 

NOISE PERFORMANCE 
Voltage Noise en p-p 
Voltage Noise Density en 
Current Noise Density in 

NOTES 
+5 V specifications are guaranteed by +3 V and ±5 V testing. 
Specifications subject to change without notice. 

REV.O 

Conditions 

-40sTAs+l25°C 

-40 s TA s +125°C 

-40 s TA s + 125°C 

-40 s TA s +125°C 

VcM=OV to5V 
-40sTAs+125°C 
RL= !Okn, V0 =0.3Vto4.7V 
-40sTAs+125°C 
-40sTAs+125°C 

RL = 100 kn to GND 
-40°C to +125°C 
RL = 2 kn to GND 
-40°C to + 125°C 
RL=lOOkQtoV+ 
-40°C to + 125°C 
RL = 2 kn to V+ 
-40°C to + 125°C 
Sink/Source 
-40°C to + l 25°C 
f = 1 MHz, Av = 1 

Vs=2.7Vto 12V 
-40 sTA s +125°C 
Vo=OV 
-40 s TA s +125°C 

RL = 10 kn 
RL=lOkn 
1 % Distortion 
To 0.01% 

f= I kHz,RL= lOkQ 

0.1 Hz to 10 Hz 
f= 1 kHz 

Min Typ Max Units 

80 700 µV 
1.5 mV 

80 700 µV 
1.5 mV 

30 50 nA 
60 nA 

0.1 8 nA 
16 nA 

0 5 v 
70 93 dB 
65 90 dB 
25 70 V/mV 

50 V/mV 
I.I µV/°C 
100 pN°C 
20 pN°C 

4.95 4.99 v 
4.90 4.98 v 
4.8 4.85 v 
4.65 4.75 v 

4.5 10 mV 
35 mV 

40 55 mV 
155 mV 

±9 ±13.5 mA 
±6.5 ±10.5 mA 

200 Q 

80 110 dB 
75 110 dB 

220 400 µA 
350 500 µA 

0.4 V/µs 
0.4 V/µs 
1.2 kHz 
22 µs 
3 MHz 
45 Degrees 
145 dB 

2 µVp-p 
35 nV/~Hz 
0.8 pN~Hz 
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OP291/0P491 

ELECTRICAL SPEC I Fl CATIONS(@ Vo= ±5.0 V, VcM = D V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage OP291 Vos 80 700 µV 

-40::; TA::; +125°C 1.5 mV 
OP491 Vos 80 700 µV 

-40$TA:s;+J25°C 1.5 mV 
Input Bias Current IB 30 50 nA 

-40::; TA::; +125°C 60 nA 
Input Offset Current los 0.1 8 nA 

-40::; TA::; +125°C 16 nA 
Input Voltage Range -5 +5 v 
Common-Mode Rejection CMR VcM=±5V 75 100 dB 

-40::; TA::; +125°C 67 97 dB 
Large Signal Voltage Gain Avo RL = 10 kn, V0 = ±4.7 V, 25 70 

-40::; TA::; +125°C 50 V/mV 
Offset Voltage Drift !Nosl!J.T 1.1 µV/oc 
Bias Current Drift 61B/6T 100 pA/°C 
Offset Current Drift 61os/6T 20 pA/oc 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 100 kQ to GND ±4.93 ±4.99 v 

-40°C to + 125°C ±4.90 ±4.98 v 
RL = 2 kQ to GND ±4.80 ±4.95 v 
-40::; TA::; +125°C ±4.65 ±4.75 v 

Short Circuit Limit lsc Sink/Source ±9 ±16 mA 
-40°C to +125°C ±6 ±13 mA 

Open Loop Impedance ZoUT f = I MHz, Av = I 200 Q 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs =±5 V 80 llO dB 

-40$TA$+125°C 70 100 dB 
Supply Current/Amplifier lsv Vo= OV 260 420 µA 

-40::; TA::; +125°C 390 550 µA 

DYNAMIC PERFORMANCE 
Slew Rate ±SR RL =IO kQ 0.5 V/µs 
Full-Power Bandwidth BWp I% Distortion 1.2 kHz 
Settling Time ts To O.oJ% 22 µs 
Gain Bandwidth Product GBP 3 MHz 
Phase Margin 0o 45 Degrees 
Channel Separation cs f= I kHz 145 dB 

NOISE PERFORMANCE 
Voltage Noise en p-p 0.1 Hz to 10 Hz 2 µVp-p 
Voltage Noise Density en f= I kHz 35 nV/~Hz 
Current Noise Density in 0.8 pA/../Hz 

Specifications subject to change without notice. 
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OP291/0P491 

WAFER TEST LIMITS (@Vs= +3.0 V, VcM = 0 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos ±300 µVmax 
Input Bias Current Is 50 nAmax 
Input Offset Current Ios 8 nA 
Input Voltage Range VcM V-to V+ Vmin 
Common-Mode Rejection Ratio CMRR VcM=OVto lOV 70 dB min 
Power Supply Rejection Ratio PSRR V=2.7Vto+l2V 80 dB min 
Large Signal Voltage Gain Avo RL=lOkn 25 V/mVmin 
Output Voltage High VoH RL = 2 kn to GND 2.8 Vmin 
Output Voltage Low VoL RL = 2 kn to V+ 55 mVmax 
Supply Current/Amplifier lsv V0 = 0 V, RL = oo 350 µAmax 

NOTE 
Electrical tests and wafer probe to ,the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for standard 
product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 16 V 
Input Voltage ........................... V- to V+ 10 V 
Differential Input Voltage .......................... 7 V 
Output Short-Circuit Duration to GND .......... Indefinite 
Storage Temperature Range 

P, S Packages ....................... -65°C to +150°C 
Operating Temperature Range 

OP291/0P491G ..................... -40°C to +125°C 
Junction Temperature Range 

P, S Packages ....................... -65°C to + l 50°C 
Lead Temperature Range (Soldering 60 sec) ........ +300°C 

Package Type 0JA2 01c Units 

8-Pin Plastic DIP (P) 103 43 oc;w 
8-Pin SOIC (S) 158 43 oc;w 
14-Pin Plastic DIP (P) 76 33 oc;w 
14-Pin SOIC (S) 120 36 oc;w 

NOTES 
1Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

20JA is specified for the worst case conditions; i.e., 81Ais specified for device in socket 
for P-DIP packages, 81Ais specified for device soldered in circuit board for SOIC 
package. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP291GP -40°C to + l 25°C 8-Pin Plastic DIP N-8 
OP291GS -40°C to + l 25°C 8-Pin sore S0-8 
OP291GBC +25°C DICE 
OP491GP -40°C to +125°C 14-Pin Plastic DIP N-14 
OP491GS -40°C to +125°C 14-Pin SOIC S0-14 
OP491GBC +25°C DICE 

*For outline information see Package Information section. 

REV. 0 

DICE CHARACTERISTICS 

OP291 Die Size 0.070 x 0.070 Inch, 4,900 Sq. Mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 146. 

12 

11 

10 

OP491 Die Size 0.070 x 0.110 Inch, 7,700 Sq. Mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 290. 
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OP291/0P491-Typical Performance Characteristics 
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Figure 2. OP291 Input Offset Voltage 
Distribution, Vs= +3 V 
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Figure 5. OP291/0P491 Input Bias 
Current vs. Temperature, Vs= +3 V 

3.00 ..---.... ---:i:::::==:::::i 

Vs=+3V 
2.75 .__ __ _.. __ -....._ __ __. 

-40 25 ·as 125 
1EMPERATURE - "C 

Figure 8. OP291/0P491 Output 
Voltage Swing vs. Temperature, 
Vs=+3 V 

9-486 OPERATIONAL AMPLIFIERS 

5 6 
INPUT OFFSET VOLTAGE - ~V 

Figure 3. OP291 Input Offset Volte 
age Drift Distribution, Vs= +3 V 
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Figure 6. OP291/0P491 Input Offset 
Current vs. Temperature, V5 = +3 V 
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Figure 9. OP291/0P491 Open-Loop 
Gain & Phase vs. Frequency, · 
Vs.;; +3.V 
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Figure 4 .. OP291/0P491 Input Offset 
Voltage vs. Temperature, Vs= +3 V 
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Figure 10. OP291/0P491 Open-Loop 
Gain vs. Temperature, V~ = +3 V 
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Figure 11. OP291/0P491 Closed-Loop 
Gain vs. Frequency, Vs = +3 V 
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Figure 14. OP291/0P491 PSRR vs. 
Frequency, Vs = +3 V 
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Figure 17. OP291/0P491 Supply 
Current vs. Temperature, Vs= +3 V, 
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Figure 12. OP291/0P491 CMRR vs. 
Frequency, Vs= +3 V 
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Figure 18. Maximum Output Swing 
vs. Frequency, Vs= +3 V 
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Figure 19. OP291/0P491 Voltage 
Noise Density 
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Figure 20. OP291 Input Offset Volt
age Distribution, Vs = +5 V 
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Figure 23. OP291/0P491 Input Bias 
Current vs. Temperature, Vs = +5 V 
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Swing vs. Temperature, Vs= +5 V 
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Figure 21 ... OP291 Input Offset Volt
age Drift Distribution, Vs= +5 V 
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Figure 24. OP291/0P491 Input Offset 
Current vs. Temperature, Vs= +5 V 
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Figure 27. OP291/491 Open-Loop 
Gain & Phase vs. Frequency, 
Vs=+5 V 
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Figure 22. OP291/0P491 Input Offset 
Voltage vs. Temperature, Vs= +5 V 
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Figure 25. OP291/0P491 Input Bias 
Current vs. Common-Mode Voltage, 
Vs= +5 V 
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Figure 29. OP291/0P491 Closed-Loop 
Gain vs. Frequency, Vs = +5 V 
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Figure 32. OP291/0P491 PSRR vs. 
Frequency, Vs= +5 V 
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Figure 35. OP291/0P491 Short Circuit 
Current vs. Temperature, Vs = +3 V, 
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Figure 30. OP291/0P491 CMRR vs. 
Frequency, Vs= +5 V 
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Figure 33. OP291 Slew Rate vs. Tem
perature, Vs = +5 V 
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Figure 36. OP291/0P491 Channel 
Separation, Vs = ±5 V 
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Figure 31. OP291/0P491 CMRR vs. 
Temperature, Vs = +5 V 
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Figure 34. OP491 Slew Rate vs. Tem
perature, Vs= +5 V 
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vs. Frequency, Vs =±5 V 
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Figure 41. OP291/0P491 Input Offset 
Current vs. Temperature, Vs= ±5 V 
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Figure 44. OP291/0P491 Open-Loop 
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Figure 39. OP291/0P491 Input Offset 
Voltage vs. Temperature, Vs =±5 V 
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Figure 42. OP291/0P491 Input Bias 
Current vs. Common-Mode Voltage, 
Vs=±5V 

200 

180 ...... 
> 160 
E > 140 
I 

i: 120 

"' ~ 1'00 
0 
9 80 

z 
w 65 .. 
0 40 

25 

0 
-40 

_...,... 
~ Vs=±SV 

~ 
RL= 100kn 

~ 
~ 

RL =2k0 --25 85 125 
TEMPERATURE- °C 

Figure 45. OP291/0P491 Open-Loop 
Gain vs. Temperature, Vs= ±5 V 
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Figure 40. OP291/0P491 Input Bias 
Current vs. Temperature, Vs = ±5 V 
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Figure 43. OP291/0P491 Output Volt
age Swing vs. Temperature, 
Vs=±5V 
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Figure 46. OP291/0P491 Closed-Loop 
Gain vs. Frequency, Vs= ±5 V 
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Figure 47. OP291/0P491 CMRR vs. 
Frequency, Vs =±5 V 
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Figure 50. OP291/0P491 PSRR vs. 
Temperature, Vs = ±5 V 
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Figure 48. OP291/0P491 CMRR vs. 
Temperature, Vs= ±5 V 
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Figure 51. OP291/0P491 Slew Rate 
vs. Temperature, Vs=±5 V 
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Figure 49. OP291/0P491 PSRR vs. 
Frequency, Vs= ±5 V 
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Figure 52. OP291/0P491 Output Im
pedance vs. Frequency 

Figure 53. OP291/0P491 Large Signal 
Transient Response, Vs = +3 V 

Figure 54. OP291/0P491 Large Signal 
Transient Response, Vs= ±5 V 
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OP291/0P491 
FUNCTIONAL DESCRIPTION 
The OP291 and OP491 are single supply, micropower amplifi
ers featuring rail-to-rail inputs and outputs. In order to achieve 
wide input and output ranges, these amplifiers employ unique 
input and output stages. As the simplified schematic shows 
(Figure 55), the input stage is actually comprised of two 
differential pairs, a PNP pair and an NPN pair. These two 
stages do not actually work in parallel. Instead, only one or the 
other stage is on for any given input signal level. The PNP stage 
(transistors Ql and Q2) is required to ensure that the amplifier 
remains in the linear region when the input voltage approaches 
and reaches the negative rail. On the other hand, the NPN 
stage (transistors Q5 and Q6) is needed for input voltages up to 
and including the positive rail. 

For the majority of the input common-mode range, the PNP 
stage is active, as is evidenced by examining the graph of Input 
Bias Current vs. Common-Mode Voltage. Notice that the bias 
current switches direction at approximately 1.2 volts to 1.3 volts 
below the positive rail. At voltages below this, the bias current 
flows out of the OP291, indicating a PNP input stage. Above 
this voltage, however, the bias current enters the device, 
revealing the NPN stage. The actual mechanism within the 
amplifier for switching between the input stages is comprised of 
the transistors Q3, Q4, and Q7. As the input common-mode 
voltage increases, the emitters of Ql and Q2 follow that voltage 
plus a diode drop. Eventually the emitters of Ql and Q2 are 
high enough to tum Q3 on. This diverts the 8 µA of tail current 
away from the PNP input stage, turning it off. Instead, the 
current is mirrored through Q4 and Q7 to activate the NPN 
input stage. 

Notice that the input stage includes 5 kQ series resistors and 
differential diodes, a common practice in bipolar amplifiers to 
protect the input transistors from large differential voltages. 
These diodes will tum on whenever the differential voltage 

exceeds approximately 0.6 V. In this condition, current will 
flow between the input pins, limited only by the two 5 kQ 
resistors. Being aware of this characteristic is important in 
circuits where the amplifier may be operated open-loop, such as 
a comparator. Evaluate each circuit carefully to make sure that 
the increase in current does not affect the performance. 

The output stage of the OP291/0P491 uses a PNP and an NPN 
transistor as do most output stages; however, the output 
transistors, Q32 and Q33, are actually connected with their 
collectors to the output pin to achieve the rail-to-rail output 
swing. As the output voltage approaches either the positive or 
negative rail, these transistors begin to saturate. Thus, the final 
limit on output voltage is the saturation voltage of these 
transistors, which is about 50 mV. The output stage does have 
inherent gain arising from the collectors and any external load 
impedance. Because of this, the open-loop gain of the amplifier 
is dependent on the load resistance. 

Input Overvoltage Protection 
As with any semiconductor device, whenever the condition 
exists for the input to exceed either supply voltage, attention 
needs to be paid to the input overvoltage characteristic. When 
an overvoltage occurs, the amplifier could be damaged depend
ing on the voltage level and the magnitude of the fault current. 
Figure 56 shows the characteristic for the OP291 and OP491. 
This graph was generated with the power supplies at ground and 
a curve tracer connected to the input. As can be seen, when the 
input voltage exceeds either supply by more than 0.6 V, internal 
pn-junctions energize allowing current to flow from the input to 
the supplies. As described above, the OP291/0P491 does have 
5 kr.l resistors in series with each input, which helps limit the 
current. Calculating the slope of the current versus voltage in 
the graph confirms the 5 kQ resistor. 

Figure 55. OP291/0P491 Simplified Schematic 
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Figure 56. Input Overvoltage Characteristics 

This input current is not inherently damaging to the device as 
long as it is limited to 5 mA or less. In the case shown, for an 
input of 10 V over the supply, the current is limited to 1.8 mA. 
If the voltage is large enough to cause more than 5 mA of 
current to flow, then an external series resistor should be added. 
The size of this resistor is calculated by dividing the maximum 
overvoltage by 5 mA and subtracting the internal 5 kn resistor. 
For example, if the input voltage could reach 100 V, the external 
resistor should be (100 V/5 mA) -5 k = 15 kn. This resistance 
should be placed in series with either or both inputs if they are 
subjected to the overvoltages. For more information on general 
overvoltage characteristics of amplifiers refer to the 1993 System 
Applications Guide, available from the Analog Devices Literature 
Center. 

Output Voltage Phase Reversal 
Some operational amplifiers designed for single-supply opera
tion exhibit an output voltage phase reversal when their inputs 
are driven beyond their useful common-mode range. Typically 
for single-supply bipolar op amps, the negative supply deter-

+SY 

OP291/0P491 

mines the lower limit of their common-mode range. With these 
devices, external clamping diodes, with the anode connected to 
ground and the cathode to the inputs, prevent input signal 
excursions from exceeding the device's negative supply (i.e., 
GND), preventing a condition which could cause the output 
voltage to change phase. JFET-input amplifiers may also 
exhibit phase reversal, and, if so, a series input resistor is usually 
required to prevent it. 

The OP291/0P491 is free from reasonable input voltage range 
restrictions due to its novel input structure. In fact, the input 
signal can exceed the supply voltage by a significant amount 
without causing damage to the device. As illustrated in Fig
ure 57, the OP291/0P491 can safely handle a 20 V p-p input 
signal on ±5 V supplies without exhibiting any sign of output 
voltage phase reversal or other anomalous. behavior. Thus no 
external clamping diodes are required. 

Overdrive Recovery 
The overdrive recovery time of an operational amplifier is the 
time required for the output voltage to recover to its linear 
region from a saturated condition. This recovery time is 
important in applications where .the amplifier must recover 
quickly after a large transient event, such as a comparator. The 
circuit shown in Figure 58 was used to evaluate the OP291/ 
OP491's overload recovery time. The OP291/0P491 takes 
approximately 8 µs to recover from positive saturation and 
approximately 6.5 µs to recover from negative saturation. 

Figure 58. Overdrive Recovery Time Test Circuit 

TIME - 200µs/DIV TIME - 200µs/DIV 

Figure 57. OP291/0P491 Output Voltage Phase Reversal Behavior 
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APPLICATIONS 
Single +3 V Supply, Instrumentation Amplifier 
The OP29l's low supply current and low voltage operation 
make it ideal for battery powered applications such as the 
instrumentation amplifier shown in Figure 59. The circuit 
utilizes the classic two op amp instrumentation amplifier 
topology, with four resistors to set the gain. The equation is 
simply that of a noninverting amplifier as shown in the figure. 
The two resistors labeled RI should be closely matched to each 
other as well as both resistors labeled R2 to ensure good 
common-mode rejection performance. Resistor networks 
ensure the closest matching as well as matched drifts for good 
temperature stability. Capacitor C 1 is included to limit the 
bandwidth and, therefore, the noise in sensitive applications. 
The value of this capacitor should be adjusted depending on the 
desired closed~loop bandwidth of the instrumentation amplifier. 
The RC combination creates a pole at a frequency equal to 
1/(2 7t x RICI). If AC-CMRR is critical, than a matched 
capacitor to C 1 should be included across the second resistor 
labeled RI. 

+3V 

100pF 

Figure 59. Single +3 V Supply Instrumentation Amplifier 

Because the OP29 l accepts rail-to-rail inputs, the input 
common-mode range includes both ground and the positive 
supply of 3 V. Furthermore, the rail-to-rail output range 
ensures the widest signal range possible and maximizes the 
dynamic range of the system. Also, with its low supply current 
of 300 µA/device, this circuit consumes a quiescent current of 
only 600 µA, yet still exhibits a gain bandwidth of 3 MHz. 

A question may arise about other instrumentation amplifier 
topologies for single supply applications. For example, a 
variation on this topology. adds a fifth resistor between the two 
inverting inputs of the op amps for gain setting. While that 
topology works well in dual supply applications, it is inherently 
not appropriate for single supply circuits. The same' could be 
said for the traditional three op amp instrumentation amplifier. 
In both cases, the circuits simply will not work in single supply 
situations unless a false ground between the supplies is created. 
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Single Supply RTD Amplifier 
The circuit in Figure 60. uses three op amps of the OP491 to 
develop a bridge configuration for an RTD amplifier that 
operates from a single +5 V supply. The circuit takes advantage 
of the OP49l's wide output swing range to generate a high 
bridge excitation voltage of 3. 9 V. In fact, because of the rail
to-rail output swing, this circuit will work with supplies as low 
as 4.0 V. Amplifier Al servos the bridge to create a constant 
excitation current in conjunction with the AD589, a 1.235 V 
precision reference. The op amp maintains the reference 
voltage across the parallel combination of the 6.19 kQ and 2.55 
MQ resistor, which generates a 200 µA current source. This 
current splits evenly and flows through both halves of the 
bridge. Thus, 100 µA flows through the RTD to generate an 
output voltage based on its resistance. A 3-wire RTD is used to 
balance the line resistance in both 100 Q legs of the bridge to 
improve accuracy. 

GAIN= 274 

+SV 

VOllT 

NOTE: 
ALL RESISTORS 1% OR BETTER 

+5V 

Figure 60. Single Supply RTD Amplifier 

Amplifiers A2 and A3 are configured in the two op amp IA 
discussed above. Their resistors are chosen to produce a gain of 
274, such that each 1°C increase in temperature results in a 
10 m V change in the output voltage, for ease of measurement. 
A 0.01 µF capacitor is included in parallel with the 100 kQ 

resistor on amplifier A3 to filter out any unwanted noise from 
this high gain circuit. This particular RC combination creates a 
pole at 1.6 kHz. 
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A +2.S V Reference from a +3 V Supply 
In many single-supply applications, the need for a 2.5 V 
reference often arises. Many commercially available monolithic 
2.5 V references require at least a minimum operating supply 
voltage of 4 V. The problem is exacerbated when the minimum 
operating system supply voltage is+ 3 V. The circuit illustrated 
in Figure 61 is an example of a +2.5 V that operates from a 
single +3 V supply. The circuit takes advantage of the OP29l's 
rail-to-rail input and output voltage ranges to amplify an 
AD589's 1.235 V output to +2.5 V. The OP29l's low TCV08 

of 1 µV/°C helps to maintain an output voltage temperature 
coefficient of less than 200 ppm/°C. The circuit's overall 
temperature coefficient is dominated by R2 and R3's tempera
ture coefficient. Lower tempco resistors are recommended. 
The entire circuit draws less than 420 µA from a + 3 V supply 
at 25°C. 

AD589 

RESISTORS = 1 %, 100ppm/°C 
POTENTIOMETER= 10 TURN, 100ppm/°C 

Figure 61. A +2.5 V Reference that Operates on a Single 
+3 V Supply 

+S V Only, 12-Bit DAC Swings Rail-to-Rail 
The OP291 or OP491 are ideal for use with a CMOS DAC to 
generate a digitally controlled voltage with a wide output range. 
Figure 62 shows the DAC8043 used in conjunction with the 
AD589 to generate a voltage output from 0 V to 1.23 V The 
DAC is actually operated in "voltage switching" mode where 
the reference is connected to the current output, louT, and the 
output voltage is taken from the V REF pin. This topology is 
inherently noninverting as opposed to the classic current output 
mode, which is inverting and, therefore, unsuitable for single 
supply. 

+SV 

VouT = 4~6 (5V) 

Figure 62. +5 V Only, 12-Bit DAC Swings Rail-to-Rail 
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The OP29 l serves two functions. First, it is required to buffer 
the high output impedance of the DAC's VREF pin, which is on 
the order of 10 ill. The op amp provides a low impedance 
output to drive any following circuitry. Secondly, the op amp 
amplifies the output signal to provide a rail-to-rail output swing. 
In this particular case, the gain is set to 4.1 to generate a 5.0 V 
output when the DAC is at full scale. If other output voltage 
ranges are needed, such as 0 to 4.095, the gain can easily be 
adjusted by altering the value of the resistors. 

A High Side Current Monitor 
In the design of power supply control circuits, a great deal of 
design effort is focused on ensuring a pass transistor's long-term 
reliability over a wide range of load current conditions. As a 
result, monitoring and limiting device power dissipation is of 
prime importance in these designs. The circuit illustrated in 
Figure 63 is an example of a +5 V, single-supply high side 
current monitor that can be incorporated into the design of a 
voltage regulator with fold-back current limiting or a high 
current power supply with crowbar protection. This design uses 
an OP29 l's rail-to-rail input voltage range to sense the voltage 
drop across a 0.1 Q current shunt. A p-channel MOSFET used 
as the feedback element in the circuit converts the op amp's 
differential input voltage into a current. This current is then Ill 
applied to R2 to generate a voltage that is a linear representation 
of the load current. The transfer equation for the current 
monitor is given by: 

Monitor Output = R2 x ( R';_~sE ) x IL 

For the element values shown, the Monitor Output's transfer 
characteristic is 2.5 V/A. 

MONITOR 
OUTPUT 

Figure 63. A High-Side Load Current Monitor 
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A +3 V, Cold Junction Compensated Thermocouple Amplifier 
The OP29l's low supply operation makes it ideal for +3 V bat
tery powered applications such as the thermocouple amplifier 
shown in Figure 64. The K-type thermocouple terminates in an 
isothermal block where the junctions' ambient temperature is 
continuously monitored using a simple 1N914 diode. The di
ode corrects the thermal EMF generated in the junctions by 
feeding a small voltage, scaled by the 1.5 MQ and 475 Q resis
tors, to the op amp. 

To calibrate this circuit, immerse the thermocouple measuring 
junction in a 0°C ice bath, and adjust the 500 Q pot to zero 
volts out. Next, immerse the thermocouple in a 250°C tem
perature bath or oven and adjust the Scale Adjust pot for an 
output voltage of 2.50 V. Within this temperature range, the 
K-type thermocouple is accurate to within ±3°C without linear
ization: 

ALUMEL 

ISOTHERMAL 
BLOCK 

l+ CR 
CHROMEL 

K·TYPE 
THERMOCOUPLE 
40.7µV/"C 

1.235V 

OV= 0°C 
3V= 300°C 

Figure64. A 3 V, Cold Junction Compensated Thermo
couple Amplifier 

Single Supply, Direct Access Arrangement for Modems 
An important building block in modems is the telephone line in
terface. In the circuit shown in Figure 65, a direct access ar
rangement is utilized for transmitting and receiving data from 
the telephone line. Amplifier Al is the receiving amplifier, and 
amplifiers A2 and A3 are the transmitters. The forth amplifier, 
A4, generates a pseudo ground half way between the supply 
voltage and ground. This pseudo ground is needed for the ac 
coupled bipolar input signals. 
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390pF 

0.1µF 

~I--~~--<-~ 

0.1µF 20k!l 750pF 

~.,_...,1--'Wl,........._-lt---.. 
20k!l 

T1 

llC 
0.33µF 1:1 

Figure 65. Single Supply Direct Access Arrangement for 
Modems 

The transmit signal, TXA, is inverted by A2 and then re-in
verted by A3 to provide a differential drive to the transformer, 
where each amplifier supplies half the drive signal. This is 
needed because of the smaller swings associated with a single 
supply as opposed to a dual supply. Amplifier Al provides 
some gain for the received signal, and it also removes the trans
mit signal present at the transformer from the receive signal. To 
do this, the drive signal from A2 is also fed to the noninverting 
input of Al to cancel the transmit signal from the transformer. 
The OP49 l's bandwidth of 3 MHz and rail-to-rail output 
swings ensures that it can provide the largest possible drive to 
the transformer at the frequency of transmission. 
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A +3 V, 50 Hzl60 Hz Active Notch Filter with False Ground 
To process ac signals in a single-supply system, it is often best to 
use a false-ground biasing scheme. A circuit that uses this ap
proach is illustrated in Figure 66. In this circuit, a false-ground 
circuit biases an active notch filter used to reject 50 Hz/60 Hz 
power line interference in portable patient monitoring equip
ment. Notch filters are quite commonly used to reject power 
line frequency interference which oftentimes obscures low fre
quency physiological signals, such as heart rates, blood pressure 
readings, EEGs, EKGs, et cetera. This notch filter effectively 
squelches 60 Hz pickup at a filter Q of0.75. Substituting 
3.16 kn resistors for the 2.67 kn resistors in the twin-T section 
(Rl through R5) configures the active filter to reject 50 Hz 
interference. 

R11 
100k!l 

R2 
2.67kil 

Figure 66. A +3 V Single-Supply, 50 Hz/60 Hz Active Notch 
Filter with False Ground 

Amplifier A3 is the heart of the false-ground bias circuit. It sim
ply buffers the voltage developed by R9 and Rl 0 and is the ref
erence for the active notch filter. Since the OP49 ! exhibits a 
rail-to-rail input common-mode range, R9 and RIO are chosen 
to split the +3 V supply symmetrically. An in-the-loop compen
sation scheme is used around the OP491 that allows the op amp 
to drive C6, a I µF capacitor, without oscillation. C6 maintains 
a low impedance ac ground over the operating frequency range 
of the filter. 

The filter section uses a pair of0P49ls in a twin-T configura
tion whose frequency selectivity is very sensitive to the relative 
matching of the capacitors and resistors in the twin-T section. 
Mylar is the material of choice for the capacitors, and the rela
tive matching of the capacitors and resistors determines the 
filter's passband symmetry. Using I% resistors and 5% capaci
tors produces satisfactory results. 
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Single-Supply Half-Wave and Full-Wave Rectifiers 
An OP291/0P49 l configured as a voltage follower operating on 
a single supply can be used as a simple half-wave rectifier in 
low-frequency (<2 kHz) applications. A full-wave rectifier can 
be configured with a pair ofOP29ls as illustrated in Figure 67. 
The circuit works in the following way: When the input signal is 
above 0 V, the output of amplifier Al follows the input signal. 
Since the noninverting input of amplifier A2 is connected to 
Al's output, op amp loop control forces the A2's inverting input 
to the same potential. The result is that both terminals of RI 
are equipotential; i.e., no current flows. Since there is no cur
rent flow in RI, the same condition exists upon R2; thus, the 
output of the circuit tracks the input signal. When the input sig
nal is below 0 V, the output voltage of Al is forced to 0 V. This 
condition now forces A2 to operate as an inverting voltage fol
lower because the noninverting terminal of A2 is at 0 V as well. 
The output voltage at VouTA is then a full-wave rectified ver
sion of the input signal. If needed, a buffered, half-wave recti
fied version of the input signal is available at VouTB. 

v., 
2Vpp 

<2kHz 

VIN 
(1V/DIV) 

VoUTB 
(O.SV/DIV) 

VourA 
(0.SV/DIV) 

R1 A2 
1ookn 1001<.n 

VaUTA 
>---0 FULL-WAVE 

RECTIFIED 
OUTPUT 

VaurB 
'---------<> HALF-WAVE 

RECTIFIED 
OUTPUT 

Figure 67. Single-Supply Half-Wave and Fu/I-Wave 
Rectifiers Using an OP291 
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OP291/0P491 
* OP491 SPICE Macro-model 

* 
Rev. A, 1194 
ARG/ADI 

* 
* Copyright I 994 by Analog Devices 

* 
* Refer to "READ ME.DOC" file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro-
* visions in the License Statement. 

* 
*Node assignments 
* noninverting input 

inverting input 
positive supply 

* 
* 
* 
* 
* 
.SUBCKT OP491 

I negative supply 

I rtput 

2 99 50 45 

* 
*INPUT STAGE 
* 
II 99 7 8.12E-6 
QI 6 4 7 QP 
Q2 5 3 7 QP 
DI 3 99 DX 
D2 4 99 DX 
D3 3 4 DX 
D4 4 3 DX 
RI 3 8 5E3 
R2 4 2 5E3 
R3 5 50 6.37E3 
R4 6 50 6.37E3 
EOS 8 I POLY(!) (16,39) -0.5E-3 316.228E-3 
IOS 3 4 IOE-9 
GB! 3 98 (21,98) IOOE-9 
GB2 4 98 (21,98) IOOE-9 
CIN 2 IE-12 
* 
* !ST GAIN STAGE 
* 
EREF98 0 (39,0) I 
GI 98 9 (6,5) 31.416E-6 
R7 9 98 !E6 
EC! 99 10 POLY(!) (99,39) -0.52 
EC2 11 50 POLY(!) (39,50) -0.52 
D5 9 10 DX 
D6 11 9 DX 
* 
* 2ND GAIN STAGE AND DOMINANT POLE AT 1.25 Hz 
* 
G2 98 12 (9,39) 8.12E-6 
RS 12 98 7.840E9 
C2 12 98 16.24E-12 
D7 12 13 DX 
DB 14 12 DX 
VI 99 13 0.58 
V2 I4 50 0.58 
* 
*COMMON-MODE STAGE 
* 
ECM 15 
R9 I5 
RIO I6 

98 
I6 
98 

POLY(2) (1,39) (2,39) 0 0.5 0.5 
IE6 
IO 
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* 
*POLE AT 2.5 MHz 
* 
G3 9S lS (12,39) lE-6 
Rll lS 9S 1E6 
C4 lS 9S 63.662E-15 
* 
*BIAS CURRENT-VS-COMMON-MODE VOLTAGE 
* 
EP 97 0 (99,0) 1 
VB 99 17 1.3 
RB 17 50 1E9 
E3 19 0 (15,17) 16 
Dl3 19 20 DX 
R12 20 0 1E6 
G4 9S 21 (20,0) lE-3 
R13 21 9S 5E3 
D14 21 22 DY 
E4 97 22 (POLY(!) (99,98) -0.765 1 
* 
*POLE AT 100 MHz 
* 
G6 9S 40 (lS,39) lE-6 
R20 40 9S 1E6 Ill 
ClO 40 9S 1.592E-15 
* 
*OUTPUT STAGE 
* 
RSl 99 39 109.375E3 
RS2 39 50 109.375E3 
ROl 99 45 41.667 
R02 45 50 41.667 
G7 45 99 (99,40) 24E-3 
GS 50 45 ( 40,50) 24E-3 
G9 9S 60 (45,40) 24E-3 
D9 60 61 DX 
DlO 62 60 DX 
V7 61 9S DCO 
vs 9S 62 DCO 
FSY 99 50 POLY(2) V7 VS 0.247E-3 1 1 
Dll 41 45 DZ 
Dl2 45 42 DZ 
vs 40 41 0.131 
V6 42 40 0.131 
.MODELDXD() 
.MODEL DY D(IS=lE-9) 
.MODEL DZ D(IS=lE-6) 
.MODEL QP PNP(BF=66.667) 
.ENDS 
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FEATURES 
Single Supply Operation: 4.5 V to 33 V 
Input Common Mode Includes Ground 
Output Swings to Ground 
High Slew Rate: 3 V/µs 
High Gain Bandwidth: 4 MHz 
Low Input Offset Voltage 
High Open-Loop Gain 
No Phase Inversion 
Low Cost 

APPLICATIONS 
Disk Drives 
Mobile Phones 
Servo Controls 
Modems and Fax Machines 
Pagers 
Power Supply Monitors and Controls 
Battery Operated Instrumentation 

GENERAL DESCRIPTION 
The OP292/0P492 are low cost general purpose dual and quad 
operational amplifiers designed for single supply applications 
and are ideal for + 5 volt systems. 

Fabricated on Analog Devices' CBCMOS process, the OP292/ 
OP492 series has a PNP input stage that allows the input volt
age range to include ground. A BiCMOS output stage enables 
the output to swing to ground while sinking current. 

The OP292/0P492 series is unity-gain stable and features an 
outstanding combination of speed and performance for single 
or dual supply operation. The OP292/0P492 provide high slew 
rate, high bandwidth, with open-loop gain exceeding 40,000 and 
offset voltage under 800 µV (OP292) and 1 mV (OP492). With 
these combinations of features and low supply current, the 
OP292/0P492 series is an excellent choice for battery operated 
applications. 

The OP292/0P492 series performance is specified for single or 
dual supply voltage operation over the extended industrial tem
perature range (-40°C to + 125°C). 

Package options for the OP292 and OP492 include plastic DIP, 
S0-8 (OP292) and S0-14. 
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Dual/Quad Single Supply 
Operational Amplifiers 

OP292/0P492 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

14-Lead Narrow-Body SO 
(S Suffix) 

8-Lead Epoxy DIP 
(P Suffix) 

14-Lead Epoxy DIP 
(P Suffix) 
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SPECIFICATIONS OP292/0P492 
ELECTRICAL CHARACTERISTICS (@ V5 = +5 V, VcM = 0 V, V0 = +2 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 

OP292 0.1 0.8 mV 
-40°C :s TA :s +85°C 0.3 1.2 mV 
-40°C :s TA :s + 125°C 0.5 2.5 mV 

OP492 Vos 0.1 1 mV 
-40°C :s TA :s +85°C 0.3 1.5 mV 
-40°C :s TA :s + 12s 0c o.s 2.S mV 

Input Bias Current Is 450 700 nA 
-40°C :s TA :s +85°C 0.7S 2.S µA 
-40°C :s TA :s + 12S°C 3.0 s.o µA 

Input Offset Current los 7 so nA 
-40°C :s TA :s +8S°C 100 700 nA 
-40°C :s TA :s + 12S°C 0.4 1.2 µA 

Input Voltage Range 0 4.0 v 
Common-Mode Rejection Ratio CMRR VcM = 0 V to 4.0 V 7S 95 dB 

-40°C :s TA :s +8S°C 70 93 dB 
-40°C :s TA :s + 12S°C 65 90 dB 

Large Signal Voltage Gain Avo RL = 10 kfl, V0 = 0.1Vto4 V 2S 200 V/mV 
-40°C :s TA :s +8S°C 10 100 V/mV 
-40°C :s TA :s + 12S°C s so V/mV 

Offset Voltage Drift AV0s/AT -40°C :s TA :s + 12S°C 2 10 µV/°C 
Long Term V 0s Drift AV0siilt Note 1 1 µV/Month Ill 
Bias Current Drift ills/AT -40°C :s TA :s +8S°C 6 pA/°C 

-40°C :s TA :s + 12S°C 400 pA!°C 
Offset Current Drift Al0s/AT -40°C :s TA :s +8S°C 1.S pA/°C 

-40°C :s TA :s + 12S°C 2 pA/"C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 

High VouT RL = 100 kfl to GND 
-40°C :s TA :s + 12S°C 4.0 4.3 v 
RL = 2 kfl to GND 3.8 4.1 v 
-40°C :s TA :s + 12S°C 3.7 3.9 v 

Low VouT RL = 100 kfl to V + 8 20 mV 
-40°C :s TA :s + 12S°C 12 20 mV 
RL = 2 kfl to V+ 280 4SO mV 
-40°C :s TA :s + 12S°C 300 sso mV 

Short Circuit Current Limit lsc s 8 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= 4.S V to +30 V, V0 = 2 V 7S 9S dB 

-40°C :s TA :s + 12S°C 70 90 dB 
Supply Current Per Amp lsy V0 = 2 V 

OP292, OP492 0.8 1.2 mA 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10 kfl 3 V/µs 

-40°C :s TA :s + 12S°C 1 2 V/µs 
Gain Bandwidth Product GBP 4 MHz 
Phase Margin <l>m 7S Degrees 
Channel Separation cs f0 =lkHz 100 dB 

NOISE PERFORMANCE 
Voltage Noise e. p-p 0.1 Hz to 10 Hz 2S µV p-.12_ 
Voltage Noise Density e. f=lkHz lS nV/\/Hz 
Current Noise Density i. 0.7 pN\/Hz 

NOTES 
'Long term offset voltage drift is guaranteed by 1000 hours life test performed on three independent wafer lots at + 125°C with LTPD of 1.3. 

Specifications subject to change without notice. 
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OP292/0P492 

ELECTRICAL CHARACTERISTICS (@Vs= ±15 V, TA.= +25°C unless otherwise noted) 

Parameter Symbol 

INPUT CHARACTERISTICS 
Offset Voltage Vos 

OP292 

OP492 

Input Bias Current ls 

Input Offset Current los 

Input Voltage Range 
Common-Mode Rejection Ratio CMRR 

Large Signal Voltage Gain Avo 

Offset Voltage Drift AV0 s/AT 
Bias Current Drift Al8 /AT 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo 

Short Circuit Current Limit lsc 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR 

Supply Current Per Amp lsv 
OP292, OP492 

DYNAMIC PERFORMANCE 
Slew Rate SR 

Gain Bandwidth Product GBP 
Phase Margin <l>m 
Channel Separation cs 

NOISE PERFORMANCE 
Voltage Noise en p-p 
Voltage Noise Density en 
Current Noise Density in 

NOTES 
1 Input voltage range is guaranteed by CMRR tests. 

Specifications subject to change without notice. 

9-502 OPERATIONAL AMPLIFIERS 

Conditions Min 

-40°C :s TA :s +85°C 
-40°C :s TA :s +125°C 

-40°C :s TA :s +85°C 
-40°C :s TA :s. + 125°C 

-40°C :s TA :s + 125°C 

-40°C :s TA :s +85°C 
-40°C :s TA :s + 125°C 
Note I -II 
VcM =±II V 78 
-40°C :s TA :s + 125°C 75 
RL = 10 kn, v 0 = ± 10 v 25 
-40°C :s TA :s +85°C 10 
-40°C :s TA :s + 125°C 5 
-40°C :s TA :s + 125°C 
-40°C :s TA :s + 125°C 

RL = 2 kn to GND ±II 
-40°C :s TA :s + 125°C ±10 
RL = 100 kn to GND ±13.8 
-40°C :s TA :s + 125°C ±13.5 
Short Circuit to GND 8 

Vs= ±2.25 V to ±15 V 75 
-40°C :s TA :s + 125°C 70 
V0 = OV 

RL =IO kn 2.5 
-40°C :s TA :s + 125°C 2 

f0 = I .kHz 

0.1 Hz to 10 Hz 
f=lkHz 

Typ Max Units 

1.0 2.0 mV 
1.2 2.5 mV 
1.5 3 mV 
1.4 2.5 mV 
1.7 2.8 mV 
2 3 mV 
375 700 nA 
0.5 I µA 
7 50 nA 
20 100 nA 
0.4 1.2 µA 

II v 
100 dB 
95 dB 
120 V/mV 
75 V/mV 
60 V/mV 
4 10 µV/°C 
3 pA!°C 

±12.2 v 
±II v 
±14.3 v 
±14.0 mV 
10.5 mA 

86 dB 
83 dB 

1 1.4 mA 

4 V/µs 
3 V/µs 
4 MHz 
75 Degrees 
100 dB 

25 µV p-p 
15 nVl\i'Hz 
0.7 pAl\i'Hz 
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WAFER TEST LIMITS (@ V5 = +5.0 V, VcM = 2.5 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos ±600 µVmax 
Input Bias Current IB 700 nAmax 
Input Offset Current los 50 nAmax 
Input Voltage Range 1 VcM 014 V min/V max 
Common-Mode Rejection CMRR V CM = 0 V to 4.0 V 75 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ± 15 V 75 dB min 
Large Signal Voltage Gain Avo RL = 10 kn, V 0 = 0.1 V to 4 V 25 V/mVmin 
Output Voltage Vo RL = 2 kn 3.8 Vmin 
Supply Current per Amp OP292, OP492 lsv V0 = OV, RL =Open 1.2 mAmax 

NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... +33 V 
Input Voltage2 ••••••••••••••••••••• -15 V to + 14 V 
Differential Input Voltage2 • • • • • • • • • • • • • • • • • • • • • • V 
Output Short-Circuit Duration . . . . . . . . . . . . UNLIMITED 
Storage Temperature Range 

P, S Package .................... -65°C to + 150°C 
Operating Temperature Range 

OP292/0P492 P, S ................ -40°C to + 125°C 
Junction Temperature Range 

P, S Package .................... -65°C to + 125°C 
Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type OJA 
3 

61c Units 

8-Pin Plastic DIP (P) 103 43 oc;w 
14-Pin Plastic DIP (P) 83 39 oc;w 
8-Pin SO (S) 158 43 oc;w 
14-Pin SO (S) 120 36 oc;w 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than + 36 V, the absolute maximum input voltage is 
equal to the supply voltage. 

301A is specified for the worst case conditions, i.e., OJA is specified for device in 
socket for P-DIP package; 01A is specified for device soldered in circuit board 
for SOIC package. 

ORDERING GUIDE 

Model Temperature Range Package Option* 

OP292GP -40°C to + 125°C N-8 
OP292GS -40°C to + 125°c S0-8 
OP492GP -40°C to + 125°C N-14 
OP492GS -40°C to + 125°C S0-14 
OP292/492GBC +25°C DICE 

*For outline information see Package Information section. 

REV.O 

DICE CHARACTERISTICS 

OUTA +V 
, 8 

4 
-V 

6 -INB 

5 +INB 

OP292 Die Size 0.040 x 0.057 Inch, 2,280 Sq. Mils 
Substrate Connected to V+, Number of Transistors: 
Bipolar 47, MOSFET 5. 

6 7 
-INB OUTB 

8 9 
OUTC -INC 

OP492 Die Size 0.057 x 0.068 Inch, 3,876 Sq. Mils 
Substrate Connected to V+, Number of Transistors: 
Bipolar 91, MOSFET 9. 

OPERATIONAL AMPLIFIERS 9-503 
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Figure 2. OP292 Input Offset Voltage Distribution 
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Figure 13. OP292 Supply Current per Amplifier 
vs. Temperature 

9.---...... ---.--....--"""T--..---.----. 
V8 s:t:15V 
V0 =±10V 

+SR 

'! 4 1-";;>'--r=--::;;;-1-=-+---+--+ 
> 
I i 3 J-,..--+--+---+---+ 

~ 2 L__..l;:::!:;;;;~:::=f=:~EJ~E~ 
-SR 

Vs =+SV 
Vo =0.1V1 4V o._ _ _._ _ __. __ ...._ _ _. __ .._ _ _.__ ........ 

-so -25 0 25 50 75 100 125 

TEMPERATURE- °C 

Figure 14. OP292 Slew-Rate vs. Temperature 
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Figure 19. OP292/0P492 Closed-Loop Gain/Phase vs. 
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Figure 20. OP292/0P492 CMR vs. Frequency@ +5 V 
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Figure 22. OP292/0P492 Closed-Loop Gain/Phase vs. 
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Figure 23. OP292/0P492 CMR vs. Frequency@ ±15 V 
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Figure 24. OP292/0P492 PSR vs. Frequency@ ±15 V 

OPERATIONAL AMPLIFIERS 9--507 

Ill 



OP292/0P492 
4.8 ~---------------~ 

V8 : +SV 

i 4.6 l---+----J--+----+--+---1------l 
> 
I 

~ 
~ 4.4 1--+----l--+----+--=.!-"""::;!.-=-i 
w 

~ 0 4.2 i--=:=-::±--..:::i=---+---+---t---+---1 
> 

i 4.0 1-""'--+----l--+----+-

3.8 ._ _ _._ _ __, __ _._ _ _.. __ ...__...J..._--J 

-50 -25 25 50 75 100 125 

TEMPERATURE- 'C 

Figure 25. OP292/0P492 V0 u7 Swing vs. Temperature 
@+5V 

0.1 ...__...._ _ _.. __ .._ _ __._ __ ._ _ _._ _ __. 

-50 -25 25 50 75 100 125 
TEMPERATURE - 'C 
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Figure 29. OP292/0P492 Input Bias Current vs. Tempera
ture@ ±15 V 

0.50-----------------

0.48 
0.48 
0.44 
0.42 
0.40 
0.38 

c 0.36 
~ 0.34 
_m 0.32 

0.30 
0.28 
0.26 
0.24 
0.22 
0.20 
0.18 '-'--..1--'--'--'--'---'-'-..I--'--'--'--'---'--' 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
V1N-V 

Figure 30. OP292/0P492 18 Current vs. Common Mode 
Voltage 

REV.O 



Figure 31. Voltage Noise Density 

APPLICATION INFORMATION 
PHASE REVERSAL 
The OP492 has built-in protection against phase reversal when 
the input voltage goes to either supply rail. In fact it is safe for 
the input to exceed either supply rail by up to 0.6 V with no 
risk of phase reversal. However, the input should not go beyond 
the positive supply rail by more than 0.9 V, otherwise the out
put will reverse phase. If this condition can occur, the problem 
can be fixed by adding a 5 kO current limiting resistor in series 
with the input pin. With this addition, the input can go to more 
than 5 V beyond the positive rail without phase reversal. 

An input voltage that is as much as 5 V below the negative rail 
will not result in phase reversal. 

+SV 

ov-£\:r 1iJf 11.SV p-p ~492 

2k 

Figure 32. Output Can Reverse Phase If Input Exceeds the 
Positive Supply (V+) by More Than 0.9 V 

ov-£\:r 
10Vp-p 

+SV 

Figure 33. No Negative Rail Phase Reversal, Even with 
Input Signal at 5 V Below Ground 
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OP292/0P492 
Power Supply Considerations 
The OP292/0P492 are designed to operate equally well at single 
+5 V or ±IS V supplies. The lowest supply voltage recom
mended is 4.5 V. 

It is a good design practice to bypass the supply pins with a 
0.1 µF ceramic capacitor. It helps improve filtering of high fre
quency noise. 

For dual supply operation, the negative supply (V-) must be 
applied at the same time, or before V +. If V + is applied before 
V-, or in the case of a loss of V- supply, while either input is 
connected to ground or other low impedance source, excessive 
input current may result. Potentially damaging levels of input 
current can destroy the amplifier. If this condition can exist, 
simply add a lk or larger resistor in series with the input to 
eliminate the problem. 

TYPICAL APPLICATIONS 
Direct Access Arrangement for Telephone Line Interface 
Figure 34 shows a + 5 V-only transmit/receive telephone line 
interface for a modem circuit. It allows full duplex transmission 
of modem signals on a transformer-coupled 600 n line in a dif
ferential manner. The transmit section gain can be set for the 
specific modem device output. Similarly the receive amplifier II 
gain can be appropriately selected based on the modem device 
input requirements. The circuit operates on a single + 5 V sup-
ply. The standard value resistors allow the use of a SIP pack-
aged resistor array; this, coupled with a quad op amp in a single 
package, offers a compact, low part-count solution. 

TO 
TELEPHONE 

LINE 

:Ji_1 --WV--. 

T1 

6.2V 

Sk 

100pF Sk 

TX GAIN ADJUST 

50k 

MODEM 

Figure 34. A Universal Direct Access Arrangement for 
Telephone Line Interface 
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OP292/0P492 
A Single Supply Instrumentation Amplifier 
A low cost single supply instrumentation amplifier can be built 
as shown in Figure 35. The circuit utilizes tWo op amps to form 
a high input impedance differential amplifier. Gain can be set by 
selecting resistor RG .which can be calculated using the transfer 
function equation. Normally, VREFERENCE is set to 0 V. Then 
the output voltage is a function of the gain times the differential 
input voltage. However, the output can be offset by setting 
VREFBRENCB from 0 V to 4 V, as long as the input common
mode voltage of the amplifier is not exceeded. 

+SV 

Figure 35. A Single Supply Instrumentation Amplifier 

In this configuration, while the output can swing to near zero 
volts, one needs to be careful because the input's common-mode 
voltage range cannot operate to zero volts. This is because of the 
limitation of the circuit configuration where the first amplifier 
must be able to swing below ground in order to attain a 0 V 
common-mode voltage, which it cannot do. Depending on the 
gain of the instrumentation amplifier, the input common-mode 
extends to within about 0.3 V of zero. One can easily calculate 
the worst-case common-mode limit for a given gain. 

DAC Output Amplifier 
The OP292/0P492 are ideal for buffering the output of single 
supply D/A converters. Figure 36 shows a typical amplifier used 
to buffer the output of a CMOS DAC that is connected for sin
gle supply operation. To do that, the normally current output 
12-bit CMOS DAC (R-2R ladder type) is connected. backward to 
produce a voltage output. This operating configuration necessi
tates a low voltage reference. In this case, a 1.235 V low power 
reference is used. The relatively high output impedance (IOk) is 
buffered by the OP292 and at the same time gained up to a 
much more usable level. The potentiometer provides an accurate 
gain trim for a 4.095 V full-scale, allowing 1 mV increment per 
LSB of control resolution. 

The DAC8043 device comes in an 8-pin DIP package providing 
a cost-effective, compact solution to a 12-bit analog channel. 
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Figure 36. A 12-Bit Single-Supply DAC With Serial Bus 
Control 

A 50 Hz/60 Hz Single-Supply Notch Filter 
Figure 37 Shows a notch filtenhat achieves nearly 30 dB of 
60 Hz rejection while powered by only a single 12V supply. 
The circuit- also works well on + 5 V systems. The filter utilizes 
a twin-T configuration whose frequency selectivity depends 
heavily on the relative matching of the capacitors and resistors 
in the twin-T section. Mylar is a good choice for the twin-T's 
capacitors, and the relative matching of the capacitors and resis. 
tors determines the filter's passband symmetry. Using 1 % resis
tors and 5% capacitors produces satisfactory results. 

The amount of rejection and the Q of the filter is solely deter
mined by one resistor, aild is shown in the table. The bottom 
amplifier is used to split the supply to bias the amplifier to mid
level. The circuit can be modified to reject 50 Hz by simply 
changing the resistors in the twin-T section (RI through R4) 
from 2.6'7k to .3.16k, and change RS to 112 of 3.16k. For best 
results, the common vitue resistors can be from a resistor array 
for optimum matching characteristics. 

v,. 

FILTER Q Ra(kr.l) 
0.75 1.0 
1.00 . 2.0 
1.25 3.0 
2.50 8.0 
5.00 18 
10.00 38 

R2 
2•67k 

REJECTION (dB) 
40 
35 
30 
25 
20 
15 

NOTE 
FOR 50Hz APPLICATION 
CHANGE R1- R4 TO 3.16kn 
AND RS TO 1.58k (3.16kr.l + 2) 

VOLTAGE GAIN 
1.33 
1.50 
1.60 
1.80 

1.90 
1.95 

Figure 37. A Single-Supply 50 Hz/60 Hz Notch Filter 
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Figure 38. A 4-Pole Bessel Low Pass Filter Using Sallen
Key Topology 

A 4-Pole Bessel Low-Pass Filter 
The linear phase filter in Figure 38 is designed to roll off at a 
voiceband cutoff frequency of 3.6 kHz. The 4 poles are formed 
by two cascading stages of two-pole Sallen-Key filters. 

A Low Cost, Linearized Thermistor Amplifier 
An inexpensive thermometer amplifier circuit can be imple
mented using low cost thermistors. One such implementation is 
shown in Figure 39. The circuit measures temperature over the 
range of 0°C to +70°C to an accuracy of ±0.3°C as the lineariza
tion circuit works well within a narrow temperature range. 
However, it can measure higher temperature but at a slightly 
reduced accuracy. To achieve the aforementioned accuracy, the 
thermistor's nonlinearity must be corrected. This is done by 
connecting the thermistor in parallel with the lOk in the feed
back loop of the first stage amplifier. A constant operating cur
rent of 281 µA is supplied by the resistor RI with the +5 V 
reference from the REF-195 such that the thermistor's self
heating error is kept below O. l°C. 

In many cases, the thermistor is placed some distance from the 
signal conditioning circuit. Under this condition, a 0.1 µF 
capacitor placed across R2 will help to suppress noise pickup. 

This linearization network creates an offset voltage which is cor
rected by summing a compensating current with potentiometer 
Pl. The temperature dependent signal is amplified by the sec
ond stage, producing a transfer coefficient of -10 mV/°C at the 
output. 

To calibrate, a precision decade box can be used in place of the 
thermistor. For 0°C trim, the decade box is set to 32.650k, and 
Pl is adjusted until the circuit's output reads 0 V. To trim the 
circuit at the full-scale temperature of 70°C, the decade box is 
then set to 1. 752k and P2 is adjusted until the circuit reads 
-0.70 v. 
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OP292/0P492 
R+ 

T 
10kQNTC 

NOTES 
+=ALPHA THERMISTOR 13A1002-C3 
* = 0.1% IMPERIAL ASTRONICS M015 
ALL RESISTORS ARE 1%, 25 ppmf'C 
EXCEPT RS= 1%, 100 ppmf'C 

Figure 39. A Low Cost Linearized Thermistor Amplifier 

A Single-Supply Ultrasonic Clamping/Limiting Receiver 
Amplifier 
Figure 40 shows an ultrasonic receiver amplifier using the non-
linear impedance of low cost diodes to effectively control the -
gain for wide dynamic range. This circuit amplifies a 40 kHz 1 

ultrasonic signal through a pair of low cost clamping amplifiers 
before feeding a bandpass filter to extract a clean 40 kHz signal 
for processing. 

The signal is ac-coupled into the false-ground bias node by vir
tue of the capacitive piezoelectric sensing element. Rather than 
using an amplifier to generate a supply splitting bias, the false 
ground voltage is generated by a low cost resistive voltage 
divider. 

Each amplifier stage provides ac gain while passing on the de 
self-bias. As long as the output signal at each stage is less than a 
diode's forward voltage, each amplifier has unrestricted gain to 
amplify low level signals. However, as the signal strength 
increases, the feedback diodes begin to conduct, shunting the 
feedback current, and thus reducing the gain. Although distort
ing the waveform, the diodes effectively maintain a relatively 
constant amplitude even with large signals that otherwise would 
saturate the amplifier. In addition, this design is considerably 
more stable than the feedback type AGC. 

The overall circuit has a gain range from - 2 to -400, where the 
inversion comes from the bandpass filter stage. Operating with a 
Q of 5, the filter restores a clean, undistorted signal to the out
put. The circuit also work well with 5 V supply systems. 
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Figure 40. A 40 kHz Ultrasonic Clamping/Limiting Receiver 
Amplifier 

Precision Single-Supply Voltage Comparator 
The OP292/0P492 have excellent overload recovery characteris
tics, making them suitable for precision comparator applications. 
Figure 41 shows the saturation recovery characteristics of the 
OP492. The ampljfier exhibits very little propagation delay. The 
amplifier compares a signal precisely to less than 0. 5 m V offset 
error. 

Figure 41. The OP492 Has Fast Overload Recovery for 
Comparator Applications 

Programmable Precision Window Comparator 
The OP292/0P492 can be used for precise level detection such 
as in test equipment where a signal is measured within a range. 
Figure 42 shows such an implementation. The threshold voltage 
level is set by a pair of 12-bit DIA .converters. The DACs have 
serial interface .thus minimizing interconnection requirements. 
The DAC8512 has a control resolution of I mV/bit. Thus for 
5 V supply operation, maximum DAC output is 4.095 V. How
ever, the OP292 will accept a maximum input of 4.0 V. 
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CLK 0---..+---f 

LDO---t-t-t----------e 
CLR o---t-t-t--------,.,....-e 

Figure 42. Programmable Window Comparator with 12-Bit 
Threshold Level Control 
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* OP292 SPICE Macro-model Rev. A, 6/93 
* ARG/PMI 

* 
*Copyright 1993 by Analog Devices 

* 
*Refer to "README.DOC" file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro-
* visions in the License Statement. 

* 
*Node assignments 

* 
* 
* 
* 
* 
* 
.SUBCKT OP292 

* 

loninverting input 
· verting input I rositive s~pply 

jeganve supply 
I 

1
output 

21995034 

* INPUT STAGE AND POLE AT 40 MHz 

* 
11 99 4 SOE-6 
IOS 2 1 lOE-9 
EOS 2 3 POL Y(l) (21,30) 1.SE-3 75 
CIN 1 2 3E-12 
Ql 5 1 7 QP 
Q2 6 3 8 QP 
R3 5 50 2E3 
R4 6 50 2E3 
RS 4 7 %6 
R6 4 8 %6 
Cl 5 6 .995E-12 
* 
*GAIN STAGE 
* 
EREF 98 0 . (30,0) 1 
G1 98 9 (5,6) SOOE-6 
R7 9 98 210.819E3 
D1 9 10 DX 
D2 11 9 DX 
Vl 99 10 .6 
V2 11 50 .6 
* 
*ZERO/POLE AT 6 MHz/12 MHz 
* 
El 
RS 
R9 
C3 

* 

12 98 
12 13 
13 98 
12 13 

(9,30) 2 
1 
1 
26.526E-9 

*ZERO AT 15 MHz 
* 
E2 14 98 (13,30) 1E6 
RIO 14 15 1E6 
RU 15 98 1 
C4 14 15 10.610E-15 
* 
*COMMON MODE STAGE WITH ZERO AT 40 kHz 
* 
ECM 20 98 POLY(2) (1,30) (2,30) 0 0.5 0.5 
R20 20 21 1E6 
R21 21 98 1 
cs 20 21 3.979E-12 

OP292/0P492 

Ill 
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* 
*POLE AT 100 MHz 

* 
G2 98 16 (15,30) 1 
Rl2 16 98 1 
C6 16 98 l.592E-9 
* 
*OUTPUT STAGE 

* 
RSl 99 30 1E6 
RS2 30 50 1E6 
ISY 99 50 .44E-3 
G3 31 50 POL Y(l) (16,30) - l.635E-6 4E-6 
Rl6 31 50 1E6 
DCL 50 31 DZ 
12 99 32 250E-6 
RCL 33 50 56 
Ml 32 31 50 50 MN L=9E-6 W=lOOOE-6 AD=l5E-9 AS=l5E-9 
M2 34 31 50 50 MN L=9E-6 W = lOOOE-6 AD= 15E-9 AS= 15E-9 
cc 31 32 14E-12 
Q3 99 32 34 QNA 
Q4 33 32 34 QPA 
Q5 31 33 50 QNA 

.MODEL QNA NPN(IS=l.19E-16 BF=253 NF=0.99 VAF=l93 IKF=2.76E-3 
+ ISE=2.57E-13 NE=5 BR=0.4 NR=0.988 VAR=l5 IKR=l.465E-4 
+ ISC=6.9E-16 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM=l32.8 RE=4 RC=209 

+ CJE=2.1E-13 VJE=0.573 MJE=0.364 FC=0.5 CJC=l.64E-13 VJC=0.534 MJC=0.5 

+ CJS=l.37E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 

.MODEL QPA PNP(IS=5.21E-17 BF=l31 NF=0.99 VAF=62 IKF=8.35E-4 

+ ISE=l.09E-14 NE=2.61 BR=0.5 NR=0.984 VAR=l5 IKR=3.96E-5 

+ ISC=7.58E-16 NC=0.985 RB= l.52E3IRB=1.67E-5 RBM=368.5 RE=6.31 RC=354.4 

+ CJE=l.lE-13 VJE=0.745 MJE=0.33 FC=0.5 CJC=2.37E-13 VJC=0.762 MJC=0.4 

+ CJS=7.11E-13 VJS=0.45 MJS=0.412 TF=l.OE-9 PTF=30) 

.MODEL MN NMOS(LEVEL=3 VTO=l.3 RS=0.3 RD=0.3 

+ TOX=8.5E-8 LD=l.48E-6 WD=lE-6 NSUB=l.53El6 U0=650 DELTA=lO VMAX=2E5 

+ XJ=l.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=l CJ=2.9E-4 PB=0.837 

+ MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 

.MODEL QP PNP(BF=61.5) 

.MODELDXD 

.MODEL DZ D(BV=3.6) 

.ENDS OP292 
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* OP492 SPICE Macro-model 

* 
* 
* Copyright 1993 by Analog Devices 

* 

Rev. A, 6/93 
ARG/ PMI 

*Refer to "README.DOC" file for License Statement. Use of 
* this model indicates your acceptance of the terms and pro-
* visions in the License Statement. 

* 
*Node assignments 

* 
* 
* 
* 
* 
* 
.SUBCKT OP492 

* 

l
oninverti~g input 

mvertmg mput 

r
ositive supply 

regative supply 

lout put 

2 1 99 50 34 

*INPUT STAGE AND POLE AT 40 MHz 

* 
99 4 
2 1 

SOE-6 
IOE-9 

11 
IOS 
EOS 
CIN 
QI 
QZ 
R3 
R4 
RS 
R6 
Cl 

2 3 
I 2 

POLY(l) (21,30) l.SE-3 75 
3E-12 

5 I 
6 3 
5 50 
6 50 
4 7 
4 8 
5 6 

* 
*GAIN STAGE 

* 
EREF 98 0 
GI 98 9 
R7 9 98 
DI 9 10 
DZ 11 9 
VI 99 10 
vz 11 50 

* 

7 QP 
8 QP 
2E3 
2E3 
966 
966 
.995E-12 

(30,0) 
(5,6) SOOE-6 
210.819E3 
DX 
DX 
.6 
.6 

*ZERO/POLE AT 6 MHz/12 MHz 

* 
El 12 98 (9,30) 2 
RS 12 13 I 
R9 13981 
C3 12 13 26.526E-9 

* 
*ZERO AT 15 MHz 

* 
EZ 
RIO 
Rll 
C4 
* 

14 98 
14 15 
15 98 
14 15 

(13,30) 1E6 
1E6 
I 
10.610E-15 

*COMMON MODE STAGE WITH ZERO AT 40 kHz 

* 
ECM 
RZO 
R21 
cs 

20 98 
20 21 
21 98 
20 21 

POLY(2) (1,30) 
1E6 
I 
3.979E-12 

(2,30) 0 0.5 0.5 

OP292/0P492 

Ill 
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* 
*POLE AT 100 MHz 
* 
G2 98 16 (15,30) 
R12 16 98 1 
C6 16 98 1.592E-9 
* 
*OUTPUT STAGE 
* 
RSI 99 30 1E6 
RS2 30 50 1E6 
ISY 99 50 .44E-3 
G3 31 50 POLY(l) 
Rl6 31 50 lE6 
DCL 50 31 DZ 
12 99 32 250E-6 
RCL 33 50 56 
Ml 32 31 50 50 
M2 34 31 50 50 
cc 31 32 14E-12 
Q3 99 32 34QNA 
Q4 33 32 34QPA 
Q5 31 33 50QNA 

(16,30) -1.635E-6 4E-6 

MN L=9E-6 W= lOOOE-6 AD= 15E-9 AS= 15E-9 
MN L=9E-6 W=lOOOE-6 AD=l5E-9 AS=l5E-9 

.MODEL QNA NPN(IS=l.19E-16 BF=253 NF=0.99 VAF=l93 IKF=2.76E-3 
+ ISE=2.57E-13 NE=5 BR=0.4 NR=0.988 VAR=l5 IKR=l.465E-4 
+ ISC=6.9E-16 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM=l32.8 RE=4 RC=209 
+ CJE=2.1E-13 VJE=0.573 MJE=0.364 FC=0.5CJC=1.64E-13 VJC=0.534 MJC=0.5 
+ CJS=l.37E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 
.MODEL QPA PNP(IS=5.21E-17 BF=l31 NF=0.99 VAF=62 IKF=8.35E-4 
+ ISE=l.09E-14 NE=2.61 BR=0.5 NR=0.984 VAR=l5 IKR=3.96E-5 
+ ISC=7.58E-16 NC=0.985 RB=l.52E3 IRB=l.67E-5 RBM=368.5 RE=6.31 RC=354.4 
+ CJE=l.IE-13 VJE=0.745 MJE=0.33 FC=0.5 CJC=2.37E-13 VJC=0.762 MJC=0.4 
+ CJS=7.11E-13 VJS=0.45 MJS=0.412 TF= l.OE-9 PTF=30) 
.MODEL MN NMOS(LEVEL=3 VTO=l.3 RS=0.3 RD=0.3 
+ TOX=8.5E-8 LD=l.48E-6 WD=IE-6 NSUB=l.53El6 U0=650 DELTA=lO VMAX=2E5 
+ XJ=l.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=l CJ=2.9E-4 PB=0.837 
+ MJ=0.407 CJSW=0.5E-9 MJSW=0.33) 
.MODEL QP PNP(BF=61.S) 
.MODEL DXD 
.MODEL DZ D(BV=3.6) 
.ENDS OP492 
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so 

99 

C3 

12~13 
<CJR9 

98 

~ 
ZERO/POLE PAIR 

V+ 

V-

so 

99 

los 

C4 

,J]415 
~R11 

98 

~ 
ZERO 

+IN0--1..--+--t--t· 
2 

V-

50 

99 

cs 

20~21 G2~ <t::JR21 C2_H 
98 

~ '-v---' 
COMMON MODE POLE 

50 

99 

50 

(V+) 99 

V-

(V-) 50 
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FEATURES 
Rail-to-Rail Output Swing 
Single-Supply Operation: +3 V to 36 V 
Low Offset Voltage: 300 µV 
Gain Bandwidth Product: 75 kHz 
High Open-Loop Gain: 1000 V/mV 
Unity-Gain Stable 
Low Supply Current/Per Amplifier: 150 µA max 

APPLICATIONS 
Battery Operated Instrumentation 
Servo Amplifiers 
Actuator Drives 
Sensor Conditioners 
Power Supply Control 

GENERAL DESCRIPTION 
Rail-to-rail output swing combined with de accuracy are the key 
features of the OP-495 quad and OP-295 dual CBCMOS opeia
tional amplifiers. By using a bipolar front end, lower noise and 
higher accuracy than CMOS designs have been achieved. Both 
input and output ranges include the negative supply providing 
the user "zero-in/zero-out" capability. For.users of 3.3 volt sys
tems such as lithium batteries, the OP-295/0P-495 is specified 
for three volt operation. 

Maximum offset voltage is specified at 300 µ. V for + 5 v:olt oper
ation, and the open-loop gain is a minimum of 1000 V/mV, 
giving the user performance that can be used to implement high 
accuracy systems even in single supply designs. 

The ability to swing rail-to-rail and supply ± 15 mA to the load 
makes the OP-295/0P-495 an ideal driver for power transistors 
and "H" bridges. This allows designs to. achieve higher efficien
cies and to transfer more power to the load than previously pos
sible without the use of discrete components. For applications 
that require driving inductive loads, such as transformers, 
increases in efficiency are also possible. Stability while driving 
capacitive loads is another benefit of this design over CMOS 

9-518 OPERATIONAL AMPLIFIERS 

DuaVQuad Rail-to-Rail 
Operational Amplifiers 

OP295/0P495 I 
PIN CONNECTIONS 

8-Lead Narrow-Body SO 
(S Suffix) 

14-Lead Epoxy DIP 
(P Suffix) 

8-Lead Epoxy DIP 
(P Suffix) 

16-Lead SOL (300 Mil) 
(S Suffu:) 

rail-to-rail amplifiers. This is useful for driving coax cable or 
large FET transistors. The OP-295/0P-495 is stable with loads 
in excess of 300 pF. 

The OP-295 and OP-495 are specified over the extended indus
trial ( -40°C to + 125°C) temperature range. OP-295s are avail
able in 8-pin plastic and ceramic DIP plus S0-8 surface mount 
packages. OP-495s are available in 14-pin plastic and SOL-16 
slirl'ace mount packages. Contact your local sales office for MIL
STD-883 data sheet. 
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SPECIFICATIONS OP295/0P495 
ELECTRICAL CHARACTERISTICS (@Vs = +5.0 V, VcM = 2.5 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 30 300 µ,V 
Offset Voltage Vos -40°C ,; TA ,; + 12s0c 800 µ.V 
Input Bias Current In 8 20 nA 
Input Bias Current ls -40°C ,; TA ,; + 12S°C 30 nA 
Input Offset Current los I ±3 nA 
Input Offset Current los -40°C ,; TA ,; + 12s0c ±S nA 
Input Voltage Range VcM 0 +4.0 v 
Common-Mode Rejection CMR 0 V,; VcM,; 4.0 V, -40°C,; TA,; +12S°C 90 llO dB 
Large Signal Voltage Gain Avo RL = JO k!1, 0.00S ,; V OUT ,; 4.0 V 1000 10,000 V/mV 
Large Signal Voltage Gain Avo Ri. = IO k!1, -40°C ,; TA ,; + 12s0c soo V/mV 
Offset Voltage Drift !!.VosltJ.T I s µ.V/°C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing High Vott RL = 100 k!1 to GND 4.98 s.o v 
Output Voltage Swing High Vott RL = 10 k!1 to GND 4.90 4.94 v 
Output Voltage Swing Low VoL IouT = I mA, -40°C ,; TA ,; + 12S°C 0.11 v 
Output Voltage Swing High Vott louT = I mA, -40°C ,; TA ,; + 12S°C 4.S v 
Output Voltage Swing Low VoL RL = 100 k!1 to GND 0.7 2 mV 
Output Voltage Swing Low VoL RL = IO k!1 to GND 0.7 2 mV 
Output Current louT ±II ±18 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR ±1.S V,; Vs,; ±IS V 90 110 dB 
Power Supply Rejection Ratio PSRR ±1.S V,; Vs,; ±IS V, 

-40°C ,; TA ,; + 12s0c 8S dB 
Supply Current Per Amplifier lsv VouT= 2.S V,RL = 00, -40°C,; TA,; +12S°C ISO µ.A Ill 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10 k!1 0.03 V/µ.s 
Gain Bandwidth Product GBP 7S kHz 
Phase Margin 0o 86 Degrees 

NOISE PERFORMANCE 
Voltage Noise en p·p 0.1Hzto10 Hz 1.5 µ.V p-l'_ 
Voltage Noise Density en f=lkHz SI nV/y'Hz 
Current Noise Density i,, f = I kHz 0.6 pA/y'Hz 

Specifications subiect to change without nonce. 

ELECTRICAL CHARACTERISTICS (@Vs = +3.0 V, VcM = 1.5 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos JOO soo µ.V 
Input Bias Current Is 8 20 nA 
Input Offset Current Ios I ±3 nA 
Input Voltage Range VcM 0 +2.0 v 
Common-Mode Rejection CMR O V,; VcM,; 2.0 V, -40°C,; TA,; +12S°C 90 llO dB 
Large Signal Voltage Gain Avo RL=!Ok!1 7SO V/mV 
Offset Voltage Drift tJ.V0 sitJ.T 1 µ.V/°C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing High VoH RL = IO k!1 to GND 2.9 v 
Output Voltage Swing Low VoL RL = IO k!1 to GND 0.7 2 mV 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR ±1.S V,; Vs,; ±IS V 90 llO dB 
Power Supply Rejection Ratio PSRR ±1.S V,; Vs,; ±IS V, 

-40°C,; TA,; +12S°C 85 dB 
Supply Current Per Amplifier Isy VouT = l.S V, RL = oo, -40°C ,; TA ,; + 12S°C 150 µ.A 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = !Ok!1 0.03 V/µ.s 
Gain Bandwidth Product GBP 75 kHz 
Phase Margin 0o 8S Degrees 

NOISE PERFORMANCE 
Voltage Noise enp.p 0.1 Hz to IO Hz 1.6 µ.Vp-E_ 
Voltage Noise Density en f=lkHz 53 nV/y'Hz 
Current Noise Density i,, f=lkHz 0.6 pA/y'Hz 

Specifications subject to change without notice. 
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OP295/0P495 
ELECTRICAL CHARACTERISTICS c@v5 .= ±15.o v. rA = +2s0c unless otherwise' noted> 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 300 500 µV 
Offset Voltage Vos -40°C s TA s +125°C 800 µV 
Input Bias Current Is VCM = 0 v 7 20 nA 
Input Bias Current Is VCM = 0 v, -40°C s TA s +125°C 30 nA. 
Input Offset Current los VCM = ov I ±3 nA 
Input Offset Current los VCM = 0 v, -40°C s TA s +125°C ±5 nA 
Input Voltage Range VCM -15 +13.5 v 
Common-Mode Rejection CMR -15.o vs vCM s +13.5 v, ~40oe s TA s +125oc; 90 110 dB 
Large Signal Voltage Gain Avo RL = 10 k!l 1000 4000 V/mV 
Offset Voltage Drift AVosfAT I µV/°C 

OUTPUT CHARACTERISTICS 
Output Voltage. Swing High VoH RL = 100 kO to GND 14,95 v 
Output Voltage Swing High VoH RL = 10 k!l to GND 14.80 v 
Output Voltage Swing Low VoL RL = 100 kO to GND -14.95 v 
Output Voltage Swing Low VoL RL = 10 k!l to GND -14.85 v 
Output. Current louT ±15 ±25 mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs= ±l.5Vto ±15V 90 110 dB 
Power Supply Rejection Ratio PSRR Vs= ±1.5 V to ±15 V, -40°C s TA s +125°C 85 dB 
Supply Current lsy V0 = 0 V, RL =''"Vs= ±18 V, 

-40"C s TA s +125°C 175 µA 
Supply Voltage Range Vs +3 (±15) +36 (±18) v 

DYNAMIC PERFORMANCE 
Slew Rate SR RL = 10 k!l 0.03 V/µs 
Gain Bandwidth Product GBP 85 kHz 
Phase Margin 0o 83 Degrees 

NOISE PERFORMANCE 
Voltage Noise e,, p-p 0.1 Hz to 10 Hz 1.25 µV p-£__ 
Voltage Noise Density e,, f=lkHz 45 nV/y'Hz 
Current Noise Density i,, f=lkHz 0.6 pA/y'Hz 

Specifications subject to change without notice. 

WAFER TEST LIMITS (@ V5 = +5.0 V, YcM = 2.5 V, TA= +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos 300 µ.Vmax 
Input Bias Current Is 20 nAmax 
Input Offset Current los ±2 nAmax 
Input Voltage Range1 VCM 0 to +4 Vmin 
Common-Mode Rejection CMRR OVsVCMs4V 90 dB min 
Power Supply Rejection Ratio PSRR ±1.S Vs Vs s ±IS V 90 µ.VN 
Large Signal Voltage Gain Avo RL = 10 kn 1000 V/mVmin 
Output Voltage Swing High VoH RL = lOk.O 4.9 Vmin 
Supply Current Per Amplifier lsy VoUT = 2.S V, RL = co ISO µ.A rilax 

NOTES 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not gusranteed for 
Standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

ORDERING GUIDE 

Temperature Package Package Temperature Package Package 
Model Range Description Option* Model Range Description Option* 

OP295GP -40°C to + 12s0c 8-Pin Plastic DIP N-8 OP49SGP -40°C to + 12s0c 14-Pin Plastic DIP N-14 
OP295GS -40°C to + 12s0c 8-Pin SOIC S0-8 OP49SGS -40°c to + 12s0c 16-Pin SOL R-16 
OP295GBC +25°C DICE OP49SGBC +2s0c DICE 

*For outline information see Package Information section. 
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ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Input Voltage2 •••••••••••••••••••••..•••• ± 18 V 
Differential Input Voltage2 ••••••••••••••••••••• 36 V 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range 

P, S Package .................... -65°C to + IS0°C 
Operating Temperature Range 

OP-295G, OP-495G ............... -40°C to + 125°C 
Junction Temperature Range 

P, S Package .................... -65°C to + 1S0°C 
Lead Temperature Range (Soldering, 60 Sec) ....... + 300°C 

OP295/0P495 

Package Type OJA 
3 

01c Units 

8-Pin Plastic DIP (P) 103 43 oc/W 
8-Pin SOIC (S) 158 43 oc/W 
14-Pin Plastic DIP (P) 83 39 oc/W 
16-Pin SOL (S) 98 30 oc/W 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

301A is specified for the worst case conditions, i.e., 01A is specified for device 
in socket for cerdip, P-DIP, and LCC packages; 01A is specified for device 
soldered in circuit board for SOIC package. 

DICE CHARACTERISTICS 

-IN A 2 

+INA 3 

OUTA 
1 

4 
V-

V+ 
8 

+IN B 

OP-295 Die Size 0.066 x 0.080 inch, 5,280 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 74. 

Typical Characteristics-OP295/0P495 
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OP-495 Die Size 0.113 x 0.083 inch, 9,380 sq. mils. 
Substrate (Die Backside) ls Connected to V+. 
Transistor Count, 196. 
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OP295/0P495-Typical Characteristics 
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OP295/0P495 
APPLICATIONS 
Rail-to-Rail Applications Information 
The OP-295/0P-495 has a wide common-mode input range 
extending from ground to within about 800 mV of the positive 
supply. There is a tendency to use the OP-295/0P-495 in buffer 
applications where the input voltage could exceed the common
mode input range. This may initially appear to work because of 
the high input range and rail-to-rail output range. But above the 
common-mode input range the amplifier is, of course, highly 
nonlinear. For this reason it is always required that there be 
some minimal amount of gain when rail-to-rail output swing is 
desired. Based on the input common-mode range this gain 
should be at least 1.2. 

Low Drop-Out Reference 
The OP-295/0P-495 can be used to gain up a 2.5 V or other low 
voltage reference to 4.5 volts for use with high resolution AID 
converters that operate from + S volt only supplies. The circuit 
in Figure 1 will supply up to 10 mA. Its no-load drop-out volt
age is only 20 m V. This circuit will supply over 3 .S mA with a 
+ S volt supply. 

16k 

+SV 

VouT = 4.SV 

+ 
1 ro10,.F ~ 

Figure 1. 4.5 Volt, Low Drop-Out Reference 

Low Noise, Single Supply Preamplifier 
Most single supply op amps are designed to draw low supply 
current, at the expense of having higher voltage noise. This 
tradeoff may be necessary because the system must be powered 
by a battery. However, this condition is worsened because all 
circuit resistances tend to be higher, as a result; in addition to 
the op amp's voltage noise, Johnson noise (resistor thermal 
noise) is also a significant contributor to the total noise of the 
system. 

The choice of monolithic op amps that combine the characteris
tics of low noise and single supply operation is rather limited. 
Most single supply op amps have noise on the order of 
30 to 60 nV/y'Hz and single supply amplifiers with noise below 
S nV/yHz do not exist. 

In order to achieve both low noise and low supply voltage opera
tion, discrete designs may provide the best solution. The circuit 
on Figure 2 uses the OP-295/0P-495 rail-to-rail amplifier and a 
matched PNP transistor pair - the MA T03 - to achieve zero-in/ 
zero-out single supply operation with an input voltage noise of 
3.1 nV/\/Hz at 100 Hz. RS and R6 set the gain of 1000, making 
this circuit ideal for maximizing dynamic range when amplifying 
low level signals in single supply applications. The OP-295/ 
OP-495 provides rail-to-rail output swings allowing this circuit 
to operate with 0 to S volt outputs. Only half of the OP-295/ 
OP-495 is used leaving the other uncommitted op amp for use 
elsewhere. 
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v,. 

LED R1 

Q2 
2N3906 

0.1µF 

~ 
10µF 

+~ 

R& 
100 

C2 
10µF 

Figure 2. Low Noise Single Supply Preamplifier 

The input noise is controlled by the MA T-03 transistor pair and 
its collector current level. Increasing the collector current 
reduces the voltage noise. This particular circuit was tested with 
1.85 mA and 0.5 mA of current. Under these two cases, the 
input voltage noise was 3.1 nV/\/Hz and 10 nV/yHz, respec
tively. The high collector currents do lead to a tradeoff in sup
ply current, bias current, and current noise. All of these 
parameters will increase with increasing collector current. For 
example, typically the MAT-03 has an hFe = 165. This leads to 
bias currents of 11 µA and 3 µA, respectively. Based on high 
bias currents, this circuit is best suited for applications with low 
source impedance such as magnetic pickups or low impedance 
strain gauges. Furthermore, a high source impedance will 
degrade the noise performance. For example, a 1 kO resistor 
generates 4 nV/yHz of broad band noise, which is already 
greater than the preamp. 

The collector current is set by Rl in combination with the LED 
and Q2. The LED is a 1.6 V "Zener" that has temperature 
coefficient close to that of Q2's base-emitter junction, which 
provides a constant 1.0 V drop across RI. With Rl equal to 
270 n, the tail current is 3. 7 mA, and the collector current is 
half that or 1.85 mA. The value of Rl can be altered to adjust 
the collector current. Whenever Rl is changed, R3 and R4 
should also be adjusted. To maintain a common-mode input 
range that includes ground, the collectors of the QI and Q2 
should not go above 0.5 V, otherwise they could saturate. Thus, 
R3 and R4 have to be small enough to prevent this condition. 
Their values and the overall performance for two different val
ues of RI are summarized in Table I. Lastly, the potentiometer, 
RS, is needed to adjust the offset voltage to null it to zero. Simi
lar performance can be obtained using an OP-90 as the output 
amplifier with a savings of about 185 µA of supply current. 
However, the output swing will not include the positive rail, 
and the bandwidth will reduce to approximately 250 Hz. 
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Table I. Single Supply Low Noise Preamp Performance 

le= 1.85 mA le= 0.5 mA 

RI 270 !! l.O kll 
R3, R4 200 !! 910 ll 
en (<l 100 Hz 3.15 nV/\ Hz 8.6 nV/\ Hz 
e11 (u lOHz 4.2 nV/\ Hz 10.2 nV/\ Hz 
Is\' 4.0 mA l.3 mA 
Is II µA 3 µA 
Bandwidth I kHz l kHz 
Closed-Loop Gain 1000 1000 

Driving Heavy Loads 
The OP-295/0P-495 is well suited to drive loads by using a 
power transistor, Darlington or FET to increase the current to 
the load. The ability to swing to either rail can assure that the 
device is turned on hard. This results in more power to the load 
and an increase in efficiency over using standard op amps with 
their limited output swing. Driving power FETs is also possible 
with the OP-295/0P-495 because of its ability to drive capacitive 
loads of several hundred picofarads without oscillating. 

Without the addition of external transistors the OP-295/0P-495 
can drive loads in excess of :':: 15 mA with :':: 15 or 30 volt sup
plies. This drive capability is somewhat decreased at lower sup
ply voltages. At :'::5 volt supplies the drive current is :':: 11 mA. 

Driving motors or actuators in two directions, in a single supply 
application is often accomplished using an "H" bridge. The 
principle is demonstrated in Figure 3a. From a single + 5 volt 
supply this driver is capable of driving loads from 0.8 to 4.2 
volts in both directions. Figure 3b shows the voltages at the 
inverting and noninverting outputs of the driver. There is a 
small crossover glitch that is frequency dependent and would 

Figure 3a. "H" Bridge 

Figure 3b. "H" Bridge Outputs 
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OP295/0P495 
not cause problems unless this was a low distortion application 
such as audio. If this is used to drive inductive loads, be sure to 
add diode clamps to protect the bridge from inductive kickback. 

Direct Access Arrangement 
OP-295/0P-495 can be used in a single supply Direct Access 
Arrangement (DAA) as is shown in Figure 4. This figure shows 
a portion of a typical DAA capable of operating from a single 
+ 5 volt supply and it may also work on + 3 volt supplies with 
minor modifications. Amplifiers A2 and A3 are configured so 
that the transmit signal TXA is inverted by A2 and is not 
inverted by A3. This arrangement drives the transformer differ
entially so that the drive to the transformer is effectively dou
bled over a single amplifier arrangement. This application takes 
advantage of the OP-295/0P-495's ability to drive capacitive 
loads, and to save power in single supply applications. 

390pF 

0.1HF 

@-i1r----+-c:. 

0.1HF 
~l-+-"M--4>--~~__. 

0.33uF 

Figure 4. Direct Access Arrangement 

A Single Supply Instrumentation Amplifier 
The OP-295/0P-495 can be configured as a single supply instru
mentation amplifier as in Figure 5. The input common-mode 
voltage range includes ground and the output swings to both rails. 

+<>-------------1"'1 
v,. 

( 200k) 
Vo= 5+~ V1N+VREF 

G 

V+ 

Figure 5. Single Supply Instrumentation Amplifier 

Resistor RG sets the gain of the instrumentation amplifier. Mini
mum gain is 6 (with no RG). All resistors should be matched in 
absolute value as well as temperature coefficient to maximize 
common-mode rejection performance and minimize drift. This 
instrumentation amplifier can operate from a supply voltage as 
low as 3 volts. 
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OP295/0P495 
A Single Supply RTD Thermometer Amplifier 
This RTD amplifier takes advantage of the rail-to-rail swing of 
the OP-29S/OP-49S to achieve a high bridge voltage in spite of a 
low S V supply. The OP-29S/OP-49S amplifier servos a constant 
200 µA current to the bridge. The return current drops across 
the parallel resistors 6.19 k!l and the 2.SS M!l, developing a 
voltage that is servoed to l .23S V, which is established by the 
ADS89 bandgap reference. The 3-wire RTD provides a equal 
line resistance drop in both 100 n legs of the bridge, thus 
improving the accuracy. 

The AMP-04 amplifies the differential bridge signal and con
verts it to a single-ended output. The gain is set by the series 
resistance of the 332 fl resistor plus the SO 0 potentiometer. 
The gain scales the output to produce a 4.S V full scale. The 
0.22 µF capacitor to the output provides a 7 Hz low-pass filter 
to keep noise at a minimum. 

Figure 6. Low Power RTD Amplifier 

A Cold Junction Compensated, Battery Powered 
Thermocouple Amplifier 
The OP-295/0P-49S's ISO µA quiescent current per amplifier 
consumption makes it useful for battery powered temperature 
measuring instruments. The K-type thermocouple terminates 
into an isothermal block where the terminated junctions' ambi
ent temperature can be continuously monitored and corrected by 
summing an equal but opposite thermal EMF to the amplifier, 
thereby canceling the error introduced by the cold junctions. 

To calibrate, immerse the thermocouple measuring junction in a 
0°C ice bath, adjust the SOO fl Zero Adjust pot to zero volts out. 
Then immerse the thermocouple in a 250°C temperature bath or 
oven and adjust the Scale Adjust pot for an output voltage of 
2.SO V, which is equivalent to 2S0°C. Within this temperature 

AD589 

ISOTHERMAL 
BLOCK 

I+ CR 

/cHROMEL 

K-TYPE 
THERMOCOUPLE 
40.7µV/°C 

1.235V 24.9k 

9V~ + 
~-

SCALE 
ADJUST 

Figure 7. Battery Powered, Cold-Junction Compensated 
Thermocouple Amplifier 
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range, the K-type thermocouple is quite accurate and produces a 
fairly linear transfer characteristic. Accuracy of ± 3°C is achiev
able without linearization. 

Even if the battery voltage is allowed to decay to as low as 7 
volts, the rail-to-rail swing allows temperature measurements to 
700°C. However, linearization may be necessary for tempera
tures above 2S0°C where the thermocouple becomes rather 
nonlinear. The circuit draws just under SOO µA supply current 
from a 9 V battery. 

A 5 V Only, 12-Bit DAC That Swings 0 V to 4.095 V 
Figure 8 shows a complete voltage output DAC with wide out
put voltage swing operating off a single + 5 V supply. The serial 
input 12-bit DIA converter is configured as a voltage output 
device with the l.23S V reference feeding the current output pin 
(10 uT) of the DAC. The VREF which is normally the input, now 
becomes. the output. 

The output voltage from the DAC is the binary weighted volt
age of the reference, which is gained up by the output amplifier 
such that the DAC has a 1 mV per bit transfer function. 

+SV 

R1 
17.Bk~l 

+SV 

+SV 

+1.23V ~ (4.096V) 

~ 

DIGITAL 
CONTROL 

TOTAL POWER DISSIPATION= 1.&mW 

Figure 8. A 5 Volt 12-Bit DAG with 0 V to +4.095 
Output Swing 

4-20mA Current Loop Transmitter 
Figure 9 shows a self-powered 4-20 mA current loop transmit
ter. The entire circuit floats up from the single supply (12 V to 
36 V) return. The supply current carries the signal within the 
4 mA to 20 mA range. Thus the 4 mA establishes the baseline 

v,. o--.... .,.......l'(\l'f-41---{3) 

0+3V 

Figure 9. 4-20 mA Current Loop Transmitter 
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current budget with which the circuit must operate. This circuit 
consumes only 1.4 mA maximum quiescent current, making 
2.6 mA of current available to power additional signal condition
ing circuitry or to power a bridge circuit. 

A 3 Volt Low-Dropout Linear Voltage Regulator 
Figure 10 shows a simple 3 V voltage regulator design. The reg
ulator can deliver 50 mA load current while allowing a 0.2 V 
dropout voltage. The OP-295/0P-495's rail-to-rail output swing 
handily drives the MJE350 pass transistor without requiring spe
cial drive circuitry. At no load, its output can swing less than 
the pass transistor's base-emitter voltage, turning the device 
nearly off. At full load, and at low emitter-collector voltages, the 
transistor beta tends to ,decrease. The additional base current is 
easily handled by the OP-295/0P-495 output. 

The amplifier servos the output to a constant voltage, which 
feeds a portion of the signal to the error amplifier. 

Higher o,utput current, to 100 mA, is achievable at a higher 
dropout voltage of 3.8 V. 

MJE 350 
IL< 50mA -
+ 

110011F 

30.9k 
1% 

Figure 10. 3 V Low Dropout Voltage Regulator 

Figure 11 shows the regulator's recovery characteristic when its 
output underwent a 20 mA to 50 mA step current change. 

SOmA 
STEP 

CURRENT 
CONTROL 

WAVEFORM 
20mA 

OUTPUT 

Figure 11. Output Step Load Current Recovery 

Low Dropout, 500 mA Voltage Regulator with Fold-Back 
Current Limiting 
Adding a second amplifier in the regulation loop as shown in 
Figure 12 provides an output current monitor as well as pro
vides fold-back current limiting protection. 

Amplifier A 1 provides error amplification for the normal voltage 
regulation loop. As long as the output current is less than 1 
ampere, amplifier A2's output swings to ground, reverse biasing 
the diode and effectively taking itself out of the circuit. How
ever, as the output current exceeds 1 amp, the voltage that 
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OP295/0P495 
develops across the 0.1 ll sense resistor forces the amplifier A2's 
output to go high, forward-biasing the diode, which in turn 
closes the current limit loop. At this point A2's lower output 
resistance dominates the drive to the power MOSFET transis
tor, thereby effectively removing the A 1 voltage regulation loop 
from the circuit. 

If the output current greater than I amp persists, the current 
limit loop forces a reduction of current to the load, which causes 
a corresponding drop in output voltage. As the output voltage 
drops, the current limit threshold also drops fractionally, result
ing in a decreasing output current as the output voltage 
decreases, to the limit of less than 0.2 A at I V output. This 
"fold-back" effect reduces the power dissipation considerably 
during a short circuit condition, thus making the power supply 
far more forgiving in terms of the thermal design requirements. 
Small heat sinking on the power MOSFET can be tolerated. 

The OP-295's rail-to-rail swing exacts higher gate drive to the 
power MOSFET, providing a fuller enhancement to the transis
tor. The regulator exhibits 0.2 V drop-out at 500 mA of load 
current. At I amp output, the drop-out voltage is typically 5.6 
volts. 

10 (NORM) = 0.SA 
lo (MAX)= 1A 

RseNSE 
0.1!:2 
1/4W -~----- ~-----+-'llltv-.,_----o+SV V0 

sv~ 

1 

100k 
5% 

Figure 12. Low Dropout, 500 mA Voltage Regulator with 
Fold-back Current Limiting 

Square Wave Oscillator 
The oscillator circuit in Figure 13 shows the rail-to-rail swing 
helps maintain a constant oscillation frequency even though the 
supply voltage varies considerably. This works great in a battery 
powered system where no voltage regulation is required. The 
constant frequency comes from the fact that the 58. 7 kO feed
back sets up Schmitt Trigger threshold levels that are directly 
proportional to the supply voltage, as are the RC charge voltage 
levels. As a result, the RC charge time, and therefore the fre
quency, remain constant independent of supply voltage. The 
slew rate of the amplifier limits the oscillation frequency to a 
maximum of about 800 Hz at + 5 V supply. 

Single Supply Differential Speaker Driver 
Connected as a differential speaker driver, the OP-295/0P-495 
can deliver a minimum of 10 mA to the load. With a 600 0 
load, the OP-295/0P-495 can swing close to 5 volts peak-to-peak 
across the load. 
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OP295/0P495 
V+ 

10ok 
58.7k 

FREQ OUT 
. 1 . 
fosc = AC < 350Hz@ V+ = +SV 

100k 

Figure 13. Square Wave Oscillator Has Stable Frequency 
Regardless of Supply Changes 

90.9k 

SPEAKER 

Figure 14. Single Supply Differential Speaker Driver 

High Accuracy, Single Supply, Low Power Comparator 
The OP-295/0P-495 makes an accurate open-loop comparator. 
With single + S V supply; the offset error is less than 300 µ V. 
Figure IS shows the OP-29S/OP49S's response time operating 
open-loop with 4 mV overdrive. It exhibits a 4 ms response time 
at the rising edge and a 1.5 ms response time at the falling edge. 

INPUT 

(SmV OVERDRIVE j 

@ OP-295 INPUT) I 

OUTPUT 

Figure· 15. Open-Loop Comparator Response Time with 
5 mV Overdrive 
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OP-295/0P-495 SPICE MODEL Macro-Model 
• Node Assignmcms 

Nnninvcning Input 

Inverting Input 

Positive Supply 

Negative Supply 

I 
Output 

I 
.SUBCKT OP-295 99 so 20 

• INPUT STAl;E 

II 99 4 2E-6 
RI SE3 
R2 SE3 
CIN 2E-12 
IOS O.SE-9 
DI DZ 
D2 DZ 
VOS 30E-6 
QI 4 QP 
Q2 4 QP 
R3 so 2S.8E3 
R4 so 2S.8E3 

'GAIN STAGE 

R7 ID 98 270E6 
GI 98 IO 19, 8J 27.8E-6 
EREF 98 0 \39, OJ I 
RS 99 39 IOOE3 
R6 39 so IOOE3 

'Ot:TPt:T STAGE 

12 I8 so 1.S9E-6 
V2 99 12 DC 2.2763 
Q4 10 14 50 QNA 1.0 
RII I4 so 33 
M3 IS 10 I3 I3 MN L=9E-6W=102E-6 AD= lSE-ID AD= ISE-ID 
M4 13 ID 50 50 MN L=9E-6 W=50E-6 AD=7SE-ll AS=7SE-11 
DB ID 22 DX 
VJ 22 so DC 6 
M2 20 JO I4 I4 MN L=9E-6 W=2000E-6 AD=30E-9 AS=30E-9 
QS I7 17 99 QPA 1.0 
Q6 18 I7 99 QPA 4.0 
R8 I8 99 2.2E6 
Q7 I8 19 99 QPA 1.0 
R9 99 I9 8 
C2 I8 99 20E-I2 
M6 IS 12 I7 99 MP L=9E-6 W=27E-6 AD=405E-12 AS=405E-12 
MI 20 18 19 99 MP L=9E W=2000E-6 AD=30E-9 AS=30E-9 
D4 21 I8 DX 
V4 99 21 DC 6 
RIO 10 11 6E3 
C3 11 20 SOE-12 
.MODEL QNA NPN (IS=l.19E-I6 BF =2S3 NF=0.99 VAF=l93 IKF=2.76E-3 
+ ISE=2.S7E-l3 NE=5 BR=0.4 NR=0.988 VAR=lS IKR=l.465E-4 
+ ISC=6.9E-I6 NC=0.99 RB=2.0E3 IRB=7.73E-6 RBM=l32.8 RE=4 RC=209 
+ CJE=2.1E-I3 VJE=O.S73 MJE=0.364 FC=O.S C)C=l.64E-13 VJC=0.534 

MJC=0.5 
+ CJS= l.l7E-12 VJS=0.59 MJS=0.5 TF=0.43E-9 PTF=30) 
.MODEL QPA PNP (IS=S.21E-17 BF=l31 NF=0.99 VAF=62 IKF=8.35E-4 
+ ISE=l.09E-14 NE=2.61 BR=0.5 NR=0.984VAR=IS IKR=3.96E-5 
+ ISC=7.S8E-16 NC=0.985 RB=l.52E3 IRB=l.67E-5 RBM=368.S RE=6.31 

RC=354.4 
+ C)E=l.lE-13 VJE=0.745 MJE=0.33 FC=0.5 C)C=2.37E-13 VJC=0.762 

MJC=0.4 
+ CJS =7.llE-13 VJS=0.45 MJS=0.412 TF=l.OE-9 PTF=30) 
.MODEL MN NMOS (LEVEL=3 VTO=l.3 RS=0.3 RD=0.3 
+ TOX=8.SE-8 LD= l.48E-6 WD= IE-6 NSUB= l.53El6 U0=650DELTA=10 

VMAX=2E5 

REV.A 

OP295/0P495 

+ XJ=l.75E-6 KAPPA=0.8 ETA=0.066 THETA=0.01 TPG=l Cj=2.9E-4 
PB=0.837 
+ MJ=0.407 C)SW=O.SE-9 MJSW=0.33) 
.MODEL MP PMOS (LEVEL=3 VT0=-1.1 RS=0.7 RD=0.7 
+ TOX=9.5E-8 LD=l.4E-6 WD=IE-6 NSUB=2.4El5 U0=650 DELTA =5.6 
VMAX=IES 

+ XJ=l.75E-6 KAPPA=l.7 ETA=0.71 THETA=5.9E-3 TPG=-1 C)=l.55E-4 
PB=0.56 
+ MJ=0.442 C)SW=0.4E-9 MJSW=0.33) 
.MODEL DX D(IS=lE-15) 
.MODEL DZ D (IS=lE-15, BV=7) 
.MODEL QP PNP (BF= 125) 
.ENDS OP-295/0P-495 
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1111111111 ANALOG 
L.lllDEVICES 

FEATURES 

• Precision Performance in Standard S0-8 Pinout 
• Low Offset Voltage ................•............................ SOµV Max 
• Low Offset Voltage Drift .............................. 0.6µV/°C Max 
• Very Low Bias Current 

+25°C .....••.......•..•••••••.......•.•........•.....................• 100pA Max 
-55°Cto +125°C ........................•.................•.... 450pA Max 

• Very High Open-Loop Gain •...................... 2000V/mV Min 
• Low Supply Current (Per Amplifier) ............... 625µA Max 
• Operates From ±2V to ±20V Supplies 
• High Common-Mode Rejection ....................... 120dB Min 
• Pin Compatible to L T1013, AD706, AD708, OP-221, 

LM158, and MC1458/1558 with Improved Performance 

APPLICATIONS 

• Strain Guage and Bridge Amplifiers 
• High Stability Thermocouple Amplifiers 
• Instrumentation Amplifiers 
• Photo-Current Monitors 
• High-Gain Linearity Amplifiers 
• Long-Term Integrators/Filters 
• Sample-and-Hold Amplifiers 
• Peak Detectors 
• Logarithmic Amplifiers 
• Battery-Powered Systems 

GENERAL DESCRIPTION 

The OP-297 is the first dual op amp to pack precision performance 
into the space-saving, industry standard 8-pin SO package. Its 
combination of precision with low power and extremely low input 
bias current makes the dual OP-297 useful in a wide variety of 
applications. 

LOW BIAS CURRENT OVER TEMPERATURE 

Vs=±15V 

40 VcM=OV 

< 
So ... 20 
z w a: 

0 a: 
a 
!3 -20 Q. 
;;:; 

-40 

~L-....L.-L--'--'---'---'--'-----' 
-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ('C) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 
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Dual Low Bias Current 
Precision Operational Amplifier 

OP297 I 
Precision performance of the OP-297 includes very low offset, 
under SOµV, and low drift, below 0.6µV/°C. Open-loop gain ex
ceeds 2000V/mV insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the 
OP-297's common-mode rejection of over 120dB. The OP·297's 
power supply rejection of over 120dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-297 is under 625µA per amplifier and it can operate 
with supply voltages as low as ±2V. Continued 

PIN CONNECTIONS 

< 
q ~ q + q 
ZOZ>Z 

N.C. 

OUTB 

N.C. 

-INB 

N.C. 

PLASTIC MINI-DIP 
(P-Suffix) 

8-PIN CERDIP 
(Z-Suffix) 

8-PINSO 
(S-Sufflx) 

LCC 
(RC-Suffix) 

VERY LOW OFFSET 

[!! 
z 
::::> 

400 "T 

12oo0Nn~ ~A:1..2Jc 
Vs= ±15V 
VcM=OV 

300 l--+--+--+---+-.....i-1--+---+--+-·~ 

~ 200 l-+--+--4--l-............. l--+--1---1----' 
a: 

~ 
::::> 

z 1001--+---+--+--<~~---+---+--l-·---" 

0 
-100 ~o ..i:;o -40 -20 o 20 40 so so 100 

INPUT OFFSET VOLTAGE (µV) 
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GENERAL DESCRIPTION Continued 

The OP-297 utilizes a super-beta input stage with bias current 
cancellation to maintain picoamp bias currents at all temperatures. 
This is in contrast to FET input op amps whose bias currents start 
in the picoamp range at 25°C, but double for every 10°C rise in 
temperature, to reach the nanoamp range above 85°C. Input bias 
current of the OP-297 is under 1 OOpA at 25°C and is under 450pA 
over the military temperature range. 

Combining precision, low power and low bias current, the OP-

297 is ideal for a number of applications including instrumenta
tion amplifiers, log amplifiers, photo-diode preamplifiers and long

term integrators. For a single device, see the OP-97; for a quad, 
see the OP-497. 

ORDERING INFORMATIONt 

TA= +25°c PACKAGE OPERATING 
Vos MAX CERDIP PLASTIC LCC TEMPERATURE 

(µ.V) 8-PIN 8-PIN 20-CONTACT RANGE 

50 OP297 AZ/883• OP297ARC/883• MIL 
50 OP297AZ MIL 
50 OP297EZ MIL 

100 OP297FZ OP297FP XIND 
200 OP297GP XIND 
200 OP297GStt XIND 
For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on extended industrial temperature range parts in CerDIP, 
and plastic DIP packages. For ordering information. see PMl's Data Book, 
Section 2. 

tt For availability and burn-in information on SO packages. contact your local 
sales office. 

OP297 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ...............•................••..•••.......................... ±20V 
Input Voltage (Note 2) ....................•..................•.....•........• ±20V 
Differential Input Voltage (Note 2) ...................••.••...••......•.. 40V 
Output Short-Circuit Duration .........................•.••....... Indefinite 
Storage Temperature Range 

Z, RC-Package ............................................ -65°Cto +175°C 
P, S-Package ................................................. -65°C to 1 so0c 

Operating Temperature Range 

OP-297 A (Z, RC) ......................................... -SS°C to + 125°C 
OP-297E, F (Z) .............................................. --40°C to +85°C 
OP-297F, G (P, S) ......................................... -40°C to +85°C 

Junction Temperature 

Z, RC-Package ........................................... -65°C to+ 175°C 

P, S-Package .............................................. -65°C to+ 1so0 c 
Lead Temperature Range (Soldering, 60 sec) ............... 300°C 

PACKAGE TYPE e14 (Note3) UNITS 

8-Pin CerDIP (Z) 134 12 0 c1W 
8-Pin Plastic DIP {P) 96 37 'C!W 

20-Contact LCC (RC) 88 33 'C/W 

8-Pin so (SJ 150 41 •ctW 

NOTES: ·II 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless ' 

otherwise noted. 
2. For supply voltages less than ±20V. the absolute maximum input voltage is 

equal to the supply voltage. 
3. eiA is specified for worst case mounting conditions, i.e., eiA is specified for 

device in socket for CerDIP, P-DIP. and LCC packages; ejA is specified for 
device soldered to printed circuit board for SO package. 

ELECTRICAL CHARACTERISTICS at Vs= ±1 SV, TA= +25°C, unless otherwise noted. 

OP-297A/E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 25 50 50 100 80 200 µV 

Voltage 

Long-Term Input 
0.1 0.1 0.1 µV/mo 

Voltage Stability 

Input Offset 
los VcM =OV 20 100 35 150 50 200 pA 

Current 

Input Bias 
le Vc,.=OV 20 ±100 35 ±150 50 ±200 pA 

Current 

Input Noise 
enp.p 0.1Hz to 10Hz 0.5 0.5 0.5 µVp-p Voltage 

Input Noise fo= 10Hz 20 20 20 
nVNHz 

Voltage Density 
en fo= 1000Hz 17 17 17 

Input Noise 
in lo= 10Hz 

Current Density 
20 20 20 fM/Hz 

Input Resistance 
R1N 30 

Differential Mode 
30 30 MO 

Input Resistance 
Common-Mode R1NCM 500 500 500 GO 

Large-Signal 
Vo=±10V 

Avo RL=2k0 2000 4000 1500 3200 1200 3200 VimV 
Voltage Gain 
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OP297 

ELECTRICAL CHARACTERISTICS at Vs• ±1 SV, TA• +25°C, unless otherwise noted. Continued 

OP-297A/E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP, MAX UNITS 

Input Voltage 
IVR (Note1) ±13 ±14 ±13 ±14 ±13 ±14 v Range 

Common-Mode 
CMR VcM=±13V 120 140 114 135 114 135 dB Rejection 

Power Supply 
PSR Vs= ±2V to ±20V 120 130 114 125 114 125 dB 

Rejection 

Output Voltage 
Vo 

AL=10kil ±13 ±14 ±13 ±14 ±13 ±14 v 
Swing AL=2kil ±13 ±13.7 ±13 ±13.7 ±13 ±13.7 

Supply Current 
lsv No Load 525 625 525 625 525 625 pA Per Amplifier 

Supply Voltage Vs Operating Range ±2 ±20 ±2 ±20 ±2 ±20 v 
Slew Rate SR 0.05 0.15 0.05 0.15 0.05 0.15 Vlp.s 

Gain Bandwith 
GBWP Av=+1 500 500 500 kHz 

Product 

Channel cs Vo=20Vp.p 
150 150 150 dB 

Separation lo= 10Hz 

Input 
C1N 3 3 3 pF 

Capacitance 

NOTE: 
1. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±1 SV, -55°C s TA s + 125°C for OP-297A, unless otherwise noted. 

OP-297A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 45 100 µV 

Average Input Offset 
TCVos 0.2 0.6 µVi"C 

Voltage Drift 

Input Offset Current los VcM=OV 60 450 pA 

Input Bias Current le VcM=OV 60 ±450 pA 

Large-Signal 
Avo Vo•±10V, AL=2kil 1200 2700 VimV 

Voltage Gain 

Input Voltage Range IVR (Note1) ±13 ±13.5 v 

Common-Mode Rejection CMR VcM•±13 114 130 dB 

Power Supply 
PSR Vs = ±2.5V to ±20V 

Rejection 
114 125 dB 

Output Voltage Swing Vo AL= 10kil ±13 ±13.4 v 

Supply Current 
lsv No load 575 750 pA 

Per Amplifier 

Supply Voltage Vs Operating Range ±2.5 ±20 v 

NOTE: 
1. Guaranteed by CMR test. 
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OP297 
ELECTRICAL CHARACTERISTICS at Vs. ±1 SV, -40°C :5: TA :5: +85°C for OP-297E/F/G, unless otherwise noted. 

OP-297E OP-297F OP-297G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 35 100 80 300 110 400 µV 

Voltage 

Average Input 
TCVos 0.2 0.6 0.5 2.0 0.6 2.0 µVi'C 

Offset Voltage Drift 

Input Offset 
los VcM•OV 50 450 80 750 80 750 pA 

Current 

Input Bias 
le VcM•OV 50 ±450 80 ±750 80 ±750 pA 

Current 

Large-Signal 
Avo Vo-±10V, RL • 2kn 1200 3200 1000 2500 800 2500 V/mV 

Voltage Gain 

Input Voltage 
IVR (Note 1) ±13 ±13.5 ±13 ±13.5 ±13 ±13.5 v 

Range 

Common-Mode 
CMR 

Rejection 
VcM•±13V 114 130 108 130 108 130 dB 

Power Supply 
PSR Vs• ±2.5V to ±20V 114 0.15 108 0.15 108 0.3 dB 

Rejection 

Output Voltage 
Vo RL~10k0 ±13 ±13.4 ±13 ±13.4 ±13 ±13.4 v Ill Swing 

Supply Current 
lsv No Load 550 750 550 750 550 750 µA 

Per Amplifier 

Supply Voltage Vs Operating Range ±2.5 ±20 ±2.5 ±20 ±2.5 ±20 v 

NOTE: 
1. Guaranteed by CMR test. 

CHANNEL SEPARATION TEST CIRCUIT 

>-<1 .... -0V1 20V...,@10Hz 

2kll 

50kll 

CHANNELSEPARATION-201og(v,nv~ 
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111111111 ANALOG 
L.111 DEVICES 

FEATURES 

• Low Input Offset Voltage ......•........................... 150µ V Max 
• Low Offset Voltage Drift, 

Over -55°C to + 125°C .•.•..••..••.•.....•.....•......... 1.2µ V /°C Max 
• Low Supply Current (Per Amplifier) ..••..........•. 725µA Max 
• High Open-Loop Gain ...•...........•.•............... SOOOV/mV Min 
• Input Bias Current ......•.•.•.........•.•....•.................... 3nA Max 
• Low Noise Voltage Density ................ 11nV/y'Hz at 1kHz 
• Stable With large Capacitive loads ...••...........•. 10nf Typ 
• Pin Compatible to OP-11, LM148, HA4741, RM4156, and 

L T1014 With Improved Performance 
• Available in Die Form 

ORDERING INFORMATION 1 

TA :+25"C 
PACKAGE OPERATING 

LCC TEMPERATURE V05 MAX CERDIP 
(mV) 14-PIN PLASTIC 28-CONTACT RANGE 

150 
150 
230 
300 
300 
300 
300 

OP400AY* OP400ATC/883 
OP400EY 
OP400FY 

OP400GP 
OP400GStt 
OP400HP 
OP400HStt 

MIL 
IND 
IND 

COM 
COM 
XIND 
XIND 

* For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availablity and burn-in information on SO and PLCC packages, contact 
your local sales office. 

Quad Low-Offset, Low-Power 
Operational Amplifier 

OP400 I 
GENERAL DESCRIPTION 

The OP-400 is the first monolithic quad operational amplifier 
that features OP-77 type performance. Precision perfor
mance no longer has to be sacrificed to obtain the space and 
cost savings offered by quad amplifiers. 

The OP-400 features an extremely low input offset voltage of 
less than l50µV with a drift of under 1.2µV/°C, guaninteed 

PIN CONNECTIONS 

16-PIN SOL 
(S-Suffix) 

14-PIN HERMETIC DIP 
(Y-Suffix) 

14-PIN PLASTIC DIP 
(P-Suffix) 

.. ~ • ~ Q <l 
~~~~g~z 

28-LEAD LCC 
(TC-Suffix) 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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over the full military temperature range. Open-loop gain of 
the OP-400 is over 5,000,000 into a 10k!l load; input bias 
current is under 3nA; CMR is above 120dB and PSRR below 
1.8µV/V. On-chip zener-zap trimming is used to achieve the 
low input offset voltage of the OP-400 and eliminates the 
need for offset nulling. (The OP-400 conforms to the in
dustry-standard quad pinout which does not have null 
terminals.) 

The OP-400 features low power consumption, drawing less 
than 725µA per amplifier. The total current drawn by this 
quad amplifier is less than that of a single OP-07, yet the 
OP-400 offers significant improvements over this industry
standard op amp. Voltage noise density of the OP-400 is a low 
11 nV/yHz at 10Hz which is half that of most competitive 
devices. 

The OP-400 is pin compatible with theOP-11, LM148, HA4741, 
RM4156, and LT1014 operational amplifiers and can be used 
to upgrade systems using these devices. The OP-400 is an 
ideal choice for applications requiring multiple precision 
operational amplifiers and where low power consumption is 
critical. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................. ±20V 
Differential Input Voltage ................................................. ±30V 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, TC, Y-Package ...................................... -65°Cto+150°C 

OP400 

Lead Temperature Range (Soldering 60 sec) ............... 300°C 
Junction Temperature (T_J ............................ -65°C to +150°C 
Operating Temperature Range 

OP-4ooA .................................................... -ss•c to + 12s•c 
OP-400E, OP-400F ..................................... -2s0 c to +ss•c 
OP-4ooG .......................................................... o•c to +70°c 
OP-400H ...................................................... -40°c to +ss•c 

PACKAGE TYPE 8 1A(Note 1) 81C UNITS 

14-Pin Hermetic DIP (Y) 94 10 "C/W 

14-Pin Plastic DIP (P) 76 33 "C/W 

28-Contact LCC (TC) 70 28 "C/W 

16-Pin SOL (S) 88 23 "C/W 

NOTES: 
1. 8.A is specilied lor worst case mounting conditions, i.e., 8.A is specified Jor 

d~vice in socket lor TO, CerDIP, P·DIP, and LCC packageJ; 8.A is specilied 
lor device soldered to printed circuit board for SO package. 1 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

OP-400A/E OP-400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Oflset 
Vos 40 150 

Voltage 
60 230 80 300 µV 

Long Term Input 
0.1 0.1 0.1 µV/mo Voltage Stability 

Input Oflset 
los Current 

VcM= OV 0.1 1.0 0.1 2.0 0.1 3.5 nA 

Input Bias 
Is VcM = OV 0.75 3.0 0.75 6.0 0.75 7.0 nA 

Current 

Input Noise 

Voltage en p-p 0.1 Hz to 10Hz 0.5 0.5 0.5 µVP·P 

Input Noise t0 = 10Hz 22 36 22 36 22 nv1JHZ Voltage Density en t0 = 1000Hz (Note 1) 11 18 11 18 11 

Input Noise 
in p-p 0.1Hz to 10Hz 

Current 
15 15 15 pAP·P 

Input Noise 
in 10 = 10Hz 

Current Density 
0.6 0.6 0.6 pA/JHZ 

Input Resistance 
A1N 10 

Differential Mode 
10 10 Mn 

Input Resistance 
A1NCM 200 

Common Mode 
200 200 Gil 

Large Signal Vo= ±10V AL= 10k!l 5000 12000 3000 7000 3000 7000 
V/mV 

Voltage Gain Avo AL =2kn 2000 3500 1500 3000 1500 3000 
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OP400 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. (Continued) 

OP·400A/E OP·400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Voltage 
IVR Note3 ±12 ±13 ±12 ±13 ±12 ±13 v Range 

Common Mode 
CMR VcM=±12V 120 140 

Rejection 
115 140 110 135 dB 

Power Supply 
PSRR Vs= .±3V to ±18V 0.1 1.8 0.1 3.2 0.2 5.6 ,,VN Rejection Ratio 

Output Voltage 
Vo 

RL = 10kll ±12 ±12.6 ±12 ±12.8 ±12 ±12.6 
Swing RL = 2kll ±11 ±12.2 ±11 ±12.2 ±11 ±12.2 

v 

Supply Current 
lsv No Load 600 725 600 725 600 725 ,,A Per Amplifier 

Slew Rate SR 0.1 0.15 0.1 0.15 0.1 0.15 v1,.s 

Gain Bandwidth 
GBWP Av=+1 500 500 500 kHz 

Product 

Channel 
cs 

Vo= 20V0_0 123 135 123 135 123 135 
Separation 10 = 10Hz (Note 2) 

dB 

Input 
C1N 3.2 3.2 3.2 pF 

Capacitance 

Capacitive Load Av=+1 
10 10 10 nF 

Stability No Oscillations 

NOTES: 
1. Sample tested. 
2. Guaranteed but not 100% tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C ::>TA::> 125°C for OP-400A, unless otherwise noted. 

OP-400A · 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 7o ZTO ,,v 

Average Input Offset 
TCVos 0.3 1.2 ,.v1°c 

Voltage Drift 

Input Offset Current los VcM=OV 0.1 2.5 nA 

·input Bias Current le VcM=OV 1.3 5.0 nA 

Large Signal Vo= ±10V RL = 10kll 3000 9000 
V/mV 

Voltage Gain Avo RL = 2kll 1000 2300 

Input Voltage Range IVR Note 1 ±12 ±12.5 v 

Common Mode Rejection CMR VcM=±12V 115 130 dB 

Power Supply 
PSRR Vs= ±3V to ±18V 0.2 3.2 ,,VN 

Rejection Ratio 

RL = 10k!l ±12 ±12.4 
v Output Voltage Swing Vo RL = 2k!l ±11 ±12 

Supply Current 
Per Amplifier lsv No Load 600 775 ,,A 

Capacitive Load Stability 
Av=+1 8 nF 
No Oscillations 

NOTE: 
1. Guaranteed by CMR test. 
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OP400 

ELECTRICAL CHARACTERISTICS at vs -±15V, -25°C s TA s ±85°CforOP-400E/F, o•c s TA s +70°Cfor0P-400G, -40°C 
s TA s +85°C for OP-400H, unless otherwise noted. 

OP-400E OP-400F OP-400G/H 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset 
Vos 60 220 60 350 110 400 µV 

Voltage 

Average Input 
TCV0 s 0.3 1.2 0.3 2.0 0.6 2.5 µV/°C 

Offset Voltage Drift 

Input Offset vcM-ov 

Current 1os E,F,GGrades 0.1 2.5 0.1 3.5 0.2 6.0 
nA 

HGrade 0.2 12.0 

Input Bias VCM-ov 

le E, F, G Grades 0.9 5.0 0.9 10.0 1.0 12.0 
Current 

HGrade 1.0 20.0 
nA 

Large-Signal 
v 0 -±1ov 

Avo RL • 10kn 3000 10000 2000 5000 2000 5000 
Voltage Gain VimV 

RL ·2kn 1500 2700 1000 2000 1000 2000 

Input Voltage 
IVR (Note1) ±12 ±12.5 ±12 ±12.5 ±12 ±12.5 v 

Range 

Common-Mode 
CMR VcM•±12V 115 135 110 135 105 130 dB II Rejection 

Power Supply 
PSRR V8 -±3Vto±18V 0.15 3.2 0.15 5.6 0.3 10.0 µVIV 

Rejection Ratio 

Output Voltage RL • 10kn ±12 ±12.4 ±12 ±12.4 ±12 ±12.6 
v 

Swing Vo 
RL ·2kn ±11 ±12 ±11 ±12 ±11 ±12.2 

Supply Current 
1sv No Load 600 775 600 775 600 775 µA 

Per Amplifier 

Capacitive Load Av•+1 10 10 10 nF 
Stability No Oscillations 

NOTE: 
1. Guaranteed by CMR test. 

REV.C OPERA T/ONAL AMPLIFIERS 9-537 



11111111111 ANALOG 
L.llDEVICES 

FEATURES 

• Low Supply Current . . . . • . . . . . . 200µA Max @Vs= +SY 
• Slngle-Supply Operation .....•.......... +SY to +30V 
• Dual-Supply Operation . . . . . . . . . . . . . . • . ± 2.SV to ± 1SV 
• Low Input Offset Voltage .....•...........• SOOµ\r Typ 
• Low Input Offset Voltage Drift ..•.•....... SµV/°C"Typ 
• High Common-Mode Input Range ••. V-to (V+ -1.SV) 
• High CMRR . . . . . . . . . • . • . . . . . . . . . • . . . . . . . . 100dB Typ 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . 1100V/mV Typ 
• LM 148 Plnout 
• Available In Die Form 

ORDERING INFORMATION t 

T,.:.:ZS'C 
PACKAGE 

OPERATING 
V05MAX CERDIP LCC TEMPERATURE 

(mV) 14-PIN 20-CONTACT PLASTIC RANGE 

2.5 OP420BY MIL 
2.5 OP420FY IND 
4.0 OP420CY OP420CRC/883 MIL 
4.0 OP420GY OP420GP XIND 
4.0 OP420GS XIND 
6.0 OP420HY OP420HP XIND 
6.0 OP420HS XIND 

For devices processed in total compliance to MIL·STD·883. add /883 after part 
number. Consult factory for 883 data sheet. 

t Burn-in is available on commercial and industrial temperature range parts in 
CerDIP. plastic DIP, and TO.can packages. 

GENERAL DESCRIPTION 
The OP-420 quad micropower operational amplifier is a 
single-chip quad patterned after the OP-20 precision micro
power single operational amplifier. A Darlington PNP input 
stage allows the input common-mode voltage to include V-. 
The wide input range combined with low power-supply drain 

Quad Micropower 
Operational Amplifier 

OP420 I 
PIN CONNECTIONS 

14-PIN HERMETIC DIP 16-PINSOL 
(Y-Sufflx) (S-Suffix) 

14-PIN EPOXY DIP 
(P-Suffix) z ;::: 

<.j 
;!: .. 

::> ::> ~ T 0 z 0 I 

OP-420CRC/883 
20-LEAD LCC 

(RC-Suffix) 

N ~ <.j g ~ z 
T ::> z 

0 0 I 

(-40µA/section at 5V), provides a unique solution for designs 
requiring high functional density and portable operation. 
Applications include two-wire transmitters for process 
control loops, battery-operated remote-line filters, signal 
preconditioning amplifiers, and a variety of multiple-gain 
block arrays. 

For micropower applications requiring offset nulling, see the 
OP-20, OP-21 and OP-22 data sheets. 

SIMPLIFIED SCHEMATIC (1/4 Shown) 

06 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446·6212. 
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OP420 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage •••••••.••••••••••••.•.••...•••..••••••••••••••••.••......••.•••• ±1 BV 
PACKAGE TYPE e 1,. (Note2) 8JC UNITS 

Differential Input Voltage ••••••••••.••••••••••••••••••••••••••..•••.••••••• ±30V 14-Pin Hermetic DIP (Y) 99 12 •CfW 

Input Voltage ••••.•••••••••••••••••••••.••••••••••••••••••••••••• Supply Voltage 14-Pin Plastic DIP (P) 76 33 •cm 
Output Short-Circuit Duration .....•.•••••••••••••••••••••..•. Continuous 16-Pin SOL (S) 92 27 •cm 

(One Amplifier Only) NOTES: 
Storage Temperature Range •••.•••••••••....•..••••. -65°C to + 1 so•c 1. Absolute maximum ratings apply to both DICE and packaged parts, unless 
Lead Temperature Range (Soldering, 60 sec) •.•....••••••.• 300°C otherwise noted. 

Operating Temperature Range 2. eiA is specified for worst case mounting conditions, i.e., e." is specified for 

OP-4208Y, OP-420CY' OP-420CRC •••••.•.• -55°C to + 125°C 
device in socket for CerDIP and P-DIP packages; e.A is spk;fied for device 

OP-420FY ••••••••••.••••••••.•••••••••••••.•••••.••..•••••.•.• -2s•c to +ss•c 
soldered to printed circuit board for SOL package. 1 

OP-420G, OP-420H ••••••••••••••••••.•....••.••••••••••• -4o•c to +ss•c 

Junction Temperature(TJ) •••.•••..•..•••...•.•••••••••• -65°Cto+150°C 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

OP-4208 OP-420C 
OP-420F OP-420G OP-420H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos Vs=±2.5Vto±15V 0.5 2.5 4 2 6 mV 

Input Offset Current 
los Vs= ±2.5V to± 15V 0.5 1.5 0.8 2.5 1.2 6 nA (Note 1) 

Input Bias Current 
le Vs= ±2.5V to ±15V 9 20 12 30 18 40 nA -(Note 1) 

Input Noise Voltage 
en 

10 = 10Hz 
50 50 50 nVl,,/HZ 

Density 10 = 100Hz 

Input Noise Current 
in 

10 = 10Hz 
0.12 0.12 0.12 pA!,,/HZ 

Density 10 = 100Hz 

Input Voltage Range IVR 
V+ = +5V, V- = OV 0/3.5 0/3.5 013.5 v 
Vs=±15V -15113.5 -15113.5 -15113.5 

V+ = +5V, V- = OV 
83 100 80 96 76 90 

Common-Mode 
CMRR 

OV $ VCM$ 3.5V 
dB 

Rejection Ratio Vs=±15V 
83 100 80 96 76 90 

-15V $ VcMS 13.5V 

Power Supply 
PSRR 

Vs=±2.5Vto±15V; & 
10 

Rejection Ratio V-=OV, V+=5Vto30V 
30 20 50 30 80 pVN 

Large-Signal 
Avo 

AL =25k0, 
600 1100 400 900 200 800 V/mV 

Voltage Gain Vo=±10V 

Slew Rate SR 0.05 0.05 0.05 V/ps 

Closed-Loop 
BW 

AvcL =+1.0 
Bandwidth AL= 10k0 

150 150 150 kHz 

V+=SV, V-=OV, 
0.7/4.1 0.8/4.0 0.9/3.8 

Output Voltage 
Vo 

AL= 10k0 v 
Swing Vs=±15V, 

±14.0 ±14.0 ±13.8 
AL =25k0 

Supply Current Vs= ±2.SV, No Loed 140 200 170 300 200 400 
(Four Amplifiers) lsv Vs=±15V, No Load 330 360 360 480 390 SOC), 

NOTE: 
1. 18 and 108 are measured at VcM= 0. 
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OP420 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C :5 +125°C for OP-4208 and OP-420C, -25°C :5 TA :5 +85°C for OP-

420F, -40°C :5 TA :5 +85°C for OP-420G and OP-420H, unless otherwise noted. 

OP-4208 OP-420C 
OP-420F OP-420G OP-420H 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset 
TC Vos Unnulled 5 10 B 15 15 25 ,,w•c Voltage Drift (Note 1) 

Input Offset Voltage Vos Vs= ±2.5V to± 15V 3.5 5.5 7.5 mV 

Input Offset Current 
los Vs= ±2.5V to± 15V 

(Note 2) 
3 4 B nA 

Input Bias Current 
le Vs= ±2.5V to ±15V (Note2) 30 40 60 nA 

V+=+5V,V-=OV 0/3.2 0/3.2 0/3.2 v Input Voltage Range IVR 
Vs= ±15V -15/13.2 -15113.2 -15/13.2 

V+ = +5V, V- = OV, 
76 96 73 92 73 B6 

Common-Mode 
CMRR 

OV S VcM S 3.2V 
dB 

Rejection Ratio Vs= ±15V, 
76 96 73 92 73 86 

-15V S VcM S 13.2V 

Power Supply 
Vs= ±2,5V to ±15V 

PSRR and V- = OV, V+ = 5V 15 50 25 BO 40 100 µ.VIV 
Rejection Ratio 

to30V 

Large-Signal 
Avo 

Vs= ±15V, RL = 50k0, 
300 BOO 200 650 100 400 V/mV 

Voltage Gain V0 =±10V 

V+= 5V, V-= OV, 
0.9/3.9 1.0/3.8 1.1/3.6 

Output Voltage 
Vo 

RL = 20k0 v 
Swing Vs= ±15V, 

±13.8 ±13.8 ±13.6 
RL = 50k0 

Supply Current Vs= ±2.5V, No Load 170 300 210 400 250 600 
,,A 

(Four Amplifiers) lsv Vs= ±15V, No Load 390 500 420 640 500 600 

NOTES: 
1. Sample tested. 
2. le and los are measured at VcM = 0. 
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WDEVICES 

FEATURES 
High Slew Rate -170 V/µs 
Wide Bandwidth - 28 MHz 
Fast Settling Time - <200 ns to 0.01 % 
Low Offset Voltage - <500 µV 
Unity-Gain Stable 
Low Voltage Operation ±5 V to ±15 V 
Low Supply Current - <10 mA 
Drives Capacitive Loads 

APPLICATIONS 
High Speed Image Display Drivers 
High Frequency Active Filters 
Fast Instrumentation Amplifiers 
High Speed Detectors 
Integrators 
Photo Diode Preamps 

GENERAL DESCRIPTION 
The OP-467 is a quad, high speed, precision operational ampli· 
lier. It offers the performance of a high speed op amp combined 
with the advantages of a precision operational amplifier all in a 
single package. The OP-467 is an ideal choice for applications 
where, traditionally, more than one op amp was used to achieve 
this level of speed and precision. 

The OP-467's internal compensation ensures stable unity-gain 
operation, and it can drive large capacitive loads without oscilla
tion. With a gain bandwidth product of 28 MHz driving a 
30 pF load, output slew rate in excess of 170 V/µs, and settling 
time to 0.01 % in less than 200 ns, the OP-467 provides excellent 
dynamic accuracy in high speed data-acquisition systems. The 
channel-to-channel separation is typically 60 dB at 10 MHz. 

The de performance of OP-467 includes less than 0.5 mV of 
offset, voltage noise density below 6 nV/y'Hz and total supply 
current under 10 mA. Common-mode rejection and power sup
ply rejection ratios are typically 85 dB. PSRR is maintained to 
better than 40 dB with input frequencies as high as 1 MHz. The 
low offset and drift plus high speed and low noise, make the 
OP-467 usable in applications such as high speed detectors and 
instrumentation. 

The OP-467 is specified for operation from ±5 V to ± 15 V over 
the extended industrial temperature range (-40°C to +85°C) 
and is available in 14-pin plastic and ceramic DIP, plus SOL-16 
and 20-lead LCC surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

REV.B 

Quad Precision, High Speed 
Operational Amplifier 

OP467 I 
PIN CONNECTIONS 

14-Lead Ceramic DIP (Y Suffix) and 
14-Lead Epoxy DIP (P Suffix) 

16-Lead SOL 
(S Suffix) 

20-Position Chip Carrier 
(RC Suffix) 

NC = NO CONNECT 

.. 
z ,. ~ c 

" " z z 0 ,. 

~:~::~,. 
"T 8 6 
NC= NO CONNECT 

Simplified OP-467 Schematic 

+IND 

NC 

V

NC 

+INC 

V+ 
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OP467-SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS (@Vs = ±15.0 V, TA= +25°C unless othenvise noted)·· 

Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.2 0.5 mV 

-40°C :s TA :s +85°C 1 mV 
Input Bias Current Is VcM = 0 V 150 600 nA 

VcM = O V, -40°C :s TA :s +85°C 150 700 nA 
Input Offset Current Ios VCM = 0 v 10 100 nA 

VcM = O V, -40°C :s TA :s +85°C 10 150 nA 
Common-Mode Rejection CMR VcM = ±12 V 80 90 dB 

CMR VcM = ±12 V, -40°C :s TA :s +85°C 80 88 dB 
Large Signal Voltage Gain Avo RL = 2 kil 83 86 dB 

RL = 2 kn, -40°C :s TA :s +85°C 77.5 dB 
Offset Voltage Drift 6.Vos/6.T 3.5 µVl°C 
Bias Current Drift 6.I8 /6.T 0.2 pAl°C 
Long Term Offset Voltage Drift 6.Vos/6.T Note 1 750 µV 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2 kil ±13.0 ±13.5 v 

RL = 2 kil, -40°C :s TA :s +85°C ±12.9 ±13.12 v 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR ±4.5 V :s Vs = ± 18 V 96 120 dB 

-40°C :s TA :s +85°C 86 ll5 dB 
Supply Current Isy V0 = OV 8 10 mA 

V0 = O V, -40°C :s TA :s +85°C 13 mA 
Supply Voltage Range Vs ±4.5 ±18 v 

DYNAMIC PERFORMANCE 
Gain Bandwidth Product GBP Av= +l, CL= 30 pF 28 MHz 
Slew Rate. SR v,N = 10 v Step, RL = 2 kil, CL = 30 pF 

Av= +l 125 170 V/µs 
Av= -1 350 V/µs 

Full-Power Bandwidth BWP VIN = 10 V Step 2.7 MHz 
Settling Time ts To 0.01%, VIN= 10 V Step 200 ns 
Phase Margin 0o 45 Degrees 
Input Capacitance 

Common Mode 2.0 pF 
Differential 1.0 pF 

NOISE PERFORMANCE 
Voltage Noise eN p-p f = 0.1 Hz to 10 Hz 0.15 µVp-p 
Voltage Noise Density eN f=lkHz 6 nV/yHz 
Current Noise Density iN f=lkHz 8 pNyHz 

NOTE 
'Long Term Offset Voltage Drift is guaranteed by 1000 hrs. Life test performed on three independent wafer lots at + 125°C, with an LTPD of 1.3. 

Specifications subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (@ Vs = ±5.0 V, TA = +25°C unless otherwise noted) OP467 
Parameter Symbol Conditions Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vos 0.3 o.s mV 

-40°c :STA 5 +8s0c I mV 
Input Bias Current Is VcM = 0 V 12S 600 nA 

VcM = o v, -40°C,; TA,; +8S0 c ISO 700 nA 
Input Offset Current los VcM = 0 V 20 100 nA 

VcM = o v, -40°C,; TA,; +8S0c ISO nA 
Common-Mode Rejection CMR VCM = ±2.0V 76 8S dB 

CMR VcM = ±2.0 v, -40°C,; TA,; +8s0c 76 80 dB 
Large Signal Voltage Gain Avo RL = 2 kn 80 83 dB 

RL = 2 kn, -40°C :STA :S +ss·c 74 dB 
Offset Voltage Drift AV0 s/AT 3.S µVl°C 
Bias Current Drift /!i.18 /AT 0.2 pA!°C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL = 2 kn ±3.0 ±3.S v 

RL = 2 kn, -40°C :STA :S +ss0c ±3.0 ±3.20 v 
POWER SUPPLY 

Power Supply Rejection Ratio PSRR ±4.S V :S Vs= ±S.S V 92 107 dB 
-40°C :STA :S +ss0c 83 !OS dB 

Supply Current lsy V0 = OV 8 10 mA 
v0 = o v, -40°c,; TA,; +ss·c 11 mA 

DYNAMIC PERFORMANCE • Gain Bandwidth Product GBP Av= +I 22 MHz 
Slew Rate SR VIN = s V Step, RL = 2 kn, CL = 39 pF 

Av= +I 90 V/µs 
Av= -I 90 V/µs 

Full-Power Bandwidth BWP VIN= S V Step 2.S MHz 
Settling Time ts To 0.01%, VIN= S V Step 280 ns 
Phase Margin 60 4S Degrees 

NOISE PERFORMANCE 
Voltage Noise eN p-p f = 0.1 Hz to 10 Hz O.IS µV p-p 
Voltage Noise Density eN f=lkHz. 7 nV/yHz 
Current Noise Density iN f=lkHz 8 pA/yHz 

Specifications ~ubject to change without notice. 
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OP467 

WAFER TEST LIMITS <@'Vs= ±15.0 Y, T, = +25"C unless otherwise noted.) 

Parameter Symbol Conditions Limit Units 

Offset Voltage Vos ±0.5 mVmax 
Input Bias Current Ia VCM = ov 600 nAmax 
Input Offset Current los VCM = ov 100 nAmax 
Input Voltage Range1 ±12 V min/max 
Common-Mode Rejection Ratio CMRR VCM = ±12V 80 dB min 
Power Supply Rejection Ratio PSRR V = ±4.5 V to ±18 V 96 dB min 
Large Signal Voltage Gain Avo RL = 2k0 83 dB min 
Output Voltage Range Vo RL = 2k0 ±13.0 Vmin 
Supply Current lsv V0 = 0 V, RL =co 10 mAmax 

NOTES 
Electrical tests and wafer probe 10 the limits shown. Due .10 variations in assembly methods and normal yield loss, yield after packaging is not gu,aranteed for 
standard product dice. Consult factory 10 negotiate speciflC8tions based on dice lot qualifications through sample lot assembly and testing. 
'Guaranteed by CMR test. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ......•.................... ± 18 V 
Input v' oltage2 • • • • • • • • • • • • • • • • • • • • • • • • • • • ± 18 V 
Differential Input Voltage2 ••••••••••••••••••• ±26 V 
Output Short-Circuit Duration ................ Limited 
Storage Temperature Range 

Y, RC Packages ..... : ............ -65°C to + l 7S°C 
P, S Packages ................... -65°C to+ 150°C 

Operating Temperature Range 
OP-467 A ...................... -ss0c to + 12s•c 
OP-467G ....................... -40°C to +8S°C 

Junction Temperature Range 
Y, RC Packages .................. -65°C to + l 75°C 
P, S Packages ................... -6S°C to + 1S0°C 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type 9JA3 91c Units 

14-Pin Cerdip (Y) 94 10 "C/W 
14-Pin Plastic DIP (P) 76 33 "C/W 
16-Pin SOL (S) 88 23 °C/W 
20-Contact LCC (RC) 78 33 °C/W 

NOTES 
1 Absolute maximum ratings apply 10 both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

30JA is specified for the worst case conditions, i.e., OJA is specified for device 
in socket for cerdip, P-DIP, and LCC packages; OJA is specified for device 
soldered in circuit board for SOIC package. 

9-544 OPERATIONAL AMPLIFIERS 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP467AY/883 -55°c to + 12s·c 14-Pin Cerdip Q-14 
OP467 ARC/883 -ss•c to +12S°C 20-Contact LCC E-20A 
OP467GP -40°C to +8S°C 14-Pin Plastic DIP N-14 
OP467GS -40°C to +8S°C 16-Pin SOL R-16 
OP467GBC +2s0c DICE 

*For outline information see Package Information .section. 

DICE CHARACTERISTICS 

7 8 

VoUT B VouT C 

OP-467 Die Size 0.111X0.100 inch, 11, 100 sq. mils 
Substrate is Connected to V+, Number of Transistors 165. 
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Typical Characteristics-OP467 
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Figure 4. Closed-Loop Output Impedance vs. Frequency 
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Figure 5. Gain Linearity vs. Frequency 
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Figure 6. Max Vour Swing vs. Frequency 
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OP467 - Typical Characteristics 
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Figure 7. Max V 0ur Swing vs. Frequency 
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Figure 8. Common-Mode Rejection vs. Frequency 
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Figure 9. Power-Supply Rejection vs. Frequency 
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Figure 10. Small Signal Overshoot vs. Load Capacitance 
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Figure 11. Small Signal Overshoot vs. Load Capacitance 
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Figure 12. Noninverting Gain vs. Capacitive Loads 
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Figure 13. Channel Separation vs. Frequency 
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OP467-Typical Characteristics 
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Figure 19. Noninverting Gain vs. Supply Voltage 
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Figure 20. Output Swing vs. Load Resistance 
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Figure 21. Output Swing vs. Load Resistance 
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Figure 23. Input Offset Voltage Distribution 
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Figure 27. Slew Rate vs. Temperature 
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Figure 28. Slew Rate vs. Temperature 
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Figure 29. Slew Rate vs. Temperature 
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Figure 30. Slew Rate vs. Temperature 
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Figure 31. Settling Time vs. Output Step 
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Figure 34. Input Offset Current vs. Temperature 

APPLICATIONS INFORMATION 
OUTPUT SHORT-CIRCUIT PERFORMANCE 
To achieve a wide bandwidth and high slew rate, the OP-467 
output is not short circuit protected. Shorting the output to 
ground or to the supplies may destroy the device. 

For safe operation, the output load current should be limited so 
that the junction temperature does not exceed the absolute maxi
mum junction temperature. 

To calculate the maximum internal power dissipation, following 
formula can be used: 

PD = T1 max - TA 
6JA 

where T1 and TA are junction and ambient temperatures respec
tively, PD is device internal power dissipation, and 01A is pack
aged device thermal resistance given in the data sheet. 

UNUSED AMPLIFIERS 
It is recommended that any unused amplifiers in a quad package 
be connected as a unity gain follower with a 1 k!l feedback 
resistor with noninverting input tied to the ground plain. 

PRINTED CIRCUIT BOARD LAYOUT 
CONSIDERATIONS 
Satisfactory performance of a high speed op amp largely 
depends on a good PC layout. To achieve the best dynamic 
performance, following high frequency layout technique is 
recommended. 

GROUNDING 
A good ground plain is essential to l!Chieve the optimum perfor
mance in high speed applications. It can significantly reduce the 
undesirable effects of ground loops and IR drops by providing a 
low impedance reference point. Best results are obtained with a 
multilayer board design with one layer assigned to ground plain. 
To maintain a continuous and. low impedance ground, avoid 
running any traces on this layer. 
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POWER SUPPLY CONSIDERATIONS 
In high frequency circuits, device lead length introduces an 
inductance in series with the circuit. This inductance combined 
with stray capacitance forms a high frequency resonance circuit. 
Poles generated by these circuits will cause gain peaking and 
additional phase shift reducing the op amp's phase margin and 
leading to an unstable operation. 

A practical solution to this problem is to reduce the resonance 
frequency low enough to take advantage of the amplifier's power 
supply rejection. 

This is easily done by placing capacitors across the supply line 
and the ground plain as close as possible to the device pin. Since 
capacitors also have internal parasitic components, such as stray 
inductance, selecting the right capacitor is important. To be 
effective, they should have low impedance over the frequency 
range of interest. Tantalum capacitors are an excellent choice for 
their high capacitance/size ratio, but their ESR (Effective Series 
Resistance) increases with frequency making them less effective. 
On the other hand, ceramic chip capacitors have excellent ESR 
and ESL (Effective Series Inductance) performance at higher 
frequencies, and because of their small size, they can be placed 
very close to the device pin, further reducing the stray induc
tance. Best results are achieved by using a combination of these 
two capacitors. A 5-10 µF tantalum parallel with a 0.1 µF 
ceramic chip caps are recommended. If additional isolation from 
high frequency resonances of the power supply is needed, a fer
rite bead should be placed in series with the supply Jines 
between the bypass caps and the power supply. A word of cau
tion, addition of the ferrite bead will introduce a new pole and 
zero to frequency response of the circuit and could cause unsta
ble operation if it is not selected properly. 

+Vs 

+ '""110µF TANTALUM 

~0.1µF CERAMIC CHIP 

'""1 0.1 µF CERAMIC CHIP 

_ ~10µF TANTALUM 

-Vs -:-

Figure 35. Recommended Power Supply Bypass 

SIGNAL CONSIDERATIONS 
Input and output traces need special attention to assure a mini
mum stray capacitance. Input nodes are very sensitive to capaci
tive reactance, particularly when connected to a high impedance 
circuit. Stray capacitance can inject undesirable signals from a 
noisy line into a high impedance input. Protect high impedance 
input traces by providing guard traces around them. This will 
also improve the channel separation significantly. 

REV .. B 

OP467 
Additionally, any stray capacitance in parallel with the op amp's 
input capacitance generates a pole in the frequency response of 
the circuit. The additional phase shift caused by this pole will 
reduce the circuit's gain margin. If this pole is within the gain 
range of the op amp, it will cause unstable performance. To 
reduce these undesirable effects, use the lowest impedance 
where possible. Lowering the impedance at this node places the 
poles at a higher frequency, far above the gain range of the 
amplifier. Stray capacitance on the PC board can be reduced by 
making the traces narrow and as short as possible. Further 
reduction can be realized by choosing smaller pad size, increas
ing the spacing between the traces, and using PC board material 
with a low dielectric constant insulator (Dielectric Constant of 
some common insulators: air = I, Teflon = 2.2, and FR4 = 
4.7; with air being an ideal insulator). 

Removing segments of the ground plain directly under the input 
and output pads is recommended. 

Outputs of high speed amplifiers are very sensitive to capacitive 
loads. A capacitive load will introduce a pair of pole and zero to 
the circuit's frequency response, reducing the phase margin, 
leading to unstable operation or oscillation. 

Generally, it is a good design practice to isolate the amplifier's D 
output from any capacitive load by placing a resistor between 
the amplifier's output and the rest of the circuits. A series resis-
tor of 10 to 100 ohms is normally sufficient to isolate the output 
from a capacitive load. 

The OP-467 is internally compensated to provide stable opera
tion, and is capable of driving large capacitive loads without 
oscillation. 

Sockets are not recommended since they increase the lead 
inductance/capacitance and reduce the power dissipation of the 
package by increasing the leads thermal resistance. If sockets 
must be used, use Teflon* or pin sockets with the shortest leads 
possible. 

PHASE REVERSAL 
The OP-467 is immune to phase reversal; its inputs can exceed 
the supply rails by a diode drop without any phase reversal. 

*Teflon is a registered trademark of E.I. du Pont Co. 

Figure 36. No Phase Reversal (Av = + 1) 
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OP467 
SATURATION RECOVERY TIME 
The OP-467 bas ~ ™t and symmetrical recovery time from 
either rail. This feature is very useful in applications such as 
high speed instrumentation and measurement circuits, where.the 
amplifier is frequently exposed to Jirge signals that overload the 
amplifier. 

Figure 37. Saturation Recovery Time, Positive Rail 

Figure 38. Saturation Recovery. Time, Negative Rail 

I 

IDGH SPEED INSTRUMEN';I'ATION AMPLIFIER 
The OP-467 performance lends Itself to a variety of high speed 
applications, including high speed precision instrumentation 
amplifiers. Figure 39 represents a cirCui.t commonly used 
for data acquisition, CCD imaging, and other high speed 
application. 

CirCui.t gain is set by Re,. A 2 kn resistor will set the circuit 
gain to 2, for unity gain, remove Re, .. For any other gain settings 
use the folloWing formula: · 

G=21Ro Resistor Value is in kn 

Re is used for adjusting the de COID.IJlon-inode rejection, and Cc 
is used for ac commo~-mode rejection adjustments. 
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Figure 39. A High Speed lnstrumenta.tion Amplifier 
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Figure 40. Instrumentation Amplifier Settling Time.to 
0.01% for a 10 V Step Input (Negative Slope) 
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Figure 41. Instrumentation Amplifier Settling Time to 
0.01% for a 10 V Step Input (Positive Slope) 
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Figure 42. Settling Time Measurement Circuit 

2 MHz BIQUAD BANDPASS FILTER 
The circuit in Figure 43 is commonly used in medical imaging 
ultrasound receivers. The 30 MHz bandwidth is sufficient to 
accurately produce the 2 MHz center frequency, as the mea
sured response shows in Figure 44. When the op amp's band
width is too close to the filter's center frequency, the amplifier's 
internal phase shift causes excesil phase shift at 2 MHz, which 
alters the filter's response. In fact, if the chosen op amp has a 
bandwidth close to 2 MHz; the combined phase shift of the 
three op amps will cause the loop to oscillate. 

Careful consideration must be given to the layout of this circuit 
as with any other high speed circuit. 

H the phase shift introduced by the layout is large enough, it 
could alter the circuit performance, or worse, it will oscillate. 
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looT 2C/ 
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lour1D 
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DAC-8408 
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084 (MSB)D87 

085 086 

Figure 45. Quad DAG Unipolar Operatiqn 

FAST 1-TO·V CONVERTER 
The fast slew rate and fast settling time of the OP-467 are well 
suited to the fast buffers and 1-to-V converters used in variety of 
applications. The circuit in Figure 45 is a unipolar quad DI A 
converter consisting of only two !Cs. The current output of the 
DAC-8408 is converted to a voltage by the OP-467 configured as 
an 1-to-V converter, This circuit is capable of settling to 0.1% 
within 200 ns. Figures 46 and 47 show the full-scale settling 
time of the outputs. To obtain reliable circuit performance, keep 
the traces from the DAC's louT to the inverting inputs of the 
OP-467 short to minimize parasitic capacitance. 

Figure 46. Voltage Output Settling Time 
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Figure 47. Voltage Output Settling Time 

DAC-8408 
Rpe-41------. 

lour 

Figure 48. DAG Vour Settling Time Circuit 
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OP-467 SPICE MACRO-MODEL 
* Node assignments 

noninverting input 

inverting input 

positive supply 

negative supply 

I 
output 

* I 
. SUBCKT OP-467 I 2 99 so 27 

* 
* INPUT STAGE 
* 
II 4 so IOE-3 
CIN I 2 lE-12 
IOS I 2 SE-9 
QI s 2 8 QN 
Q2 6 7 9 QN 
R3 99 s 18S . 681 
R4 99 6 18S . 681 
RS 8 4 180 . S08 
R6 9 4 180 . sos 
EOS 7 I POLY (I) (14,20) SOE-6 I 
EREF 98 0 (20,0) I 

* 
*GAIN STAGE AND DOMINANT POLE AT 1.5 kHz 
* 
R7 10 98 3 . 714E6 
C2 10 98 28 . S71E-12 
GI 98 10 (S,6) S. 386E-3 
VI 99 II I . 6 
V2 12 so I . 6 
DI 10 11 DX 
D2 12 10 DX 
RC 10 28 I. 4E3 
cc 28 27 12E-12 

* 
*COMMON-MODE STAGE WITH ZERO AT 1.26 kHz 

* 
ECM 
RS 
R9 
C3 

* 

13 98 
13 14 
14 98 
13 14 

POLY (2) 
IE6 
2S . 119 
126 . 721E-12 

* POLE AT 400E6 

* 
RIO 15 
C4 15 
G2 98 

* 
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99 

10 

c,. 
1 

N+Q----~ r;-~ 
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Figure 50. Spice Macro-Mode/ Input and Gain Stage 
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~ANALOG 
WDEVICES 

FEATURES 
• Very Low Noise............... SnVIJ°HZ@ 1kHz Max 
• Excellent Input Offset Voltage .............. 0.4mV Max 
• Low Offset Voltage Drift ................... 2µ.V/°C Max 
• Very High Gain ......................... 1000V/mV Min 
• Outstanding CMR .......................... 110dB Min 
• Slew Rate .................................. 2V/µ.s Typ 
• Gain-Bandwidth Product .................... &MHz Typ 
• Industry Standard Quad Plnouts 
• Available in Die Form 

ORDERING INFORMATION 1 

T,. a+25'C PACKAGE OPERATING 
Vos Ill.AX CEADIP TEMPERATURE 

()lV) 14-PIN PLASTIC LCC" RANGE 

400 OP470ARCl883 ML 
400 OP470AY• OP470ATC/883 ML 
400 OP470EY IND 
800 OP470FY IND 
1000 OP470GP XIND 
1000 OP470GS" XIND 

For devices processed in total compliance to MIL-STD-883, add 1883 alter part 
number. Consult factory for 883 data sheet. 
Burn·in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO.can packages. 

tt For availability and bum-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 
The OP-470 is a high-performance monolithic quad opera
tional amplifier with exceptionally low voltage noise, 
5nV/y'HZ at 1 kHz Max, offering comparable performance to 
PMl's industry standard OP-27. 

The OP-470 features an input offset voltage below 0.4mV, 
excellent for a quad op amp, and an offset drift under 2µ.V/°C, 
guaranteed over the full military temperature range. Open
loop gain of the OP-470 is over 1,000,000 into a 10kn load 

Very Low Noise. Quad 
Operational Amplifier 

OP470 I 
PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Sufflx) 

14-PIN PLASTIC MINI-DIP 
(P-Suffix) 

16-PIN SOL 
(S-Sulfix) 

~ ~ Q ~ ~ 
I OZ o T 

20-LEADLCC 
(RC-Suffix) 

28-LEAD LCC 
(TC-Suffix) 

insuring excellent gain accuracy and linearity, even in high
gain applications. Input bias current is under 25nA which 
reduces errors due to signal source resistance. The OP-470's 
CMR of over 110dB and PSRR of less than 1.8µV/V signifi
cantly reduce errors due to ground noise and power supply 
fluctuations. Power consumption of the quad OP-470 is half 
that of four OP-27s, a significant advantage for power con-

SIMPLIFIED SCHEMATIC 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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scious applications. The OP-470 is unity-gain stable with a 
gain-bandwidth product of 6MHz and a slew rate of 2V/µs. 

The OP-470 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
noise instrumentation amplifiers, quad buffers, and low-noise 
active filters. 

The OP-470 conforms to the industry standard 14-pin DIP 
pinout. It is pin compatible with the OP-11, LM148/149, 
HA4741, HA5104, and RM4156 quad op amps and can be used 
to upgrade systems using these devices. 

For higher speed applications the OP-471, with a slew rate of 
BV/µs, is recommended. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±1 SV 
Differential Input Voltage (Note 2) .................................. ±1 .OV 
Differential Input Current (Note 2) ................................. ±25mA 
Input Voltage .......•............................................ Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, TC, Y-Package ....................................... -65°C to + 1 so0 c 

OP470 

Lead Temperature Range (Soldering, 60 sec) ......•....•.. 300°C 
Junction Temperature (T_il .••...........••............ -65°C to +150°C 
Operating Temperature Range 

OP-47oA ..........•.....•.•.•...............•............... -ss•cto +125°C 
OP-470E, OP-470F .....................•.....•.......•• -2s0 c to +as•c 
OP-470G .....•••..........••..•.•.............••.••.•...••.•.. -40°c to +as•c 

PACKAGE TYPE 0 1A (Note3) 81C UNITS 

14-Pin Hermetic DIP (Y) 94 10 •cm 
14-Pin Plastic DIP (P) 76 33 •cm 
20-Contact LCC (RC) 78 30 ·cm 
28-Contact LCC (TC) 70 28 ·cm 
16-Pin SOL (S) 88 23 •cm 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. The OP-470's inputs are protected by back-to-back diodes. Current limiting 

resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1.0V, the input current should be limited to ±25mA. 

3. 8.A is specified for worst case mounting conditions, i.e., 8.A is specilied lor 
dbvice in socket for TO, CerDIP, P-DIP, and LCC package~; 8.A is specified 
for device soldered to printed circuit board for SO and PLCC p</ckages. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

OP-470A/E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.1 0.4 0.2 0.8 0.4 1.0 mV 

Input Offset Current los VcM= OV 3 10 6 20 12 30 nA 

Input Bias Current la VcM= OV 25 15 50 25 60 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

80 200 80 200 80 200 nVp-p enp-p (Note 1) 

f0 = 10Hz 3.8 6.5 3.8 6.5 3.8 6.5 
Input Noise 10 = 100Hz 3.3 5.5 3.3 5.5 3.3 5.5 nv1JHZ 
Voltage Density en 

f0 =1kHz 3.2 5.0 3.2 5.0 3.2 5.0 
(Note 2) 

10 = 10Hz 1.7 1.7 1.7 
Input Noise 

in 10 = 100Hz 0.7 0.7 0.7 pAIJ°HZ 
Current Density 

t0 = 1kHz 0.4 0.4 0.4 

Large-Signal 
Vo= ±10V 

Avo RL ~- 10kll 1000 2300 800 1700 800 1700 V/mV 
Voltage Gain 

RL = 2kll 500 1200 400 900 400 900 

Input Voltage Range IVR (Note3) ±11 ±12 ±11 ±12 ±11 ±12 v 

Output Voltage Swing Vo RL2: 2kll ±12 ±13 ±12 ±13 ±12 ±13 v 

Common-Mode Rejection CMR VcM= ±11V 110 125 100 120 100 120 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs= ±4.5V to ±18V 0.56 1.8 1.0 5.6 1.0 5.6 µ.VIV 

Slew Rate SR 1.4 1.4 2 1.4 V/µ.s 
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OP470 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. (Continued) 

OP-470A/E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Supply Current 
lsv No Load 9 11 9 11 9 11 (All Amplifiers) 

Gain Bandwidth Product GBW Av= +10 6 6 

Channel Separation cs V0 = 20V0_0 125 155 125 155 125 155 
10 = 10Hz (Note 1) 

Input Capacitance C1N 2 2 

Input Resistance 
R1N Differential-Mode 

0.4 0.4 0.4 

Input Resistance 
R1NCM Common-Mode 

11 11 11 

Av=+1 
Settling Time t, to0.1% 5.5 5.5 5.5 

to0.01% 6.0 6.0 6.0 

NOTES: 
1. Guaranteed but not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C::; TA::; 125°C for OP-470A, unless otherwise noted. 

PARAMETER SYMBOL 

Input Offset Voltage Vos 

Average Input 
TC Vos 

Offset Voltage Drift 

Input Offset Current los 

Input Bias Current le 

Large-Signal 
Avo Voltage Gain 

Input Voltage Range IVR 

Output Voltage Swing Vo 

Common-Mode 
CMR 

Rejection 

Power Supply 
PSRR 

Rejection Ratio 

Supply Current 
lsv (All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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CONDITIONS 

Vo= ±10V 

RL = 10kll 
RL = 2k!l 

(Note 1) 

RL"' 2kll 

Vs= ±4.5V to ±18V 

No Load 

OP-470A 
MIN TYP 

0.14 

0.4 

15 

750 1600 
400 800 

±11 ±12 

±12 ±13 

100 120 

1.0 

9.2 

MAX 

0.6 

2 

20 

50 

5.6 

11 

UNITS 

mA 

MHz 

dB 

pF 

Mil 

Gil 

µs 

UNITS 

mV 

µV/°C 

nA 

nA 

V/mV 

v 

v 

dB 

µVIV 

mA 
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OP470 

ELECTRICAL CHARACTERISTICS at vs - ±15V, -25°C s TA s +85°C for OP-470E/F, -40°C s TA s +85°C for OP-470G, unless 
otherwise noted. 

OP-470E OP-470F OP-470G 
PARAMETER SYMBOL CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

Input Offset Voltage Vos 0.12 0.5 0.24 1.0 0.5 1.5 mV 

Average Input 
TC Vos 0.4 0.6 2 µV!°C 

Offset Voltage Drift 

Input Offset Current los VcM ~ OV 20 7 40 20 50 nA 

Input Bias Current Is VcM~ av 11 50 20 70 40 75 nA 

Large-Signal 
V0 ~ ±10V 

Avo AL~ 10kll 800 1800 600 1400 600 1500 V/mV 
Voltage Gain 

AL~ 2kll 400 900 300 700 300 800 

Input Voltage Range IVR (Note 1) ±11 ±12 ± 11 ±12 ±11 ±12 v 

Output Voltage Swing Vo AL CO> 2kll ±12 ±13 ±12 ±13 ±12 ±13 v 
Common-Mode 

CMR 
Rejection 

VcM = ±11V 100 120 90 115 90 110 dB 

Power Supply 

Rejection Ratio 
PSRR Vs~ ±4.5V to ±18V 0.7 5.6 1.8 10 1.8 10 µVIV 

Supply Current 
lsv No Load 9.2 11 9.2 11 9.3 11 mA 

Ill (All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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~ANALOG 
WDEVICES 

FEATURES 

• Excellent Speed ............................ SV/µs Typ 
• Low Noise ................... 11nVl./"HZ@ 1kHz Max 
• Unity-Gain Stable 
• High Gain-Bandwidth ...................... 6.SMHz lYP 
• Low Input Offset Voltage ................... O.SmV Max 
• Low Offset Voltage Drift ................... 4µV/°C Max 
• High Gain ............................... SOOV/mV Min 
• Outstanding CMR ......................... 105 dB Min 
• Industry Standard Quad Pinouts 
• Avaliable in Die Form 

ORDERING INFORMATION 1 

TA =+25"C PACKAGE OPERATING 
V05 MAX TEMPERATURE 

(µV) CERDIP PLASTIC LCC* RANGE 

800 OP471AY* OP471ATC/883 MIL 
800 OP471ARC/883 MIL 
800 OP471EY IND 
1500 OP471FY IND 
1800 OP471GP XIND 
1800 OP471Gstt XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The OP-471 is a monolithic quad op amp featuring low noise, 
11nVt./H'Z Max@ 1kHz, excellent speed, 8V/µs typical, a 
gain-bandwidth of 6.5MHz, and unity-gain stability. 

High Speed, Low Noise Quad 
Operational Amplifier 

OP471 I 
PIN CONNECTIONS 

14-PIN HERMETIC DIP 
(Y-Suffix) 

14-PIN PLASTIC DIP 
(P-Sufflx) 

mm u o u 
!f ~ z ~ !f 

20-LEADLCC 
(RC-Suffix) 

16-PIN SOL 
(S-Suffix) 

28-LEADLCC 
(TC-Suffix) 

N.C. 

+IND 

N.C, 

v-

+INC 

N.C. 

The OP-471 has an input offset voltage under 0.8mV and an 
input offset voltage drift below 4µV/°C, guaranteed over the 
full military temperature range. Open loop gain of the OP-471 
is over 500,000 into a 10kn load insuring outstanding gain 
accuracy and linearity. The input bias current is under 25nA 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 

This is an abridged data sheet. To obtain the most recent version o.r 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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limiting errors due to signal source resistance. The OP-471's 
CMR of over 105d8 and PSRR of under 5.6µV/V significantly 
reduce errors caused by ground noise and power supply 
fluctuations. 

The OP-471 offers excellent amplifier matching which is 
important for applications such as multiple gain blocks, low
noise instrumentation amplifiers, quad buffers and low-noise 
active filters. 

The OP-471 conforms to the industry standard 14-pin DIP 
pinout. It is pin compatible with the OP-11, LM148/149, 
HA4741, RM4156, MC33074, TL084 and TL074 quad op amps 
and can be used to upgrade systems using these devices. 

For applications requiring even lower voltage noise the OP-
470, with a voltage density of SnVIJ°HZ Max@ 1kHz, is 
recommended. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ................................................................. ±1 BV 
Differential Input Voltage (Note 3) .................................. ±1.0V 

Differential Input Current (Note 3) ............................... ±25mW 
Input Voltage .................................................... Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P, RC, TC, Y-Package ........... : ................... -65°Cto+150°C 

OP471 
Lead Temperature Range (Soldering, 60 sec) .............. 300°C 
Junction Temperature (T) ............................ -65°C to+ 150°C 
Operating Temperature Range 

OP-471A .................................................... -55°Cto +125°C 
OP-471 E, OP-471 F ..................................... -25°C to +85°C 
OP-471G ...................................................... -40°C to +85°C 

PACKAGE TYPE e1A (Note 2) 81C UNITS 

14-Pin Hermetic DIP (Y) 94 10 'C!W 

14-Pin Plastic DIP (P) 76 33 'C/W 

20-Contact LCC (RC) 78 30 'C!W 

28-Contact LCC (TC) 70 28 'C!W 

16-Pin SOL (S) 88 23 'C!W 

NOTES: 
1. Absolute maJ<imum ratings apply to both DICE and packaged parts, unless 

otherwise noted. 
2. 8. is specified for worst case mounting conditions, i.e., 8.A is specified for 

dk~ice in socket for CerDIP, P-DIP, and LCC packages; e1A is specified for 
device soldered to printed circuit board for SOL package. 1 

3. The OP-471 's inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise performance. If differential 
voltage exceeds ±1.0V, the input current should be limited to ±25mA. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. 

OP-471A/E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.25 0.8 0.5 1.5 1.0 1.8 mV 

Input Offset Current los VcM = OV 10 20 12 30 nA 

Input Bias Current le VcM= OV 25 15 50 25 60 nA 

Input Noise Voltage 
0.1 Hz to 10Hz 

250 500 enp-p (Note 1) 
250 500 250 500 nVp-p 

10 = 10Hz 16 16 16 
Input Noise fo = 100Hz 12 7 12 12 

nv;y'HZ 
Voltage Density en f0 =1kHz 6.5 11 6.5 11 6.5 11 

(Note 2) 

f0 = 10Hz 1.7 1.7 1.7 
Input Noise 

in f0 = 100Hz 0.7 0.7 0.7 pA/y'HZ 
Current Density 

f0 =1kHz 0.4 0.4 0.4 

Large-Signal V0 = ±10V 
Ava RL = 10kll 500 700 300 500 300 500 V/mV 

Voltage Gain 
RL = 2kll 350 550 175 275 175 275 

Input Voltage Range IVR (Note3) ±11 ±12 ±11 ±12 ±11 ±12 v 

Output Voltage Swing Vo RL2 2kll ±12 ±13 ±12 ±13 ±12 ±13 v 

Common-Mode Rejection CMR VcM= ±11V 105 120 95 115 95 115 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs= ±4.5V to ±18V 5.6 5.6 17.8 5.6 17.8 µVIV 

Slew Rate SR 6.5 6.5 6.5 8 V/µs 
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OP471 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= 25°C, unless otherwise noted. (Continued) 

OP-471A/E OP·471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Supply Current 
lsv No Load 9.2 11 9.2 11 9.2 11 mA 

(All Amplifiers) 

Gain-Bandwidth Product GBW Av= +10 6.5 6.5 6.5 MHz 

Channel Separation cs V0 = 20Vp-p 
125 150 125 150 125 150 dB 

10 = 10Hz (Note 1) 

Input Capacitance C1N 2.6 2.6 2.6 pF 

Input Resistance 
R1N 1.1 1.1 1.1 Mil 

Differential-Mode 

Input Resistance 
A1NCM 11 11 11 Gil 

Common-Mode 

Av= +1 
Settling Time t, to0.1% 4.5 4.5 4.5 µs 

to0.01% 7.5 7.5 7.5 

NOTES: 
1. Guaranteed but not 100% tested. 
2. Sample tested. 
3. Guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, -55°C :s TA :s 125°C for OP-471 A, unless otherwise noted. 

OP-471A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.4 1.2 mV 

Average Input 
TCVos 4 µVl'C 

Offset Voltage Drift 

Input Offset Current los VcM = OV 6 20 nA 

Input Bias Current le VcM= OV 16 50 nA 

Large-Signal 
Vo= ±10V 

Avo RL = 10k!l 375 500 V/mV 
Voltage Gain 

RL = 2kll 250 350 

Input Voltage Range IVR (Note 1) ±11 ±12 v 

Output Voltage Swing Vo RL2: 2kll ±12 ±13 v 

Common-Mode 

Rejection 
CMR VcM=±11V 100 115 dB 

Power Supply 
PSRR Vs= ±4.5V to ±18V 

Rejection Ratio 
5.6 10 µVIV 

Supply Current 
lsv No Load 9.3 11 mA 

(All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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OP471 

ELECTRICAL CHARACTERISTICS at Vs• ±15V, -25°C s TA s +85°C for OP-471 E/F, -40°C s TA s +85°C for OP-471 G, unless 
otherwise noted. 

OP-471E OP-471F OP-471G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.3 1.1 0.6 2.0 1.2 2.5 mV 

Average Input 
TC Vos 7 4 µ.V/°C 

Offset Voltage Drift 

Input Offset Current los VcM=OV 20 40 20 50 nA 

Input Bias Current la VcM= OV 13 50 25 70 40 75 nA 

Large-Signal 
Vo=±10V 

Voltage Gain 
Avo RL = 10kll 375 600 200 400 200 400 V/mV 

RL = 2kll 250 400 125 200 125 200 

Input Voltage Range IVR (Note 1) ±11 ±12 ±11 ±12 ±11 ±12 v 
Output Voltage Swing Vo RL? 2kll ±12 ±13 ±12 ±13 ±12 ±13 v 
Common-Mode 

CMR 
Rejection 

VcM=±11V 100 115 90 110 90 110 dB 

Power Supply 
PSRR 

Rejection Ratio 
Vs= ±4.SV to ±18V 3.2 10 18 31.6 18 31.6 µ.VIV 

Supply Current 
lsv No Load 9.3 11 9.3 11 9.3 11 mA Ill (All Amplifiers) 

NOTE: 
1. Guaranteed by CMR test. 
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,.._ANALOG 
WDEVICES 

FEATURES 

• Single/Dual Supply Operation .•..........•..... +1.6V to +36V 
................... ±0.SV to ±1 SV 

• True Single-Supply Operation; Input and Output Volt-
age Ranges Include Ground 

• Low Supply Current •.•.•......•..•....•.......•.........•.... SOµA Max 
• High Output Drive ................................................ 5mA Min 
• Low Offset Voltage •.•.•.•.•....•.•••...••........••......•.. 0.5mA Max 
• High Open-Loop Gain ................................. 700V/mV Min 
• Outstanding PSRR ....•........•..•....•••......••.•...... 5.6µVN Min 
• Industry Standard Quad Pinouts 
• Available in Die Form 

ORDERING INFORMATION t 

TA=+25°C 
PACKAGE 

OPERATING 
Vos MAX CERDIP LCC TEMPERATURE 

(mV) 14-PIN PLASTIC 28-CONTACT RANGE 

0.5 OP490AV- OP490ATC/883 MIL 
0.5 OP490EY IND 

0.75 OP490FY IND 
1.0 OP490GP XIND 
1.0 OP490Gstt XIND 

For devices processed in total compliance to MIL-STD·883, add /883 after 
part number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

Low-Voltage Micropower 
Quad Operational Amplifier 

OP490 I 
PIN CONNECTIONS 

16-PIN SOL 
(S-Suffix) 

GENERAL DESCRIPTION 

14-PIN HERMETIC DIP 
(Y-Suffix) 

14-PIN PLASTIC DIP 
(P-Suffix) 

28-PIN LCC 
(TC-Suffix) 

The OP-490 is a high-performance micropower quad op amp 
that operates from a single supply of+ 1.6V to +36Vor from dual 
supplies of ±0.SV to ±18V. Input voltage range includes the 
negative rail allowing the OP-490 to accommodate input sig
nals down to ground in single-supply operation. The OP-490's 
output swing also includes ground when operating from a single 
supply, enabling "zero-in, zero-out" operation. 

Continued 

SIMPLIFIED SCHEMATIC (One of four amplifiers is shown.) 

This iii an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-808-446-6212. 
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GENERAL DESCRIPTION Continued 
The quad OP-490 draws less than 20µA of quiescent supply 
current per amplifier, but each amplifier is able to deliver over 
5mA of output current to a load. Input offset voltage is under 
0.5mV with offset drift below 5µVl°C over the military tempera
ture range. Gain exceeds over 700,000 and CMR is better than 
1 OOdB. A PSRR of under 5.6µV/V minimizes offset voltage 
changes experienced in battery powered systems. 

The quad OP-490 combines high performance with the space 
and cost savings of quad amplifiers. The minimal voltage and 
current requirements of the OP-490 makes it ideal for battery 
and solar powered applications, such as portable instruments 
and remote sensors. 

ABSOLUTE MAXIMUM RATINGS (Note 2) 
Supply Voltage ................................................................ ±18V 
Differential Input Voltage ............. [(V-)-20V] to [(V+) + 20V] 
Common-Mode Input Voltage ...... [(V-)-20V] to [(V+) + 20V] 
Output Short-Circuit Duration ................................ Continuous 

OP490 
Storage Temperature Range 

TC, Y, P Package ....................................... -65°C to +150°C 
Operating Temperature Range 

OP-490A ..................................................... -55°C to +125°C 
OP-490E, OP-490F ...................................... -25°C to +85°C 
OP-490G ....................................................... -40°C to +85°C 

Junction Temperature (Tj) ............................ -65°C to +150°C 
Lead Temperature Range (Soldering, 60 sec) ........... +300°C 

PACKAGE TYPE e1A (Note 1) 01c UNITS 

14-Pin Hermetic DIP (Y) 99 12 °C/W 

14-Pin Plastic DIP (P) 76 33 °C/W 

28-Contact LCC (TC) 78 30 °C/W 

16-Pin SOL (S) 92 27 °C/W 

NOTES: 
1. 0jA is specified for worst case mounting conditions, i.e., eiA is specified for 

device in socket for CerDIP, P-DIP, and LCC packages; 0jA is specified for 
device soldered to printed circuit board for SOL package. 

2. Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

ELECTRICAL CHARACTERISTICS at Vs = ±1 .5V to ±15V, TA= +25°C, unless otherwise noted. 

OP-490A/E OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.2 0.5 0.4 0.75 0.6 1.0 mv 

Input Offset Current los VcM = OV 0.4 3 0.4 5 0.4 5 nA 

Input Bias Current Is VcM =OV 4.2 15 4.2 20 4.2 25 nA 

Vs=±15V, Vo=±10V 
RL = 100kQ 700 1200 500 1000 400 800 
RL = 10kQ 350 600 250 500 200 400 

Large-Signal RL= 2kQ 125 250 100 200 100 200 
V/mV Avo Voltage Gain 

V+=5V, V-=OV, 
1V<Vo<4V 

RL= 100kn 200 400 125 300 100 250 
RL= 10kQ 100 180 75 140 70 140 

V+=5V, V-=OV 0/4 0/4 014 
v Input Voltage Range IVR 

Vs= ±15V (Note 1) -15/13.5 -15/13.5 -15/13.5 

Vs =±15V 
Vo RL= 10kn ±13.5 ±14.2 ±13.5 ±14.2 ±13.5 ±14.2 v 

RL= 2kQ ±10.5 ±11.5 ±10.5 ±11.5 ±10.5 ±11.5 

Output Voltage Swing VoH 
V+= 5V, V-= OV 

v 
RL= 2kQ 4.0 4.2 4.0 4.2 4.0 4.2 

Vol 
V+=5V, V-=OV 

µV 
RL= 10kn 100 500 100 500 100 500 

V+=5V, V-=OV, 
90 110 80 100 80 100 

Common-Mode 
CMR 

OV < VcM <4V 
dB 

Rejection Vs =±15V, 
100 130 90 120 90 120 

-15V < VcM < 13.5V 

Power Supply 
PSRR 1.0 5.6 3.2 10 3.2 10 µVN 

Rejection Ratio 

Slew Rate SR Vs =±15V 5 12 5 12 5 12 Vims 

Supply Current Vs= 1.5V 40 60 40 60 40 60 
µA (All Amplifiers) lsy 

Vs=±15V 
No Load 

60 80 60 80 60 80 

Capacitive Load 
Av=+1 650 650 650 pF 

Stability 

Input Noise Voltage 0np·p 
lo= 0.1Hz to 10Hz 

3 3 3 µVp-p Vs =±15V 
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OP490 
ELECTRICAL CHARACTERISTICS at Vs = ±1.SV to ±1 SV, TA= +25°C, unless otherwise noted. Continued 

OP-490A/E OP-490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Resistan·ce 
R1N Vs =±15V 30 30 30 MQ 

Differential Mode 

Input Resistance 
R1NCM Vs=±15V 20 20 20 GQ 

Common Mode 

Gain Bandwidth 
GBWP Av=+1 

Product 
20 20 20 kHz 

fo = 10Hz 
Channel Separation cs Vo=20V 120 150 120 150 120 150 dB 

Vs= ±15V (Note 2) 

NOTES: 
1. Guaranteed by CMR test. 
2. Guaranteed but not 100% tested. 

ELECTRICAL CHARACTERISTICS at Vs= ±1.SVto ±15V, -ss0 c s TA s +125°C, unless otherwise noted. 

OP-490A 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.4 LO mV 

Average Input Offset 
TCVos Vs=±15V 2 5 

Voltage Drift 
µV/°C 

Input Offset Current los VcM = OV 1.5 5 nA 

Input Bias Current IB VcM = OV 4.4 20 nA 

Vs= ±15V, Vo =±10V 
AL= 100kQ 225 400 
AL= 10kQ 125 240 

Large-Signal AL= 2kQ 50 110 
Voltage Gain 

Avo 
V+=5V, V-=OV, 

V/mV 

1V<Vo<4V 
AL= 100kQ 100 200 
AL= 10kQ 50 110 

IVR 
V+=5V, V-=OV 0/3.5 

Input Voltage Range 
Vs=±15V(Note1) -15/13.5 

v 

Vs=±15V 

Vo AL= 10kQ ±13 ±13.7 v 
AL= 2kQ ±10 ±11 

Output Voltage Swing 
V+=5V, V-=OV 

VoH 
AL= 2kQ 3.9 4.1 

v 

Vol 
V+ = 5V, V- = OV 

AL= 10kQ 100 500 
µV 

CMR 
V+ = 5V, V- = OV, OV < VcM < 3.5V 85 105 

Common-Mode Rejection 
Vs=±15V,-15V<VcM< 13.5V 95 115 

dB 

Power Supply 
PSRR 3.2 10 

Rejection Ratio 
µVIV 

Supply Current Vs =±1.5V 
No Load 

70 100 
(All Amplifiers) 

lsv 
Vs= ±15V 90 120 

µA 

NOTE: 
1. Guaranteed by CMR test. 
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OP490 
ELECTRICAL CHARACTERISTICS 
at Vs = ±1.5V to ±15V, -25°C :<;;TA :<;; +85°C for OP-490E/F, -40°C :<;;TA :<;; +85°C for OP-490G, unless otherwise noted. 

OP·490E OP·490F OP-490G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage Vos 0.32 0.8 0.6 1.35 0.8 1.5 mV 

Average Input Offset 
TCVos Vs= ±15V 2 

Voltage Drift 
5 4 4 µV/°C 

Input Offset Current las VcM =OV 0.8 3 1.0 5 1.3 7 nA 

Input Bias Current Is VcM =OV 4.4 15 4.4 20 4.4 25 nA 

Vs= ±15V, Vo= ±10V 
RL= 100kQ 500 800 350 700 300 600 
RL= 10kQ 250 400 175 350 150 250 

Large-Signal 
Ava 

RL=2kQ 100 200 75 150 75 125 
V/mV 

Voltage Gain 
V+=5V,V-=0V, 
1V<Vo<4V 

RL= 100kQ 150 280 100 220 80 160 
RL= 10kQ 75 140 50 110 40 90 

Input Voltage Range IVR 
V+ = 5V, V-=OV 0/3.5 0/3.5 0/3.5 v 
Vs= ±15V (Note 1) -15/13.5 -15/13.5 -15/13.5 

Vs =±15V • Vo RL= 10kQ ±13 ±14 ±13 ±14 ±13 ±14 v 
RL=2kQ ±10 ±11 ±10 ±11 ±10 ±11 

Output Voltage Swing VoH 
V+=5V,V-=0V v 

RL=2kQ 3.9 4.1 3.9 4.1 3.9 4.1 

Vol 
V+ = 5V, V-=OV 

µV 
RL= 10kQ 100 500 100 500 100 500 

V+=5V,V-=OV, 
90 110 80 100 80 100 

Common-Mode 
CMR 

OV < VcM < 3.5V 
dB 

Rejection Vs =±15V, 
100 120 90 110 90 110 

-15V < VcM < 13.5V 

Power Supply 
PSRR 1.0 5.6 

Rejection Ratio 
3.2 10 5.6 17.8 µVN 

Supply Current 
lsv 

Vs=±1.5V 
No Load 

65 100 65 100 60 100 
µA 

(All Amplifiers) Vs =±15V 80 120 80 120 75 120 

NOTE: 
1. Guaranteed by CMR test. 
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r.ANALOG 
WDEVICES 

Precision Picoampere Input Current 
Quad Operational Amplifier 

FEATURES 
Low Offset Voltage: 50 tJ.V max 
Low Offset Voltage Drift: 0.5 µV/°C max 
Very Low Bias Current 

+25°C: 100 pA max 
-55°C to +125°C: 450 pA max 

Very High Open-Loop Gain: 2000 V/mV min 
Low Supply Current (per Amplifier): 625 µA max 
Operates from ±2 V to ±20 V Supplies 
High Common-Mode Rejection: 120 dB min 

APPLICATIONS 
Strain Gage and Bridge Amplifiers 
High Stability Thermocouple Amplifiers 
Instrumentation Amplifiers 
Photo-Current Monitors 
High-Gain Linearity Amplifiers 
Long-Term Integrators/Filters 
Sample-and-Hold Amplifiers 
Peak Detectors 
Logarithmic Amplifiers 
Battery-Powered Systems 

GENERAL DESCRIPTION 
The OP-497 is a quad op amp with precision performance in 
the space saving, industry standard 16-pin SOIC package. Its 
combination of exceptional precision with low power and 
extremely low input bias current makes the quad OP-497 useful 
in a wide variety of applications. 

Precision performance of the OP-497 includes very low offset, 
under 50 µV, and low drift, below 0.5 µVfC. Open-loop gain 
exceeds 2000 V/mV insuring high linearity in every application. 
Errors due to common-mode signals are eliminated by the 
OP-497's common-mode rejection of over 120 dB. The OP-497's 
power supply rejection of over 120 dB minimizes offset voltage 
changes experienced in battery powered systems. Supply current 
of the OP-497 is under 625 µA per amplifier, and it can operate 
with supply voltages as low as ±2 V. 

The OP-497 utilizes a superbeta input stage with bias current 
cancellation to maintain picoamp bias currents at all tempera
tures. This is in contrast to FET input op amps whose bias cur
rents start in the picoamp range at 25°C, but double for every 
10-C rise 'in temperature, to reach the nanoamp range above 
85°C. Input bias current of the OP-497 is under 100 pA at 25°C 
and is under 450 pA over the military temperature range. 

Combining precision, low power and low bias current, the 
OP-497 is ideal for a number of applications including instru
mentation amplifiers, log amplifiers, photo-diode preamplifiers 
and long term integrators. For a single device see the OP-97, for 
a dual see the OP-297. 

This is an abridged data sheet. To obtain the most recent version or 
eomplete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OP497 I 
PIN CONNECTIONS 

16-Lead Wide Body SOIC 
(S Suffix) 

NC = NO CONNECT 

14-Lead Plastic Dip 
(P Suff"IX) 

14-Lead Ceramic Dip 
(Y Suff"IX) 

20-Position Chip Carrier 
(RC Suffix) 

NC 

Q Q 

!; z 
0 i 

+IN B H~,.....,,.....,,.,...,,.....,~; 

ID ID U U U 
z !::; z ,_ z 
i 0 5 i 
NC = NO CONNECT 

1000 ............. --.-............ --........ --.~ 
1---+---1-+--+-1--J. •• Tsv-
1---+---1-+--+-1-- Ycu = ov -

1. 
I 

!i .. 
~1001---+---l-+--+-l---+---l-~...,.. 

B ~ 
~ -la ~ 

.sl ·1 L 
I'-,... los .J.-1 

10L...l..._I:'.::j:::::±::::::C::J.._JL_J 
-75 -60 -25 0 26 50 75 100 125 

TEMPERATURE-"C 

Input Bias, Offset Current vs. Temperature 
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SPECIFICATIONS OP497 
ELECTRICAL CHARACTERISTICS (@ V5 = ±15 V, TA= +25°C unless otherwise specified) 

A B/F CIG 
Parameter Symbol Condition Min Typ Max Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Offset Voltage Vo:-. 20 so 40 7S 80 ISO µV 

-40°C _, TA - +8S°C 70 ISO 120 2SO 
-SS°C - TA ~- + 12S°C 40 100 80 ISO 140 300 

Average Input Offset Voltage Drift TCV(l:o. T,.,..,-T""" 0.2 O.S 0.4 1.0 0.6 I.S µVi°C 
Long Term Input Offset Voltage Stability 0.1 0.1 0.1 µV/Mo 

Input Bias Current '" Ve,..,= 0 V 30 100 40 ISO 60 200 pA 
-40°C < T,, < +8S°C 60 200 80 300 
-ss0c < T, < + 12s0c 80 4SO 110 600 130 600 

Average Input Bias Current Drift TC18 -40°C < T, < +8S°C 0.3 0.3 
-SS°C < T, < + 12s0 c O.S 0.7 0.7 pA1°C 

Input Offset Current los Vu.t = OV IS 100 30 ISO so 200 pA 
-40°c <TA< +8S°C so 200 80 300 
-ss0c <TA< + 12s0c 3S 400 60 600 90 600 

Average Input Offset Current Drift Tclo:-. 0.2 0.3 0.4 pAFC 

Input Voltage Range 1 IVR ±13 ±14 ± 13 ±14 ±13 ±14 v 
T,,,,,,-T,.,,. ±13 ±13.S ± 13 ±13.S ±13 ±13.S 

Common-Mode Rejection CMR Vn1 = ±:13 V 120 140 114 135 114 135 dB 

Tmm-Tm,. 114 130 108 120 108 120 

Large Signal Voltage Gain Avo V0 = ± 10 V RL = 2 kll 2000 6000 ISOO 4000 1200 4000 VimV Ill 
-40°C :STA-:::; +ss0 c 800 2000 800 2000 
-ss·c s TA s +12s0c 1200 4000 1000 3000 800 3000 

Input Resistance Differential Mode R,N 30 30 30 M!l 
Input Resistance Common Mode RINCM soo soo soo G!l 
Input Capacitance CIN 3 3 3 pF 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Vo RL=2kll ±13 ±13.7 ±13 ±13.7 ±13 ±13.7 v 

RL = IO kll ±13 ±14 ±13 ±14 ±13 ±14 

Tmin-Tm.,> RL =IO kl! ±13 ±13.S ±13 ±13.S ±13 ±13.S 
Short Circuit lsc ±25 ±25 ±2S mA 

POWER SUPPLY 
Power Supply Rejection Ratio PSRR Vs = ±2 V to ±20 V 120 140 114 135 114 135 dB 

Vs = ±2.S V to ±20 V 

Tmm-Tmax 114 130 I08 120 !08 120 
Supply Current (per Amplifier) lsy No Load 525 625 525 625 S25 625 µA 

Tmin-Tm,. S80 7SO S80 7SO S80 750 
Supply Voltage Range Vs Operating Range ±2 ±20 ±2 ±20 ±2 ±20 v 

Tmin-Tm•• ±2.S ±20 ±2.S ±20 ±2.S ±20 

DYNAMIC PERFORMANCE 
Slew Rate SR o.os O.lS o.os O.lS o.os 0.IS V/µs 
Gain Bandwidth Product GBW soo soo soo kHz 

Channel Separation cs V0 = 20 V p-p fo = IO Hz ISO ISO ISO dB 

NOISE PERFORMANCE 
Voltage Noise e,, p-p 0.1 Hz to IO Hz 0.3 0.3 0.3 µVp-p 

Voltage Noise Density e,,=IOHz 17 17 17 nV/y'Hz 

e,,=lkHz IS IS IS nV/y'Hz 

Current Noise Density i,,=IOHz 20 20 20 fAly'Hz 

NOTE 
'Guaranteed by CMR Test. 

Specifications subject to change without notice. 
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OP497 
WAFER TEST LIMITS (@Vs = .±15 V, TA = +25°C, unless otherwise noted) 

OP-497GBC 
Parameter Symbol Condition Limit Units 

Input Offset Voltage Vos 150 µVmax 
Input Offset Current los VcM = 0 V 150 pAmax 
Input Bias Current la VcM = OV 150 pAmax 
Input Voltage Range1 IVR ±13 Vmin 
Large Signal Voltage Gain Avo V0 = ±lOV, RL :S lOkO 1500 V/mVmin 
Common-Mode Rejection CMR VcM=±l3V 114 dB min 
Power Supply Rejection PSR V8 = ±2 V to ±20 V 114 dB inin 
Output Voltage Swing Vo RL,,; 10 kn ±13 Vmin 

RL :S 2 kO ±13 Vmin 
Supply Current per Amplifier lsv No Load 625 µAmax 

NOTE 
'Guaranteed by CMR test. Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield 
after packaging is not guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot 
assembly and testing. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ±20 V 
Input Voltage2 •••••.•.•••••••.••••••••••• ±20 V 
Differential Input Voltage2 ••••••••••••••••••••• 40 V 
Output Short-Circuit Duration ................ Indefinite 
Storage Temperature Range 

Y, RC Package .................. -65°C to +175°C 
P, S Package .................... -65°C to + 150°C 

Operating Temperature Range 
OP-497 A, B, C (Y) ................ -55°C to + 125°C 
OP-497F, G (Y) .................. -40°C to +85°C 
OP-497F, G (P, S) ................. -40°C to +85°C 

Junction Temperature 
Y, RC Package .................. -65°C to + 175°C 
P, S Package .................... -65°C to + 150°C 

Lead Temperature Range (Soldering, 60 sec) ....... + 300°C 

Package Type 6JA 
3 

61c Units 

14-Pin Cerdip (Y) 94 10 OCfW 

14-Pin Plastic DIP (P) 76 33 OCIW 

20-Contact LCC (RC) 78 33 oc/W 

16-Pin SOIC (S) 92 23 OCIW 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

2For supply voltages less than ± 20 V, the absolute maximum input voltage is 
equal to the supply voltage. 

361A is specified for worst case mounting conditions, i.e., 01A is specified for 
device in socket for cerdip, P-DIP, and LCC packages; 61A is specified for 
device soldered to printed circuit board for SOIC package. 

501dl 

CHANNEL SEPARATION= 201og (v2 ~:iooc,) 

Channel Separation Test Circuit 
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ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

OP497AY -55°C to + 125°C 14-Pin Cerdip Q-14 
OP497BY -55°C to + 125°C 14-Pin Cerdip Q:14 
OP497CY -ss0c to + 125°C 14-Pin Cerdip Q-14 
OP497BRC/883 -55°C to +125°C 20-Contact LCC E-20A 
OP497FY -40°C to +85°C 14-Pin Cerdip Q-14 
OP497FP -40°C to +85°C 14-Pin Plastic DIP N-14 
OP497FS -40°C to +85°C 16-Pin SOIC R-16 
OP497GY -40°C to +85°C 14-Pin Cerdip Q-14 
OP497GP -40°C to +85°C 14-Pin Plastic DIP N-14 
OP497GS -40°C to +85°C 16-Pin SOIC R-16 

*For outline information see Package Information section. 

-INA 2 

+IN A 3 

V+ 4 

+IN B 5 

-IN B 6 

DICE CHARACTERISTICS 

7 8 
OUTB OUTC 

13 -IND 

12 +IND 

11 V-

10 +IN.C 

9 -INC 

Die Size 0.112 x 0.129 inch, 14,448 sq. mils 
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~ Selection Tree - Instrumentation Amplifiers 
~ 
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RESISTOR 

PROGRAMMABLE 

AMPOl (Low Noise) 

AMP02 (Input Protection) 

AD625 (Low Noise) 

AD620 (Highest Accuracy) 

'--- Single Supply 

AMP04 
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PROGRAMMABLE 

(SINGLE ENDED INPUT) 
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AD526 

l 
PIN 

PROGRAMMABLE 

AD524 (Input Protection) 

AD624 (High Accuracy) 

AD621 (Highest Accuracy) 

I 
'----I Single Supply 

AD626 (Input Protection) 



Selection Guide- Instrumentation Amplifiers 
Voltage 

Input Input Noise Slew Power 
Gain Error* Gain TC* Nonlinearity Offset Offset @l kHz Rate Supply 
±% ppml°C % Voltage Current nV/VHz Volts/µs Range Package Temp 

Category Model Gain Range max (G=l) max (G=l) max (G=l) µVmax nAmax RTI typ typ ±Volts Options' Ranges2 Page' 

High ADS24 1to1,000 0.02 s 0.003 so 10 7 5 6 to 18 D,E I,Mio 10--5 
Accuracy AD620 1to10,000 0.02 -SO (GslOOO) 0.004 (GslOOO) 50 0.5 16.4 1.2 2.3 to 18 N,Q,R I,M 10--11 

AD621 10 to 100 O.OS (G= 10 or 100) S (G=IO) 0.001 (G= 10) 125 0.5 17 1.2 2.3 to 18 N,Q,R I,M 10--15 
AMP02 1to10,000 0.02 50 (GslOOO) 0.006 (GsIOOO) 100 5 9 6 4.5 to 18 N,Q,R I, Mis 10-3S 
AD624 1to1,000 0.02 s ±0.001 2S ±10 4 5 6 to 18 D l,M/ 10--19 

Low AD624 1 to 1,000 0.02 s ±0.001 25 ±10 4 5 6 to 18 D I, Ml 10--19 
Voltage AD62S 1to10,000 0.02 5 (GsIOOO) 0.001 (Gs256) 2S ±5 4 5 6 to 18 D,N C, I, M/0 10--22 
Noise AMPOl 0.1 to 10,000 0.6 (G=l-1 k) 10 (GslOOO) 0.01 50 1 s 4.5 4.5 to 18 E,Q,R C,l,M 10--29 

Resistor AD620 1to10,000 0.02 -SO (GslOOO) 0.004 (GsIOOO) 50 0.5 16.4 1.2 2.3 to 18 N,Q,R I,M 10--11 
Programmable AD62S 1to10,000 0.02 S (GslOOO) 0.001 (Gs256) 25 ±5 4 s 6 to 18 D,N C, I, M/0 10--22 
Gain AMP02 1 to 10,000 0.02 SO (GsIOOO) 0.006 (GslOOO) IOO 5 9 6 4.S to 18 N,Q,R I, Mis 10--35 

AMP04 1to1,000 o.s N/A 0.012 (typ) 200 5 N/A 0.12 2.25 to 18 N,R l,M 10--39 

Software ADS26:j: 1, 2, 4, 8, 16 0.01 2 0.0035 soo - 30 6 4.S to 16.S D,N C, I, M/0 10--S 
Prog. Gain 

Single AD626~ IO to 100 0.6 (G= IO or 100) 30 (G=IO) 0.016 (G= 10) 2500 NIA** 250 0.22 +2.4 to +12 N,Q,R I,M 10--5 
Supply AMP04 1 to 1,000 o.s N/A 0.012 (typ) 200 5 N/A 0.12 +4.5 to +36 N,R I,M 10--39 

Low AD620 1to10,000 0.02 -SO (GslOOO) 0.04 (GslOOO) 50 0.5 16.4 1.2 2.3 tol8 N,Q,R I,M 10--11 
Power AD621 IO to 100 O.OS (G=IO or 100) S (G=lO) 0.01 (G=IO) so 0.5 17 1.2 2.3 to 18 N,Q,R l,M 10--lS 

AMP04 1to1,000 0.5 N/A 0.012 (typ) 200 5 N/A 0.12 2.25 tol8 N,R I,M 10--39 
AD626 IO to IOO 0.3 (G=lO) 30 (G=IO) 0.05S (G= 10) 250 NIA** 250 0.22 1.2 to 6 N,Q,R I,M 10-2S 

Input AD524 1to1,000 0.02 5 0.003 50 ±10 7 s 6 to 18 D,E I,Mio 10--5 
Protected AMP02 1 to I0,000 0.02 50 (GsIOOO) 0.006 (GslOOO) 100 5 9 6 4.5 to 18 N,Q,R I, Mis 10--35 

Differential AMP03 1 0.008 0.015 400 9.5 6 to 18 D,H I,M A 4-149 
Amp AD626 IO to 100 0.3 (G=IO) 30 (G=lO) O.OS5 (G=lO) 250 NIA** 250 0.22 1.2 to 6 N,Q,R l,M 10--25 

~ SSM2143 o.s 0.1 - - 1200 -- -- 10 6 to 18 N,R I 14-28 
(/) 

Low Input AD620 1 to I0,000 0.02 -SO (GslOOO) 0.004 (GslOOO) so 0.5 16.4 1.2 2.3 to 18 N,Q,R I,M 10--11 :ti c: Bias AD621 10 to 100 O.OS (G= 10 or 100) 5 (G=lO) 0.001 (G=lO) 50 0.5 17 1.2 2.3 tol8 N,Q,R l,M 10--15 

s: Current AMP05 0.1 to 2,000 0.5 (G=l--1 k) 20 (GslOOO) 0.001 (typ) 1000 0.025 350 7.5 4.5 to 18 Q I, Mis A 4-165 
l'T1 
;::: 
~ *Does not include effects of external gain resistor (Rg). 

:::! :j:Digitally programmable. 

0 ~AD626 is specified differently for single and dual supply operation. 
;::: **Resistance equals 200 k!l. 

:t> 'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J·Leaded Ceramic Package; 

~ 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

:Ii 'Temperature Ranges: C = Commercial, OOC to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 

l'T1 temperature designator will be followed by: I to indicate 883B, 1 for JAN, D for SMD, and s for space level. 
:)J 3 A = Amplifer Reference Manual. All other entries refer to this volume. 
(/) Boldface Type: Data sheet information in this volnme. 

? 
(<) 

I 
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W.ANALOG 
L.llllDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.3µV p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 120dB (G = 1000) 
Low Offset Voltage: 50µV 
Low Offset Voltage Drift: 0.5µVl°C 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 10, 100, 1000 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 
MIL-STD-8838 and Chips Available 
16-Pin Ceramic DIP and SOIC Packages and 

20-Terminal Leadless Chip Carriers Available 
Available in Tape and Reel in Accordance 

with EIA-481A Standard 
Standard Military Drawing Also Available 

PRODUCT DESCRIPTION 
The AD524 is a precision monolithic instrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 

The AD524 has an output offset voltage drift of less than 25 µ V/°C, 
input offset voltage drift of less than O.SµVi°C, CMR above 
90dB at unity gain (120dB at G = 1000) and maximum nonlinearity 
of0.003% at G = l. In addition to the outstanding de specifications 
the AD524 also has a 25MHz gain bandwidth product (G = 
100). To make it suitable for high speed data acquisition systems 
the AD524 has an output slew rate of SV/µs and settles in lSµs 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required. 
The AD524 input is fully protected for both power on and 
power off fault conditions. 

The AD524 IC instrumentation amplifier is available in 'four 
different versions of accuracy and operating temperature range. 
The economical "A'.' grade, the low drift "B" grade and lower 
drift, higher linearity "C" grade are specified from - 25°C to 
+ 8S°C. The "S" grade guarantees performance to specification 
over the extended temperature range - 55°C to + 125°C. Devices 
are available in 16-pin ceramic DIP and SOIC packages and a 
20-terminal leadless chip carrier. 

PRODUCT HIGHLIGHTS 
1. The AD524 has guaranteed low offset voltage, offset voltage 

drift and low noise for precision high gain applications. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AD524 I 
CONNECTION DIAGRAMS 

Ceramic (D) and 
SOIC (R) Packages 

OUTPUT NULL 

AD524 

TOP VIEW 
(NottoScalel 13G=10} SHORT TO 

RG2 FOR 
G "' 100 DESIRED 

GAIN 
G == 1000 

SENSE 

.v,-[· "J--v, 
5 14 

INPUT OUTPUT 
OFFSET NULL OFFSET NULL 

Leadless Chip Carrier (E) Package 

~ i E:j [' + I ~ 'I 5~ +Vs - 5 
1 20 19 

'' 
I I 
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INPUT 
OFFSET NULL 

18 OUTPUT NULL 

"] --Vs 

18 
OUTPUT 

OFFSET NULL 

AD524 
TOP VIEW 

{Not to Scale) 

17'G = 10 

16 NC ~ SHORT TO RG2 FOR 
DESIRED 

15 G = 100 GAIN 

14 G = 1000 

10 11 12 13 

2. The AD524 is functionally complete with pin programmable 
gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 

3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The AD524 is input protected for both power on and power 
off fault conditions. 

5. The AD524 offers superior dynamic performance with a 
gain bandwidth product of 25MHz, full power response of 
75kHz and a settling time of lSµs to 0.01% of a 20V step 
(G = 100). 
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AD524-SPEClflCATIQNS (@Vs= ±15V, RL = 2k0 and TA= +25°C unless otherwise noted) 

AD524A AD524B AD524C AD524S 
Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

GAIN 
Gain Equation 

(External Resistor Gain 

[ ~~+ 1]±20% [ 40~~ + 1] ±20% [ 40,000 + 1] ±20% [~~+1]±20% Programming) 
Ra 

Gain Range(Pin Programmable) 1to1000 1co1000 1to1000 1to1000 
GainError1 

G =I ±0.05 ±0.03 ±0.02 ±0.05 % 
G =IO ±0.25 ±0.15 ±0.1% ±0.25 % 
G = 100 ±0.5 ±0.35 ±0.25 ±0.5 % 
G = 1000 ±2.0 ±1.0 ±0.5 ±2.0 % 

Nonlinearity 

G =I ±0.01 ±0.005 ±0.003 ±0.01 % 
G = 10,100 ±0.01 ±0.005 ±0.003 ±0.01 % 
G = 1000 ±0.01 ±0.01 ±0.01 ±0.01 % 

Gain vs. Temperature 

G =I 5 5 5 5 ppmf'C 
G =IO 15 IO IO 10 ppm/"(; 
G =JOO 35 25 25 25 ppmf'C 
G = 1000 JOO 50 50 50 ppmf'C 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Voltage 250 100 50 100 µV 

vs. Temperature 2 0.75 0.5 2.0 µVl"C 
Output Offset Voltage 5 3 2.0 3.0 mV 

vs. Temperature 100 50 25 50 µVl"C 
Offset Referred to the 

Input vs. Supply 

G =I 70 75 80 75 dB 
G =IO 85 95 100 95 dB 
G =JOO 95 105 110 105 dB 
G = 1000 100 110 115 110 dB 

INPUT CURRENT 
Input Bias Current ±50 ±25 ±15 ±50 nA 

vs. Temperature = 100 ±100 = 100 ±100 pAl"C 
Input Offset Current ±35 ±15 ±10 ±35 nA 

vs. Temperature = IOO = IOO =](JO =100 pAl"C 

INPUT 
Input Impedance 

Differential Resistance IO' 109 I09 10' !l 
Differential Capacitance IO IO IO 10 pF 
Common Mode Resistance IO' IO' 10' 109 !l 
Common Mode Capacitance IO IO IO IO pF 

Input Voltage Range 
Max Differ. Input Linear(VmJ2 =IO ±IO "IO "IO v 

Max Common Mode Linear (V cM) 12v-(¥ xv0 ) 12v-(¥xv0 ) 12v-(¥ xv0 ) 12v-(¥ xv0 ) v 
Common Mode Rejection de 
to 60Hz with I k{l Source Imbalance 

G =I 70 75 80 70 dB 
G = IO 90 95 100 90 dB 
G = IOO 100 105 110 100 dB 
G = IOOO 110 115 120 110 dB 

OUTPUT RATING 

Vot.:T,Rr. ~ 2k{l "IO "IO =IO ±IO v 

DYNAMIC RESPONSE 
Small Signal -- 3dB 

G - I I I I I MHz 

G =IO 400 400 400 400 kHz 

G = IOO I50 I50 I50 150 kHz 

G = IOOO 25 25 25 25 kHz 
Slew Rate 5.0 5.0 5.0 5.0 VltJ.S 
Settling Time to0.01%, 20V Step 

G=ltolOO I5 I5 15 15 ... 
G = IOOO 75 75 75 75 ... 

NOISE 
Voltage Noise, lkHz 

R.T.l. 7 7 7 7 nV/VHz 
R.T.O. 90 90 90 90 nVIVHz 

R.T.1.,0.ltolOHz 

G=l 15 15 IS IS µVp-p 
G=IO 2 2 2 2 l'Vp-p 
G~ 100, 1000 0.3 0.3 0.3 0.3 l'Vp-p 

Current Noise 

O.IHztolOHz 60 60 60 60 pAp-p 
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AD524A 
Model Min Typ Mu 

SENSE INPUT 
RIN 20 
!IN 15 
Voltage Range ± 10 
Gain to Output I 

REFERENCE INPUT 
RIN 40 

I1N 15 
Voltage Range ± 10 
Gain to Output I 

TEMPERATURE RANGE 
Specified. Performance -25 +85 
Storage -65 +ISO 

POWER SUPPLY 
Power Supply Range ±6 ±15 ±18 
Quiescent Current l.5 5.0 

NOTES 
'Docs not include effects of external resistor Re;. 
2VoL is the maximum differential input voltage at G = I for specified nonlinearity. 
VoL at other gains = IOV/G. 
V n = Actual differential input voltage. 

Example: G = 10, Vo = 0.50 
VcM = 12V - (10/2 x 0.50V) = 9.5V 

Specifications subject ro change without notice. 

AD524B 
Min Typ 

20 
15 

± 10 
I 

40 
15 

± lO 
I 

-25 
-65 

±6 ± 15 
l.5 

AD524 
AD524C AD524S 

Max Min Typ Max Min Typ Mu Units 

20 20 k!l ±20% 
15 15 µA 

± 10 ± 10 v 
I I % 

40 40 kO ±20% 
15 15 µA 

10 10 v 
I 1 % 

+85 -25 +85 -55 + 125 'C 
+ 150 -65 + 150 -65 +150 "C 

±18 ±6 ±15 ±18 ±6 ±15 ±18 v 
5.0 l.5 5.0 l.5 5.0 mA 

All min and max specifications arc guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from 
those tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RA TINGS1 

Supply Voltage . . . . . . 
Internal Power Dissipation 
Input Voltage, 2 

(Either Input Simultaneously) [VIN[ + [Vs[ 
Output Short Circuit Duration . . . . . . 
Storage Temperature Range 

(R) .•......... 
(D, E) ........ . 

Operating Temperature Range 

. ±18V 
450mW 

<36V 
Indefinite 

- 6S°C to + 125°C 
-65°C to + 1so0c 

AD524AIB/C . . . . . . . . . . . . . . . - 25°C to + 85°C 
ADS24S . . . . . . . . . . . . . . . . . . - SS°C to + 125°C 

Lead Temperature Range (Soldering 60 seconds) + 300°C 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 

OUTPUT 
NULL G=10 G=100 G=1000 SENSE 

14 13 ,, 10 

o~i~r 15 9 OUTPUT 

RG1 16 a +v,.. 

-INPUT 1 

+INPUT 2 

RG2 3 

4 5 6 
INPUT INPUT REFERENCE 
NULL NULL 

0.170 (4.33) 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FORTHED-16 
ANDR-1616-PIN CERAMIC PACKAGES. 

REV.B 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect 
devicereliability. 

2 Max input voltage specification refers to maximum voltage to which either input 
terminal may be raised with or without device power applied. For example, 
with ± 18 volt supplies max V1N is ± 18 volts, with zero supply voltage max V1N 

is ± 36 volts. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD524AD -40°C 10 + s;0c 16-PinCeramic DIP D-16 
AD524AE -40'C 10 + 85'C 20-Pin LcadlessChipCarricr E-20A 
AD524AR - 40'C 10 + 85'C 16-Pin Gull-Wing SOIC R-16 
AD524AR-REEL - 40'C to + 85'C Tape & Reel Packaging 
AD524BD" - 40'C to + 85°C 16-Pin Ceramic DIP D-16 
AD524BE - 40'C to + 85'C 20-Pin Leadless Chip Carrier E-20A 
AD524CD -40'C to+ 8S°C 16-PinCeramic DIP D-16 
AD524SD - 5S'C 10 + 125°C 16-Pin Ceramic DIP D-16 
AD524SDl883B -55'Cto + 125°C 16-PinCeramic DIP D-16 
AD524SE1883B - 55°C IO + 125°C 20~Pin LcadlessChipCarricr E-20A 
AD524AChips -40'Cto +85°C Die 
AD524SChips - SS°C 10 + 125'C Die 

•f oroudine information see Padtage Information section. 

FUNCTIONAL BLOCK DIAGRAM 
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Lillll DEVICES 

FEATURES 
Digitally Programmable Binary Gains from 1 to 16 
Two-Chip Cascade Mode Achieves Binary Gain from 

1 to 256 
Gain Error: 

0.01% max, Gain = 1, 2, 4 (C Gradel 
0.02% max, Gain. = 8, 16 (C Gradel 
0.5ppml°C Drift Over Temperature 

Fast. Settling Time 
10V Signal Change: 

0.01% in 4.5µs (Gain = 16) 
Gain Change: 

0.01% in 5.6µs (Gain = 16) 
Low Nonlinearity: ±0.005% FSR max (J Gradel 
Excellent DC Accuracy: 

Offset Voltage: 0.5mV max (C Grade) 
Offset Voltage Drift: 3µVl°C (C Gradel 

TTL Compatible Digital Inputs 
Standard Military Drawing Available 

PRODUCT DESCRIPTION 
The ADS26 is a single-ended, monolithic software programmable 
gain amplifier (SPGA) that provides gains of 1, 2, 4, 8 and 16. 
It is complete, including amplifier, resistor network and 
TTL-compatible latched inputs, and requires no external 
components. 

Low gain error and low nonlinearity make the ADS26 ideal for 
precision instrumentation applications requiring programmable 
gain. The small signal bandwidth is 350kHz at a gain of 16. In 
addition, the ADS26 provides excellent de precision. The FET
input stage results in a low bias current of SOpA. A guaranteed 
maximum input offset voltage of O.SmV max (C grade) and low 
gain error (0.01 %, G = 1, 2, 4, C grade) are accomplished using 
Analog Devices' laser trimming technology. 

To provide flexibility to the system designer, the ADS26 can be 
operated in either latched or transparent mode. The force/sense 
configuration preserves accuracy when the output is connected 
to remote or low impedance loads. 

The ADS26 is offered in one commercial (0 to + 70°C) grade, J, 
and three industrial grades, A, B and C, which are specified 
from -40°C to + 85°C. The S grade is specified from - SS°C to 
+ 125°C. The military version is available processed to MIL-STD 
883B, Rev C. The J grade is supplied in a 16-pin plastic DIP, 
and the other grades are offered in a 16-pin hermetic side-brazed 
ceramic DIP. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

10-S INSTRUMENTATION AMPLIFIERS 

Software Programmable 
Gain Amplifier 

AD526 I 
PIN CONFIGURATION 

A1 

NULL AO 

VrN cs 

CLK 

ANALOG GND 2 A2 

ANALOG GND 1 B 

+Vs 

VouT SENSE VouT FORCE 

APPLICATION HIGHLIGHTS 
1. Dynamic Range Extension for ADC Systems: A single 

ADS26 in conjunction with a 12-bit ADC can provide 96dB 
of dynamic range for ADC systems. 

2. Gain Ranging Pre-Amps: The ADS26 offers complete digital 
gain control with precise gains in binary steps from 1 to 16. 
Additional gains of32, 64, 128 and 256 are possible by cascading 
two ADS26s. 

REV.B 



SPECIFICATIONS(@ Vs= ±15V, RL = 2k0 and TA= +25°C unless otherwise otherwise specified) 
AD526 

AD526J AD526A AD526B/S AD526C 

Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

GAIN 
Gain Range 

(Digitally Programmable) 1,2,4,8, 16 1,2,4,8, 16 1,2,4,8, 16 1,2,4,8, 16 
Gain Error 

G =I 0.05 0.02 0.01 0.01 % 
G = 2 0.05 0.03 0.02 0.01 % 
G = 4 0.10 0.03 0.02 0.01 % 
G = 8 0.15 0.07 0.04 0.02 % 
G = 16 0.15 0.07 0.04 0.02 % 

Gain Error Drift 
Over Temperature 

G= I o.s 2.0 o.s 2.0 o.s 2.0 o.s 2.0 ppm/°C 
G = 2 o.s 2.0 o.s 2.0 o.s 2.0 o.s 2.0 ppmi°C 
G =4 o.s 3.0 o.s 3.0 o.s 3.0 0.5 3.0 ppm/°C 
G = 8 o.s s.o o.s s.o o.s s.o o.s 5.0 ppmi°C 
G = 16 1.0 s.o 1.0 S.O 1.0 s.o 1.0 5.0 ppmi°C 

Gain Error (T mm [O T max) 
G= I 0.06 0.03 0.02 0.015 % 
G = 2 0.06 0.04 0.03 0.015 % 
G = 4 0.12 0.04 0.03 0.015 % 
G = 8 0.17 0.08 0.05 0.01 % 
G = 16 0.17 0.08 0.05 0.03 % 

Nonlinearity 
G= I 0.005 0.005 0.005 0.0035 %FSR 
G=2 0.001 0.001 0.001 0.001 %FSR 
G=4 0.001 0.001 0.001 0.001 %FSR 
G = 8 0.001 0.001 0.001 0.001 %FSR 
G = 16 0.001 0.001 0.001 0.001 %FSR -Nonlinearity (T min to T max) 
G= I O.Ol 0.01 0.01 0.007 %FSR 
G = 2 0.001 0.001 0.001 0.001 %FSR 
G =4 0.001 0.001 0.001 0.001 %FSR 
G = 8 0.001 0.001 0.001 0.001 %FSR 
G = 16 0.001 0.001 0.001 0.001 %FSR 

VOLTAGE OFFSET, ALL GAINS 
Input Offset Voltage 0.4 1.5 0.2S 0.7 0.2S 0.5 0.2S 0.5 mV 
Input Offset Voltage Drift Over 

Temperature s 20 3 10 3 lO 3 lO µVi°C 
Input Offset Voltage 

Train tOTmax 2.0 1.0 0.8 0.8 mV 
Input Offset Voltage vs. Supply 

(Vs± !0%) 80 80 84 90 dB 

INPUT BIAS CURRENT 
Over Input Voltage Range ± lOV so 150 so 150 so 150 so 150 pA 

ANALOG INPUT 
CHARACTERISTICS 

Voltage Range 
(Linear Operation) ±10 ± 12 ±10 ±12 ±10 ± 12 ±10 ±12 v 

Capacitance s s s s pF 

RATED OUTPUT 
Voltage ±10 ±12 ±10 ± 12 ±10 ± 12 ±10 "'12 v 
Current (V OUT= ± !OV) ±5 ±10 ±5 ±10 ±5 "'lO ±5 ±10 mA 
Short ~Circuit Current 15 30 15 30 15 30 15 30 mA 
DC Output Resistance 0.002 0.002 0.002 0.002 n 
Load Capacitance 
(For Stable Operation) 700 700 700 700 pF 

NOISE, ALL GAINS 
Voltage Noise, RT! 

O. !Hz to IOHz 3 3 3 3 µVp-p 
Voltage Noise Density, RTI 

f= IOHz 70 70 70 70 nV\/Hz 
f= IOOHz 60 60 60 60 nV\/Hz 
f=lkHz 30 30 30 30 nV\/Hz 
f= !OkHz 2S 25 2S 2S nV\/Hz 
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AD526 
AD526J 

Model Min Typ 

DYNAMIC RESPONSE 
- 3dB Bandwidth (Small Signal) 

G= I 4.0 
G = 2 2.0 
G=4 1.5 
G = 8 0.65 
G= 16 0.35 

Signal Settling Time to 0:01 % 
(AVouT= ±IOV) 
G= I 2.1 
G = 2 2.5 
G=4 2.7 
G = 8 3.6 
G= 16 4.1 

Full Power Bandwidth· 
G = 1,2,4 0.10 
G = 8,16 0.35 

Slew Rate 
G = 1,2,4 4 6 
G = 8,16 '18 24 

DIGITAL INPUTS 
(T.,;,,toT-l 

InputCurrent(VH = SV) 60 100 
Logic"!" 2 
Logic"O" 0 

TIMING' 
(Vi.= 0.2V, VH = 3.7V) 

AO,Al,A2 
Tc 50 
Ts 30 
TH 30 

B 
Tc 50 
Ts 40 
TH 10 

TEMPERATURE RANGE 
Specified Perfonnance 0 
Storage -65 

POWER SUPPLY 
Operating Range ±4.5 
Positive Supply Current 10 
Negative Supply Current 10 

PACKAGEOPTIONS2 

Plastic(N-16) AD526JN 
CeramicDIP(D-16) 

NOTES 
1Refer to Figun 35 for definitions. 
FSR = Full-Scale Range = 20V. 
RTI = Referred to ~Input. 

2For outline information see Package Information section. 

..... 

ADS26A AD526B/S ADS26C 

Max Min' TYJ> Max Min Typ Max Min Typ Max 

" 

4.0 4.0 4.0 
2.0 2.0 2.0 
1.5 "i.5 1.5 
0.65 0.65 0.65 
0.35 0.35 0.35 

4 2.1 4 2.1 4 2.1 4 
5 2.5 5 2.5 5 2.5 5 
5 2.7 5 2.7 5 2.7 5 
7 3.6 7 3.6 7 3.6 7 
7 4.1 7 4.1 7 4.1 7 

0.10 0.10 0.10 
0.35 0.35 0.35 

4 6 4 6 4 6 
18 24 18 24 18 24 

140 60 100 140 60 100 140 60 100 140 
6 2 6 2 6 2 6 
0.8 0 0.8 0 0.8 0 0.8 

50 50 50 
30 30 30 
30 30 30 

50 so 50 
40 40 40 
10 10 10 

+70 -40 +85 -40/-55 +85/+ 125 -40 +85 
+125 -65 . +150 -65 +150 -65 +150 

±16.5 ±4.S ±16.5 ±4:5 ±16.S ±4.5 ±16.S 

14 10 14 10 14 10 14 
13 10 13 10 13 10 13 

AD526AD AD526BD AD526SD ADS26CD 
AD526SD/883B 

Specifications subject ~ change without notice. 
Specifications shown in:boldface are tested on all production units at final 
electrical test. All min and max specifications ire guaranteed, although only 
those shown in boldface are tested on all production units. 

Tc= MINIMUM CLOCK CYCLE 
Ts= DATA SETUP TIME 
T.=DATAHOLDTIME 

NOTE: THREll!OLD LEVEL FOR 
GAl~E.CS. 
ANDCLKIS1.4V. 

Figure 35. AD526 Timing 
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WDEVICES 

FEATURES 
EASY TO USE 
Gain Set with One External Resistor 

(Gain Range 1 to 1000) 
Wide Power Supply Range (±2.3 V to ±18 V) 
Higher Performance than Three Op Amp IA Designs 
Available in 8-Pin DIP and SOIC Packaging 
Low Power, 1.3 mA max Supply Current 

EXCELLENT DC PERFORMANCE ("A GRADE") 
125 µV max, Input Offset Voltage (50 µV max 

"B" Grade) 
1 µ V /°C max, Input Offset Drift 
2.0 nA max, Input Bias Current 
93 dB min Common-Mode Rejection Ratio (G = 10) 

LOW NOISE 
9 nV/VHZ,@ 1 kHz, Input Voltage Noise 
0.28 µV p·p Noise (0.1 Hz to 10 Hz) 

EXCELLENT AC SPECIFICATIONS 
120 kHz Bandwidth (G = 100) 
15 µs Settling Time to 0.01% 

APPLICATIONS 
Weigh Scales 
ECG and Medical Instrumentation 
Transducer Interface 
Data Acquisition Systems 
Industrial Process Controls 
Battery Powered and Portable Equipment 

PRODUCT DESCRIPTION 
The AD620 is a low cost, high accuracy instrumentation ampli
fier which requires only one external resistor to set gains of 1 to 
1000. Furthermore, the AD620 features 8-pin SOIC and DIP 
packaging that is smaller than discrete designs, and offers lower 

30,000 r-----.----....... ------.------. 

0 ....._ ___ ...__ ___ _.._ ___ __.. ___ ___. 

0 10 15 20 

SUPPLY CURRENT- mA 

Three Op Amp IA Designs vs. AD620 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call onr fax retrieval system at l·SOIJ-446-6212. 

REV.D 

Low Cost, Low Power 
Instrumentation Amplifier 

AD620 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), Cerdip (Q) 
and SOIC (R) Packages 

TOP VIEW 

power (only 1.3 mA max supply current), making it a good fit 
for battery powered, portable (or remote) applications. 

The AD620, with its high accuracy of 40 ppm maximum non- 11!1 
linearity, low offset voltage of 50 µ V max and offset drift of 
0.6 µVl°C max, is ideal for use in precision data acquisition sys
tems, such as weigh scales and transducer interfaces. Further
more, the low noise, low input bias current, and low power of 
the AD620 make it well suited for medical applications such as 
ECG and noninvasive blood pressure monitors. 

The low input bias current of 1.0 nA max is made possible with 
the use of SuperJ3eta processing in the input stage. The AD620 
works well as a preamplifier due to its low input voltage noise of 
9 nV/yHz at 1 kHz, 0.28 µV p-p in the 0.1 Hz to 10 Hz band, 
0.1 pA/yHz input current noise. Also, the AD620 is well suited 
for multiplexed applications with its settling time of 15 µs to 
0.01 % and its cost is low enough to enable designs with one in 
amp per channel. 

w a. 

~; 
z =- 100 I----+ w, 
~¥ 
...I c g 'i 
~~ 

10k 100k 1M 10M 100M 

SOURCE RESISTANCE - Q 

Total Voltage Noise vs. Source Resistance 
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AD620-SPEClflCAJIQNS (typical@ +25°C, Vs= ±15 V, and RL = 2 kO unless otherwise noted) 

AD620A AD620B AD62os• 

Model Conditions Min Typ Max Min Typ Max Min Typ Max Units 

GAIN G = I + (49.4 k/R,,) 
Gain Range I 10,000 I 10,000 I 10,000 

Gain Error1 VoUT = ±IOV 
G= I 0.03 0.10 0.01 0.02 0.03 0.10 % 
G = 10 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 100 0.15 0.30 0.10 0.15 0.15 0.30 % 
G = 1000 0.40 0.70 0.35 0.50 0.40 0.70 % 

Nonlinearity, VouT = -lOVto +IOV, 
G = 1-1000 RL = lOkn JO 40 10 40 10 40 PP!" 
G = 1-100 RL = 2 kn 10 95 10 95 10 95 ppm 

Gain vs. Temperature Gain <10001 -50 -50 -50 ppm/"C 

VOLTAGE OFFSET (Total RT! Error = Vosr + V osdG) 
Input Offset, V os1 Vs=±5Vto±l5V 30 125 15 50 30 125 µV 

over Temperature Vs= ±5 V to ±15 V 185 85 225 µV 
Average TC Vs= ±5Vto±ISV 0.3 1.0 0.1 0.6 0.3 1.0 µV/°C 

Output Offset, V 0so Vs= ±15V 400 1000 200 500 400 1000 µV 

Vs= ±5 V 1500 750 1500 µV 
over Temperature V5 =±5Vto±1SV 2000 1000 2000 µV 
Average TC Vs=±5Vto±ISV s.o IS 2.5 7.0 s.o IS µV/°C 

Offset Referred to the 
Input vs. 
Supply (PSR) Vs = ±2.3 V to ± 18 V 

G=l 80 .JOO 80 100 80 100 dB 
G= IO 9S 120 100 120 9S 120 dB 
G = 100 l!O 140 120 140 110 140 dB 
G = 1000 110 140 120 140 110 140 dB 

INPUT CURRENT 
Input Bias Current o.s 2.0 o.s 1.0 o.s 2.0 nA 

over Temperature 2.S l.S 4.0 nA 
Average TC 3.0 3.0 8.0 pArC 

Input Offset Current 0.3 1.0 0.3 o.s 0.3 1.0 nA 
over Temperature 1.5 0.7S 2.0 nA 
Average TC 1.5 1.5 8.0 pArC 

INPUT 
Input Impedance 

Differential 10112 10112 10112 GnllPF 
Common-Mode 10112 10112 10112 GnllPF 

Input Voltage Range2 V5 = ±2.3Vto ±SV -v, + 1.9 +v, - 1.2 -v, + 1.9 +Vs - 1.2 -Vs+ 1.9 +Vs - 1.2 v 
over Temperature -v, + 2.1 +Vs - 1.3 -Vs+ 2.1 +Vs - 1.3 -Vs+ 2.1 +Vs - 1.3 v 

Vs=±SV.to±!8V -Vs+ 1.9 +Vs - 1.4 -Vs+ 1.9 +Vs - 1.4 -Vs+ 1.9 +Vs-1.4 v 
over Temperature -Vs+ 2.1 +Vs - 1.4 -Vs+ 2.1 +Vs - 1.4 -Vs+ 2.3 +Vs - 1.4 v 

Common-Mode Rejection 
Ratio DC to 60 Hz with 
I kn Source Imbalance VCM = OVto ±lOV 

G=l 73 90 80 90 73 90 dB 
G = 10 93 110 100 110 93 110 dB 
G = 100 110 130 120 130 110 130 dB 
G = 1000 110 130 120 130 110 130 dB 

OUTPUT 
Output Swing RL = lOkn, 

Vs= ±2.3 V to ±S V -Vs+ 1.1 +Vs - 1.2 -Vs+ 1.1 +Vs - 1.2 -v, + 1.1 +v, - 1.2 v 
over Temperature -v, + 1.4 +Vs - 1.3 -Vs+ 1.4 +v, - 1.3 -v, + 1.6 +v, - 1.3 v 

V8 = ±S Vto ±18V -v, + 1.2 +v, - I.4 -Vs+ 1.2 +Vs - 1.4 -v, + 1.2 +v, - 1.4 v 
over Temperature -v, + 1.6 +v, - 1.s -v, + 1.6 +v, l.S -Vs+ 2.3 +v, - 1.5 v 

Short Current Circuit ±18 ±18 ±18 mA 
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AD620A 
Model Conditions Min Typ Max 

DYNAMIC RESPONSE 
Small Signal - 3 dB Bandwidth 

G = 1 1000 
G = 10 800 
G = 100 120 
G = 1000 12 

Slew Rate 0.75 1.2 
Settling Time to 0.01% 10 V Step 

G = 1-100 lS 
G = 1000 150 

NOISE 

Voltage Noise, 1 kHz Total RT! Noise = V(e2,;) + (e,,/G)2 

Input, Voltage Noise, eni 9 13 
Output, Voltage Noise, en0 72 100 

RT!, 0.1 Hz to 10 Hz 
G = 1 3.0 

G = 10 o.ss 
G = 100-1000 0.28 

Current Noise f=lkHz 100 
0.1 Hz to 10 Hz 10 

REFERENCE INPUT 

RIN 20 

!IN VIN+ ,VREF = 0 +so +60 
Voltage Range -v, + 1.6 +v, - 1.6 
Gain to Output 

POWER SUPPLY 
Operating Range' 
Quiescent Current Vs= ±2.3Vto±l8V 

over Temperature 

TEMPERATURE RANGE 
for Specified Performance 

NOTES 
1 Does not include effects of external resistor Re-. 
20ne input grounded. G = I. 

±2.3 

3This is defined as the same supply range which is used to specify PSR. 
4See Analog Devices military data sheet for 883B tested specifications. 

Specifications subject to change without notice. 

REV.D 

1 ± 0.0001 

±18 
0.9 1.3 
I.I 1.6 

-40 to +8S 

AD620 
AD620B AD62os• 

Min Typ Max Min Typ Max Units 

1000 1000 kHz 
800 800 kHz 
120 120 kHz 
12 12 kHz 

0.7S 1.2 0.7S 1.2 V/µs 

lS lS µs 
lSO lSO µs 

9 13 9 13 nV/y'Hz 
72 100 72 100 nV/yHz 

3.0 6.0 3.0 6.0 µVp-p 
o.ss 0.8 o.ss 0.8 µVp-p 
0.28 0.4 0.28 0.4 µVp-p 
100 100 fNy'Hz 
10 10 pA p-p 

20 20 kf1 
+so +60 +so +60 µA 

-v, + 1.6 +v, - 1.6 -v, + 1.6 +v, - 1.6 v 
1 ± 0.0001 1 ± 0.0001 m 

±2.3 ±18 ±2.3 ±18 v 
0.9 1.3 0.9 1.3 mA 
I.I 1.6 I.I 1.6 mA 

-40 to +85 -55to+12S 'C 
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AD620 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ±18 V 
Internal Power Dissipation2 • • • • • • • • • • • • • • • • •• 650 mW 
Input Voltage (Common Mode) .................. ±Vs 
Differential Input Voltage .................... ±25 V 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD620 (A, B) .................... -40°C to +85°C 
AD620 (S) ..................... -55°C to + 125°C 

Lead Temperature Range 
(Soldering 10 seconds) ..................... 300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 
8-Pin Plastic Package: 01A = 95°C/Watt 
8-Pin Cerdip Package: e1A = ll0°C/Watt 
8-Pin SOIC Package: 01A = 155°C/Watt 

Model 

AD620AN 
AD620BN 
AD620AR 
AD620BR 
AD620AChips 
AD620SQ/883B 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to + 8S°C 
-40°C to +8S°C 
-40°C to +85°C 
-40°C to +8S°C 
-SS°C to + 125°C 

*N = Plastic DIP; Q = Cerdip; R = SOIC. 

ESD SUSCEPTIBILITY 

Package Option* 

N-8 
N,8 
R-8 
R-8 
Die Form 
Q-8 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD620 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
EASY TO USE 
Pin-Strappable Gains of 10 & 100 
All Errors Specified for Total System Performance 
Higher Performance than Discrete In-Amp Designs 
Available in 8-Pin DIP and SOIC 
Low Power, 1.3 mA max Supply Current 
Wide Power Supply Range (±2.3 V to ±18 V) 

EXCELLENT DC PERFORMANCE 
0.15% max, Total Gain Error 
±5 ppm/°C, Total Gain Drift 
125 µV max, Total Offset Voltage 
1.0 µV/°C max, Offset Voltage Drift 

LOW NOISE 
9 nV/vHZ,@ 1 kHz, Input Voltage Noise 
0.28 µV p-p Noise (0.1 Hz to 10 Hz) 

EXCELLENT AC SPECIFICATIONS 
800 kHz Bandwidth (G = 10), 200 kHz (G = 100) 
12 µs Settling Time to 0.01% 

APPLICATIONS 
Weigh Scales 
Transducer Interface & Data Acquisition Systems 
Industrial Process Controls 
Battery Powered and Portable Equipment 

PRODUCT DESCRIPTION 
The AD62 l is an easy to use, low cost, low power, high accu
racy instrumentation amplifier which is ideally suited for a wide 
range of applications. Its unique combination of high perfor
mance, small size and low power, outperforms discrete in amp 
implementations. High functionality, low gain errors and low 
gain drift errors are achieved by the use of internal gain setting 
resistors. Fixed gains of 10 and 100 can be easily set via external 
pin strapping. The AD621 is fully specified as a total system, 
therefore, simplifying the design process. 

w 

~ 25,000 1----+----+---.----, g 
:l 
~ 20,000 1---+-7"~-t-
l!; 
e 
8: 15,000 1--~Et-----r-

"' iil 
ffi 10,000 
J 
;! 
f! 5,000 1----+----+----+------i 

10 15 20 
SUPPL V CURRENT - mA 

Three Op Amp IA Designs vs. AD621 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446-6212. 

REV.A 

Low Drift, Low Power 
Instrumentation Amplifier 

AD621 I 
CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N), 
Cerdip (Q) and SOIC (R) Packages 

For portable or remote applications, where power dissipation, 
size and weight are critical, the AD621 features a very low sup
ply current of 1.3 mA max and is packaged in a compact 8-pin 
SOIC, 8-pin plastic DIP or 8-pin cerdip. The AD621 also excels ... 
in applications requiring high total accuracy, such as precision .. 
data acquisition systems used in weigh scales and transducer 
interface circuits. Low maximum error specifications including 
nonlinearity of 10 ppm, gain drift of 5 ppm/°C, 50 µ V offset 
voltage and 0.6 µ Vl°C offset drift ("B" grade), make possible 
total system performance at a lower cost than has been previ-
ously achieved with discrete designs or with other monolithic 
instrumentation amplifiers. 

When operating from high source impedances, as in ECG and 
blood pressure monitors, the AD621 features the ideal combina
tion of low noise and low input bias currents. Voltage noise is 
specified as 9 nVVHz at I kHz and 0.28 µV p-p from 
0.1 Hz to 10 Hz. Input current noise is also extremely low at 
0.1 pA/yHz. The AD621 outperforms FET input devices with 
an input bias current specification of 1.5 nA max over the full 
industrial temperature range. 

1,000 

~ 1ool----1f-------t--"'"'il,___A'f-__ ~ 
~ 
' a 10 ~---l-----t,,ec--,,,;r-'----w;,-+--, 

1k 10k 100k 1M 10M 100M 

SOURCE RESISTANCE- ~2 

Total Voltage Noise vs. Source Resistance 
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AD62l-SPECIFICATIONS 
Gain -:- 10 (typical @ +25°C, Vs = ±15 V, and RL = 2 kO unless otherwise noted) 

AD621A 
Parameter' Conditions Min Typ 

GAIN 
Gain Error VoUT = ±lO·V 
Nonlinearity 

VouT=-IOVto+lOV RL=2k(l 2 
Gain vs. Temperature -1.5 

TOTAL VOLTAGE OFFSET 
Offset (R Tl) Vs=±l5V 75 

over Temperature Vs=±5Vto±l5V 
Average TC Vs= ±5 Vto±l5 V 1.0 

Offset Referred to the 
Input vs. Supply (PSR)' Vs= ±2.3Vto±l8V 95 120 

TOTAL NOISE 
Voltage Noise, (RT!) I kHz 13 

RT! 0.1 Hz to 10 Hz 0.55 
Current Noise f= 1 kHz 100 

0.1 Hz-10 Hz 10 

INPUT CURRENT v, = ±15 v 
Input Bias Current 0.5 

over Temperature 
Average TC 3.0 

Input Offset Current 0.3 
over Temperature 
Average TC 1.5 

INPUT 
Input Impedance 

Differential 101112 
Common-Mode 10112 

Input Voltage Range3 Vs= ±2.3 Vto±5 V -Vs+ 1.9 
over Tei;nperature -Vs+ 2.1 

Vs= ±5 Vto±l8 V -Vs+ 1.9 
over Temperature -Vs+ 2.1 

Common-Mode Rejection 
Ratio DC to 60 Hz with 
1 k(l Source Imbalance VcM=OVto±lOV 93 llO 

OUTPUT 
Output Swing RL = 10 kfl, 

Vs= ±2.3 Vto ±5 V -Vs+ I.I 
over Temperature -Vs+ 1.4 

V5 = ±5 Vto±18 V -Vs+ 1.2 
over Temperature -Vs+ 1.6 

Short Current Circuit ±18 

DYNAMIC RESPONSE 
Small Signal, 

- 3 dB Bandwidth 800 
Slew Rate 0.75 1.2 
Settling Time· to 0.01 % IOV Step 12 

REFERENCE INPUT 
R1N 20 
JIN V1N+,VREF = 0 +50 
Voltage Range -Vs+ 1.6 
Gain to Output 1 ± 0.0001 

POWER SUPPLY 
Operating Range ±2.3 
Quiescent Current Vs= ±2.3·Vto ±18V 0.9 

over Temperature 1.1 

TEMPERATURE RANGE 
For Specified Performance -40 to +85 

NOTES 
1See Analog Devices military data sheet for 883B tested specifications. 
2This is defined as the supply range over which PSRR is defined. 
3lnput Voltage Range= CMV +(Gain x Vmpp). 

Specifications subject to change without notice. 
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AD621B 
Max Min Typ Max 

0.15 0.05 

10 2 10 
±5 -1.5 ±5 

250 50 125 
400 215 
2.5 0.6 1.5 

100 120 

17 13 17 
0.55 0.8 
100 
10 

2.0 0.5 1.0 
2.5 1.5 

3.0 
1.0 0.3 0.5 
1.5 0.75 

1.5 

10112 
10112 

+Vs - 1.2 -Vs+ 1.9 +Vs - 1.2 
+Vs - 1.3 -Vs+ 2.1 +vs - 1.3 
+Vs - 1.4 -Vs+ 1.9 +Vs - 1.4 
+Vs - 1.4 -Vs+ 2.1 +Vs - 1.4 

100 llO 

+Vs - 1.2 -Vs+ .1.1 +Vs - 1.2 
+Vs - 1.3 -Vs+ 1.4 +Vs - 1.3 
+Vs - 1.4 -Vs+ 1.2 +Vs - 1.4 
+Vs - 1.5 -Vs+ 1.6 +Vs - 1.5 

' 
±18 

800 
0.75 1.2 

12 

20 
+60 +50 +60 
+Vs - 1.6 -Vs+ 1.6 +Vs - 1.6 

1 ± 0.0001 

±18 ±2.3 ±18 
1.3 0.9 1.3 
1.6 1.1 1.6 

-40 to +85 

AD621S1 

Min Typ Max Units 

0.15 % 

2 10 ppmofFS 
-I ±5 ppm/"C 

75 250 µV 
500 µV 

1.0 2.5 µVl'C 

95 1.20 dB 

13 17 nV/VHZ 
0.55 0.8 µVp-p 
100 fAlyHZ 
10 pAp-p 

0.5 2 nA 
4 nA 

8.0 pA/'C 
0.3 1.0 nA 

2.0 nA 
8.0 pA/'C 

10112 GflllpF 
10112 GflllpF 

-Vs+ L9 +Vs -1.2 V 
-Vs + 2.1 +Vs - 1.3 V 
-Vs+ 1.9. +Vs - 1.4 V 
-Vs+ 2.3 +Vs-l.4V 

93 llO dB 

-Vs+ 1.1 +Vs - 1.2 V 
-Vs+ 1.6 +Vs - 1.3 v 
-Vs+ 1.2 +Vs - 1.4 V 
-Vs+ 2.3 +Vs - 1.5 V 

±18 mA 

800 kHz 
0.75 1.2 V/µs 

12 µs 

20 k(l 
+50 +60 µA 

-Vs+ 1.6 +Vs - 1.6 V 
I± 0.0001 

±2.3 ±18 v 
0.9 1.3 mA 
1.1 1.6 mA 

-55 to +125 'C 
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AD621 
Gain 100 (typical@ +25°C, Vs = ±15 V, and Rt = 2 kO unless otherwise noted) 

AD621A 
Parameter Conditions Min Typ 

GAIN 
Gain Error VouT = ±10 V 
Nonlinearity 

Vo== -lOVto+lOV RL = 2 kl1 2 
Gain vs. Temperature -1 

TOTAL VOLTAGE OFFSET 
Offset (RT!) Vs=±SV±ISV 3S 

over Temperature V5 =±SVto±!SV 
Average TC V8 =±5Vto±ISV 0.3 

Offset Referred to the 
Input vs. Supply (PSR)' V5 = ±2.3Vto±18V 110 140 

TOTAL NOISE 
Voltage Noise, (RT!) I kHz 9 

RT! 0.1 Hz to 10 Hz 0.28 
Current Noise f-lkHz 100 

0.1 Hz-10 Hz 10 

INPUT CURRENT V, =±IS V 
Input Bias Current 0.5 

over Temperature 
Average TC 3.0 

Input Offset Current 0.3 
over Temperature 
Average TC 1.S 

INPUT 
Input Impedance 

Differential 101112 
Common-Mode 10112 

Input Voltsge Range' V, = ±2.3 Vto ±S V -v, + 1.9 
over Temperature -V,+2.1 

V8 = ±5 Vto±18 V -v, + 1.9 
over Temperature -V,+2.1 

Common-Mode Rejection 
Ratio DC to 60 Hz with 
1 kl1 Source Imbalance VCM = OVto ±lOV 110 130 

OUTPUT 
Output Swing RL = 10 kn, 

Vs= ±2.3 Vto ±S V -v, + 1.1 
over Temperature -v,+ 1.4 

V8 = ±5 Vto:t:l8 V -v,+ 1.2 
over Temperature -v, + 1.6 

Short Current Circuit ±18 

DYNAMIC RESPONSE 
Small Signal, 

- 3 dB Bandwidth 200 
Slew Rate 0.7S 1.2 
Settling Time to 0.01 % 10 V Step 12 

REFERENCE INPUT 
R,N 20 
!IN V1N+,VREF = 0 +so 
Voltsge Range -v, + 1,6 
Gain to Output I ± 0.0001 

POWER SUPPLY 
Operating Range ±2.3 
Quiescent Current V5 = ±2.3Vto±18V 0.9 

over Temperature 1.1 

TEMPERATURE RANGE 
For Specified Performance -40 to +8S 

NOTES 
1See Analog Devices military data sheet for 883B tested specifications. 
2This is defined as the supply range over which PSRR is defined. 
3lnput Voltage Range = CMV + (Gain X VoIFFl· 

Specifications subject to change without notice. 
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Max 

O.IS 

10 
±S 

12S 
18S 
1.0 

13 

2.0 
2.5 

1.0 
1.5 

+v, - 1.2 
+Vs - 1.3 
+v, - 1.4 
+v, - 1.4 

+v, - 1.2 
+v, - 1.3 
+v, - 1.4 
+v, - 1.s 

+60 
+v, - 1.6 

±18 
1.3 
1.6 

AD621B AD621S1 

Min Typ Max Min Typ Max Units 

o.os O.IS % 

2 10 2 10 ppmofFS 
-1 ±S -1 ±S ppm!"C 

2S so 3S 12S ,,.v· 
21S 22S µ.V 

0.1 0.6 0.3 1.0 µ.Vl°C 

120 140 110 140 dB 

9 13 9 13 nV/yHZ 
0.28 0.4 0.28 0.4 µ.Vp-p 
100 100 fA/yHZ 
10 10 pAp-p 

o.s 1.0 o.s 2 nA 
l.S 4 nA 

3.0 8.0 pA/°C 
0.3 0.5 0.3 1.0 nA 

0.7S 2.0 nA 
1.5 8~0 pA/°C 

10112 10:!2 Ci!!llpl' 
10112 10.' <lo 11 1: 

-v, + 1.9 ! v .. 1.2 \', I.CJ •\', I .. ' 1· 
-v, + 2.1 tV., u \', ),] ·\',, l.\ \' 
-v, + 1.9 +V.., '"' '"· l.11 , v~ 1.4 v 
-v, + 2.1 +v .. '"' \', ,I.~ ! V'.., 1.4 v 

120 130 1111 110 ,m 
·-·-

-v, + 1.1 +v, - 1.2 -v, + 1.1 l·Vs 1.2 v 
-Vs+ 1.4 +V, - 1.3 -v, + 1.6 +v, - 1.3 v 
-v, + 1.2 +v, - 1.4 -v, + 1.2 +v, - 1.4 v 
-·Vs+ 1.6 +v, - 1.5 -v, + 2.3 +v, - 1.s v 

±18 ±18 mA 

200 200 kHz 
0.7S 1.2 0.7S 1.2 V/µ.s 

12 12 µ.s 

20 20 kn 
+so +60 +so +60 µ.A 

-v, + 1.6 +v, - 1.6 -v, + 1.6 +v, - 1.6 v 
I± 0.0001 I ± 0.0001 

±2.3 ±18 ±2.3 ±18 v 
0,9 1.3 0.9 1.3 mA 
1.1 1.6 1.1 1.6 mA 

-40 to +8S -SS to +12S °C 
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AD621 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage •............. , ............ ±18 V 
Internal Power Dissipation.2 .................. 650 mW 
Input Voltage ••...........•............... ±Vs 
Differential Input Voltage ..•........•........ ±25 V 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD621A, B ..................... -40°c to +85°c 
AD621S3 •••••••••••••••••••••• -55°C to + 125°C 

LeadTemperature Range 
(Soldering 10 seconds) .................... + 300°C 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Specification is for device in free air: 
8-Pin Plastic DIP Package: OJA = 9S"C/Watt 
8-Pin Cerdip Package: eJA = ll0°C/Watt 
8-Pin SOIC Package: OJA = lSS'C/Watt 

3See Analog Devices' military data sheet for 8838 specifications. 

ESD SUSCEPTIBILITY 
ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD621 features proprietary ESD pro
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis
charges. Therefore, proper ESD precautions are recommended 
to avoid any performan~e degradation or loss of functionality. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option' 

AD621AN -40°C to +85°C 8-Pin Plastic DIP N-8 
AD621BN -40°C to +85°c 8-Pin Plastic DIP N-8 
AD621AR -40°c to +85°C 8-Pin Plastic SOIC R-8 
AD621BR -40°C to +85°C 8-Pin Plastic SOIC R-8 
AD621SQ/883B2 -55°C to + 125°C 8-Pin Cerdip Q-8 
AD621ACHIPS -40°C to +85°c Die 

NOTES 
'For outline information see Package Information section. 
2See Analog Devices' military data sheet for 8838 specifications. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm) 
Contact factory for latest dimensions 

~---------0.125(3.57) ---------+-! 
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r.ANALOG 
WDEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.2µV p-p 0.1Hz to 10Hz 
Low Gain TC: 5ppm max (G = 11 
Low Nonlinearity: 0.001% max (G = 1 to 200) 
High CMRR: 130dB min (G = 500 to 10001 
Low Input Offset Voltage: 25µV, max 
Low Input Offset Voltage Drift: 0.25µV/"C max 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 100, 200, 500, 1000 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The AD624 is a high precision, low noise, instrumentation 
amplifier designed primarily for use with low level transducers, 
including load cells, strain gauges and pressure transducers. An 
outstanding combination of low noise, high gain accuracy, low 
gain temperature coefficient and high linearity make the AD624 
ideal for use in high resolution data acquisition systems. 

The AD624C has an input offset voltage drift of less than 0.25µ V/ 
°C, output offset voltage drift of less than 10µV/°C, CMRR 
above 80dB at unity gain (130dB at G=SOO) and a maxiilum 
nonlinearity of 0.001 % at G = 1. In addition to these outstanding 
de specifications, the AD624 exhibits superior ac performance 
as well. A 25MHz gain bandwidth product, 5V/µs slew rate and 
I 5 µs settling time permit the use of the AD624 in high speed 
data acquisition applications. 

The AD624 does not need any external components for pre
trimmed gains of 1, 100, 200, 500 and 1000. Additional gains 
such as 250 and 333 can be programmed within one percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624's gain to any value in the range of I 
to 10,000. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

AD624 I 
CONNECTION DIAGRAM 

AD624 

SHORT TO 

G = 200 ~~I~ 
13 G=100} 

GAIN 
G = 500 

FOR GAIN OF 1000 SHORT RG, TO PJN 12 
ANO PINS 11AND13 TO RG 2 

PRODUCT IHGHLIGHTS 
I. The AD624 offers outstanding noise performance. Input 

noise is typically less than 4nV/VHZ at lkHz. 
2. The AD624 is a functionally complete instrumentation am

plifier. Pin programmable gains of I, 100, 200, 500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 

· 3. The offset voltage, offset voltage drift, gain accuracy and 
gain temperature coefficients are guaranteed for all pre-trimmed 
gains. 

4. The AD624 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging 
applications. 

5. A sense terminal is provided to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 
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AD624-SPECIFICAJIQNS (@Vs= ±15V, Iii.= 2k0 and TA= +25"C unless otherwise specified) 

AD624A AD624B AD624C AD624S 
Model Min Typ Max Min Typ Mu Min Typ Max Min Typ Max Units 

GAIN 
Gain Equation 

(External Resistor Gain 
[ 40R.,OOO + 1] ±20% [ 40R.,OOO + 1] ±21l"/o [~000 +1]±20% [ 40~+1]±20% Programming) 

Gain Range (Pin Programmable) 1to1000 l to 1000 I tolOOO 1 tolOOO 
Gain Error 

G=I ±0.05 ±0.03 ±0.02 ±0.05 % 
G= 100 ±0.25 ±Q.15 ±0.1 ±0.25 % 
G = 200,500 ±0.5 ±0.35 ±0.25 ±0.5 % 
G = 1000 ±1.0 ±1.0 ±1.0 ±I.O % 

Nonlinearity 
G = l ±0.005 ±0.003 ±0.001 ±0.005 % 
G = 100,200 ±0.005 ±0.003 ±0.001 ±0.005 % 
G = 500, 1000 ±0.005 ±0.005 ±0.005 ±0.005 % 

Gain vs. Temperature 
G = l 5 5 5 5 ppml°C 
G = 100,200 10 10 10 10 ppml°C 
G = 500, 1000 25 15 15 15 ppml°C 

VOLTAGEOFFSET(MaybeNulled) 
Input Offset Voltage 200 75 25 75 µV 

vs. Temperature 2 0.5 0.25 2.0 .,.vl'C 
Output Offset Volcage 5 3 2 3 mV 

vs. Temperature 50 25 IO 50 .,.v/'C 
Offset Referred to the 

Input vs. Supply 
G=l 70 75 80 75 dB 
G = 100,200 95 105 110 105 dB 
G = 500, 1000 100 110 115 110 dB 

INPUT CURRENT 
Input Bias Current ±50 ±25 ±15 ±SO nA 

vs. Temperature ±50 ±50 ±50 ±50 pA/'C 
Input Offset Current ±35 ±15 ±10 ±35 nA 

vs. Temperature ±20 ±20 ±20 ±20 pA/'C 

INPUT 
lnpm Impedance 

Differential Resistance 10' 109 10' 10' n 
Differential Capacitance 10 10 10 10 pF 
Common-Mode Resistance 10' 10' 10' 10' n 
Common-Mode Capacitance 10 10 10 10 pF 

Input Voltage Range 1 

Max Differ. Input Linear (V od ± 10 ± 10 ± 10 ± 10 v 

Max Common-Mode Linear (V cM) 12V-(~ xv0 ) 12v-(~ xv0 ) 12v-(~xv0) 12v-(~xv0) v 
Common-Mode Rejection de 
to60Hzwith lkOSourcelmbalance 

G = l 70 75 80 70 dB 
G = 100,200 100 105 110 100 dB 
G = 500, 1000 110 120 130 110 dB 

OUTPUT RATING 
Vot;T,RL =:: 2kn ± 10 ± lO ± lO ±10 v 

DYNAMIC RESPONSE 
Small Sigoal - 3dB 

G=l l 1 l l MHz 
G = 100 150 150 150 150 kHz 
G = 200 100 100 100 100 kHz 
G = 500 50 50 50 50 kHz 
G = 1000 25 25 25 25 kHz 

Slew Rate 5.0 5.0 5.0 5.0 V/µs 
Seltling Time to0.01%, 20V Step 

G"" lto200 15 15 15 15 "' G = 500 35 35 35 35 "' G = 1000 75 75 75 75 "' NOISE 
Voltage Noise, lkHz 

nViv'Hi R.T.I. 4 4 4 4 
R.T.O. 75 75 75 75 nVNHz 

R.T.1.,0.ltolOHz 
G=l 10 lO lO lO .,.vp-p 
G=lOO 0.3 0.3 0.3 0.3 .,.vp-p 
G = 200, 500, 1000 0.2 0.2 0.2 0.2 .,.Vp-p 

Current Noise 
O.lHzto lOHz 60 60 60 60 pAp-p 

SENSE INPUT 
RfN 8 lO 12 8 lO 12 8 10 12 8 10 12 kll 
lrN 30 30 30 30 µA 

Voltage Range ± lO ±10 ± lO ±10 v 
Gain to Output I l l 1 % 

REFERENCE INPUT 

RrN 16 20 24 16 20 24 16 20 24 16 20 24 kll 
lrN 30 30 30 30 .,.A 
Voltage Range ± lO ±10 ±10 ±10 v 
Gain to Output 1 I I I % 
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AD624 
AD624A AD624B AD624C AD624S 

Model Min TJP Max Min TJP Mu Min TJP Max Min TJP Max 

TEMPERATURE RANGE 
Specified Performance -25 +85 -25 +85 -25 +85 -55 +125 
Stonge -65 +150 -65 +150 -65 +150 -65 +ISO 

POWER SUPPLY 
Power Supply Range ±6 ±15 ±18 ±6 ±15 ±18 ±6 ±15 ±18 ±6 ±15 ±18 
QuiescentCUrrent 3.5 5 3.5 5 3.5 5 3.5 5 

PACKAGEOPI"ION2 

Ceramic(D-16) AD624AD AD624BD AD624CD AD624SD, AD624SD/883B 
Chips Available AD624AChips AD624SChips 

NOTES 
1VoL is the maim.um differential input voltage at G = 1 for specified nonlinearity. VoL at other gains = lOVIG. Vo = actual differential input voltage. Example: G = 10, Vn = 0.50. 
VcM = 12V - (10/2 x O.SOV) = 9.5V. 

2For outline information see Package Information section. 
Spccifkadons subject to change without notice. 

Spcc:iflCBtions shown in boldface are tested on aU production uni(S at final electrical test. Results from those rests are used to calculate outgoing quality levels. AU min and max specifications are 
guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage . _ .... 

FUNCTIONAL BLOCK DIAGRAM 

Internal Power Dissipation 
Input Voltage . _ ..... 
Differential Input Voltage . _ . 
Output Short Circuit Duration 
Storage Temperature Range . 
Operating Temperature Range 

AD624AIB/C - . . . . . . 
AD624S ........ .. 

Lead Temperature (Soldering, 60secs) 

- ±18V 
420mW 

. . ±Vs 
- . ±Vs 

Indefinite 
-6S°C to + IS0°C 

- 2S°C to + 8S°C 
- SS°C to + 12S°C 

+300°C 

*StresseS above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

METALIZATION PHOTOGRAPH 

OUTPUT 14 
NULL 

OUTPUT 15 
NULL 

RGI 16 

-INPUT 1 

+INPUT 2 

G=100 
13 

3 4 
RG2 INPUT 

NULL 

Contact factory for latest dimensions. 
Dimensions shown in inches and (mm). 

G=200 
12 

NULL 

G=SOO 
11 

INPUT _J 
r+--------0.171 (4.34) 

10 SENSE 

9 OUTPUT 

Units 

'C 
'C 

v 
mA 
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111111111 ANALOG 
L.111 DEVICES 

I 
FEATURES 
User Programmable Gains of 1to10,000 
Low Gain Error: 0.02% max 
Low Gain TC: 5ppml°C max 
Low Nonlinearity: 0.001% max 
Low Offset Voltage: 25p.V · 
Low Noise 4nVNRi (at 1kHz) RTI 
Gain Bandwidth Product: 25MHz 
16-Pin Ceramic or Plastic DIP Package, 20-Pin 

LCC Package 
Standard Military Drawing Available 
MIL-Standard Parts Available 
Low Cost 

PRODUCT DESCRIPTION 
The AD625 is a precision instrumentation amplifier specifically 
designed to fulfill two major areas of application: · 
I) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 
2) Circuits requiring a low cost, precision software program-
mable gain amplifier. · 

For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
1- to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under 5ppmrc gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 

A software programmable gain amplifier (SPGA) can be configured 
with the a~tion of a CMOS multiplexer (or other switch network), · 
and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 
SPGA will deliver 12-bit precision, and can be progrB!llllled for 
any set of gains between 1 and 10,000, with ci>mpletely user 
selected gain steps. 

For the highest precision, the AD625C offers an input offset 
voltage drift ofless than 0.25µVl°C, output of&et drift below 
15µVl°C, and a maximum nonlinearity of 0.001%.at 9=1. An· 
grade$ exhibit excellent ac performance; a 25~ gain bandwidth 
product, SV/µs slew rate and 15µs settling time. 

The AD625 is available in three accuracy grades (A, B, C) for 
industrial c -40°C to + s5-c> temperature range, two grades a, 
K) for commercial (0 to + 70°C) temperature range, and one (S) 
grade rated over the extended ( - 55"C to + 125°C) temPer&ture 
range. 

This is an abridged data sheet. To obtain tbe most recent venioa or 
complete data sheet, call our fu retrieval 1111tem at 1-800-446-6212. 
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Programmable Gain 
Instrumentation Amplifier 

AD625 I 
CONNECTION DIAGRAMS 

Ceramic DIP (D) and Plastic DIP (N) Packages 

AD625 
TOP VIEW 

INot to SCale) 

Leadless Chip Carrier (E).Package 

i I i i ~ z 
u !I 3 

+ + Z I I 
3 2 , 20 19 

""""' ~ 
'' Rn NULL 4 '' 18RTONULL .. 

RTI MJLL5 17RTONULL 

NCI AD625 11NC 
TOPVIEW 

+GAIN DRIVE 1 (Not ID ScoloJ 15 ... GAlll DRIVE 

NCI 14SENSE 

~_,._ 

910111213 

i:::~:: § I ' + > 

PRODUCT HIGHLIGHTS 
1. The AD625. affords up to 16-bit precision for user selected 

fixed gains f~ 1 to I0,000. Any gain in this range can be 
programmed by 3 external resistors. 

2 .. A 12-bit software programmable gain amplifier can be confi
gured using the AD625, il CMOS multiplCXCI' and a resistor 
network. Unlike previous instrumentation amplifier designs, 
the ON resistance of a CMOS switch does not affect the gain 
accuracy. \ . . 

3. The gain accuracy and' gain temperature coefficient of the 
amplifier circuit are· primarily dependent on the user selected 
external resistor$ .. 

4. The AD625 proyides t0tally independent input and output 
· of&et nulliilg tCrminals for high precision applications. This 
minimi:res the effects of offset voltage in gain-ranging 
applications. . 

5. The proprietary design of the AD625 provides input voltage 
noise of 4nV/VHZ at lkHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 
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SPECIFICATIONS (typical@ Vs= ±15V, RL = 2k0 and TA= +25°C unless otherwise specified) AD625 
AD62SA/J/S AD62SB/K AD62SC 

Model Min Typ Mu: Min Typ Mu: Min Typ Mu: Units 

GAIN 2 Rp 2 Rp 2 Rp 
Gain Equation ~+l ~+I -+l 

~ 
GainRange l 10,000 l 10,000 I 10,000 
GainError1 ±.03S ±0.0S ±0.02 ±0.03 ±0.01 ±0.02 % 
Nonlinearity, Gain= 1-256 ±0.005 ±0.002 ±0.001 % 

Gain>2S6 ±0.01 ±0.008 ±0.00S % 
Gain vs. Temp. Gain<l0001 s s s ppm/°C 

GAIN SENSE INPUT 
Gain Sense Current 300 500 ISO 2SO so IOO nA 

vs. Temperature s 20 2 IS 2 10 nA/'C 
Gain Sense Offset Current ISO 500 7S 2SO so 100 nA 

vs.Temperature 2 15 I 10 I s nA/'C 

VOLTAGEOFFSET(MaybeNulled) 
Input Offset Voltage so 200 2S so 10 2S µV 

vs. Temperature I 212 0.2S O.SO/I 0.1 0.2S µVl"C 
Output Offset Voltage 4 5 2 3 I 2 mV 

vs. Temperature 20 SO/SO IO 25/40 10 IS µVl"C 
Offset Referred to the 

Input vs. Supply 
G=l 70 7S 75 8S 80 90 dB 
G=IO 8S 9S 90 100 9S !OS dB 
G=IOO 9S 100 IOS llO llO 120 dB 
G=IOOO IOO llO 110 120 115 140 dB 

INPUT CURRENT 
Input Bias Current ±30 ±SO ±20 :!:25 ±10 ±IS nA 

vs. Temperature ±SO ±SO ±SO . pAl"C 

Input Offset Current ±2 :!:35 ±1 :!:I5 ±I :!:5 nA 
vs. Temperature ±20 ±20 ±20 pAf'C 

INPUT 
Input Impedance 

Differential Resistance I I I GO 
Differential Capacitance 4 4 4 pF 
Common-Mode Resistance I I I GO 
Common-Mode Capacitance 4 4 4 pF 

Input Voltage Range 
Differ. Input Linear (V od ±10 ±10 ±10 v 

Common-Mode Linear(V c;W 12v-(~ xv0 ) 12v-(~ xv0 ) 12V -(~ xv0 ) 
Common-ModeR~ectionRatiodc to 

60Hz with lkO Source Imbalance 
G=l 70 7S 75 8S 80 90 dB 
G=IO 90 9S 9S !OS 100 llS dB 
G=IOO 100 lOS IOS llS llO 12S dB 
G=IOOO 110 llS llS 12S 120 140 dB 

OUTPUT RATING ±IOV ±IOV ±lOV 
~mA ~mA @SmA 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G=l(Rp=20k0) 6SO 6SO 6SO kHz 
G=IO 400 400 400 kHz. 
G=IOO ISO ISO ISO kHz 
G=lOOO 2S 2S 2S kHz 

Slew Rate s.o s.o s.o V/µs 
ScttlingTimcto0.01%,20VStcp 

G= lto200 IS IS IS jLS 

G=SOO 3S 3S 3S jLS 

G=IOOO 7S 7S 1S jLS 

NOISE 
Voltage Noise, !kHz 

nvtv'HZ R.T.I. 4 4 4 
R.T.O. 7S 7S 7S nvtv'HZ 

R.T.I.,0.1 tolOHz 
G=l 10 10 10 µVp-p 

G=IO 1.0 1.0 1.0 µVp-p 

G=lOO 0.3 0.3 0.3 µVp-p 

G=IOOO 0.2 0.2 0.2 µVp-p 

Current Noise 
O.IHzto IOHz 60 60 60 pAp-p 
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AD625 
AD62SA/J/S AD62SB/K 

Model Min Typ Max Min Typ 

SENSE INPUT 
RIN 10 10 
i1N 30 30 
Voltage Range ±10 ±10 
GaintoOu1put 1 ±0.01 1±0.01 

REFERENCE INPUT 
R1N 20 zo 
!IN 30 30 
Voltage Range ±10 ±10 
Gain to Ou1put 1±0.01 1±0.01 

TEMPERATURE RANGE 
Specified Performance 

J/KGrades 0 +70 0 
A/B/C Grades -40 +85 -40 
SGrade -55 +125 

Storage -65 + 150 -65 

POWER SUPPLY 
Power Supply Range ±6to±18 ±6to ± 18 
Quiescent Current 3.5 s 3.5 

NOTES 
1Gain Error and Gain TC are for the AD6Z5 only. Resistor netWork errors will add to the specified errors. 
2V DL is the maximum differeotial input voltage at G = 1 for specified nonlinearity. 
V0 Latothergains = lOV/G. 
V 0 = acrua1 differential input voltage. 
Example:G=lO, V0 = 0.50 
VcM = 12V-(10/Z x0.50V)=9.5V. 

Specifications subject to change without notice. 
AU min and msx specifications are guaranteed. Specifications shown in boldface are tested on all production 
units at tioal electrical test. Results from those tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RA TINGS1 

Supply Voltage . . . . . . 
Internal Power Dissipation 
Input Voltage . . . . . . . 
Differential Input Voltage . 
Output Short Circuit Duration 
Storage Temperature Range (D, E) 

. ±18V 
450mW 

. . ±Vs 

. . ±Vs 
Indefinite 

-6S°C to +IS0°C 

Model 

AD625AD 
AD625BD 
AD625CD 
AD625SD 
AD625SD/883B 

AD62SC 
Max Min Typ Max Units 

10 kfi 
30 µA 

±10 v 
1±0.01 % 

zo kfi 
30 µA 

±10 v 
1 ±0.01 %' 

+70 "C 
+85 -40 +85 "C 

+ 150 -65 +150 "C 

±6to ± 18 v 
s 3.5 s mA 

ORDERING GUIDE 

Temperature Pacbge 
Ruge Description 

- 40"C to + 85"C 16-Pin Ceramic DIP 
- 40"C to + 85"C 16-PinCeramicDIP 
- 40"C 10 + 85"C 16-Pin Ceramic DIP 
- 55"C 10 + 1Z5"C 16-Pin Ceramic DIP 
- 55"C 10 + 1Z5"C 16-Pin Ceramic DIP (N) 

Operating Temperature Range 
AD625J/K 

- 6S°C to + 125°C 
AD625SE/883B - 55"C to + 125"C ZO-Pin Leadless Chip Carrier 

AD62SA/B/C . . . . . 
AD625S ....... . 

Lead Temperature Range· 
(Soldering, 60 seconds) 

NOTE 

... Oto +70°C 
- 40°C to + 8S°C 

- SS°C to + 12s0c 

+300°C 

1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to _absolute maximum rating conditions for extended periods may 
affect device reliability. 
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AD625JN - 40"C to + 85"C 16-Pin Plastic DIP 
AD625KN -40"C10 +85"C 16-Pin Plastic DIP 
AD6Z5AChips -40"Cto +85"C Die 
AD625SChips - 55"C to + 1Z5"C Die 
596Z-8771901EA Standard Military Drawing Available 

*For outline information see Package Information section. 

+GAIN 
DRIVE 

+GAIN 
SENSE 

FUNCTIONAL BLOCK DIAGRAM 
("N" AND "D"PACKAGE PINOUT) 

Package 
Option* 

D-16 
D-16 
D-16 
D-16 
D-16 
E-ZOA 
.N-16 
N-16 
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1111111111 ANALOG 
Lilll DEVICES 

FEATURES 
Pin Selectable Gains of 10 and 100 
True Single Supply Operation 

Single Supply Range of +2.4 V to +10 V 
Dual Suppy Range of ±1.2 V to ±6 V 
Wide Output Voltage Range of 30 mV to 4.7 V 

Optional Low-Pass Filtering 
Excellent DC Performance 

Low Input Offset Voltage: 500 µV max 
Large Common-Mode Range: 0 V to +54 V 
Low Power: 1.2 mW (V5 = +5 V) 
Good CMR of 90 dB typ 

AC Performance 
Fast Settling Time: 24 µs (0.01%) 

Includes Input Protection 
Series Resistive Inputs (R1N = 200 kfi) 
RFI Filters Included 
Allows 50 V Continuous Overload 

APPLICATIONS 
Current Sensing 
Interface for Pressure Transducers, Position Indicators, 

Strain Gages, and Other Low Level Signal Sources 

PRODUCT DESCRIPTION 
The AD626 is a low cost, true single supply differential ampli
fier designed for amplifying and low-pass filtering small dif
ferential voltages from sources having a large common-mode 
voltage. 

The AD626 can operate from either a single supply of 
+2.4 V to +10 V, or dual supplies of ±1.2 V to ±6 V. The 
input common-mode range of this amplifier is equal to 6 (+Vs 
-1 V) which provides a + 24 V CMR while operating from 

+1401----+----<---+----+---+---+----I 

+1001----+----<---+----+---+---+----I 
G = 10, 100 

m ~ V5 =+5 
";' +80 1---+---t----+-----+---t----i 

~ +60 N.----1G=100 

LS;jvs =±• 
+401-----+---l---+---+--+---.31------l 

G=10 
Vs =±5 

+201----+--->----+---+--+---t----i 

O'---'---'---...._-_.. __ .J..... _ _._ _ __. 

0.1 10 100 1k 
FREQUENCY - Hz 

10k 100k 

Common-Mode Rejection vs. Frequency 

1M 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ANALOG 
GND 

Low Cost, Single Supply 
Differential Amplifier 

CONNECTION DIAGRAM 

8-Pin Plastic Mini-DIP (N) 
and SOIC (R) Packages 

AD626 I 

a +5 V supply. Furthermore, the AD626 features a CMR of 
90 dB typ. 

The amplifier's inputs are protected against continuous overload 
of up to 50 V, and RFI filters are included in the ancnuatnr 
network. The output range is +0.03 V to 14.9 V using 
a +5 V supply. The amplifier provides a preset gain of 10, but 
gains between 10 to 100 can be easily configured with an exter
nal resistor. Furthermore, a gain of 100 is available by connect
ing the G = 100 pin to analog ground. The AD626 also offers 
low- pass filter capability by connecting a capacitor between the 
filter pin and analog ground. 

The AD626A and AD626B operate over the industrial tempera
ture range of -40°C to +85°C. The AD626 is available in two 
8-pin packages: a plastic mini-DIP and SOIC. 

i!l 
0 
> 201------+-----+-----+_.,,~---1 
I 

w 

" :i 
a: 15 l-----+--
1l 
0 

" z 
0 101------+-----J'-+------t-----i 

" " 8 , 
S 5 I-----.+-' ±VcM FOR DUAL----+-------! 
~ , ' SUPPLIES ONLY 

4 

POWER SUPPLY VOLTAGE ± Votts 

Input Common-Mode Range vs. Supply 
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AD626.....;. SPECIFICATIONS 
SINGLE SUPPLY(@ +vs =+5.hnd Ta= +25°Cl 

AD626A 'AD6261f 
Model· Conditions Min Typ Max Min Typ 
GAIN 

Gain Accuracy . .. 
Total Error 

Gain= 10 @VoUT 2:: 100 mV de 0.04 1.0 0.2 
Gain= 100 @ VoUT 2:: 100 mV de 0.1 1.0 o.s 

Over Temperature,TA "'. TMn.rTMAX G = 10 so 
G = 100 ISO. 

Gain Linearity 
Gain= 10 @ VouT 2:: 100 mV de .0.014 0~016 0.014 
Gain= 100 @ VoUT 2:: 100 mV de 0.014 0.02 .. 0.014 

OFFSET VOLTAGE 
Input Offset Voltage 1.9 '· 2.S 1.9 

vs. Temperature TMrn-TMAX, G = 10 or 100 2.9 
vs. Temperature TMIN-TMAX, G = 10 or 100 6 
vs. Supply Voltage (PSR) 

+PSR 74 80 74 80 
-PSR 64 66 64 66 

COMMON-MODE RErnCTION RL = lOkO 
+CMR Gain = 10, 100 f = 100 Hz, VCM = +24 V 66· 90 80 90 
±CMR Gain = 10, 100 f = 10 kHz, V CM = 6 V SS 64 SS 64 
-CMR Gain = 10, 1001 f = 100 Hz, VCM = -2 V 60 85 73 8S 

COMMON-MODE VOLTAGE RANGE 
+CMV Gain= 10 CMR> 8S dB +24 +24 
-CMV Gain= 10 CMR > 8S dB -:z -2 

INPUT 
Input Resistance 

Differential 200 200 
. Gammon Mode 100 .. 100 . 

Input Voltage Range (Common Mode) 6CVs-l) 6 CVs-1) 

OUTPUT 
Output Voltage Swing RL = 10.kn 

Positive Gain= 10 4.7 4.90 4.7 4.90 
Gain= 100 4.7 00 4.7 . 4.90 

Negative Gain= 10 0.03 ., 0.03 
Gain= 100 0.03 0.03 

Short Circuit Current 
+Isc 12 12 

NOISE 
Voltage Noise RTI 

Gain= 10 f = 0.1 Hz-10 Hz 2 2 
Gain= 100 f = 0.1 Hz:-10 Hz 2 2 
Gain= 10 f=lkHz 0.2S 0.2S 
Gain= 100 f=lkHz 0.2S 0.2S 

DYNAMIC RESPONSE 
-3 dB Bandwidth VoUT=+lVdc 100 100 
Slew Rate, T MIN to T MAX Gain= 10 0 . .17 0.22 0.17 0.22 

Gain= 100 0.1 0.17 0.1 0.17 
Settling Tinie . to 0.01%, l V Step 24 22 

POWER SUPPLY 
Operating Range TA·= TMI~TMAX 2.4 s 12 2.4 s 
Quiescent Current Gain= 10 0.16 0.20 0.16 

Gain= 100 0.23 0.29 0.23 

TRANSISTOR COUNT # of Transistors 46 46 

NOTES 
1At temperatures above +25'C, -CMV degrades at the rate of 12 mV/'C; i.e.,@ +25'C CMV = -2 V,@ +85'C CMV = -1.28 V. 
Specifications subject to change without notice. 
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Max Units 

0.6 % 
0.(i % 
30 ppmfG 
120 ppm/°C 

0.016 % 
0.02 % 

2.S niV 
2.9 . mV 
6 µVl°C 

dB 
dB 

dB 
dB 
dB 

v 
v 

k.O. 
kn 
v 

v 
v 
v 
v 

mA 

µVp-p 
µVp-p 
µV/yHz 
µV/v'Hz 

kHz 
V/µs 
V/µs 
µs 

12 v 
0.20 mA 
0.29 mA 
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AD626 
DUAL SUPPLY(@ +Vs= ±5 V and TA= +25°C) 

AD626A AD626B 
Model Conditions Min Typ Max Min Typ Max Units 

GAIN 
Gain Accuracy Total Error 

Gain= 10 RL =lOkO 0.2 o.s 0.1 0.3 % 
Gain= 100 0.2S 1.0 0.lS 0.6 % 

Over Temperature, TA = T MIN"" T MAX 
G = 10 so 30 ppmf.'C 
G = 100 100 80 ppm!'C 

Gain Linearity 
Gain= 10 0.045 o.oss 0.04S o.oss % 
Gain= 100 0.01 0.015 0.01 O.OIS % 

OFFSET VOLTAGE 
Input Offset Voltage so soo so 2SO µ.V 

vs. Temperature TMIN""TMAX• G = 10 or 100 1.0 o.s mV 
vs. Temperature T MIN"" T MAX• G = 10 or 100 1.0 0.5 µ.VfC 
vs. Supply Voltage (PSR) 

+PSR 74 80 74 80 dB 
-PSR 64 66 64 66 dB 

COMMON-MODE REJECTION RL = 10 kO 
±CMR Gain = 10, 100 f = 100 Hz, VcM = 24 V 66 90 80 90 dB 
±CMR Gain = 10, 100 f = 10 kHz, VcM = 6 V SS 60 SS 60 dB 

COMMON-MODE .VOLTAGE RANGE 
+CMV Gain= 10 CMR > 8S dB 26.5 26.S v 
-CMV Gain= 10 CMR> 8SdB 32.5 32.S v 

INPUT .· 

Input Resistance 
Differential 200 200 kO 
Common Mode 110 110 k!l 

Input Voltage Range (Common Mode) 6(Vs-1) 6(Vs-1) v 
OUTPUT 

Output Voltage Swing RL = lOkO 
Positive Gain = 10, 100 4.7 4.90 4.7 4.90 v 
Negative .Gain= 10 1.6S 2.1 1.6S 2.1 v 

Gain= 100 1.45 1.8 1.4S 1.8 v 
Short Circuit Current 

+Isc 12 12 mA 
-lsc o.s o.s mA 

NOISE 
Voltage Noise RTI 

Gain= 10 f = 0.1 Hz-10 Hz 2 2 µVp-p 
Gain= 100 f = 0.1 Hz-10 Hz 2 2 µVp-p 
Gain= 10 f=lkHz 0.2S 0.2S µV/y'Hz 
Gain= 100 f=lkHz 0.2S 0.2S µV/y'Hz 

DYNAMIC RESPONSE 
- 3 dB Bandwidth VoUT=+lVdc 100 100 kHz 
Slew Rate, T MIN to T MAX Gain= 10 0.17 0.22 0.17 0.22 V/µs 

Gain= 100 0.1 0.17 0.1 0.17 V/µs 
Settling Time to 0.01%, 2 V Step 24 24 µs 

POWER SUPPLY 
Operating Range TA= TMIN-TMAX ±1.2 ±S ±6 ±1.2 ±S ±6 v 
Quiescent Current Gain= 10 1.S 2 1.S 2 mA 

Gain= 100 1.S 2 1.S 2 mA 

TRANSISTOR COUNT # of Transistors 46 46 
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AD626 
ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage .......•.....•............ +36 V 
Internal Power Dissipation2 · 

Peak Input.Voltage ......................... 60 V 
Maximum Reversed Supply Voltage Limit ......... -34 V 
Output Short Circuit Duration ... : ............ Indefmite 
StorageTemperature Range (N, R) . . • . • . -65°C to + 125°C 
Operating Temperature Range 

AD626A/B •...........•..•..... -40°C to +8S°C 
Lead Temperature Range (Soldering 60 sec) ....... +300°C 

NOTES 
'Stresses above thrise listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stre8s rating only and functional 
opeiiition of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. . 

28-Pin Plastic Package: OJA = lOO"C/Watt, OJc = 50"C/Watt 
8-Pin Plastic SOIC Package: OJA = 160"C/Watt, OJc = 42'C/Watt 

ESD SUSCEPTIBILITY 
An ESD classification per method 3015.6 of MIL STD 883C 
has been performed on the AD626, which is a Class 1 device. 

Model 

AD626AN 
AD626AR 
AD626BN 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

Package Options* 

N-8 
R-8 
N-8 

*N = Plastic DIP; R = Small Outline IC. For outline information see 
Package Information section. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm), 

0.061 
(1.549) 
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GAIN 

GND 

0.104 
(2.642) 

V+ VouT 

V- FILTER 
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r.ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage ......................... SOµV Max 
• Very Low Offset Voltage Drift ........... 0.3µV/°C Max 
• Low Noise .................. 0.12µYp-p (0.1Hz to 10Hz) 
• Excellent Output Drive ............... ±10V at ±SOmA 
• Capacitive Load Stability ...................... to 1µF 
• Gain Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.1 to 10,000 
• Excellent Linearity . . . . . . . . . . . . . . . . . 16-Blt at G = 1000 
• High CMR ...................... 125dB Min (G = 1000) 
• Low Bias Current ........................... 4nA Max 
• May be Configured as a Precision Op-Amp 
• Output-Stage Thermal Shutdown 
• Available in Die Form 

ORDERING INFORMATIONt 

CERDIP 
18-PIN 

AMP01AX• 

PACKAGE 

LCC 

AMP01ex· AMP01BTC/883 
AMP01EX 
AMP01FX 

PLASTIC 
20-PIN 

AMP01GStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
IND 
IND 

COM 

• For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burri-in Is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TD-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

SIMPLIFIED SCHEMATIC 

R1 

47.&kn 

Voos 
NULL 

RscALE 

Voos 
NULL 

Low Noise, Precision 
Instrumentation Amplifier 

AMPOl I 
PIN CONNECTIONS 

18-PIN HERMETIC DIP 
(X-Sufflx) 

AMP-01 BTC/883 
28-LEAD LCC 

(TC-Suffix) 

V009NULL 4 

YaasNULL S 

z 
1 

AG Ill 
TESTPIN"' ~ 
+IN 

Vios NULL 

"' "' a: a: 

~ ,_ .. ::> a: 0 

::l 
::> z 

ti z ~ !'l z + > 

<! ;~ I 
> z 

I 

TESTP91* I 20-PIN SOL 
SENSE 7 

(S-Suffix) 
REFERENCE I .v .. 

OUTPUT I V+ 

*Make no electrical connection to these pins. 

....-----O+Vop 

'-------0 -Vop 

'----------*"--------41>-----------411-------0V-

Manufactured under the following U.S. patents: 4,471,321 arid 4,503,381. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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AMP01 
GENERAL DE.SCRIPTION 
The AMP-01 is a mt>.nolithic instrumentation amplifier 
designed for high-precision data acquisition and instrumen
tation applications. The design combines the conventional 
features of an instrumentation amplifier with a high-current 
output stage. The output remains stable with high capaci
tance loads ( 1 µF), a unique ability for an instrumentation 
amplifier. Consequently, the AMP-01 can amplify low-level 
signals for transmission through long cables without requir
ing an output buffer. The output stage may be configured as a 
voltage or current generator. 

Input offset voltage is very low (20µV) which generally 
eliminates the external null potentiometer. Temperature 
changes have minimal effect on offset; TCV1os is typically 
0.1SµV/°C. Excellent low-frequency noise performance is 
achieved with a minimal compromise on input protection. 
Bias current is very low, less than 10nA over the military 
temperature range. High common-mode rejection of 130dB, 
16-bit linearity at a gain of 1000, and SOmA peak output 
current are achievable simultaneously. This combination 
takes the instrumentation amplifier one step further towards 
the ideal amplifier. 

AC performance complements the superb DC specifications. 
The AMP-01 slews at 4.SV/µs into capacitive loads of up to 
1SnF, settles in SOµs to 0.01% at a gain of 1000, and boasts a 
healthy 26MHz gain-bandwidth product. These features 
make the AMP-01 ideal for high-speed data-acquisition 
systems. 

Gain is set by the ratio of two external resistors over a range 
of 0.1 to 10,000. A very low gain-temperature-coefficient of 
10ppm/°C is achievable over the whole gain range. Output 
voltage swing is guaranteed with three load resistances; son, 
soon, and 2kO. Loaded with sooo. the output delivers± 13.0V 
minimum. A thermal shutdown circuit prevents destruction 
of the output transistors during overload conditions. 

The AMP-01 can also be configured as a high-performance 
operational amplifier. In many applications, the AMP-01 can 
be used in place of op-amp/power-buffer combinations. 

THEORY OF OPERATION 
An instrumentation amplifier, unlike an op amp, requires 
precise internal feedback. The two techniques presently in 
use are resistive and current feedback. 

The AMP-01 employs the current feedback approach which 
has significant advantages over resistive feedback. Advan
tages of current-feedback are: 

a. The technique yields a very high common-mode rejec
tion ratio. The AMP-01 CMR is in excess of 130dB at a 
gain of 1000. 

b. The gain of the current feedback design is set by the 
ratio of two external resistors. Using external resistors 
allows any practical gain to be set with high precision 
and very low gain temperature coefficient. 
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c. The current-feedback design is immune to CMR degra
dation when series resistance is added to the referen.ce 
input. A small (trimmable) offset change resuits from 
added resistance, e.g. a printed circuit track. 

The AMP-01 utilizes low-drift thin-film resistors to minimize 
output offset temperature drift. A feedback voltage-to-current 
converter is employed having high linearity and low noise, 
particularly at low frequencies. Parameter shifts during 
packaging are eliminated by a post-assembly trimming 
technique which electronically adjusts the output offset 
voltage. 

The AMP-01 input transistors 01 and 02 feed active loads, 
yielding stage gain in excess of 4000 (see simplified 
schematic) The output amplifier, A1, is a two-stage design 
having a gain of about S0,000 driving a 1000 load. Overall 
gain of 2 x 108 yields excellent linearity, even at high 
closed-loop gains. 

Low bias current is achieved by using Ion-implanted super
beta transistors combined with a new bias-current cancella
tion system, patents applied for. Input bias current remains 
below 10nA over the military temperature range, -ss•c 
to +12S°C. 

Superbeta transistors use a new transistor geometry result
ing in an input noise of only SnV!.,/H'Z at G = 1000. Noise 
includes contributions from the gain-setting resistor and 
internal overload-protection resistor. The input stage 
achieves an offset voltage drift of less than 0.3µV/°C 
(E Grade). 

The AMP-01 uses a unique two-pole compensation scheme 
where the load capacitance is incorporated into the dominate 
pole. Stable operation results even with high capacitance 
loads. The high output currentcapability (90mA peak) allows 
the 4.SV/ µs slew-rate to be maintained with load capacitance 
as high as 1SnF. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage .................................................. : ............. , :1:1 av· 
Common-Mode Input Voltage ......................... Supply Voltage 
Differential Input Voltage, AG ;,: 2kQ ................................ :1:20V 

RF< 2kQ ................................ :1:10V 
Output Short-Circuit Duration ................................... Indefinite 
Storage Temperature Range ........................ -ss•c to + 1 so•c 
Operating Temperature Range 

AMP-01A, B ............................................... -ss·c to +12s·c 
AMP-01 E, F ................................................. -2S°C to +BS°C 
AMP-01 G ......................................................... o•c to + 1o•c 

Lead Temperature (Soldering, 60 sec) .......................... 300°C 
Junction Temperature (T1) ............................ -ss•c to + 1 so•c 

PACKAGE TYPE e1A (Note2) UNITS 

18-Pin Hermetic DIP (Z) 79 11 'CIW 

28-Contact LCC (TC) 78 30 'CIW 

20-Pin SOL (S) 88 25 'CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts, unless other· 

wise noted. 
2. eiA is specified for worst cese mounting conditions, i.e., e 1A is specified for device 

in socket for CerDIP and LCC packages; e1A Is specified for device soldered to 
printed circuit board for SOL package. 
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AMP01 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs= 10k0, RL = 2k0, TA= 25°C, unless otherwise noted. 

AMP-01A AMP-018 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

TA= 25'C 20 50 40 100 
µV Input Offset Voltage V1os -55'CSTAS+125'C 40 80 60 150 

Input Offset Voltage Drill TCV10s -55'CSTAS+125°C 0.15 0.3 0.3 1.0 µ.V/'C 

TA=25°C 2 6 
mV Output Offset Voltage Voos -55°CSTAS+125'C 3 6 6 10 

Output Offset Voltage Drift TCVoos 
AG=., 

20 50 50 120 µVl'C 
-55'CSTAS+125'C 

G = 1000 120 130 110 120 
G= 100 110 130 100 120 

dB 
G=10 95 110 90 100 

Offset Referred to Input G=l 75 90 70 80 
PSR vs. Positive Supply -55'CSTAS+125°C 

V+=+5Vto+15V G = 1000 120 130 110 120 
G=100 110 130 100 120 
G=10 95 110 90 100 

dB 

G=l 75 90 70 80 

G = 1000 105 125 105 115 
G=100 90 105 90 95 
G=10 70 85 70 75 

dB 

Offset Referred to Input G=l 50 65 50 60 
PSR vs. Negative Supply -ss0 csTAs+12s0 c • V- = -5V to -15V G = 1000 105 125 105 115 

G=100 90 105 90 95 
G= 10 70 85 70 75 

dB 

G=l 50 65 50 60 

Input Offset Voltage Trim Vs= ±4.5V to ±18V 
±6 ±6 mV 

Range (Notel) 

Output Offset Voltage Trim Vs= ±4.5V to ±18V 
±100 ±100 mV Range (Note 1) 

INPUT CURRENT 

Input Blas Current 
TA =25'C 4 2 6 

le -55'CSTAS+125°C 4 10 6 15 nA 

Input Bias Current Drift TCle -55°CSTAS+125°C 40 50 pA/'C 

Input Offset Current los 
TA =25°C 0.2 1.0 0.5 2.0 
-55'CSTAS+125°C 0.5 3.0 1.0 6.0 

nA 

Input Offset Current Drift TCl 0s -55°C STAS +125°C 3 5 pA/'C 

INPUT 

Differential, G = 1000 
Input Resistance R1N Differential, G,; 100 10 10 Gn 

Common-Mode, G = 1000 20 20 

Input Voltage Range IVR 
TA= 25'C (Note 2) ±10.5 ±10.5 
-55°CSTAS+125'C ±10.0 ±10.0 v 

VcM=±10V,1k{l 
source imbalance 

G = 1000 125 130 115 125 
G=100 120 130 110 125 
G=10 100 120 95 110 

dB 

Common-Mode CMR 
G=1 85 100 75 90 

Rejection -55°C STAS +125°C 
G = 1000 120 125 110 120 
G= 100 115 125 105 120 
G=10 95 115 90 105 

dB 

G=l 80 95 75 90 

NOTES: 
1. V1os and Voos nulling has minimal affect on TCV10s and TCV00s. 2. Refer to sec;tion on common-mode rejection. 

respectively. 

REV.C INSTRUMENTATION AMPLIFIERS 10-31. 



AMP01 
ELECTRICAL CHARACTERISTICS at Vs =±15V, Rs -10kn, AL -2kn, TA• +25°C, ~25°C:S TA s +85°Cfor E,F grades, 

o•c s TA :S +70°C for G grade.unless otherwise noted. 
AMP-01E AMP-01F/G 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

Input Offset Voltage VIOS 
T,. ·+25'C 20 50 «> 100 

µV 
TMINsT,.sTMAX «> 80 60 150 

Input Offset Voltage Drift TCVIOS TMINsr,. sTMAX(Note2) 0.15 0.3 0.3 1.0 µV/'C 

Output Offset Voltage voos 
T =+25'C 1 3 2 6 

mV 
r:,,NsT,.sTMAX 3 6 6 10 

Output Offset Voltage Drift TCVoos 
RG =-(No!e 2) 20 100 50 120 µV/'C 
T sT ST 

G-1000 120 130 110 120 

G-100 110 130 100 120 
dB 

Gs10 95 110 90 100 

Offset Referred to Input 
G·1 75 90 70 80 

vs. Positive Supply 
PSR 

TMINsT,.sTMAX 
V+=+5Vto+15V G= 1000 120 130 110 120 

G-100 110 130 100 120 
dB 

G=10 95 110 90 100 
G=1 75 90 70 80 

G=1000 110 125 105 115 

G=100 95 105 90 95 
dB 

G=10 75 85 70 75 

Offset Referred to Input 
G=1 55 65 50 60 

vs. Negative Supply 
PSR 

TMINsTAsTMAX 
V-=-5Vto-15V G= 1000 110 125 105 115 

G=100 95 105 90 95 
dB 

G=10 75 85 70 75 
G=1 55 65 50 60 

Input Offset Voltage Trim V8 =±4.5Vto±18V 
:16 :16 mV 

Range (No!e1) 

OutputOffsetVoltage Trim V8 =±4.5Vto±18V 
±100 ±100 mV 

Range (No!e1) 

INPUT CURRENT 

Input Bias Current le 
r,. =+25'C 4 2 6 

mV 
TMIN sTA sTMAx 4 10 6 15 

Input Bias Current Drift TCl8 TMINsT.sTMAX «> 50 pArC 

Input Offset Current le 
T,. =+25'C 02 1.0 0.5 2.0 

mV 
TMIN sr. ST MAX 0.5 3.0 1.0 6.0 

Input Offset Current Drift TCl08 TMINsT.sTMAx 3 5 pArC 

INPUT 

Differential. G = 1 ooo 
Input Resistance RIN Differential, Gs 100 10 10 Gn 

Common'Mode. G = 1000 20 20 

Input Voltage Range IVR 
TA = +25'C (Note 3) ±10.5 ±10.5 

v 
TMINsT,. sTMAX ±10.0 ±10.0 

vcM=±10V, 11<n 
source imbalance 

G= 1000 125 130 115 125 
G=100 120 130 110 125 
G.10 100 120 95 110 

dB 

Common-Mode CMR G=1 85 100 75 90 

Rejection TMINSTA ST MAX 
G-1000 120 125 110 120 
G-100 115 125 105 120 
Gz10 95 115 90 105 

dB 

G=1 80 95 75 90 

NOTES: 
1. V108 and V 008 nulling hasminimal effect on TCV108 andTCV 008, 2. Sampletested. 

respectively. 3. Refer to section on common-mode rejection. 
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AMP01 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs= 10k0, RL = 2k0, TA= 25°C, unless otherwise noted. 

AMP·01A/E AMP-018/F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

Gain Equation 
G= 20XRs 

RG 0.3 0.6 o.s 0.8 % 
Accuracy Accuracy Measured 

from G = 1 to 1000 

Gain Range G 0.1 10k 0.1 10k VIV 

G = 1000 0.0007 o.oos 0.0007 o.oos 

Nonlinearity ~ = lOO (Note 1) 
o.oos o.oos 
o.oos 0.007 

% 
= 10 

G=1 0.010 O.D1S 

Temperature Coefficient Grc 
1:SG:S1000 
(Notes 1, 2) 

10 s 1S ppml"C 

OUTPUT RATING 

RL = 2kn ±13.0 ±13.8 ±13.0 ±13.8 

Output Voltage 
RL =SOO!l ±13.0 ±13.S ±13.0 ±13.S v 

Swing Vour RL =son ±2.S ±4.0 ±2.S ±4.0 

RL = 2kll Over Temp. ±12.0 ±13.8 ±12.0 ±13.8 v 
RL =soon (Note3) ±12.0 ±13.S ±12.0 ±13.S 

Positive Current Limit Output-to-Ground Short 60 100 120 60 100 120 mA 

Negative Current Limit Output-to-Ground Short 60 90 120 60 90 120 mA • 1:SG:S1000 
Capacitive Load Stability 

No Oscillations, (Note 1) 
0.1 0.1 µ.F 

Thermal Shutdown 
Junction Temperature 

Temperature 
16S 16S •c 

NOISE 

10 = 1kHz 
G = 1000 s s 

Voltage Density, RTI en G= 100 10 10 nVl,,/HZ 
G=10 S9 S9 
G=1 S40 540 

Noise Current Density, RTI in lo= 1kHz, G = 1000 0.15 0.15 pA/,,/HZ 

0.1 Hz to 10Hz 
G = 1000 0.12 0.12 

Input Noise Voltage enp-p G = 100 0.16 0.16 µ.Vp-p 
G= 10 1.4 1.4 
G=1 13 13 

Input Noise Current ine-P 0.1Hz to 10Hz, G = 1000 2 2 PAp-p 

DYNAMIC RESPONSE 

G=1 570 S70 
Small-Signal 

BW 
G = 10 100 100 

Bandwidth (-3d8) G = 100 82 82 
kHz 

G = 1000 26 26 

Slew Rate SR G= 10 3.S 4.S 3.0 4.5 V/µ.s 

To 0.01 %, 20V step 
G=1 12 12 

Settling Time 15 G= 10 13 13 
G=100 1S 15 
G = 1000 so 50 

NOTES: 
1. Guaranteed by dealgn. 
2. Gain tempco does not include lhe effects of gain and scale resistor tempco 

match: 
3. -ss•c ,. TA ,. + 12s•c for A/B grades, -25'C ,. TA ,. +85°C for EJF grades, 

o•c "' TA ,. 1o•c FOR G grades. ~-
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AMPOl 
ELECTRICAL CHARACTERISTICS at Vs= ±15V, Rs= 10k!l,RL= 2k!l, TA= 25°C, unless otherwise noted. 

AMP-01A/E AMP-018/F/G 
PARAMETER SYMBOL CONDITIONS MIN TYP~ MAX MIN TYP MAX UNITS 

SENSE INPUT 

Input Resistance R1N 35 50 65 35 50 65 kn 

Input Current l1N Referenced to V- 280 280 µA 

Voltage Range (Note 1) -10.5 +15 -10.5 +15 v 

REFERENCE INPUT 

Input Resistance R1N 35 50 65 35 50 65 kn 

Input Current l1N Referenced to V- 280 280 µA 

Voltage Range (Note 1) -10.5 +15 -10.5 +15 v 

Gain to Output VIV 

POWER SUPPLY -25°C:;; TA:;; +85°C for E/F Grades. -55°C:;; TA:;; +125°C for A/B Grades 

Supply Voltage Range Vs 
+v linked to +V0p 

-V linked to -V0p 
±4.5 ±18 ±4.5 ±18 v 

+V linked to +V0p 3.0 4.8 3.0 4.8 
Quiescent Current la mA 

-V linked to -V0p 3.4 4.8 3.4 4.8 

NOTE: 
1. Guaranteed by design. 
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r.ANALOG 
WDEVICES 

FEATURES 
• Low Offset Voltage ........................................... 100µV Max 
• Low Drift ••••••••••••••••••••••••••••.•.•••••••••••••••••••••••••••• 2µVl°C Max 
• Wide Gain Range ••••••••••••••.••••••••.•••••••••••••••••••••• 1to10,000 
• High Common-Mode Rejection ....................... 115dB Min 
• High Bandwidth (G = 1000) ............................. 200kHz lYP 
• Gain Equation Accuracy •••••••••••••••••••.•••••••••••••••• 0.5% Max 
• Slngle Resistor Gain Sat 
• Input Overvoltage Protection 
• LowCost 
• Avallable In Die Form 

APPLICATIONS 
• Differential Amplifier 
• Strain Gauge Amplifier 
• Thermocouple Amplifier 
• RTD Amplifier 
• Programmable Gain Instrumentation Amplifier 
• Medical Instrumentation 
• Data Acquisition Systems 

ORDERING INFORMATION 1 

v108 MAX 
(µV) 

100 
200 

V008 MAX 
(mV) 

4 
8 

PLASTIC 
8-PIN 

AMP02EP 
AMP02FP 

OPERATING 
TEMPERATURE 

RANGE 

XIND 
XIND 

t Burn-in is available on commercial and industrial temperablre range parts in 
CerOIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 

The AMP-02 is the first precision instrumentation amplifier avail· 
able in an 8-pin package. Gain of the AMP-02 is set by a single 
external resistor, and can range from 1 to 10,000. No gain set 
resistor is required for unity gain. The AMP-02 includes an input 
protection network that allows the inputs to be taken 60V beyond 
either supply rail without damaging the device. 

Laser trimming reduces the input offset voltage to under 100µ V. 
Output offset voltage Is below 4mV and gain accuracy is better 
than 0.5% for gain of 1000. PMl's proprietary thin·film resistor 
process keeps the gain temperature coefficient under 50 
ppml"C. 

Due to the AMP-02's design, its bandwidth remains very high 
over a wide range of gain. Slew rate is over 4V/µs making the 
AMP-02 ideal for fast data acquisition systems. 

Tbis is an abridged data sheet. To obtain the most recent vetsion or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.C 

High Accuracy 8-Pin 
Instrumentation Amplifier 

AMP02 I 
A reference pin is provided to allow the output to be referenced 
to an external DC level. This pin may be used for offset correc
tion or level shifting as required. In the 8-pin package, sense is 
internally connected to the output. 

For an instrumentation amplifier with the highest precision, 
consult the AMP-01 data sheet. For the highest input impedance 
and speed, consult the AMP-05 data sheet. 

PIN CONNECTIONS 

EPOXY MINI-DIP 
(P-Sufflx) 

BASIC CIRCUIT CONNECTIONS 

V+ 

v-

16-PIN SOL 
(S-Sufflx) 

OUT 

Q = (+1~"..~-1N) = <S::) + 1 

FOR SOL CONNECT SENSE TO OUTPUT 
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AMP02. 
·' 

ABSOLUTE MAXIMUM RATINGS PACKAGE TYPE . ·, eJA (Note 2) . :8 JC: UNITS 
Supply Voltage .•..••. :, •••..•.• , ... :.,: ..•••••••••. , .. : ............. : .•.•.••.... ±1 SV 
Comm()n-Mode Input Voltage ...... ((V-)- 60V) to [(V+) + 60V) 8-Pin Plasllc DIP (P) 96 :J7 oC/'N 
Differential Input Voltage ••......•••... [(V-)-60V) to [(V+) + 60V) 16-Pin SOL (S) 92 Zl 'CN'I 

Output Short-Circuit Duration •.•............................•. Continuous NOTE: 

Operating Temperature Range ••..•..•.•••.••.••......• -40°C to +85°C 1. Absolure maximum ratings apply to both DICE and packaged parts, unless 
oth-isa nored. 

Storage Temperature Range ., ........ 1 .............. -65°C to+ 1so•c 2. eiA Is specified for worst case mounting conditions, i.e., e1A is specified for 
Junction Temperature Range .: •...•••.•• ; .•..••..•.• -65~C to+ 1 so•c d8vlce In socket for P·DIP package; e.A Is speclfi1td for ditvice soldered to 
Lead Temperature (Soldering, 10 sec) ......................... +300°C printec! circuit board for SOL package. 1 · · · 

ELECTRICAL CHARACTERISTICS at Vs• ±15V,N CM• OV, TA - +2s•c, unless otherwise noted. 

CONDITIONS 
·AMP.02E AMP.02F 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX UNITS 

OFFSET VOLTAGE 

Input Ollsat Voltage VIOS 
TA·+25°C 20 100 40 200 p.V 
--IO°C STA S+85'C 50 200 100 350 

Input Ollsat Voltage Drift· TCY1os --IO'C STA S+85'C 0.5 2 4 p.Vf•C 

Output Ollsat vo1r8ge Yoos 
TA •+25°C 4 2 8 mV 
--IO'C STA S+85'C 4 10 9 ~ 

Output Offset Voltage Drift TCVoos --io•c STA s+85'C 50 100 - 100 200 p.Vl'C 

· V8 -±4.8VID:1:18V 
G.1000 115 128 110 115 
G.100 115 125 110 115 dB 
G.10 100 110 95 .. 100. 

Power Supply 
G.1 80 90 is 80 

PSR 
Rejection V8 .:1:4.8VID:l:18V 

--IO'C ST A S +85'C 
G.1000 110 120 105 110 
G.100 110 120 105 110 

dB G.10 95 110 90 95 
G•1 ; .. 75 90 70 75 

INPUT CURRENT 

Input Blas Current le 
TA •+25'C 2 10· 4 20 nA 
--iooe s T s +as•c 12 .30 20 40 

Input Bias Current Drift TCl8 --IO'C STA +85'C 150 250 pA/'C 

Input Ollsat Current 1os 
TA •+25'C 1.2 5 2 10 

nA 
--IO'C ST A S +85'C 1.8 15 3 20 

Input Ollsat Current Drift TC'os --IO'C ST A S +85'C 9 15 pA/'C 

INPUT 

Input Resistance RIN 
Differential, G s 1000 10 10 

GO 
Common-Mode, G • 1000 18.5 1.6.5. 

Input Voltage Range IVR TA • +25'C (Nole 3) :1:11 :1:11 v 
--IO'C ST A S +85°C :1:11· :1:11 -
V<j;M-±11V 

-1000 115 120 110 115 
G.100 115 120 110 115 dB 
G.10. 100 115. . - 95 110 -

Common-Mode G·1 80 95 75 90 

Rejection 
CMR 

vcu•:l:11V 
--IO'C ST A S +85'C 

120 105 115 G.1000 110 
G.100 110 120 105 115 dB 
G.10 95 110 90 105 
G.1 75 90 70 85 
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AMP02 

ELECTRICAL CHARACTERISTICS at V 8 • ±15V, V CM• OV, t A• +25°C, unless otherwise noted. Continued 

AMP-02E AMP-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

GAIN 

G.1000 0.50 0.70 
Gain Equation 

G·SOkQ +1 
G-100 0.30 

Accuracy Ra G.10 0.25 
G.1 0.02 

0.50 
% 

0.40 
0.05 

Gain Range G !Ok 10k VIV 

Nonlinearity G • 1to1000 0.006 0.006 % 

Temperature Coefficient GTC 
1SGS1000 

20 50 
(Notes 1,2) 

20 5.0 ppm/'C 

OUTPUT RATING 

TA. +25°C, 

Output Voltage RL • 1kn ±12 ±13 

Swing Your RL • lkn, 
-40'C s TA s +85°C 

±11 ±12 

±12 ±13 

±11 ±12 
v 

Positive Current Limit Output-to-Ground Short 22 22 mA 

Negative Current Limit Output-to-Ground Short 32 32 mA 

NOISE 

10 -tkHz 
G .1000 9 

Voltage Density, RTI •• G.100 10 
G.10 18 

9 
10 
18 

nV/,/RZ 11!1 
G.1 120 120 

Noise Current Density, RTI in 10 • lkHz, G .1000 0.4 0.4 pN.,llTz 

0.1Hz to 10Hz 
G.1000 0.4 0.4 

Input Noise V!)ltage en p~p G.100 0.5 
G.10 1.2 

0.5 
1.? 

µV11 µ 

G.1 10 10 

DYNAMIC RESPONSE 

G.1 1200 1200 
Small·Signal 

BW 
G=10 300 

Bandwidth (-3dB) G.100 200 
300 
200 

kHz 

G· 1000 200 200 

Slew Rata SR G·10,RL =1kn 4 6 4 6 V/µs 

Senllng Time Is 
To0.01%±10VStep 

10 
G-1to1000 

10 p.s 

NOTES: 
1. Guaranl8ed by design. 
2. Gain tempco does not Include the effects of external component drill. 
3. Input voltage range guaranteed by common-mode rejection test. 
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AMP02 
ELECTRICAL CHARACTERISTICS at V 8 • ±1 SV, V CM • OV, TA • +25°C, unless othe.rwise noted. Continued 

AMP-02E AMP-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

SENSE INPUT 

Input Resistance RIN 25 25 kn 

Voltage Range :1:11 :1:11 v 
REFERENCE INPUT 

Input Resistance RIN 50 50 kn 

Voltage Range :1:11 :1:11 v 
Gain to Output VIV 

POWER SUPPLY 

Supply Voltage Range Vs :1:4.5 :1:18 :1:4.5 :1:18 v 

Supply Current 1sv 
T,.-+25°c 5 6 5 6 mA 
-40'C ST AS +85'C 5 6 5 6 

SIMPLIFIED SCHEMATIC 

.---_,,,.,.,.__ ...... --OSENSE 

251<Q 
~-_.,,..,,,._ ___ -<>REFERENCE 

4N +IN 

'---------1---+--------.io------------~~ 
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r"'I ANALOG 
WDEVICES 

FEATURES 
Single Supply Operation 
Low Supply Current: 700 µA max 
Wide Gain Range: 1 to 1000 
Low Offset Voltage: 150 µV max 
Zero-In/Zero-Out 
Single-Resistor Gain Set 
8-pin Mini-DIP and SO packages 

APPLICATIONS 
Strain Gages 
Thermocouples 
RTDs 
Battery Powered Equipment 
Medical Instrumentation 
Data Acquisition Systems 
PC Based Instruments 
Portable Instrumentation 

GENERAL DESCRIPTION 
The AMP-04 is a single-supply instrumentation amplifier 
designed to work over a + 5 volt to ± 15 volt supply range. It 
offers an exceilent combination of accuracy, low power con
sumption, wide input voltage range, and excellent gain 
performance. 

Gain is set by a single external resistor and can be from 1 to 
1000. Input common-mode voltage range allows the AMP-04 to 
handle signals with full accuracy from ground to within 1 volt of 
the positive supply. And the output can swing to within 1 volt 
of the positive supply. Gain bandwidth is over 700 kHz. In 
addition to being easy to use, the AMP-04 draws only 700 µA of 
supply current. 

For high resolution data acquisition systems, laser trimming of 
low drift thin-film resistors limits the input offset voltage to 
under 150 µV, and allows the AMP-04 to offer gain nonlinearity 
of 0.005% and a gain tempco of 30 ppm!°C. 

A proprietary input structure limits input offset currents to less 
than 5 nA with drift of only 8 pAl"C, allowing direct connection 
of the AMP-04 to high impedance transducers and other signal 
sources. 

*Protected by U.S. Patent No. 5,075,633. 

REV.O 

Precision Single Supply 
Instrumentation Amplifier 

AMP04* I 
FUNCTIONAL BLOCK DIAGRAM 

100k 

The AMP-04 is specified over the extended industrial ( -40°C to 
+85°C) temperature range. AMP-04s are available in plastic and 
ceramic DIP plus S0-8 surface mount packages. 

Contact your local sales office for MIL-STD-883 data sheet and 
availability. 

PIN CONNECTIONS 

8-Lead Epoxy DIP 
(P Suffix) 

8-Lead Narrow-Body SO 
(S Suffix) 

RGAINBRGAIN 
-IN AMP-04 V+ 

+IN VauT 

V- REF 

INSTRUMENTATION AMPLIFIERS 10-39 



AMP04-SPEClFICATIONS 
ELECTRICAL CHARACTERISTICS (Vs= +5 V, YcM = +2.5 V, TA= +25°C unless othe.rwise noted) 

AMP-04E AMP-04F 
Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

OFFSET VOLTAGE 
Input Offset Voltage V10s 30 150 300 µV 

-40°C s TA s +85°C 300 600 µV 
Input Offset Voltage Drift TCV10s 3 6 µVfC 
Output Offset Voltage Voos o.s l.S 3 mV 

-40°C s TA s +8S°C 3 6 mV 
Output Offset Voltage Drift TCV00s 30 so µVrc 

INPUT CURRENT 
Input Bias Current Is 22 30 40 nA 

-40°C s TA s +8S°C so 60 nA 
Input Bias Current Drift TCIB 6S 6S pArC 
Input Offset Current los I s 10 nA 

-40°C s TA s +8S°C 10 lS nA 
Input Offset Current Drift TCl0 s 8 8 pArC 

INPUT 
Common-Mode Input Resistance 4 4 G!l 
Differential Input Resistance 4 4 G!l 
Input Voltage Range VIN 0 3.0 0 3.0 v 
Common-Mode Rejection CMR OV s VcM s 3.0V 

G=l 60 80 S5 dB 
G = 10 80 100 7S dB 
G = 100 90 lOS 80 dB 
G = 1000 90 lOS 80 dB 

Common-Mode Rejection CMR 0 Vs VcM s 2.5 V 
-40"C s TA s +8S°C 
G=l SS 50 dB 
G = 10 7S 70 dB 
G = 100 8S 75 dB 
G = 1000 8S 7S dB 

Power Supply Rejection PSRR 4.0 v s vs s 12 v 
-40°C s TA s +8S°C 
G=l 9S 8S dB 
G = 10 lOS 9S dB 
G = 100 lOS 9S dB 
G = 1000 lOS 95 dB 

GAIN (G = 100 KIRoA1N) 
Gain Equation Accuracy G = 1 to 100 0.2 o.s 0.7S % 

G = 1to100 
-40°C s TA s+8S°C 0.8 1.0 % 
G = 1000 0.4 0.7S % 

Gain Range G 1 1000 1 1000 VN 
Nonlinearity G = 1, RL = s k!l o.oos % 

G = 10, RL = s k!l O.OlS % 
G = 100, RL = s k!l 0.02S % 

Gain Temperature Coefficient ll..G/ll..T 30 so ppmfC 

OUTPUT 
Output Voltage Swing High VoH RL = 2 k!l 4.0 4.2 4.0 v 

RL = 2 k!l 
-40°C s TA s +8S°C 3.8 3.8 v 

Output Voltage Swing Low VoL RL = 2k!l 
-40°C s TA s +8S°C 2.0 2.S mV 

Output Current Limit Sink 30 30 mA 
Source 15 15 mA 
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AMP04 
AMP·04E AMP-04F 

Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

NOISE 
Noise Voltage Density, RTI eN f = 1 kHz, G = 1 270 270 nV/VHz 

f = 1 kHz, G = 10 45 45 nV/VHz 
f = IOO Hz, G = IOO 30 30 nV/VHz 
f = 100 Hz, G = IOOO 25 25 nV/yHz 

Noise Current Density, RTI iN f = JOO Hz, G = 100 4 4 pNyHz 
Input Noise Voltage eN p-p 0.1 to 10 Hz, G = I 7 7 µV p-p 

0.1 to 10 Hz, G = 10 1.5 1.5 µV p-p 
0.1to10 Hz, G = 100 0.7 0.7 µV p-p 

DYNAMIC RESPONSE 
Small Signal Bandwidth BW G=l,-3dB 300 300 kHz 

POWER SUPPLY 
Supply Current Isv 550 700 700 µA 

-40°C :s TA :s +85°C 850 850 µA 

Specifications subject to change without notice. 

ELECTRICAL SPECIFICATIONS !Vs = ±15 V, VcM = 0 V, TA = +25°C unless otherwise noted) 

AMP-04E AMP-04F 
Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

OFFSET VOLTAGE m 
Input Offset Voltage V1os 80 400 600 µV 

-40°C :s TA :s +85°C 600 900 µV 
Input Offset Voltage Drift TCV1os 3 6 µV/°C 
Output Offset Voltage Voos I 3 6 mV 

-40°C :s TA :s +85°C 6 9 mV 
Output Offset Voltage Drift TCV00s 30 50 µVl°C 

INPUT CURRENT 
Input Bias Current Is 17 30 40 nA 

-40°C :s TA :s +85°C 50 60 nA 
Input Bias Current Drift TCI8 65 65 pA/°C 
Input Offset Current los 2 5 IO nA 

-40°C :s TA :s +85°C 15 20 nA 
Input Offset Current Drift TCI05 28 28 pA/°C 

INPUT 
Common-Mode Input Resistance 4 G!l 
Differential-Mode Input Resistance 4 GO 
Input Voltage Range VIN -12 +12 -12 + 12 v 
Common-Mode Rejection CMR -12 V :s VcM :s +12 V 

G=l 60 80 55 dB 
G = 10 80 100 75 dB 
G = IOO 90 105 80 dB 
G = IOOO 90 I05 80 dB 

CMR -11 V :s VcM :s +11 V 
-40°C :s TA :s +85°C 
G=l 55 50 dB 
G = 10 75 70 dB 
G = 100 85 75 dB 
G = IOOO 85 75 dB 

Power Supply Rejection PSRR ±2.5VsV5 s±J8V 
-40°C s TA s +85°C 
G=l 75 70 dB 
G =IO 90 80 dB 
G = IOO 95 85 dB 
G = IOOO 95 85 dB 
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AMP·04E AMP·04F 
Parameter Symbol Conditions Min Typ Max Min Typ Max Units 

GAIN (G = 100 K/Rc,ArN) 
Gain Equation Accuracy G = 1 to 100 0.2 0.5 0.75 % 

G = 1000 0.4 0.75 % 
G=ltolOO 
-40°c :s TA :s +8s0c 0.8 1.0 % 

Gain Range G 1 1000 1 1000 VN 
Nonlinearity G = 1, RL = s kn 0.005 0.005 % 

G = 10, RL = s kn 0.015 0.015 % 
G = 100, RL = s kn 0.025 0.025 % 

Gain Temperature Coefficient AG/AT 30 so ppm/°C 

OUTPUT 
Output Voltage Swing High VoH RL = 2 kn +13 +13.4 +13 v 

RL = 2 kn 
-40°c :s TA :s +8s0c + 12.5 +12.5 v 

Output Voltage Swing Low VoL RL = 2 kn 
-40°c :s TA :s +8s0c -14.5 -14.5 v 

Output Current Limit Sink 30 30 mA 
Source 15 15 mA 

NOISE 
Noise Voltage Density, RTI eN f = 1 kHz, G = 1 270 270 nV/y'Hz 

f = 1 kHz, G = JO 45 45 nV/y'Hz 
f = 100 Hz, G = 100 30 30 nV/y'Hz 
f = 100 Hz, G = 1000 25 25 nV/v'Hz 

Noise Current Density, RTI iN f = 100 Hz, G = 100 4 4 pNy'Hz 
Input Noise Voltage eN p·p 0.1 to 10 Hz, G = 1 5 5 µ.V p·p 

eN p·p 0.1 to lOHz, G = 10 1 1 µ.V p-p 
eN p·p 0.1to10 Hz, G = 100 0.5 0.5 µ.V p-p 

DYNAMIC RESPONSE 
Small Signal Bandwidth BW G = 1, -3 dB 700 700 kHz 

POWER SUPPLY 
Supply Current lsy 750 900 900 µ.A 

lsy -40°c :s TA :s +8s0c llOO llOO µ.A 

Specifications subject to change without notice. 

WAFER TEST LIMITS (Vs = +5 V, YcM = +2.5 V, TA = +25°C unless otherwise noted) 

Parameter Symbol Conditions Limit Units 

OFFSET VOLTAGE 
Input Offset Voltage Vias 300 µ.V max 
Output Offset Voltage Voos 3 mVmax 

INPUT CURRENT 
Input Bias Current Is 40 nAmax 
Input Offset Current las 10 nAmax 

INPUT 
Common-Mode Rejection CMR 0 V :s VcM :s 3.0 V 

G=I 55 dB min 
G = 10 75 dB min 
G = 100 80 dB min 
G = 1000 80 dB min 

Common-Mode Rejection CMR Vs= ±15 V, -12 V :s VcM :s +12 V 
G=l 55 dB min 
G = 10 75 dB min 
G = 100 80 dB min 
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Parameter Symbol Conditions Limit Units 

G = 1000 80 dB min 
Power Supply Rejection PSRR 4.0 v :s vs :s 12 v 

G=I 85 dB min 
G = 10 95 dB min 
G = 100 95 dB min 
G = 1000 95 dB min 

GAIN (G = 100 KfRoA1N) 
Gain Equation Accuracy G = 1to100 0.75 %max 

OUTPUT 
Output Voltage Swing High VoH RL=2k.O 4.0 Vmin 
Output Voltage Swing Low VoL RL = 2 k.O 2.5 mVmax 

POWER SUPPLY 
Supply Curtent lsv Vs= ±15 900 µAmax 

700 µ.A max 

NOTE 
Electrical tests and wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice .. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ........................... ± 18 V 
Common-Mode Input Voltage2 ••••••••••••••••• ±18 V 
Differential Input Voltage ...•................. 36 V 
Output Shon-Circuit Duration to GND ......... Indefinite 
Storage Temperature Range 

z Package .•................... -65°C to + 175°C 
P, s Package .... · .........•...... -65°C to + 150°c 

Operating Temperature Range 
AMP-04A .•....•............... -55°c to + 125°C 
AMP-04E, F ...........•....•... -40°C to +85°C 

Junction Temperature Range 
z Package ..................... -65°c to + l75~C 
P, s Package ...........•........ -65°C to + 150°c 

Lead Temperature Range (Soldering, 60 sec) ....... +300°C 

Package Type 8JA3 81c Units 

8-Pin Cerdip (Z) 148 16 •CJW 
8-Pin Plastic DIP (P) 103 43 °C/W 
8-Pin SOIC (S) 158 43 •CJW 

NOTES 
1 Absolute maximum ratings apply to both DICE and packaged parts, unless 
otherwise noted. 

'For supply voltages less than ±18 V, the absolute maximum input voltage is 
equal to the supply voltage. 

'OJA is specified for the worst case conditions, i.e., 8JA is specified for device in 
socket for cerdip, P-DIP, and LCC packages; OJA is specified for device 
soldered in circuit board for SOIC package. 

DICE CHARACTERISTICS 

--.7V+ 
-IN2-

+IN3- 76VoUT 

V-4--

--5 REF 

AMP-04 Die Size 0.075 x 0.99 inch, 7,425 sq. mils. 
Substrate (Die Backside) Is Connected to V+. 
Transistor Count, 81. 

ORDERING GUIDE 

REV.O 

Temperature V08 @ +sv 
Model Range TA= +2s0c 
AMP04EP XIND 150 µ.V 
AMP04FP XIND 300 µ.V 
AMP04FS XIND 300 µ.V 
AMP04AZ MIL Note2 
AMP04GBC +25°c 300 µ.V 

NOTES 
'For outline information see Package Information section. 
'Consult MIL-STD-883 data sheet. 

Package Package 
Description Option1 

Plastic DIP N"8 
Plastic DIP N-8 
SOIC S0-8 
Cerdip Q-8 
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AMP04 
APPLICATIONS 
Common-Mode Rejection 
The purpose of the instrumentation amplifier is to amplify the 
difference between the two input signals while ignoring offset 
and noise voltages common to both inputs. One way of judging 
the device's ability to reject this offset is the common-mode 
gain, which is the ratio between a change in the common-mode 
voltage and the resulting output voltage change. Instrumentation 
amplifiers are often judged by the common-mode rejection ratio, 
which is equal to 20 x log10 of the ratio of the user-selected dif
ferential signal gain to the common-mode gain, commonly called 
the CMRR. The AMP.04 offers excellent CMRR, guaranteed to 
be greater than 90 dB at gains of 100 or greater. Input offsets 
attain very low temperature drift by proprietary laser-trimmed 
thin-film resistors and high gain amplifiers. 

Input Common-Mode Range Includes Ground 
The AMP-04 employs a patented topology (Figure 1) that 
uniquely allows the common-mode input voltage to truly extend 
to zero volts where other instrumentation amplifiers fail. To 
illustrate, take for example the single supply, gain of 100 instru
mentation amplifier as in Figure 2. As the inputs approach zero 
volts, in order for the output to go positive, amplifier A's output 
(V 0A) must be allowed to go below ground, to -0.094 volts. 
Clearly this is not possible in a single supply environment. Con
sequently this instrumentation amplifier configuration's input 
common-mode voltage carmot go below about 0.4 volts. In com
parison, the AMP-04 has no such restriction. Its inputs will 
function with a zero-volt common-mode voltage, 

100k 

Figure 1. Functional Block Diagram 

0.01V 
+o-~~~~~~~~~~~~~~""'t 

v,. 

Figure 2. Gain = 100 Instrumentation Amplifier 
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Input Common-Mode Voltage Below Ground 
Although not tested and guaranteed, the AMP-04 inputs are 
biased in a way that they can amplify signals linearly with 
common-mode voltage as low as -0.25 volts below ground. This 
holds true over the industrial temperature range from -40°C to 
+ss0c. 
Extended Positive Common-Mode Range 
On the high side, other instrumentation amplifier configura
tions, such as the three op amp instrumentation amplifier, can 
have severe positive common-mode range limitations. Figure 3 
shows an example of a gain of 1001 amplifier, with an input 
common-mode voltage of 10 volts. For this circuit to function, 
V 0 8 must swing to 15.01 volts in order for the output to go to 
10.01 volts. Clearly no op amp can handle this swing range 
(given a + 15 V supply) as the output will saturate long before 
it reaches the supply rails. Again the AMP-04's topology does 
not have this .limitation. Figure 4 illustrates the AMP-04 operat
ing at the same common-mode conditions as in Figure 3. None 
of the internal nodes has a signal high enough to cause amplifier 
saturation. As a result, the AMP-04 can accommodate much 
wider common-mode range than most instrumentation amplifiers. 

+10.00V 

10.01 

+10.01V 

Figure 3. Gain = 1001, Three Op Amp Instrumentation 
Amplifier 

100k 

+10.00V 

+10.01V 

Figure 4. Gain = 1000, AMP-04 
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Programming the Gain 
The gain of the AMP-04 is programmed by the user by selecting 
a single external resistor-R,,AIN: 

Gain = JOO kWRaAIN 

The output voltage is then defined as the differential input volt
age times the gain. 

VouT =(VIN+ - VIN_) x Gain 

In single supply systems, offsetting the ground is often desired 
for several reasons. Ground may be offset from zero to provide a 
quieter signal reference point, or to offset "zero" to allow a uni
polar signal range to represent both positive and negative values. 

In noisy environments such as those having digital switching, 
switching power supplies or externally generated noise, ground 
may not be the ideal place to reference a signal in a high accu
racy system. 

Often, real world signals such as temperature or pressure may 
generate voltages that are represented by changes in polarity. In 
a single supply system the signal input cannot be allowed to go 
below ground, and therefore the signal must be offset to accom
modate this change in polarity. On the AMP-04, a reference 
input pin is provided to allow offsetting of the input range. 

The gain equation is more accurately represented by including 
this reference input. 

Vaur = (VIN+ - VIN_) x Gain + V REF 

Grounding 
The most common problems encountered in high performance 
analog instrumentation and data acquisition system designs are 
found in the management of offset errors and ground noise. Pri
marily, the designer must consider temperature differentials and 
thermocouple effects due to dissimilar metals, IR voltage drops, 
and the effects of stray capacitance. The problem is greatly 
compounded when high speed digital circuitry, such as that 
accompanying data conversion components, is brought into the 
proximity of the analog section. Considerable noise and error 
contributions such as fast-moving logic signals that easily propa
gate into sensitive analog lines, and the unavoidable noise com
mon to digital supply lines must all be dealt with if the accuracy 
of the carefully designed analog section is to be preserved. 

Besides the temperature drift errors encountered in the ampli
fier, thermal errors due to the supporting discrete components 
should be evaluated. The use of high quality, low-TC compo
nents where appropriate is encouraged. What is more important, 
large thermal gradients can create not only unexpected changes 
in component values, but also generate significant thermoelectric 
voltages due to the interface between dissimilar metals such as 
lead solder, copper wire, gold socket contacts, Kovar lead 
frames, etc. Thermocouple voltages developed at these junctions 
commonly exceed the TCV 0s contribution of the AMP-04. 
Component layout that takes into account the power dissipation 
at critical locations in the circuit and minimizes gradient effects 
and differential common-mode voltages by taking advantage of 
input symmetry will minimize many of these errors. 

High accuracy circuitry can experience considerable error contri
butions due to the coupling of stray voltages into sensitive areas, 
including high impedance amplifier inputs which benefit from 
such techniques as ground planes, guard rings, and shields. 
Careful circuit layout, including good grounding and signal rout-
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AMP04 
ing practice to minimize stray coupling and ground loops is rec
ommended. Leakage currents can be minimized by using high 
quality socket and circuit board materials, and by carefully 
cleaning and coating complete board assemblies. 

As mentioned above, the high speed transition noise found in 
logic circuitry is the sworn enemy of the analog circuit designer. 
Great care must be taken to maintain separation between them 
to minimize coupling. A major path for these error voltages will 
be found in the power supply lines. Low impedance, load 
related variations and noise levels that are completely acceptable 
in the high thresholds of the digital domain make the digital 
supply unusable in nearly all high performance analog applica
tions. The user is encouraged to maintain separate power and 
ground between the analog and digital systems wherever possi
ble, joining only at the supply itself if necessary, and to observe 
careful grounding layout and bypass capacitor scheduling in sen
sitive areas. 

Input Shield Drivers 
High impedance sources and long cable runs from remote trans
ducers in noisy industrial environments commonly experience 
significant amounts of noise coupled to the inputs. Both stray 
capacitance errors and noise coupling from external sources can 
be minimized by running the input signal through shielded 
cable. The cable shield is often grounded at the analog input 
common, however improved dynamic noise rejection and a • 
reduction in effective cable capacitance is achieved by driving 
the shield with a buffer amplifier at a potential equal to the volt-
age seen at the input. Driven shields are easily realized with the 
AMP-04. Examination of the simplified schematic. shows that 
the potentials at the gain set resistor pins of the AMP-04 follow 
the inputs precisely. As shown in Figure S, shield drivers are 
easily realized by buffering the potential at these pins by a dual, 
single supply op amp such as the OP-213. Alternatively, applica-
tions with single-ended sources or that use twisted-pair cable 
could drive a single shield. To minimize error contributions due 
to this additional circuitry, all components and wiring should 
remain in proximity to the AMP-04 and careful grounding and 
bypassing techniques should be observed. 

Figure 5. Cable Shield Drivers 
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Compensating for Input and Output Errors 
To achieve optimal performance, the user needs to take into 
account a number of error sources found in instrumentation 
amplifiers. These consist primarily of input and output offset 
voltages and leakage currents. 

The input and output offset voltages are independent from one 
another, and must be considered separately. The input offset 
component will of course be directly multiplied by the gain of 
the amplifier, in contrast to the output offset voltage that is 
independent of gain. Therefore, the output error is the domi
nant factor at low gains, and the input error grows to become 
the greater problem as gain is increased. The overall equation 
for offset voltage error referred to the output (RTO) is: 

V 0 5 (RTO) = W10s x G) + V 0 05 

where V105 is the input offset voltage and V oos the output off
set voltage, and G is the programmed amplifier gain. 

The change in these error voltages with temperature must also 
be taken into account. The specification TCV os' referred to the 
output, is a combination of the input and output drift specifica
tions. Again, the gain influences the input error but not the out
put, and the equation is: 

TCV 0 5 (RTO) = (TCV105 x G) + TCVoos 

In some applications the user may wish to define the error con
tribution as referred to the input, and treat it as an input error. 
The relationship is: 

TCV0 s (RTI) = TCV10s + (TCV008 I G) 

The bias and offset currents of the input transistors also have an 
impact on the overall accuracy of the input signal. The input 
leakage, or bias currents of both inputs will generate an addi
tional offset voltage when flowing through the signal source 
resistance. Changes in this error component due to variations 
with signal voltage and temperature can be minimized if both 
input source resistances are equal, reducing the error to a 
common-mode voltage which can be rejected. The difference in 
bias current between the inputs, the offset current, generates a 
differential error voltage across the source resistance that should 
be taken into account in the user's design. 

In applications utilizing floating sources such as thermocouples, 
transformers, and some photo detectors, the user must take care 
to provide some current path between the high impedance 
inputs and analog ground. The input bias currents of the AMP-
04, although extremely low, will charge the stray capacitance 
found in nearby circuit traces, cables, etc., and cause the input 
to. drift erratically or to saturate unless given a bleed path to the 
analog common. Again, the use of equal resistance values will 
create a common input error voltage that is rejected by the 
amplifier. 

Reference Input 
The V REF input is used to set the system ground. For dual sup
ply operation it can be connected to ground to give zero volts 
out with zero volts differential input. In single supply systems it 
could be connected either to the negative supply or to a pseudo
ground between the supplies. In any case, the REF input must 
be driven with low impedance. · 

Noise Filtering 
Unlike most previous instrumentation amplifiers, the output 
stage's inverting input (Pin 8) is accessible. By placing a capaci
tor across the AMP-04's feedback path (Figure 6, Pins 6 and 8) 
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I CEXT I 

r----'---t I--.-----. 
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100k 

fcp = 1 
2n (100k) Cexr 

Figure 6. Noise Band Limiting 

a single-pole low-pass filter is produced. The cutoff frequency 
(fLP) follows the relationship: 

1 
fLP = ~~~~~~ 

27r (100 kO) C,,, 

Filtering can be applied to reduce wide band noise. Figure 7a 
shows a 10 Hz low-pass filter, gain of 1000 for the AMP-04. 
Figures 7b and 7 c illustrate the effect of filtering on noise. The 
photo in Figure 7b shows the output noise before filtering. By 
adding a 0.15 µF capacitor, the noise is reduced by about a fac
tor of 4 as shown in Figure 7c. 

-15V 

Figurela. 10 Hz Low-Pass Filter 

Figure 7b. Unfiltered AMP-04 Output 
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Figure le. 10 Hz Low-Pass Filtered Output 

Power Supply Considerations 
In dual supply applications (for example ±IS V) if the input is 
connected to a low resistance source less than 100 n, a large 
current may flow in the input leads if the positive supply is 
applied before the negative supply during power-up. A similar 
condition may also result upon a loss of the negative supply. If 
these conditions could be present in you system, it is recom
mended that a series resistor up to I kn be added to the input 
leads to lilnit the input current. 

This condition can not occur in a single supply environment as 
losing the negative supply effectively removes any current return 
path. 

Offset Nulling in Dual Supply 
Offset may be nulled by feeding a correcting voltage at the 
VREF pin (Pin S). However, it is important that the pin be 
driven with a low impedance source. Any measurable resistance 
will degrade the amplifier's common-mode rejection perfor
mance as well as its gain accuracy. An op amp may be used to 
buffer the offset null circuit as in Figure 8. 

*OP.SO FOR LOW POWER 
OP-113FORLOWDRIFT 

SOk 

1000 

Figure 8. Offset Adjust for Dual Supply Applications 

Offset Nulling in Single Supply 
Nulling the offset in single supply systems is difficult because 
the adjustment is made to try to attain zero volts. At zero volts 
out, the output is in saturation (to the negative rail) and the out
put voltage is indistinguishable from the normal offset error. 
Consequently the offset nulling circuit in Figure 9 must be used 
with caution. 
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First, the potentiometer should be adjusted to cause the output 
to swing in the positive direction; then adjust it in the reverse 
direction, causing the output to swing toward ground, until the 
output just stops changing. At that point the output is at the 
saturation limit. • 

~v 
\! ""'" •Ok 

Figure 9. Offset Adjust for Single Supply Applications 

Alternative Nulling Method 
An alternative null correction technique is to inject an offset 
current into the summing node of the output amplifier as in 
Figure 10. This method does not require an external op amp. 
However the drawback is that the amplifier will move off its 
null as the input common-mode voltage changes. It is a less 
desirable nulling circuit than the previous method. 

V+ -.!\/I/Ir- V-

Figure 10. Current Injection Offsetting Is Not 
Recommended 
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APPLICATIO.N CI.RCUITS 
Low Power Precision Single Supply RTD Amplifier 
Figure 11 showsa linearized RTD amplifier that is powered off 
a single + 5 volt supply, However, the circuit. will work up to 
36 volts without modification. The RTD is excited by a 100 µA 
constant current that is regulated by amplifier A (OP-295). The 
0.202 volts reference voltage used to generate the constant cur
rent is divided down from the 2.500 volt reference. The AMP-
04 amplifies the bridge output to a IO mVl°C output coefficient. 

RaENBE 
1k 

R9 
500 

rl\J\l\r-lf\/\l'V-• R10 

FULL-SCALE 
ADJ 

50k 

LINEARITY 
ADJ. 

(@1/2FS) 

Figure 11. Precision Single Supply RTD Thermometer 
Amplifier 

The RTD is linearized by feeding a portion of the signal back to 
the reference circuit, increasing· the reference voltage as the tem
perature increases. When calibrated properly, the RTD's non
linearity error will be canceled. 

+5.00V 

UNLESS OTHERWISE SPECIFIED, ALL RESISTORS•"'' 
OR BETTER POTENTIOMETER TEMPCO < 50 PPM/ 'C 

To calibrate, either immc;rse the RTD into a zero-degree ice 
bath or substitiite an exact JOO !l resistPl" .. inplace.of the RTD. 
Then adjust bridge B!\LANCE potentiometer R3 for a 0 volt 
output. Note that a O volt output is also the negative output 
swing limit of the AMP-04 powered with a single supply. There
fore, be sure to adjust R3 t<> first cause J}ie outp!lt ·to swing 
positive and then back.off lintil the output .just.5fop swinging 
negatively. · 

Next, set the LINEARITY ADJ. potentiometer to .the mid
range. Substitute an exact 247 .04 0 resistor (equivalent to 400"C 
temperature) in place of the RTD.,Adju$t the FULL-SCALE 
potentiometer for a 4.000 volts output. 

Finally substitute a I75.84 0 resistor (equivalen~ to 200°C tem
perature), and adjust the LINEARITY ADJ potentiometer for a 
2.000 volts at the output. Repeat the: full-scale and the half-scale 
adjustments as needed. · 

When properly calibrated, the circuit achieves better than 
±0.5°C accuracy within a temperature measurement range from 
0°C to 400°C. 

Precision 4.-20mA .Loop Transmitter With Noninteractive 
Trim 
Figure 12 shows. a full bridge strain gage transducer amplifier 
circuit that is powered off the 4.-20 mA current loop. The .. 
AMP-04 amplifies the bridge signal differentially and is con
verted to a current by the output amplifier. The total quiescent 
current drawn by the circuit, which includes the bridge, the "· 
amplifiers, and the resistor biasing, is only a fraction of the 
4 mA null current that flows through the Current-sense resistor 
RsENSE· The voltage across RsENsE feeds back to the· OP-90's 
input, whose common-mode is fixed at the current summing 
reference voltage, thus regulating the output current. 

With no bridge signal, the 4 mA nuiI is simply set up by the 
50 kO NULL potentiometer plus the 976 kO resistors that 
inject an offset that forces an 80 m V drop across RsENsE· At a 
50 m V full-scale bridge voltage, the AMP-04 amplifies the 
voltage-to-current converter for a full-scale of 20 mA at the out
put. Since the OP-90's input operates at a Cllnstant 0 volt 
common-mode voltage, the null and the span adjustments do 

1N4002 

15 ... 

Figure 12. Precision 4-20 mA Loop Transmitter Features Noninteractive Trims 
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not interact with one another. Calibration is simple and easy 
with the NULL adjusted first, followed by SPAN adjust. The 
entire circuit can be remotely placed, and powered from the 
4-20 mA 2-wire loop. 

4-20 mA Loop Receiver 
At the receiving end of a 4-20 mA loop, the AMP-04 makes a 
convenient differential receiver to convert the current back to a 
usable voltage (Figure 13). The 4-20 mA signal current passes 
through a 100 fl. sense resistor. The voltage drop is differentially 
amplified by the AMP-04. The 4 mA offset is removed by the 
offset correction circuit. 

+15V 

Figure .13. 4 to 20 mA Line Receiver 

Low Power, Pulsed Load-Cell AnJplifiet 
Figure 14 shows a 350 fl. load cell· that is pulsed with a low duty 
cycle to conserve power. The OP-295's rail-to-rail output capa
bility allows a irilixim.um voltage of 10 volts to be applied to the 
bridge. The bridge voltage is selectively pulsed on when a mea
surement is made. A negative-going pulse lasting 200 ms should 
be applied to the MEASURE input. The long pulse width is 
necessary to allow ample settling time for the long time constant 
of the low-pass filter around the AMP-04. A much faster settling 
time can be achieved by omitting the filter capacitor. 

+12V 

Figure 14. Pulsed Load Cell Bridge Amplifier 
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AMP04 
Single Supply Programmable Gain Instrumentation Amplifier 
Combining with the single supply ADG221 quad analog switch, 
the AMP-04 makes a useful programmable gain amplifier that 
can handle input and output signals at zero volts. Figure 15 
shows the implementation. A logic low input to any of the 
gain control ports will cause the gain to change by shorting a 
gain-set resistor across AMP-04's Pins l and 8. Trimming is 
required at higher gains to improve accuracy because the switch 
ON-resistance becomes a more significant part of the gain-set 
resistance. The gain of 500 setting has two switches connected 
in parallel to reduce the switch resistance. 

+SVTO +30V 
13 

+ 
10µF ~ ~ 0.1µF 

r GAiNOFsOO 0-.... 1-'-H 

..J 
0 

~ GAIN'OF100 0-"'-"11-'-H 

8 
c.,!i 

GAIN OF 10 .0---ll-'-H 

l 

Figure 15. Single Supply Programmable Gain Instrumen
tation Amplifier 

The switch ON resistance is lower if the supply voltage is 
12 volts or higher. Additionally the overall amplifier's tempera
ture coefficient also improves with higher supply voltage. 
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AMP04 

BASED ON 300 UNITS 
100 RUNS 

ol=illlllllllllilllilii 
-200 -180 -120 -80 -40 0 40 80 120 180 200 

INPUT OFFSET VOLTAGE - µV 

Figure 16. Input Offset rv,0 5J Distribution@ +5 V 

120 

300UNITS 
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VcM = 2.SV 
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" ... 
~ 80 .. .. 
:Ii 
£ 40 

20 

G.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 

TCV001 - µV/ •c 

Figure 18. Input Offset Drift (TCV,05) Distribution@ +5 V 
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~ 80 !----+--+---+-+--
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0 ..__._11111ilillili 

4.0 -1.s -1.2 -0.a -0.4 o 0.4 o.a u u 2.0 
OUTPUT OFFSET - mV 

Figure 20. Output Offset (V005) Distribution@ +5 V 
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0 

Yc111=0V 
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Figure 17. Input Offset (V10sJ Distribution@ ±15 V 
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Figure 19. Input Offset Drift (TCV,0 sJ Distribution@ ±15 V 
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Figure 21. Output Offset fVoosJ Distribution@ ±15 V 
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Figure 22. Output Offset Drift (TCV 005) Distribution 
@+5V 
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Figure 24. Output Voltage Swing vs. Temperature 
@+5V 

40.-------------------~ 

35 t---t---t---t--Vs=+5V,VcM=2.5V 
Vs= ±1SV, VcM = ov 

~ 301-~-t---t---t---t---t----t 
I 

iii 25 t---t-" ..... ;:::-t---t---t-
0: 
0: a 20t------'f"-o;;;;::--t----t-"""'--l-"""""-.1;:::=---i 

;I 
m 15 1---1---1--=1===="""1-..--~---f 
!; .. 
ii:: 10 

o'----'----'----'----'----'-----' 
-50 -25 25 50 75 100 

TEMPERATURE- 'C 

Figure 26. Input Bias Current vs. Temperature 
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AMP04 
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Figure 23. Output Offset Drift (TCV 005) Distribution 
@±15V 
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Figure 25. Output Voltage Swing vs. Temperature 
@±15V 
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Figure 27. Input Offset Current vs. Temperature 
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AMP04 

50 

G~1CJ 
40 

.. 30 

GY10 
'D 
I 

~ 20 
" w 
!\l 10 

G~1 !::; 
0 
> 0 

-10 

-20 
100 1k 10k 100k 1M 

FREQUENCY - Hz 

Figure 28. Closed-Loop Voltage Gain vs. Frequency 
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Figure 30. Common-Mode Rejection vs. Frequency 
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Figure 32. Positive Power Supply Rejection vs. Frequency 
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10 100 1k 10k 100k 
FREQUENCY - Hz 

Figure 29. Closed-Loop Output Impedance vs. Frequency 
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Figure 31. Common-Mode Rejection vs. Voltage Gain 
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Figure 33. Negative Power Supply Rejection vs. Frequency 
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Figure 34. Voltage Noise Density vs. Gain 
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Figure 36. Voltage Noise Density vs. Frequency 
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Figure 38. Supply Current vs. Temperature 
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Figure 35. Voltage Noise Density vs. Gain, f = 1 kHz 
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Figure 37. Input Noise Voltage 
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Figure 39. Maximum Output Voltage vs. Load Resistance 
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Selection Tree - Isolation Amplifiers 

l 
2PORT 

Vp-p~1500V 

AD202 (No Output Amp) 

AD204* (With Output Amp) 

*Multichannel: Require Clock Driver AD246 

ISOLATION 
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3PORT 
Vp-p ~2500V 

AD210 (20 kHz BW) 
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Selection Guide- Isolation Amplifiers 

Peak Gain Gain Freq 
Volt lso Range Nonlin Resp Package Temp 

Model Vpk VN %max kHz Options' Ranges2 Comments Page3 

289 2500 1-100 0.012-0.05 20 Module c Precision, Wide Bandwidth, Synchronized A 5-75 
290A 1500 1-100 0.1-0.25 2.5 Module I Single Channel, General Purpose A 5-81 
292A 1500 1-100 0.1-0.25 2.5 Module I Multichannel, General Purpose A 5-81 
AD202 1000-2000 1-100 0.025-0.05 2 N,Y c Lowest Cost, Small Size, Single Channel 11-5 
AD203 2000 1-100 O.OZ5 10 N M Rugged, Military Temperature Range, Wide Bandwidth A 5-19 
AD204 1000-2000 1-100 0.025-0.05 5 N,Y I Lowest Cost, Small Size, Multichannel 11-5 
AD208 1000--2000 1-1000 0.015-0.03 0.4--4 kHz y I Precision, Low Cost, Single Channel, mV Input A 5-41 
AD210 2500-3500 1-100 0.012-0.025 20 N I Precision, 3-Port Isolation, Wide Bandwidth 11-12 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonherrnetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some 'older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

3 A = Amplifier Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

I 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Small Size: 4 Channels/Inch 
Low Power: 35mW IAD204) 
High Accuracy: ± 0.025% max Nonlinearity IK Gradel 
High CMR: 130dB 1Gain=100VNI 
Wide Bandwidth: 5kHz Full-Power IAD204) 
High CMV Isolation: ±2000V pk Continuous IK Gradel 

!Signal and Power) 
Isolated Power Outputs 
Uncommitted l~put Amplifier 

APPLICATIONS 
Multichannel Data Acquisition 
Current Shunt Measurements 
Motor Controls 
Process Signal Isolation 
High Voltage Instrumentation Amplifier 

GENERAL DESCRIPTION 
The AD202 and AD204 are general purpose, two-port, trans
former-coupled isolation amplifiers that may be used in a broad 
range of applications where input signals must be measured, 
processed and/or transmitted without a galvanic connection. 
These industry standard isolation amplifiers offer a complete 
isolation function, with both signal and power isolation provided 
for in a single compact plastic SIP or DIP style package. The 
primary distinction between the AD202 and the AD204 is that 
the AD202 is powered directly from a + l5V de supply while 
the AD204 is powered by an externally supplied clock, such as 
the recommended AD246 Clock Driver. 

The AD202 and AD204 provide total galvanic isolation between 
the input and output stages of the isolation amplifier through 
the use of internal transformer-coupling .. The functionally com
plete AD202 and AD204 eliminate the need for an external, 
user-supplied de/de converter. This permits the deSigner to 
miniinize the necessary circuit overhead and consequently reduce 
the overall design and component costs. 

The design of the AD202 and AD204 emphasizes maximum 
flexibility and ease of use, including the availability of an un
committed ~p amp on the input stage. They feature a bipolar 
±SV output range, ali adjustable gain range of from I to IOOVN, 
± 0.025% max nonlinearity (K grade), 130dB of CMR and the 
AD204 consumes a low 35mW of power. 

PRODUCT HIGHLIGHTS 
The AD202 and AD204 are full-featured isolators offering numer
ous benefits to the user: 

Small Size: The AD202 and AD204 are available in SIP and 
DIP form packages. The SIP package is just 0:25• wide, giving 
the user a channel density of four channels per inch. The.isolation 
barrier is positioned to maximize input to output spacing. For 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l ·800-446-6212. 

REV.A 

Low Cost, Miniature 
Isolation Amplifiers 

AD202/AD204 I 
FUNCTIONAL BLOCK DIAGRAM 

applications .requiring a low profile,. the.DIP Package provides a 
height of just 0.350". · 

High Accuracy: With a maximum nonlinearity of ±0.025% for 
the AD202K/AD204K (±0.05% for the AD202J/AD204J)and 
low drift over temperature, the AD202 and AD204 provide high 
isolation without loss of signal integrity. 

Low Power: Power consumption of 35mW (AD204) and 7SmW 
(AD202) over the full signal range makes these isolators ideal 
for use in applications with large channel counts or tight power 
budgets. 

Wide Bandwidth: The AD204's full-power bandwidth of 5kHz 
miikes it useful for wideband signals. It is also effective in appli~ 
cations like control loops, where limited bandwidth could result 
in instability. 

Excellent Common-Mode Perlormance: The AD202K/AD204K 
provide ± 2000V pk continuous common-mode isolation, while 
the AD202J/AD204J provide ± IOOOV pk continuous common
mode isolation. All models have a total common-mode input 
capacitance of less than 5pF inclusive of power isolation. This 
results in CMR ranging from 130dB at a gain of 100 to 104dB 
(minimum at unity gain) and' very low leakage current (2µ.A 
maximum). 

Fleidble Input: An uncommitted op amp is provided at the 
input of all models. This provides bufferiµg and gain as required, 
and facilitates many alternative input functions including filtering, 
summing, high-voltage ranges, and current (transimpedance) 
inpu~. 

Isolated Power: The AD204 can supply isolated 'power of ± 7 .5V 
at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The · 
AD202 can supply ± 7 .5V at 0.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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AD202/AQ204-SPEClflCATIONS (~@ +25°1: & Vs 

Model 

GAIN 
~nge 
Error 
vs. Temperature. 

., 

vs. Time 
""·Supply Voltage 
Nonlinearity(G= IVN)1 

Nonlinearity vs. Isolated Supply Load 

INPUT VOLTAGE RA TINGS 
Input Voltage Range 
Max Isolation Voltage (Input to Outpµt) 

AC; 60Hz, Continuous 
Continuous (AC and DC) 

Isolation-Mode Rejection Ratio (IMRR) (U 60Hz 
RsslOOll(Hl&LOlnputs)G=IVN 

G=IOOVN 
Rsslldl(lnputHI, LO,orBoth)G= IVN 

G=IOOVIV 
Leakage Current Input to Output <U 240V rins, 60Hz 

INPUT IMPEDANCE 
Diffcrcntial(G= IVN) 
ConlmonMode 

INPUT BIAS CURRENT 
Initial, @ + 2S"C 
""· Tcmperaturc(Oto +70"C) 

INPUT DIFFERENCE CURRENT 
Initial, (il + 25°C 
vs. Temix;raturc(Oto +70"C) 

INPUT NOISE 
Voltage,0.1 to IOOHz 

f>200Hz 

FREQUENCY RESPONSE 
Bandwidth(V0 s10Vp-p,G= 1-SOVN) 
Settling Time, to± IOmV(IOVStcp) 

OFFSETVOLTAGE(RTI) 
Initial,@ + 2S"C Adjustable to Zero 

vs. Tcmperaturc(Oto +70"C). 

RATED OUTPUT 
Volrage(Out HI to Out LO) 
VoltageatOutHlorOutLO(Ref. Pin32) 
Output Resistance 
Output Ripple, IOOkHz Bandwidth 

5kHz Bandwidth 

ISOLATED POWER OUTPUT2 

Voltage, No Load 
Accuracy 
Current 
Regulation, No Load to Full Load 
Ripple 

OSCILLATOR DRIVE INPUT 
Input Voltage 
Input Frequency 

POWER SUPPLY (AD2020nly) 
Voliage, Rated Performance 
Voltage, Operating . 
Currcnt,NoLoad(Vs= + ISV) 

TEMPERATURE RANGE 
Rated Perf'ormanCe 
Operating 
Storqe 

PACKAGE DIMENSIONS' 
SIPPackage(Y) 
DIP Package (N) 

NOTES 
•spedfic:odom11111euAD204J. 
1Noalineorityilopecified•a'llodoviolion&cmabestotraiahtline. 
'1.0.,.FminclecoupliasRqllind(,..text). 

·-witbOlle IUpplylooded. 
'Widtbil0.2S"typ,0.26'-· 
SpecilicatiomlUbjectto~-·-· 

11-6 /SOLA TtON AMPLIFIERS 

AD204J AD204K 

IVN-IOOVN . 
±0.5%typ(±4%max) . 
± 20ppml°C typ ( ± 45ppml°C max) . 
± SOppm/1000 Hours * 
±0.01%/V ±0.01%N 
±0.05%max ±0.025%max 
±0.0015%/mA . 
±5V * 

750Vrms 1500Vrms 
± IOOOV j>eak ±2000Vix;ak 

llOdB llOdil 
130dB . 
104dBmin 104dBmin 
llOdBmiD . 
2µ.Armsmax . 
1012 !1 . 
2G!lll4.5pF . 
±30pA . 
±IOnA . 
±SpA . 
±2nA . 
4fl.Vp-p . 
50nVIVHz . 
SkHz 5kHz 
!ms . 
(±IS± ISIG)mVmax (±5±51G)mVmax 

(±10±~) ... vrc . 
:t5V * 
±6.SV * 
3k!l 31dl 
IOmVpk-pk * 
O.SmVrms . 
±7.SV * 
±10% * 
2mA (Either Output)3 2mA (Either Output)' 
5% * 
IOOmVpk-pk * 

15Vpk-pknominal ISVpk-pknominal 
25kHz nominal 25kHz nominal · 

NIA NIA 
NIA NIA 
NIA NIA 

Oto +70"C * 
-40"C to + 85"C * 
- 40"C to + 85"C * 

2.08' x.0.250" x 0.625' • 
2.IO"x0~700"x0.350" • 

+ 15¥ .unless atherWise noted) 

AD202J AD202K--:: 
""'." 

* . . . . * 
* . 
±0.01%N ±0.01%N 
±O.OS%max ±0.02S%max 

* . 
. . 
750Vrins 1500Vrms 
± IOOOV j>eak , ± 2000V j>eak 

105dB IOSdB . . 
IOOdBmin IOOdBmin 

* . 
* * . * 
* . 
. . 
* . 
* . 
* • . . . . 
2kHz 2kHz . ., 

* 

( ± 15 ± 151G)mV max (±5±51G)mVmax 

* • 
-.,,- ' 

* * . • 
71dl 7ldl 
* . 
* * 

* * 
* . 
400µ.ATotal 400µ.ATotal 

* * 
* 

.. 
NIA NIA 
NIA NIA 

+ISV±5% +ISV ±5% 
+15V ±10% +ISV±IO% 
SmA SmA 

* * 
* * • * 

* • 
• * 
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AD202/AD204 
PIN DESIGNATIONS 

AD202/AD204 SIPPACKAGE AD202/AD204 DIPPACKAGE 

PIN FUNCTION PIN FUNCTION 

1 +INPUT 1 +INPUT 
2 INPUTNISOCOMMON 2 INPUTN180COMMON 
3 -INPUT 3 -INPUT 
4 INPUT FEEDBACK 18 OUTPUT LO 
5 -VisoOUTPUT 19 OUTPUT HI 
6 + V1so OUTPUT 20 + 15V POWER IN (AD202 ONLY) 

21 CLOCKINPUTIAD204 ONLY) 
31 + 15V POWER IN IAD202 ONLY) 22 CLOCK/POWER COMMON 
32 CLOCK/POWER COMMON 36 + V1soOUTPUT 
33 CLOCK INPUTIAD2040NLY) 37 -Visa OUTPUT 
37 OUTPUT LO 38 INPUT FEEDBACK 
38 OUTPUT HI 

ORDERING GUIDE 

Package Mn: Common- Mn: 
Model Option Mode Voltage (Peak) Linearity 

AD202JY SIP lOOOV ±0;05% 
AD202KY SIP 2000V ±0.025% 
AD202JN DIP lOOOV ±0.05% 
AD202KN DIP 2000V ±0.025% 

AD204JY SIP lOOOV ±0.05% 
AD204KY ·SIP 2000V ±0.025% 
AD204JN DIP lOOOV ±0.05% 
AD204KN DIP 2000V ±0.025% 

OUTLINE DIMENSIONS 
Dimcnsionsshowninim:besand(mm). 

AD202/AD204 .SIPPACKAGE 
0.250 (6.3) TYP 
0.2IO f&.&J MAX 

~I. :;:------ti ~ ij 
-~-Juuuuu m. un U ~.DJ:::::i' 
T 0.20L.._ -.j 1--

-+-f---!--o-.10_(2._S.;..) TY=P ==,----+'f:;;;l.1-"ilr-;-i-,"ll 0.10 {2.5) TYP 

NOTE 
PIN31 ISPRESENTONLYONAD202. 
PIN 331SPRESENTONLYONAD204. 

DIFFERENCES BETWEEN THE AD202 AND AD204 
The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15V de while the AD204 is powered by a non
ilolated ezternally-supplied clock (AD246) which CID drive up 
to 32 AD204s. The main advantages of using theezternally-clocked 
AD204 over the AD202 are mluced cost in multichannel appli~ 
cations, lower. power coosumption, and higher bandwidth. In 

REV.A 

AD202/AD204DIPPACKAGE 

t------ 2.100 153.3) MAX----

0.1012.5) TYP..oj '4--

0.011 (0.41) 
SQUARE 

11 ,·11 r-~~-; ::l 
l~2~I BOTTOM VIEW r1~ 

1-1~: ~~~Jix 
r.~ ..i 1 1.6. 140.61---..i 

NOTE 
PIN 2G IS PRESENT ONLY ON AD202. 
PIN 21 IS PRESENT ONLY ON AD204. 

addition, the AD204 CID supply substantially more isolated 
power than the AD202. 

Of course, in a great many situations, especially where only one 
or a few ilolators are used, the convenience of stand-alone operation 
provided by the Al>202 will be more sigoificant than any of the 
AD204's advantages. There may also be cases where it is desirable 
to accommodate either device interchangeably, so the pinouts of 
the two products have been designed to make that easy l'll do. 
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AD202/AD204 

Figure 1a. AD202 Functional Block Diagram 

AD204 

Figure 1b. AD204 Functional Black Diagram 
(Pin Designations Apply to the DIP-St'ile Package.) 

INSIDE THE .AD:zt2 ANi)' Al:)204 
The AD202 and AD204 use an amplitude modulation technique 
to permit transformer coupling of signals down to de (Figure la 
and lb). Both models also contain ID uncommitted input op 
amp and a power ttansformer which provides isolated power to 
the op amp, the modulator, and anY atemll·lold. The power 
transformer primary is driven by a 25kHz, . .lSV p.p square wave 
which is generated internally in the cue of the AD202, or supplied 
estemally ~ the AD204. ' 

Within the signal swing limits of approzimately ± sv' the OUtpUt 
voltage of the isolator is equal to the outpUt voltage of the op· 
amp; that is, the isolation barrier bas unity gain. The outpUt 

signal is not internally buffered, so the user ii free to intcrcbange 
the WtpUt leads to get signal inversion. Additionally, in multi
c:bannCi applications, the unbuffered outpUts c:an be multiplm:d 
with one buffer following the mux. This technique minjmias 
offset errors while reducing power CQllSUlllption and cost. The· 
outpUt nsistaDce of the isolator is typically 3ldl for the AD204 
(7ldl for AD202) and varies with signal 1cvel and temperature, 
so it ~uld not be loaded (see Figure 2 for the effects of load 
upon DOJi)inearity and gain drift). In many~ a higb"inipedanc:e 
load will .be present or a following circuit such is an outpUt 
filter c:an serve as a buffer, .ao that· a separate buffer function 
will not often be needed. . 

GAIN GAINTC 
NONIJNEAAITY CHANGE CHANGE 

1%1 1%1 (ppm/"CI 
G.2& .--....,--~---..-~---..-------- -10 -lao 

,..._.'-"-.:;:.;;;o;,.;._......1..:..,..._.,..__..i.;;;:.:;:.i=.:::..>::..::..::>O.:..=o 
0 u G.2 u ~ u u v u u. " 

. OUlPUTLoAo-MO 

.. Rgure 2. Eff!lcts of Output Loading 

(Circuit figures shown on this page are for SIP style paclc-
ages. Refer to page 3 for proper DIP paclcage pin-out.) 

11-8 /SOLA TION AMPLIFIERS 

.•. 

REV.A 



USING THE AD202 AND AD204 

Powering the AD202. The AD202 requires only a single + ISV 
power supply connected as shown in Figure 3a. A bypass capacitor 
is provided in the module. 

AD202 

~+15V±5% 
~15VRETURN 

Figure 3a. 

Powering the AD204. The AD204 gets its power from an ex
ternally supplied clock signal (a ISV p-p square wave with a 
nominal frequency of 25kHz) as shown in Figure 3b. 

AD204 AD204 

~tl~---
Figure 3b. 

AD246 

15V 
RETURN 

AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single ISV supply. Alternatively, the circuit shown ill. Figure 4 
(essentially an AD246) can be used. In either case, one clock 
circuit can operate at least 32 AD204s at the rated minimum 
supply voltage of 14.25V and one additional isolator can be 
operated for each 40mV increase in supply voltage up to ISV. A 
supply bypass capacitor is included in the AD246, but if many 
AD204s are operated from a single AD246, an external bypass 
capacitor should be used with a value of at least l µ.F for every 
five isolators used. Place the capacitor as close as possible to the 
clock driver. 

Figure 4. Clock Driver 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to page 3 for proper DIP package pin-out.) 
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AD202/ AD204 
Input Configurations. The AD202 and AD204 have been de
signed to be very easy to use in a ·wide range of applications. 
The basic connection for standard unity gain applications, useful 
for signals up to ± SV, is shown in Figure 5; some of the possible 
variations are described below. When smaller signals must be 

Vs1G 
(±5V) 

AD202 OR AD204 

Figure 5. Basic Unity-Gain Application 

handled, Figure 6 shows how to get gain while preserving a 
very high input resistance. The value of feedback resistor RF 
should be kept above 20kll for best results. Whenever a gain of m 
more than five is taken, a lOOpF capacitor from FB to IN COM 
is required. At lower gains this capacitor is unnecessary, but it 
will not adversely affect performance if used. 

VsrG 

100pF 

Vo= Vs1G x ( 1 + ~) 
R,.,2oko 

AD202 
OR 

AD204 

Figure 6. Input Connections for Gain > 1 

The "noninverting" circuit of Figures 5 and 6 can also be used 
to advantage when a signal inversion is needed: just interchange 
either the input leads or the output leads to get inversion. This 
approach retains the high input resistance of the "noninverting" 
circuit, and at unity gain no gain-setting resistors are needed. 

When the isolator is not powered, a negative input voltage of 
more than about 2v will cause an input current to flow. If the 
signal source can supply more than a few mA under such condi
tions, the 2kfi resistor shown in series with IN+ should be 
used to limit current to a safe value. This is particularly important 
with the AD202, which may not start if a large input current is 
present. 

/SOLA TION AMPLIFIERS 11-9 



AD202/AD204 
Figure 7 shows how to accommodate current inputs or sum 
currents or voltages. This circuit can also be used when the 
input signal is larger than the ± SV input range of the isolator; 
for example, a ± SOV input span can be accommodated with 
RF = 20k and Rs = 200k. Once again, a capacitor from FB to 
IN COM is required for gains above 5. 

V=-(Vs1;;,+Vs2:: +lsRF+ ... ) 

R,>o20kfi 

Figure 7. Connections for Summing or Current Inputs 

Adjuatments •. When gain and zero adjustments are needed, the 
circuit details will depend on whether adjustments are to be 
made at the isolator input or output, and (for input adjustments) 
on the input circuit used. Adjustments are usually best done on 
the input side, because it is better to null the zero ahead of the 
gain, and because gain adjustment is most easily done as part of 
the gain-setting network. Input adjustments are also to be preferred 
when the pots will be near the input end of the isolator (to 
minimize common-mode strays). Adjustments on the output 
side might be used if pots on the input side would represent a 
hazard due to the presence of large common-mode voltages 
during adjustment. 

Figure Sa shows the input-side adjustment connections for use 
with the "noninverting" connection of the input amplifier. The 
zero adjustment circuit injects a small adjustment voltage in 
series with the low side of the signal source. (This will not work 
if the source has another current path to input common or if 
current flows in the signal source LO lead). Since the adjustment 
voltage is injected ahead of the gain, the values shown will work 
for any gain. Keep the resistance in series with input LO below 
a few hundred ohms to avoid CMR degradation. 

(Circuit figures shown on this page are for. SIP style pack
ages. Refer to page 3 for proper DIP package pin-out.) 
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Vs 

AD202 
OR 

AD204 

Figure Ba. Adjustments for Noninverting Connection of 
Op Amp 

Also shown in Figure Sa is the preferred means of adjusting the 
gain-setting network. The circuit shown gives a nominal RF of 
SOkO, and will work properly for gains of ten or greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have to be a larger fraction 
of the total RF at low gain. At G = l (follower) the gain cannot 
be adjusted downward without compromising input resistance; 
it is better to adjust gain at the signal source or after the output. 

Figure Sb shows adjustments for use with inverting input circuits. 
The zero adjustment nulls the voltage at the summing node. 
This method is preferable to current injection because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedback; but in this case it will work all the 
way down to unity gain (and below) without alteration. 

Vs 

Figure Bb. Adjustments for Summing or Current Input 
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Figure 9 shows how zero adjustment is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjustment will have to be increased at higher gains; if that 
is done, be sure to use a suitably stable supply voltage for the 
pot circuit. 

There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjustment must be done on the output 
side, it will have to be in a following circuit such as an output 
buffer or filter. 

Figure 9. Output-Side Zero Adjustment 

Common-Mode Performance. Figures IOa and !Ob show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that the path from the 
source of the common-mode signal to IN COM. The AD202 
and AD204 also perform well in applications requiring rejection 
of fast common-mode steps, as described in the Applications 
section. 

-·-G=100 
160 1-'::...0l..---++--+--+----1 - G = 1 

140 1-'-l---++--+-""-O: 

t 12ol---1f"'o."2!---i.l:::---l--+---+--+'"-.k,--I 
m .., 

I 

~1001-.::=!!,...,, .. -++---+--=:)lo...,:~+f,-+---l----I 
CJ 

SO 60 100 200 SOD 1k 2k Sk 

FREQUENCY - Hz -

Figure 10a. AD204 

(Circuit figures shown on this page are for SIP style pack
ages. Refer to page 3 for proper DIP package pin-out.) 

REV.A 

AD202/A0204 

G=100 
G=1 

t 120 ..... ;;:--t--"' .... ±--+---+---+--"'lf....~.__--I 
m .., 

I 

~ 100 

40'-~'--~-'-'~.._~ .... ~...i..~._~.._~_, 
10 20 so 60 100 200 SOD 1k 2k Sk 

FREQUENCY - Hz -

Figure 10b. AD202 

APPLICATION EXAMPLE 
Process Current Input with Offset. Figure 11 shows an isolator 
receiver which translates a 4-20mA process current signal into a 
0 to + IOV output. A IV to 5V signal appears at the isolator's 
output, and a - IV reference applied to output LO provides the 
necessary level shift (in multichannel applications, the reference 
can be shared by all channels). This technique is often useful 
for getting offset with a follower-type output buffer. 

The circuit as shown requires a source compliance of at least 
5V, but if necessary that can be reduced by using a lower value 
of current-sampling resistor and configuring the input amplifier 
for a small gain. 

+ 

-1VTO 

A~~~~~l ---+-Ml,_ ... 

23711 

-15V 

Figure 11. Process Current Input Isolator with Offset 
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~ANALOG 
WDEVICES 

FEATURES 
High CMV Isolation: 2500V RMS Continuous 

± 3500V Peak Continuous 
Small Size: 1.00"x2.10"x0.350" 
Three-Port Isolation: Input, Output, and Power 
Low Nonlinearity: ±0.012% max 
Wide Bandwidth: 20kHz Full-Power l-3dB) 
Low Gain Drift: ±25ppm/°C max 
High CMR: 120dB IG=100VNI 
Isolated Power: ± 15V@ ±5mA 
Uncommitted Input Amplifier . 

APPLICATIONS 
Multichannel Data Acquisition 
High Voltage Instrumentation Amplifier 
Current Shunt Measurements 
Process Signal Isolation 

GENERAL DESCRIPTION 
The AD210 is the latest member of a new generation of low 
cost, high performance isolation amplifiers. This three-port, 
wide bandwidth isolation amplifier is manufactured .with surface
mounted components in an automated assem.bly process. The 
AD2 l0 combines design expertise with state-of-the-art manufac
turing technology to produce an extremely compact and economical 
isolator whose performance and abundant user features far exceed 
those offered in more expensive devices. 

The ADZ l 0 provides a complete isolation function with both 
signal and power isolation supplied via transformer coupling 
internal to the module. The AD2lO's functionally complete 
design, powered by a single + l SV supply, eliminates the need 
for an external DC/DC converter, unlike optically coupled isolation 
devices. The true three-port design structure permits the AD210 
to be applied as an input or output isolator, in single or multi· 
channel applications. The AD210 will maintain its high per
formance under sustained common-mode stress. 

Providing high accuracy and complete galvanic isolation, the 
AD2 l0 interrupts ground loops and leakage paths, and rejects 
common-mode voltage and noise that may otherwise degrade 
measurement accuracy. In addition, the AD2l0 provides protec
tion from fault conditions that may cause damage to other sections 
of a measurement system. 

PRODUCT HIGHLIGHTS 
The AD2l0 is a full-featured isolator providing numerous user 
benefits including: 

High Common-Mode Performance: The AD2l0 provides 2500V 
rms (Continuous) and ± 3500V peak (Continuous) common-mode 
voltage isolation between any two ports. Low input to output 

*Covered by U.S. Patent No. 4,703,283. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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-IN 

+IN 

Precision, Wide Bandwidth, 
3-Port Isolation Amplifier 

AD210* I 
FUNCTIONAL BLOCK DIAGRAM 

AD210 

PWR PWRCOM 

capacitance of SpF results in a l20dB CMR at a .gain of 100, 
and a low leakage current (2µA rms max @ 240V rms, 60Hz). 

High Accuracy: With maximum nonlinearity of ±0.012% 
(B Grade), gain drift of :!: 2Sppm/°C max, and input offset drift 
of(:!: 10± 30/G) µ Vi°C, the AD210 assures signal integrity while 
providing high level isolation. 

Wide Bandwidth: The AD210's full-power bandwidth of 20kHz 
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result 
in instability. 

Small Size: The AD210 provides a complete isolation function 
in a small DIP package just l.00" x 2.10" x 0.350". The low 
profile DIP package allows application in 0.5'' card racks and 
assemblies. The pinout is optimized to facilitate board layout 
while maintaining isolation spacing between ports. 

Three-Port Design: The AD2 lO's three-port design structure 
allows each port (Input, Output, and Power) to remain indepen
dent. This three-port design irermits the AD2 l0 to be used as 
an input or output isolator. It also provides additional system 
protection should a fault occur in the power source, 

Isolated Power: :!: lSV @ SmA is available at the input and 
output sections of the isolator. This feature permits the AD210 
to excite floating signal conditioners, front-end amplifiers and 
remote transducers at the input as well as other circuitry at the 
output. 

Flexible Input: An uncommitted operational amplifier is provided 
at the input. This amplifier provides buffering and gain as required, 
and facilitates many alternative input functions as required by 
the user. 
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SPECIFICATIONS (typical@ +25°C, & Vs= +15 V unless otherwise noted) AD210 
Model AD210AN 

GAIN 
Range 1V/V-100V/V 
Error ±2%max 
vs. Tempcrature(Oto +70"C) ±2SpprrifCmax 

(-25"Cto +8S 0 C) ±50ppmrCmax 
vs. Supply Voltage ±0.002%N 
Nonlinearity1 ±0.025%max 
Nonlinearity vs. Isolated Supply Load ± 0.002%/mA 

INPUT VOLT AGE RA TINGS 
Linear DiffercntiaJ Range ± IOV 
Maximum Safe Differential Input ± 15V 
Max. CMV Input-to-Output 

ac, 60Hz, Continuous 
dc,Continuous 

Common-Mode Rejection 
60Hz,G= IOOV/V 
Rs:SSOOU Impedance Imbalance 

Leakage Current Input-to-Output 
(d 240Vnns, 60Hz 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT BIAS CURRENT 

2500Vrms 
±3500Vpeak 

120dB 

2µAnnsmax 

lnitial,(il +25°C 30pAtyp(400pAmax) 
vs. Temperature(Oto +70°C) IOnAmax 

( - 25°C to + 8S°C) 30nA max 

INPUT DIFFERENCE CURRENT 
Initial, (a + 2s0c 
vs. Temperature(Oto + 70°C) 

INPUT NOISE 
Voltage(lkHz) 

( - 25°C to + 85°C) 

(IOHzto IOkHz) 
Current(lkHz) 

FREQUENCY RESPONSE 
Bandwidth ( - 3d8) 

G=IV/V 
G=lOOV/V 

Settling Time(± 10mV,20V Step) 
G=IVN 
G=IOOVN 

SlewRate(G= lV/V) 

OFFSET VOLT AGE (RTIJ' 
Initial,@ +2S"C 
vs. Temperature CO to+ 7D°C) 

( - 25°C co + 85°C) 

RATEDOUTPUT3 

Voltage,2.k!l Load 
Impedance 
Ripple, (Bandwidth= IOOkHz) 

ISOLA TED POWER OUTPUTS' 
Voltage, No Load 
Accuracy 
Current 
Regulation, No LQad to Full Load 
Ripple 

POWER SUPPLY 
Voltage, Rated Perfonnance 
Voltage, Operating 
Current, Quiescent 
Current, Full Load- Full Si~al 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

PACKAGE DIMENSIONS 
Inches 
Millimeters 

NOTES 
*Specifications same as AD210AN. 

5pA typ (200pA max) 
2nAmax 
lOnAmax 

18nVtvHz 
4µVnns 
O.OlpAtvHz 

20kHz 
15kHz 

ISOµs 
500µs 
IV/µs 

(± 15 ±45/G)mVmax 
(±IO ±30/G)µV/°C 
(+10±50/G)µVl"C 

± IOVmin 
IOmax 
IOmVp-pmax 

±15V 
± 10'% 
±SmA 
Sec Text 
See Text 

+ 15Vdc ±5% 
+15Vdc±IO% 
SOmA 
80mA 

-25°Cto +8S"C 
-40"Cto +85°C 
-40°Cto +ss0c 

1.00 x 2.10 x 0.350 
25.4 x 53 .. 3 x 8.9 

AD210BN 

± 1%max 

±0.012%max 

(±5±15/G)mVmax 

1Nonlinearity is specified as a% deviation from a best straight line. 
2RTI - Referred to Input 

AD210JN 

ISOOVnns 
± 2000Vpcak 

3 A reduced signal swing is recommended when both ± V rss and ±Voss supplies are 
fully loaded, due to supply voltage reduction. 

4See text for detailed information. 

Specifications subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

,_ _____ 2.10 (53.3) MAX-----;., 

l ~-:r.. 
L SIDE VIEW (8.91) MAX 

O.OlTYP __t 
10.•1 .-- n n n n n'll~-.,,,n n.--- •. ,.61 .... , 

'I' LI LI LI LI LI LI LI LI -.- 0.146(3.11) 

-··H-4--- 0.018 (0.46) SQUARE 

tt-i-l--t-++-t-t-r+-<>-J.-0-t..L-t-l.-t--t--c--T-t-t-1 1 r tt--Ht-+-+-r-t-J:±± 29 ,. l.,...,-1.r-t--+-+-r-t--t"-H 

OBOO tt- · t- ::~0~ )25~r~AX 
f2l0.3) iii±±± l 

19 18 17 16 15 ~ +--t_j.-_j.+-_j.-t--±t-:l:-H±c--r-r 4 l 2 ' 

1-4--- 0.150 (3.81) --1 I-- 0.100 )2.54) TYP 

AC1059 Mating Socket 

~~ ... -------- 2.10(53.31---------1·~1 
0.30 
17.5) 14 1.50'(37.5) • 1 0 020 

!T.---J -~1 oo+ 100 or.-- 0100DIA,cts:o 
0 

T 
(251 (201 0 180DIA, TVP j t-@-2PLA_CES-~-@ 

)1 0 0 0 0 0 0 0 0 0 0 

I_; f--0100)25) J I~ l~,1 ~:· 
~ ~0.15 (3.75) ~ 0.300 ~ 

(7.5) 

AD210 Pin Designations 

PIN DESIGNATION FUNCTION 
1 Vo Output 
2 OcoM Output Common 
3 +Voss +Isolated Power@ Output 
4 -Voss - Isolated Power@ Output 

14 +V1ss +Isolated Power@ Input 
15 -V1ss - Isolated Power@ Input 
16 FB Input Feedback 
17 -IN -Input 
18 lcoM Input Common 
19 +IN +Input 
29 PwrCom Power Common 
30 Pwr Power Input 

WARNING! eJ 
~SENSITIVE DEVICE 

CAUTION 
ESD (electrostatic discharge) sensitive device. Per
manent damage may occur on unconnected devices 
subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam 
or shunts. The protective foam should be dis
charged to the destination socket before devices are 
removed. 
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AD210 
INSIDE THE AD210 
The AD210 basic bfock diagram is illustrated in Figure 1. A 
+ lSV supply is conneeted to the power port, and ± lSV isolated 
power is supplied to both the input and output ports via a SOkHz 
carrier frequency. The uncommitted input amplifier can be used 
to supply gain or buffering ofinput signals to the AD210. The 
fullwave modulator translates the signal to the carrier frequency 
for application to transformer Tl. The synchronous demodulator 
in the output port reconstructs the input signal. A 20kHz, three
pole filter is employed to minimize output noise and ripple. 
Finally, an output buffer provides a low impedance output 
capable of driving .a 2ldl load. 

PWR PWA COM 

Figure 1. AD210 Block Diagram 

USING THE AD210 
The AD210 is very simple to apply in a wide range of applications. 
Powered by a single + lSV power supply, the AD210 will provide 
outstanding performance when used as an input or output isolator, 
in single and multichannel configurations. 

Input Configurations: The basic unity gain configuration for 
signals up to ± lOV is shown in Figure 2. Additional input 
amplifier variations are shown in the following figures. Fo~ 
smaller signal levels Figure 3 shows how to obtain gain while 
maintaining a very high input impedance. 

Vs1G 
±10V 

+15V 

Figure 2. Basic Unity Gain Configwation 

The high input impedance of the circuits in Figures 2 and 3 can 
be maintained in an inverting application. Since the AD210 is a 
three-port isolator, either the input leads or the output leads 
may be interchanged to create the signal inversion. 
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Figure 3. Input Configuration for G> 1 

Figure 4 shows how to accommodate current inputs or sum 
currents or voltages. This circuit configuration can also be used 
for signals greater than ± lOV. For example, a ± lOOV input 
span can be handled with RF= 20k0 and Rs1 = 200k0. 

( Vs1 Vsz ) Vour = -RF -R + -. + Is + .. 
s1 S2 · 

Figure 4. Summing or Current Input Configuration 

Adjustments 
When gain and offset adjustments are required, the actual circuit 
adjustment components will depend on the choice of input 
configuration and whether the adjustments are to be made at 
the isolator's input or output. Adjustments on the output side 
might be used when potentiometers on the input side would 
represent a hazard due to .the presence of high common-mode 
voltage during adjustment. Offset adjustments are best done at 
the input side, as it is better to null the offset ahead of the gain. 

Figure 5 shows the input adjustment circuit for use when the 
input amplifier is configured in the noninverting mode. This 
offset adjustment circuit injects a small voltage in series with the 

GAIN 

.VouT 

+15V 

Figure 5. Adjustments for Noninverting Input 
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low side of the signal source. This will not work if the source 
has another current path to input common or if current flows in 
the signal source LO lead. To minimize CMR degradation, keep 
the resistor in series with the input LO below a few hundred 
ohms. 

Figure 5 also shows the preferred gain adjustment circuit. The 
circuit shows RF of SOk!l, and will work for gains of ten or 
greater. The adjustment becomes less effective at lower gains 
(its effect is halved at G = 2) so that the pot will have to be a 
larger fraction of the total RF at low gain. At G = 1 (follower) 
the gain cannot be adjusted downward without compromising 
input impedance; it is better to adjust gain at the signal source 
or after the output. 

Figure 6 shows the input adjustment circuit for use when the 
input amplifier is configured in the inverting mode. The offset 
adjustment nulls the voltage at the summing node. This is pref
erable to current injection because it is less affected by subsequent 
gain adjustment. Gain adjustment is made in the feedback and 
will work for gains from 1 to IOOVN. 

GAIN 

VouT 

Figure 6. Adjustments for Inverting Input 

Figure 7 shows how offset adjustments can be made at the 
output, by offsetting the floating output pon. In this circuit, 
± ISV would be supplied by a separate source. The AD210's 
output amplifier is fixed at unity, therefore, output gain must 
be made in a subsequent stage. 

Figure 7. Output-Side .Offset Adjustment 
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AD210 
PERFORMANCE CHARACTERISTICS 
Common-Mode Rejection: Figure 9 shows the common-mode 
rejection of the AD210 versus frequency, gain and input source 
resistance. For maximum common-mode rejection of unwanted 
signals, keep the input source resistance lo~ and carefully lay 
out the input, avoiding excessive stray capacitance at the input 
terminals. 
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Figure 9. Common-Mode Rejection vs. Frequency 

Phase Shift: Figure 10 illustrates the ADZ I O's low phase shift 
and gain versus frequency. The AD210's phase shift and wide 
bandwidth performance make it well suited for applications like 
power monitors and controls systems. 
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Figure 10. Phase Shift and Gain vs. Frequency 
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AD210 
Isolated Power: The AD210 provides isolated power at the 
input and output pons. This power is useful for various signal 
conditioning tasks. Both pons are rated at a nominal :!: 15V 
at SmA. 

The load characteristics of the isolated power supplies are shown 
in Figure 15. For example, when measuring the load rejection 
of the input isolated supplies V 1ss, the load is placed between 
+ V1ss and - V1ss· The curves labeled V1ss and Voss are the 
individual load rejection characteristics of the input and the 
output supplies, respectively. 

There is also some effect on either isolated supply when loading 
the other supply. The curve labeled CROSSLOAD indicates the 
sensitivity of either the input or output supplies as a function of 
the load on the opposite supply. 

Voss 

Voss SIMULTANEOUS 

v,.. I 
V1ss SIMULTANEOUS 

5 10 
CURRENT- mA 

Figure 15. Isolated Power Supplies vs. Load 

Lastly, the curves labeled Voss simultaneous and V 1ss simul
taneous indicate the load characteristics of the isolated power 
supplies when an equal load is placed on both supplies. 

The AD210 provides shon circuit protection for its isolated 
power supplies. When either the input supplies or the output 
supplies are shoned to input common or output common, re
spectively, no damage will be incurred, even under continuous 
application of the shon. However, the AD210 may be damaged 
if the input and output supplies are shoned simultaneously. 

~ 
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Figure 168. Isolated Supply Ripple vs. Load 
{External 4.7µ,F Bypass) 
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Under any circumstances, care should be taken to ensure that 
the power supplies do not accidentally become shoned. 

The isolated power supplies exhibit some ripple which varies as 
a function of load. Figure 16a shows this relationship. The 
AD210 has internal bypass capacitance to reduce the ripple to a 
point where performance is not affected, even under full load. 
Since the internal circuitry is more sensitive to noise on the 
negative supplies, these supplies have been filtered more heavily. 
Should a specific application require more bypassing on the 
isolated power supplies, there is no problem with adding external 
capacitors. Figure 16b depicts supply ripple as a function of 
external bypass capacitance under full load. 

' l"'-i 10mV t---+--+-+++--i-+-t-H~-~JS.--+-t-H-+--+-++i 
iiC ::s"' f 

~=~~:.) 

1mV ....._...___,,_,_ ....... __._....__ ....... _....___._..._....__.__........, ....... 

0.1p.F 1µF 10p.F 

CAPACITANCE 
100µ.F 

Figure 16b. Isolated Power Supply Ripplevs. Bypass 
Capacitance (Volts p-p, 1MHz Bandwidth, 5mA Load) 

Isolated V-to-1 Converter 
Illustrated in Figure 19, the AD210 is used to conven a 0 to 
+ IOV input signal to an isolated 4-20mA output current. The 
AD210 isolates the 0 to + lOV input signal and provides a prop
onional voltage at the isolator's output. The output circuit 
converts the input voltage to a 4-20mA output current, which in 
turn is applied to the loop load Rw.w· 

+15V 

+28V 
CURRENT 

LOOP 

57611 

1000 

CURRENT 
LOOP 

Figure 19. Isolated Voltage-to-Current Loop Converter 

REV.A 



CHANNEL 1 

CHANNEL 2 

CHANNEL 3 

CHANNEL4 

I ;.'f'-+""-1ov ___ ~ 

A1; A2. = AD547 

AD7502 

CHANNEL 
SELECT 

-----4 COM DC POWER 
SOURCE 

+15V 

AD210 

TO 
AID 

Figure 22. Multichannel Data Acquisition Front End 

MULTICHANNEL DATA ACQUISmON FRONT-END 
Illustrated in Figure 22 is a four-channel data acquisition front -end 
used to condition and isolate several common input signals 
found in various process applications. In this application, each 
AD210 will provide complete isolation from input to output as 
well as channel to channel. By using an isolator per channel, 
maximum protection and rejection of unwanted signals is obtained. 
The three-port design allows the AD210 to be configured as an 
input or output isolator. In this application the isolators are 
configured as input devices with the power port providing addi
tional protection from possible power source faults. 

Channel 1: The AD210 is used to convert a 4-20mA current 
loop input signal into a 0-lOV input. The 250 shunt resistor 
converts the 4-20mA current into a + 100 to + 500mV signal. 
The signal is offset by - lOOm V via Ro to produce a 0 to + 400m V 
input. This signal is amplified by a gain of 25 to produce the 
desired 0 to + IOV output. With an open circuit, the AD210 
will show -2.5V at the output. 

Channel 2: In this channel, the AD210 is used to condition and 
isolate a current output temperature transducer, Model AD590. 
At + 25"C, the AD590 produces a nominal current of 298.2µ.A. 
This level of current will change at a rate of lµ.A/°C. At -17.8"C 
(O"F), The AD590 current will be reduced by 42.8µ.A to 
+255.4µ.A. The AD580 reference circuit provides an equal but 

REV.A 

opposite current, resulting in a zero net current flow, producing 
a OV output from the AD210. At + IOO"C ( +212°F), the AD590 
current output will be 373.2µ.A iqinus the 255.4µ.A offsetting 
current from the AD580 circuit to yield a + 117.8µA input 
current. This current is converted to a voltage via RF and Ra to 
produce an output of + 2.12V. Channel 2 will produce an output 
of+ IOmVl°F over a 0 to +212°F span. 

Channel 3: Channel 3 is a low level input channel configured 
with a high gain amplifier used to condition millivolt signals. 
With the AD210's input set to unity and the input amplifier set 
for a gain of WOO, a ± lOmV input will produce a ± lOV at the 
AD210's output. 

Channel 4: Channel 4 illustrates one possible configuration for 
conditioning a bridge circuit. The AD584 produces a + lOV 
excitation voltage, while Al inverts the voltage, producing negative 
excitation. A2 provides a gain of lOOOVN to amplify the low 
level bridge signal. Additional gain can be obtained by reconfig
uration of the AD210's input amplifier. ± V1ss provides the 
complete power for this circuit, eliminating the need for a separate 
isolated excitation source. 

Each channel is individually addressed by the multiplexer's 
channel select. Additional filtering or signal conditioning should 
follow the multiplexer, prior to an analog-to-digital conversion 
stage. 
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~ Selection Tree - Comparators 

~ I COMPARATORS 
~ 
Cl 
i}l 

DUAL SUPPLY 

Single 

(45 ns, Prop Delay, ±13 V CMV) 
AD790 

~ Dual 

(3.5 ns, ECL) 
AD96685 AD96687 

(4.5 ns, TTL) 
AD9696 AD9698 

SINGLE SUPPLY 

Single Quad 

(45 ns, Prop Delay, ±13 V CMV) 
AD790 

j Single r----1 

(4.5 ns) 
AD9696 

Dual 

AD9698 

(300 ns) 
CMP04 



8 s: 
~ 
~ 
Cl 
Vl 

~ 
(<) 

Selection Guide-Comparators 

Prop 
Delay Vos 
ns Dispersion mV Package Temp 

Model max ps Logic max Options' Ranges2 Comments Page3 

ADl317 2.5 250 ECL IO z I, M/0 Dedicated Window Comparator with Wide CM Range SL 6--15 
AD96685 3.5 so ECL 2 E, H, P, Q, R J,MJD Ultrafast 12-13 
AD96687 3.5 50 ECL 2 E,P,Q,R I, Ml Dual AD96685 12-13 
AD9696 7.0 100 TTL 2 H,N,Q,R,Z C,M/ Single Comparator 12-9 
AD9698 7.0 100 TTL 2 H,Q,R,Z C,M/ Dual Comparator 12-9 
AD790 45 - TTL 0.25-1 N,Q,R C, I, M/0 Fast, Precise Single or Dual Supply 12-5 
CMP05 55 - TTL 0.6 H,N,Q,R I, Ml High Speed Precision Comparator A 3-51 
CMPOl 180 TTL 0.8 H,N,Q C,Mlo Fast Precision Comparator A 3-27 
CMP02 270 TTL 0.8 H,N,Q C,M Low Input Current Precision Comparator A 3-35 
CMP04 300 typ - TTL 1.0 N,Q,R I, M/0 Quad Low Power Precision Comparator 12-16 
PM139 1300 - TTL 2 D,E,N I, MloJ Low Power, Single or Dual Supply A 3--<i5 
PM239 1300 TTL 2 D,E,N I,M Low Power, Single or Dual Supply A 3--<i5 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J·Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 
3 A = Amplifier Reference Manual; SL = Special Linear Reference Manual. All other entries refer to this volume. 

Boldface Type: Data sheet information in this volume. 
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~ANALOG 
L.lllDEVICES· 

FEATURES 
46 ns max Propagation Delay 
Single +5 V or Dual ±15 V Supply Operation 
CMOS or TTL Compatible Output 
250 ,,.v max Input Offset Voltage 
500 ,,.v max Input Hysteresis Voltage 
15 V max Differential Input Voltage 
On-Board Latch 
60-mw Power Dissipation 
Available in 8-Pin Plastic and Hermetic Cerdip 

Packages 
MIL-STD-8838 Processing Available 

Available in Tape and Reel in Accordance with 
EIA-481A Standard 

APPLICATIONS 
Zero-Crossing Detectors 
Overvoltage Detectors 
Pulse-Width Modulators 
Precision Rectifiers 
Discrete A/D Converters 
Delta-Sigma Modulator A/Os 

PRODUCT DESCRIPTION 
The AD790 is a fast ( 45 ns), precise voltage comparator, with a 
number of features that make it exceptionally versatile and easy 
to use. The AD790 may operate from either a single +5 V sup
ply or a dual ±15 V supply. In the single-supply mode, the 
AD790's inputs may be referred to ground, a feature not found 
in other comparators. In the dual-supply mode it has the unique 
ability of handling a maximum differential voltage of 15 V across 
its input terminals, easing their interfacing to large amplitude 
and dynamic signals. 

This device is fabricated using Analog Devices' Complementary 
Bipolar (CB) process - which gives the AD790's combination of 
fast response time and outstanding input voltage resolution 
(1 mV max). To preserve its speed and accuracy; the AD790 
incorporates a "low glitch" output stage that does not exhibit 
the large current spikes normally found in TTL or CMOS out
put stages. Its controlled switching reduces power supply distur
bances that can feed back to the input and cause undesired 
oscillations. The AD790 also has a latching function which 
makes it suitable for applications re<1uiiing synchronous 
operation. 

The AD790 is available in five performance grades. The 
AD790J and the AD790K are rated over the commercial 
temperature range of 0 to +70°C. The AD790A and AD790B 
are rated over the industrial temperature range of -40°C to 
+85°C. The AD790S is rated over the military temperature 
range of -55°C to + 125°C and is available processed to MIL
STD-883B, Rev. C. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Fast, Precision 
Comparator 

AD790 I 
CONNECTION DIAGRAMS 

8-Pin Plastic Mini-DIP (N) 
and Cerdip (Q) Packages 

8-Pin SOIC (R) Package 

PRODUCT HIGHLIGHTS 
1. The AD790's combination of speed, precision, versatility and 

low cost makes it suitable as a general purpose comparator. in 
analog signal processing and data acquisition systems. 

2. Built-in hysteresis and a low-glitch output stage minimize the 
chance of unwanted oscillations, making the AD790 easier to 
use than standard open"loop comparators. 

3. The hysteresis combined with a wide input voltage range 
enables the AD790 to respond to both slow, low level (e.g., 
10 mV) signals and fast, large amplitude (e.g., 10 V) signals. 

4. A wide variety of supply voltages are acceptable for operation 
oftheAD790, ranging from single +5 V to dual +5 VI -12 V, 
±5 V, or +5 V/±15 V supplies. · 

5. The AD790's power dissipation is the lowest of any compara-
tor in its speed range. · 

6. The AD790's 01,1tput swing is symmetric between V LOGIC 

and ground, thus providing a predictable output under a 
wide range of input and output conditions. 
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AD790 ~SPECIFICATIONS 
DUAL SUPPLY (Operation@ +25°C and +Vs= +15 V, -Vs= -15 V, VLOaic = +5 V unles$litherwise noted) .. 

A0790J/A AD790K/B AD790S 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max 

RESPONSE CHARACTERISTIC 100 mV Step 
Propagation Delay; tpn 5 mV Overdrive 40 45 40 45 40 45 

T.,.0 to Tmax 45/50 45/50 60 

OUTPUT CHARACTERISTICS 
Output HIGH Voltage, VoH 1.6 mA Source 4.65 MS 4.65 

6.4 mA Source 4.3 4.45 4.3 4.45 4.3 ,·, 4.45 
T.u. to T .... 4.3/4.3 4.3 4.3 

Output LOW Voltage, VoL 1.6 mA Sink 0.35 0.35 ,' 0,35 
6.4mASink 0.44 0.5 -0.44 0.5 '0.44 ' 0.5 
T.u. to T .... 0.5/0.5 0.5 0.5 

INPUT CHARACTERISTICS 
Offset Voltage' . · 0.2 1.0 0.05 0.25 ··0.2 1.0 

T.u. toT'"'"' 1.5 0.5 1.5 
Hysteresis2 T.u. to T .... 0.3 0.4 0.6 0.3 0.4 9.5 ,· 0.3 0.4 0.65 
Bias Current Either Input 2.5 5 ,1.8 3.5 2.5 5 

T.u. to T .... 6.5 4.5 7 
Offset Current 0.04 0.25 0.02 D.15 0.04 0.25 

'T.u. to T .... 0.3 0.2 0.4 
Power Supply ' 

Rejection Ratio de V8 ±20% 80 90 88 100 80 90 

Input Voltage Range 
T.u. to T~ 76 88 85 93 76 ~5 

Differential Voltage V5:;al5 V ±Vs ±Vs ±Vs 
Common Mode -v. +v.-2 v -v. +Vs-2V -v. +v.~2 v 

Common Mode 
Rejection Ratio -lOV<VCM 80 95 88 105 80 95 

<+lOV 
T.u. to T .... 76 90 85 '100, 76 88 

Input impedance 20112 20112 20112 

LATCH CHARACTERISTICS ,• 

Latch Hold Time, tH 25 35 25 35 25 35 
Latch Setup Time, ts 5 10 5 10 5 10 
LOW Input LCvel,VIL T.,.;toT"""' 0.8 11·8 0.8 
HIGH Input Level, VIH T .,.,; to T max 1.6 1.6 1.6 
Latch Input Current 2.3 5 2.3 3.5 2.3 5 

T.u. to T.,... 7 5 8 

SUPPLY CHARACTERISTICS 
Diff' Supply Voltage3 VLOGIC :'° 5 Y 

T.u. to'.!'.,'.. 4.5 33 4.5 33 4.7 33 
Logic Supply T.u. to T...,; "4.0 7 4.0 7 4.2 7 
Quiescent Current 

+Vs +Vs= 15 V 8 10 8 ' 10 8 10 
-v. -V8 =-15V 4 5 4 5 .4 5 
VLOGIC VLOGIC = 5 v 2 3.3 2 3.3 2 3.3 

Power Dissipation 242 242 ' 242 

TEMPERATURE RANGE 
Rated Performance T.u. to T,;,.,. 0 to +10/-40 to +85 0 to +101~40 to .+85 ,..55 to +125 

NOTES 
'Defined as the average of the input voltages at the low to high and high to low ttansition points. Refer to Figure 14. 
2Defined as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to J;'igure 14. 
3+V8 must be no lower than (VLOmc -0.5 V) in any supply operating conditions, except during·powc;r·up. 
All min and max specifications are guaranteed. Specifications shown in boldface are tested .on all production .units at final test: 

Specifications subject to change without notice. 
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AD790 
SINGLE SUPPLY (Operation@ +25°C and +Vs= VLOaic = +5 V, -Vs= 0 unless otherwise noted)1 

AD790J/A AD790K/B AD790S 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max 

RESPONSE CHARACTERISTIC 100 mV Step 
Propagation Delay, tpn 5 m V Overdrive 45 50 45 50 45 50 

Tmin to Tmax 50/60 50/60 65 

OUTPUT CHARACTERISTICS 
Output HIGH Voltage, VoH 1.6 mA Source 4.65 4.65 4.65 

6.4 mA Source 4.3 4.45 4.3 4.45 4.3 4.45 
Tmin to Tmax 4.3 4.3 4.3 

Output LOW Voltage, V 0L 1.6 mA Sink 0.35 0.35 0.35 
6.4 mA Sink 0.44 0.5 0.44 0.5 0.44 0.5 
Tmin to Tmax 0.5 0.5 0.5 

INPUT CHARACTERISTICS 
Offset Voltage2 0.45 1.5 0.35 0.6 0.45 1.5 

Tmin to Tmax 2.0 0.85 2.0 
Hysteresis3 Tmin to Tmax 0.3 0.5 0.75 0.3 0.5 0.65 0.3 0:1 1.0 
Bias Current Either Input 2.7 5 2.0 3.5 2.7 5 

Tmin to Tmax 7 5 8 
Offset Current 0.04 0.25 0.02 0.15 0.04 0.25 

Tmin to Tmax 0.3 0.2 0.4 
Power Supply 

Rejection Ratio de 4.5 V:5Vs:55.5 V 80 90 86 100 80 90 
Tmin to Tmax 76176 88 82 93 76 85 

Input Voltage Range 
Differential Voltage ±Vs ±Vs ±Vs 
Common Mode 0 +Vs-2 v 0 +vs-2v 0 +vs-2 v 

Input Impedance 20112 20112 20!12 

LATCH CHARACTERISTICS 
Latch Hold Time, tH 25 35 25 35 25 35 
Latch Setup Time, ts 5 10 5 10 5 10 
LOW Input Level,V1L Tmin to Tmax 0.8 0.8 0.8 
HIGH Input Level, v,H ·Tmin to Tmax 1.6 1.6 1.6 
Latch Input Current 2.3 5 2.3 3.5 2.3 5 

Tmin to Tmax 7 5 8 

SUPPLY CHARACTERISTICS 
Supply Voltage4 Tmin to Tmax 4.5 7 4.5 7 4.7 7 
Quiescent Current 10 12 10 12 10 12 
Power Dissipation 60 60 60 

TEMPERATURE RANGE 
Rated Performance Tmin to T""" 0 to +70/-40 to +85 0 to +70/-40 to +85 -55 to +125 

NOTES 
1Pin 1 tied to Pin 8, and Pin 4 tied to Pin 6. 
'Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14. 
'Defined as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to Figure 14. 
4-V s must not be connected above ground. 
Specifications subject to change without notice. 
All min and max specifications are guaranteed. Specifications sbi>wn in boldface are tested on all production units at final test. 
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AD790 
ABSOLUTE MAXIMUM RATINGS1• 2 

Supply Voltage ............ .' .......... , ... ± 18 V 
Internal Power Dissipation2 •• , •••••• , •••••••• 500 mW 
Differential Input Voltage .......... : ........ ±16.5 V 
Output Short Circuit Duration ........... : .. ; Indefinite 
Storage Temperature Range ·· · 

(N, R) ........................ -65°c to + 125"C 
(Q) ......•. ·, .................. -65°C to + 150°c 

Lead Temperature Range (Soldering 60 sec) ....... +300°C 
Logic Supply Voltage ......................... 7 V 

METALIZATION PHOTOGRAPH 
Contact factory for latest dimensions. 

Dimensions shown in inches and (mm). 
Call factory for chip specifications. 

+IN 

~IN 

Figure 1. Basic Dual Supply 
Configuration (N, Q Package Pinout) 

PULSE 
GENERATOR 

-SV 

NOTES 
1Str~ aix;ve those listed under "Absohite Maximum Ratiiigs''.'may eause 
permanent <ianlage to the device ... This is a stress rating only and functionalop
eratiq11 of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure . ,to 
iib.Olute maximum rating conditioos .for extended periods. may affect <,levice 
reliability. 

'Thermal characteristics: plastic N-8 package: 91A = 90'C/watt;· ceramic Q-8 
package: 91A = llO'Clwatt, 91c = 30'C/watt. 
SOIC (R-8) package: 91A = 160'C/watt; 91c = 42'Clwatt. 

ORDERING GUIDE 

"remperature Pack;ige 
Model Range Description 

AD790JN 0°Cto +70°c Plastic Dll' 
AD790JR o•c to + 70"C SOIC 
AD790JR-REEL o•c to + 70"C Reel 
AD790KN 0°c to +1ooe Plastic DIP 
AD790AQ -40°C to +85°C Cerdip 
AD790BQ -40°C to +85°c Cerdip 
AP,790SQ -55°c to + 125°c Cerdip 
AD790SQ/883B -55°C to + 125°c Cerdip 
AD790S Chips -55°C to +125°c Die 

*For outline.information see. Package Information section. 

MPS 
571 

+IN 

-IN 

Figure 2. Basic Single Supply · 
Configuration (N, Q Package.,Pin~ut) 

-15V 

10k!l -sv 

TEK 
7904 
SCOPE 

-SmV VOLT,AGE 
SOURCE 

1on 

Package 
Option* 

N-8 
R-8 

N-8 
qc8 
Q-8 
Q-8 
Q-8 

Figure 3. Response Time Test Circuit (N,. Q Package Pinout) 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
4.5 ns Propagation Delay 
200 ps Maximum Propagation Delay Dispersion 
Single +5 V or ±5 V Supply Operation 
Complementary Matched TTL Outputs 

APPLICATIONS 
High Speed Line Receivers 
Peak Detectors 
Window Comparators 
High Speed Triggers 
Ultrafast Pulse Width Discriminators . 

GENERAL DESCRIPTION 
The AD9696 and AD9698 are ultrafast TTL-compatible voltage 
comparators able to achieve propagation delays previously possi
ble only in high performance ECL devices. The AD9696 is a 
single comparator providing 4.5 ns propagation delay, 200 ps 
maximum delay dispersion and 1. 7 ns setup time. The AD9698 
is a dual comparator with equally high performance; both de
vices are·ideal for critical timing circuits in such applications as 
ATE, communications receivers and test instruments. 

Ultrafast 
TTL Comparators 

AD9696/AIJ9698 I 
Both devices allow the use of either a single +S V supply or 
±5 V supplies. The choice of supplies determines the common 
mode input voltage range available: -2.2 V to +3.7 V for ±5 V 
operation, +1.4 V to +3.7 V for single +5.V supply operation. 

The differential input stage features high precision, with· offset 
voltages which are less than 2 m V and offset currents less than 
1 µA~ A latch enable input 'is provided to allow operation in ei
ther sample-and-hold or track-and-hold applications. 

The AD9696 and AD9698 are both available as commercial tem
perature range devices operating from ambient temperatures of 
0°C to + 7D°C, and as. extended temperature range devices for 
ambient temperatures from '.-55°C to + 125°C. Both versions are 
available qualified to MIL-STD-883 class B. 

Package options for the i'\P9696 include a 10-pin T0-100 metal 
can, an 8-pin' ceramic DIP, an 8-pin plastic DIP, and an 8-lead 
small outline pllistic package. The AD9698 is available in a 
16-pin ceramic DIP, a 16-lead ceramic gullwing, a 16-pin plastic 
DIP, and a 16-lead smiin outline plastic package. Military quali
fied versions of the AD9696 come in the TO- I 00 can and 
ceramic DIP; the dual AD9698 comes in ceramic DIP. 

FUNCTIONAL BLOCK DIAGRAM 

AD9696/AD9698 Architecture 

AD9698 

NONINVERTING ~+ . QOU.TPUT 
INPUT #1 

INVERTING - Q OUTPUT 
INPUT . 

LATCH 
ENABLE 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-8011-446-6212. 
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AD9696 

NONINVERTING T' +. . Ooii'i'PiiT INPUT 
INVERTING - Q OUTPUT 

INPUT · 

LATCH 
ENABLE 

Q'Oii'TPijT 31= NONINVERTING 
#2 INPUT 

Q OUTPUT - INVERTING 
INPUT 

LATCH 
ENABLE 
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AD96.96/AD9698-SPECIFICATIONS 
ABSOLUTE ~UM RATINGS1 

Supply Voltage (+Vsl-Vs) • , ••...•........ +7Vl-7 V 
Input Voltage Range' ••.•• · •••••••.•.••.••••.• ±S V 
Differenti.81 Input Voltage ..........•.......... S.4 V 
Latch Enable Voltage ; ... • .....•......• -0.S V to +Vs 
Output Current (Continuous) · .... ; .........•..• 20 mA 
Power Dissipation ........... '. · .•.......... 600 mW 

Operating Temperature Range2 . . . , .. 

A09696/AD9698KH/KN/KQ/KR3 , ; ...... O"C to.+7()'.:C 
AD9696/AD9698TH/TQ3 ; ... ·' •.... -5S°C to +12s•c 

Storage Temperatiire Range .....•..... -6S°C to + lSO°C . 
Junction Temperature 

KH/KQ/THITQ SuffiXes .......•...•...•.. + l 75°C 
KNIKR Suft"ixes .. ~ ...... : ..•........•..• + lSO"C 

Lead Soldering Temperature (10 sec) ..... , .. ·• ·. ; . + 300°C 

ELECTRICAL CHARACTERISTICS.~~~::~ ~:::i: ~di;!~lv and +5.0 V; load as specified in Note 4, 

D°C to +70"C -SS°C to +125°C 
AD96961AD9698 AD96961AD9698 

Test KH/KNJKQJKR3 TH/TQ3 
Parameter Temp Level Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Offset Voltages +2S°C I 1..0 2.0 1.0 2.0 mV 

Full VI 3.0 3.0 mV 
Input Offset Voltage Drift Full v 10 10 µV/°C. 
input Bias Current +2S°C I 16 SS 16 SS µA 

Full. VI 110 110 µA 
Input Offset Current. +2S°C I 0.4 1.0 0.4 1.0 µA 

.Full VI 1.3 ' 1.3 µA 
Input Capacitance , +2S°C v 3 3 pF 
Input Voltage Range 

±S.0 v .Full VI -2.2 +3.7 -:-2.2 +3.7 v 
+s.o v Full VI +1.4 +3.7 +1.4 +3~7 v 

Common Mode Rejection Ratio 
±S.OV Full VI 80 8S 80 8S dB 

· +s.ov Full VI S7 63 57 63 dB 

LATCH ENABLE INPUT 
Logic "l" Voltage Threshold Full VI 2.0 2.0 v 
Logic "O" Voltage Threshold Full VI 0.8 0.8 v 
Logic "l" Current Full VI 10 10 µA 
Logic "O" Current Full VI .. 1 1 µA 

DIGITAL OUTPUTS 
Logic "l" Voltage (Source 4 mA) Full VI 2.7 3,S 2.7 3.S v 
Logic "O" Voltage (Sink 10 mA) Full VI ' 0.4 o.s 0.4 o.s v 

SWITCHING PERFORMANCE 
Propagation Delay ( tp0 )6 

Input to Output HIGH Full IV 4.S 7.0 4.5 7.0 ns 
Input to Output LOW Full IV 4.S 7.0 4.S 7.0 ns 
Latch Enable to Output HIGH +2S°C IV 6.S 8.S ' 6.S 8.5 ns 
Latch Enable to Output LOW +2S°C IV 6.S 8.S 6.S 8.5 ns 
Delta Delay Between' Outputs +2S°C IV o.s 1.S ; o.s 1.S ns 

Propagation Delay Dispersion 
20 mV to 100 mV Overdrive +2S°C v 100 100 ps 
100 mV to 1.0 V Overdrive +2S°C IV 100 200 100 200 ps 

Rise Time11 +2S°C v 1.8S 1.8S ns 
Fall Time11 +2S°C v l.3S 1.3S ns 
Latch Enable 

Pulse Width [tPW<EJl +25°C IV 3.S 2.S 3.5 2.S ns 
Setup Time (ts) +2S°C IV 3 1.7 3 1.7 ns 
Hold Time (tH) +25°C IV 3 l.9 3 1.9 ns 
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AD9696/AD9698 
0°c to +1o•c -ss•c 10 +12s•c 

AD9696/AD9698 AD9696/AD9698 
Test KH/KN/KQIKR' TH!TQ' 

Parameter Temp Level Min 

POWER SUPPL Y7 

Positive Supply Current8 

AD9696 Full VI 
AD9698 Full VI 

Negative Supply Current• 
AD9696 Full VI 
AD9698 Full VI 

Power Dissipation 
AD9696 +5.0 V Full v 
AD9696 ±5.0 V Full v 
AD9698 +5.0 V Full v 
AD9698 ±5.0 V Full v 

Power Supply Rejection Ratio10 +25°C VI 70 
Full VI 65 

NOTES 
1 Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which the serviceability of the circuit may be impaired. 
Functional operability is not necessarily implied. Exposure to absolute 
m3.ximum rating conditions for an extended period of time may affect 
device reliability. 

2Typical thermal impedances: 
AD9696 Metal Can 01A = l 70'C/W 
AD96% Ceramic DIP 01A = llO'C/W 
AD9696 Plastic DIP 01A = 160'C/W 
AD9696 Plastic SOIC 01A = 180'C/W 
AD9698 Ceramic DIP eJA = 90'C/W 
AD9698 Plastic DIP 01A = IOO'C/W 
AD9698 Plastic SOIC eJA = 120'C/W 

01c = SO'C/W 
01c = 20'C/W 
01c = 30'C/W 
01c = 30'C/W 
01c = 25'C/W 
01c = 20'C/W 
01c = 20'C/W 

EXPLANATION OF TEST LEVELS 
Test Level 
I - 100% production tested. 
II - 100% production tested at + 25°C, and sample tested 

at specified temperatures. 
III - Sample tested only. 
IV - Parameter is guaranteed by design and characterization 

testing. 
V - Parameter is a typical value only. 
VI - All devices are 100% production tested at + 25°C. 100% 

production tested at temperature extremes for extended 
temperature devices; sample tested at temperature ex
remes for commercial/industrial devices. 

REV.A 

Typ Max Min Typ Max Units 

( +5.0 V) 
26 32 26 32 mA 
52 64 52 64 mA 

(-5.2V) 
2.5 4.0 2.5 4.0 mA 
5.0 8.0 5.0 8.0 mA 

130 130 mW 
146 146 mW 
260 260 mW 
292 292 mW 

70 dB 
65 dB 

'Suffixes KH and TH apply only to model AD9696; AD9698 not available 
in metal can. 

'Load circuit has 420 11 from +Vs to output; 460 11 from output to ground. 
'Rs <;JOO 11. 
6Propagation delays measured with 100 mV pulse; 10 mV overdrive. 
7Supply voltages should remain stable within ±5% for normal operation. 
8Specification applies to both +5 v and ±5 v supply operation. 
9Specification applies to only ±5 V supply operation. · 

10Measured with nominal values.±5% of +Vs and -Vs. 
11Although fall time is faster than rise time, the complementary outputs cross 

at midpoint of logic swing because of delay on sta·rt of falling edge. 

Specifications subject to change without notice. 

ORDERING GUIDE 

Package 
Model Package Temperature Option1 

AD9696KH T0-100 Can O'C to +70°C H-lOA 
AD9696KN Plastic DIP O'C to +70°c N-8 
AD9696KR SOIC 0°c to +70°c R-8 
AD9696KQ Cerdip o•c to +70°c Q-8 
AD9696TH T0-100 Can _,.5s·c to + 125°c H-IOA 
AD9696TQ Cerdip -ss·c to + 125°C Q-8 
AD9696TZ/883B2 Gull wing -5s0 c ro + 125°C Z-8A 
AD9698KN Plastic DIP 0°c to +70°c N-16 
AD9698KR SOIC o·c to +70°c R-16A 
AD9698KQ Cerdip O'C to +70°c Q-16 
AD9698TQ Cerdip -5s0c to + 125°c Q-16 
AD9698TZ/883B3 Gull wing -5s0 c to + l25°C Z-16 

NOTES 
'H = Hermetic Metal Can, N = Plastic DIP, Q = Cerd.ip, R = Small Out
line (SOIC), Z = Ceramic Leaded Chip Carrier. For outline information see 
Package Information section. 

'Refer to AD9696TZ/883B military data sheet. 
'Refer to AD9698TZ/883B military data sheet. 
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AD9696/AD9698 

Q1 OUT (N/C) 1 

Q10UT (-V8 ) 2 

GROUND (-IN1) 3 

PIN CONFIGURATIONS 

16 02 OUT (LATCH ENABLE 1) 

02 OUT (GROUND) 

14 GROUND (01ouTl 

LATCH 
ENABLE 

LATCH ENABLE 1 (+IN,) 4 

N/C (+IN,) 5 

LATCH ENABLE 2 (01ouT> 

N/C (02 OUT) -IN 

+V8 (02oUT) 

10 -IN2 (GROUND) 
+IN 

9 +IN 2 (LATCH ENABLE 2) 

AD9696KN/KR/KQ/TQ/TZ 

AD9698KN/KQ/TQ 
[AD9698KR/TZ PINOUTS SHOWN IN ( )] AD9696KH/TH 

Name 

OlouT 

GROUND 

LATCH 
ENABLE 1 

NIC 

-Vs 

-IN1 

+IN1 

+IN2 

-IN2 

+Vs 

LATCH 
ENABLE2 

02ouT 

PIN DESCRIPTIONS 

Function 

One of two complementary outputs. Q louT will be at logic HIGH if voltage at +IN 1 is greater than voltage at. - IN 1 

and LATCH ENABLE 1 is at logic LOW. 

One of two complementary outputs. QlouT will be at logic HIGH if voltage at -IN1 is greater than voltage at +IN1 

and LATCH ENABLE 1 is at logic LOW. 

Analog and digital ground return. All GROUND pins should be connected together and to a low impedance ground 
plane near the comparator. 

Output at QlouT will track differential changes at the inputs when LATCH ENABLE 1 is at logic LOW. 
When LATCH ENABLE 1 is at logic HIGH, the output at QlouT will reflect the input state at the application of the 
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block 
diagram) is faster than the logic of the latch stage, data will typically be latched·if applied to the comparator(s) within 
1. 7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3. ns. 

No internal connection to comparator. 

Negative power supply connection; nominally -5.2 V. 

Inverting input of differential input stage for Comparator # 1. 

Noninverting input of differential input stage for Comparator # 1. 

Noninverting input of differential input stage for Comparator #2. 

Inverting input of differential input stage for Comparator #2. 

Positive power supply connection; nominally + 5 V. 

Output at Q20 uT will track differential changes at the inputs when LATCH ENABLE 2 is at logic LOW. 
When LATCH ENABLE 2 is at logic HIGH, the output at Q20 uT will reflect the input state at the application of the 
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block 
diagram) Is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within 
1. 7 ns after the latch. This. is the Setup Time (ts); for guaranteed performance, ts must be 3 ns. 

One of two complementary outputs. 02mfr will be at logic HIGH if voltage at -IN2 is greater than voltage at + IN2 

and LATCH ENABLE 2 is at logic LOW. 

One of two complementary outputs. Q2ouT will be at logic HIGH if voltage at + IN2 is greater than voltage at -IN2 

and LATCH ENABLE 2 is at logic LOW. 
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WDEVICES 

FEATURES 
Fast: 2.Sns Propagation Delay 
Low Power: 118mW per Comparator 
Packages: DIP, T0-100, SOIC, PLCC 
Power Supplies: +5V, -5.2V 
Logic Compatibility: ECL 
MIL-STD-883 Versions Available 
50ps Delay Dispersion 

APPLICATIONS 
High Speed Triggers 
High Speed Line Receivers 
Threshold Detectors 
Window Comparators 
Peak Detectors 

GENERAL DESCRIPTION 
The AD96685 and AD96687 are ultrafast voltage comparators. 
The AD96685 is a single comparator with 2.Sns propagation 
delay; the AD%687 is an equally fast dual comparator. Both 
devices feature 50ps propagation delay dispersion which is a 
particularly important characteristic of high speed comparators. 
It is a measure of the difference in propagation delay under 
differing overdrive conditions. 

A fast, high precision differential input stage permits consistent 
propagation delay with a wide variety of signals in the common
mode range from -2.SV to +SV. Outputs are complementary 
digital signals fully compatible with ECL !OK and IOKH logic 
families. The outputs provide sufficient drive current to directly 
drive transmission lines terminated in 500 to - 2V. A level
sensitive latch input is included which permits tracking, track
hold, or sample-hold modes of operation. 

INVERTING 
INPUT 

Ultrafast Comparators 
AD96685/AD96687 I 

AD96685 FUNCTIONAL BLOCK DIAGRAM 

NONINVERTINGW. . OOUTPUT INPUT 

INr:~~~NG - Q OUTPUT 

RL RL 

LATCH ENABLE Vr 

AD96687FUNCTIONALBLOCK DIAGRAM 

a OUTPUT a OUTPUT 

LE [E v, IT LE 

'--r-' '---v---' 
LATCH ENABLE LATCH ENABLE 

THE OUTPUTS ARE OPEN EMITIERS, REQUIRING EXTERNAL 
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE 
RANGE OF son - 200H CONNECTED TO -2.0V, OR 200H - 2000H 

The AD96685 and AD96687 are available in both industrial, 
- 25°C to + 85°C, and military temperature ranges. Industrial 
range devices are available in 16-pin DIP, SOIC, and 20-lead 
PLCC; additionally, the AD96685 is available in a 10-pin, T0-100 
metal can. Both devices are available qualified to MIL-STD-883, 
Class B in 16-pin ceramic DIP and 20-lead ceramic LCC; the 
T0-100 version of the AD96685 is also mil-qualified. 

ORDERING GUIDE 

Device Type Temperature Range 

AD96685BH Single - 25°C to + 85°C 
AD96685BP Single - 25°C to + 85°C 
AD96685BQ Single - 25°C to + 85°C 
AD96685BR Single - 25°C to + 85°C 
AD96685TE Single ~ 55°C to + 125°C 
AD96685TH Single - 55°C to + 125°C 
AD96685TQ Single - 55°C to + 125°C 
AD96687BP Dual - 25°C to + 85°C 
AD96687BQ Dual - 25°C to + 85°C 
AD96687BR Dual - 25°C to + 85°C 
AD96687TE Dual - 55°C to + 125°C 
AD96687TQ Dual - 55°C to + 125°C 

*For outline information ste Package Information section. 

This is an abridged data sheet. To obtain the most rec_ent version or 
complete data sheet, call our fax retrieval system at 1 ·800-446.6212. 

REV.A 

Package 
Description Options• 

IO-Pin Can, Industrial H-IOA 
20-Pin PLCC, Industrial P-20A 
16-Pin DIP, Industrial Q-16 
16-Pin SOIC, Industrial R-16 
20-Pin LCC, Extended Temperature E-20A 
l 0-Pin Can, Extended Temperature H-IOA 
16-Pin DIP, Extended Temperature Q-16 
20-Pin PLCC, Industrial P-20A 
16-Pin DIP, Industrial Q-16 
16-Pin SOIC, Industrial R-16 
20-Pin LCC, Extended Temperature E-20A 
16-Pin DIP, Extended Temperature Q-16 

COM PARA TORS 12-13 

m 



AD96685/AD96687-· SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Positive Supply Voltage ( + Vs) . 
Negative Supply Voltage ( - Vs) . 
Input Voltage Range2 • • • • • 

Differential Input Voltage . 
Latch Enable Voltage 
Output CUJTCnt . . . . , . . 

+6.SV 
-6;5V 
. ±SV 
. 5.SV 

-Vs to OV 
.. 30mA 

Operating Temperature Range3 

AD96685/87 /BHIBQ/BP/BR 
AD96685/87 /TE/TH/TQ . 

Storage Temperature Range •. 
Junction Temperature. . . . . . 
Lead Soldering Temperature (IOsec) 

- 25"C to + 85°C 
- SS°C to + 125°C 
-55°C to + 1so0c 

+175°C 
....• +300°C 

ELECTRICAL CHARACTERISTICS (Positive Supply Voltage = +5.0V; Negative Supply .Voltage = -5.2V, unl!ISS otheiwise slallld} 

Industrial Temp. Range - 25'C to + 85'C Extended Temp. Range -SS'C to + 125'C 

Test AD96685BHJBQ/BP/BR 

Parameter Temp Level Min Typ Max 

INPUT CHARACTERISTICS 
Input Offset Volcage4 + 2s0c I I 2 

Full VI 3 
Input Offset Drift Full v 20 
Input Bias Current + 2S°C I 7 10 

Full VI 13 
Input Offset Current +2S"C I 0.1 1.0 

Full VI 1.2 
lnput·Resistance +2S°C V 200 
InpUt Capacitance +2S"C V 2 
Input Voltage Range' Full VI -2.S +s.o 
Common-Mode Rejection Ratio Full VI 80 90 

ENABLE INPUT 
Logic "I" Voltage Full VI -1.1 
Logic "O" Voltage Full VI -1.S 
Logic "l''Current Full VI 40 
Logic "O" Current Full VI s 

DIGITALOUTPUTS6 

Logic" l" Voltage Full VI - 1.1 
Logic "O" Voltage Full VI -1.S 

SWITCHING PERFORMANCE6 

Propagation Delay87 

Input to Outp\lt HIGH +2S"C IV 2.S 3.S 
Input to Output LOW +2S0c IV 2.S 3.S 
Latch Enable to Output HIGH +2S°C IV 25 3.s 
Latch Enable to Output LOW +2S°C IV 2.S 3.S 

Dispersion8 +2S"C V so 
Latch Enable 

Minimum Pulse Width +2S°C IV 2.0 3.0 
Minimum Set'up Time +2S"C IV o.s 1.0 
Minimum Hold Time +2S°C IV o.s 1.0 

i:<>WER SUPPL Y9 
Positive Supply Current(+ S.OV) Full VI 8 9 
Negative Supply Current ( - S.2V) Full VI IS 18 
Power Supply Rejection Ratio10 Full VI 60 70 

NOTES 
1 Absolute maximum ratings are limiting values, to be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operation under anY of these conditions is D.ot necessB.rily implied.· 
Exposure to absolute maximum rating conditic;ms for extended periods may 
affect '1evice reliability. 

2Under no circumstances should the input voltages exceed the supply". 
voltages. 

3Typical thermal impedances ... 
AD96685 Metal Can 
AD96685 Ceramic 
AD9668SLCC 
AD9668S SOIC 
AD96685 PLCC 
AD96687 Ceramic 
AD96687LCC 
AD96687 SOIC 
AD96687 PLCC 

'Rs= 1oon. 

01• = 172°C/W; 01c = S2°C/W 
01• = l!S°C/W; 01c = S7°C/W 
e1A = I72"CIW; a1c = 65"C/W 
OJA= 170'C/W;0w=;60°C/W 
e1:A =88"0W;e1c=45"CIW 
8JA = l 15"CJW; 8Jc = 57"C/W 
01• =82'CIW;01c=31"CIW 
e1A = ?2°CIW; e1c = 47°CJW 
OJA= 8l"O'W;81c=45"C/W 

5Input Voltage Range can be extended to -3.3V if -Vs= -6.0V. 
60utputs terminated through ·son to - 2.ov. 
7Propagation delays measured with lOOmV pulse (lOmV overdrive), to 
50% transition point of the output. 

8Change in propagation Delay from IOOm.V to IV input overdrive. 
9Supply volcages should remain stable within ± $% for normal operation. 

10Measurcd at ± 5% of +Vs and - Vs· 
Specifications subject to change without notice. 
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AD96687BQ/BP/BR AD96685TEITHJTQ AD!l6687TEITQ 

Min Typ Max Min Typ Mu Min Typ Mai Units 

I 2 I 2 I ~ mV 
3 3 3 mV 

20 20 20 µ.Vi'C 
7 10 7 IO 7 IO µ.A 

13 16 16 . µ.A 
0.1 1.0 0.1 1.0 0.1 1.0 µ.A 

1.2 1.2 1.2 µ.A 
200 200 200 kn 
2 2 2 pF 

-2.S +s.o -2.S +S.O -2.S +S.O v 
80 90 80 90 80 90 dB 

-1.1 -1.1 -I.I v 
-1.S -1.S ~ l.S v 
40 40 40 µ.A 
s s 5 . µ.A 

-1.1 -1.1 -1.1 v 
-1.S -LS -1.S v 

2.S 3.S 2.S 3.S 2.S 3.S DS 

2.S 3.S 2.S 3.S 2.S 3.S ns 
2.S 3.S 2.S 3.S 2.5 3.S ns 
2.S 3.S 2.S 3.S 2.S 3.S ns 
so so 50 ps 

I 2.0 ,3.0 2.0 3.0 2.0 3.0 ns 
o.s 1.0 o.s 1.0 o.s 1.0 ns 
o.s 1.0 o.s 1.0 o.s 1.0 ns 

IS 18 8 9 IS I8 mA 
31 36 IS 18 31 36 mA 

60 70 60 70 60 70 dB 

. EXPLANATIONOFTESTL~VELS 
Test Level 

I 
II 

III 
IV 

v 
VI 

100% production tested. 
100% production tested at + 25°C, and sample tested 
at specified temperatures. 
Sample tested only. 
Parameter is guaranteed by design and characterization 
tesiliig. 
Parameter is a typical value only. 
All devices are 100% production tested at + 25°C; 
I 00% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 
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Pin Name 

+Vs 

FUNCTIONAL DESCRIPTION 

Description 

- Positive supply terminal, nominally + 5.0V. 

AD96685/AD96687 

NONINVERTING INPUT - Noninverting analog input of the differential input stage. The NONINVERTING INPUT must 

INVERTING INPUT 

LATCH ENABLE 

LATCH ENABLE 

-Vs 
Q 

GROUNDl 

GROUND2 

be driven in conjunction with the INVERTING INPUT. 
- Invening analog input -of the differential input stage. The INVERTING INPUT must be driven 

in conjunction with the NONINVERTING INPUT. 
- In the "compare" mode (logic HIGH), the output will track changes at the input of the comparator. 

In the "latch" mode (logic LOW), the output will reflect the input state just prior to the comparator 
being placed in the "latch" mode. LATCH ENABLE must be driven in conjunction with LATCH 
ENABLE for the AD96687. 

- In the "compare" mode (logic LOW), the output will track changes at the input of the comparator. 
In the "latch" mode (logic HIGH), the output will reflect the input state just prior to the comparator 
being placed in the "latch'.' mode. LATCH ENABLE must be driven in conjunctio11 with 
LATCH ENABLE for the AD96687. . 

- Negative supply terminal, nominally - 5.2V. 
- One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON-

INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided 
the comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. 

- One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the 
comparator is in the "compare" mode). See LATCH ENABLE and LATCH ENABLE (AD96687 
only) for additional information. 

- One of two grounds, but primarily associated with the digital ground .. Both grounds should be 
connected together near the comparator. 

- One of two grounds, but primarily associated with the analog ground. Both grounds should be 
connected together near the comparator. 

PIN DESIGNATIONS 

AD9668SBQfrQ/BR AD966878QfrQIBR 

GROUND1 

NONINVERTING 
rNPUT 

'GRouND2 

NC 

NC 

Ci OUTPUT 

NC 

QOUTPUT 

Ci OUTPUT 2 

GROUND 3 

LATCH 
ENABLE 

LATCH 5 
ENABLE ,, 

QOUTPUT 

GROUND 

LATCH 
ENABLE 

LATCH 
ENABLE AD96687TE/BP 
v,+ 
INVERTING 
INPUT 

AD9668STE/BP ~ ~ ~ I NONINVERTING 8 9 NONINVERTING 
0 

INPUT INPUT 0 0 

Q 
z 
" + ~ ,; 
"' 

REV.A 

N 
Q z 
" 0 

u "' z "' li! 

NC 
QOUTPUT 

Q.'OUTPUT 

AD9668SBHffH 

GROUND1 

v,-
(PIN 5 CONNECTED TO CASEI 

10 0 li! 0 

ADetr887 
TOP VIEW 

(Notto SCllle) 

10 
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FEATURES 
• High Gain • . . . .. . • • • • • • . • • • • • . • . . • • • . • . 200V/mV Typ 
• Slrigle cir Dual Supply Operation 
• Input· VoltAlge Range Includes Ground 
• LowPoW.r Consumption (1.5inW/Comp1retor) 
• Low Input Bl•• Current ••..•...•....•...... 100nA MIX 
• Low Input Offset current · ~ •.•................ 1onA MIX 
• Low Offset:Voltage . ~ ...•........ ; ..•....... 1mv MIX 
• Low Output Saturation Voltage . • • . . . . . 250mV @ 4mA 
• Logic Output Compatible with TTL, DTL, ECL, MOS and 

CMOS 
• DlrecttJ Replaces LM13ti239/339 Comparators · 
• Avallable In Die F0rri1 · 

OR[)J:RiN$JNFORMATION ~-
TA=+25°C 

VOii CERDIP 
(mV) '14-PIN ·. 

PACKAGE 

PLASTIC 
14-PIN. 

so 
14-PIN 

OPERATING 
TEMPERATURE 

RANGE 

CMP04BY* MIL 
CMP04FY CMP04FP CMP04FS XIND 

• For devices proeessed in total compliance to MIL'STD·BB3, add /883 after part 
number. Consult factory for 883 data Shel!I. 
Burn-In is available on ccimmercial and industrial temperature range parts in • , 
CerDIP, plastic DIP, and TO-can packages. 

SIMPLIFIED SCHEMATIC (1/4 CMP--04) 

V+ 

*SUSSTRAT~· OIOOES 

This is an abridged data sheet. To obtain the most neat version or 
complete data sheet, call oUr f8x retrieval system at 1-800-446-6212. 

n.,,.16 COMPARATORS 

Quad Low Power, 
Precision Comparator 

CMPD4 . ·1 

GENERAL DESCRIPTION 
Four precision independent comparators compri'8the CMP-
04. Performance highlights include a very low offset voltage, 
low output saturation voltage and high gain in a single supply 
design. Tile input voltage range includes ground for single 
supply operation and· v- for split supplies .. A. tow power 
supply current of 2mA, which is independent of supply 

· voltage, makes this the preferred comparator for precision 
applications requiring;minimal power consumption. Maxi
mum logic interface flexibility is offered by the open-collector 
TTLoutpUt. . . 

PIN CONNECTIONS 

TYPICAL·INTERFACE 

14-PIN HERMETIC DIP 
(Y-SUfflx) 

14·PIN EPOXY DIP 
(P·SUfflx) 

14·PINSO 
($·Suffix) 

DrMngCMOS 

5.0 

100k!l 

Driving TTL 

s.o 

1!11<!! 

1/4 SN7400 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ..................................................... 36V or ±1 BV 
Differential Input Voltage ................ ,. .............................. 36V o.Q 
Input Voltage ..................................................... -0.3V to +36V 
Operating Temperature Range 

CMP-o4FY ................................................... -4o•c to +as•c 
CMP-o4BY ................................................. -ss•c to + 12s•c 
CMP-04FP, FS ............................................. -40°Cto +85°C 

Junction Temperature (T1) ............................ ~s·c to + 1 so•c 
Storage Temperature Range ........................ ~·c to + 1 so•c 

P-Suffix) ..................................................... ~·cto:+12s•c 
Input Current (V1N < -3.0V) ............................................. 50mA 

CMP04 
Output Short-Circuit to GND .................................. Continuous 
.Lead Temperature (Soldering, 60 sec) .......................... soo•c 

PACKAGE TYPE UNITS 

14·Pin Hermetic DIP (Z) 110 26 

14·Pin Ptasllc DIP (P) 83 39 

14.Pin SO(S) 1:!0 36 'CfN 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged par)S, unless 

otherwise noted. 
2. 8iA is specified for worst case mounting conditions, i.e., 8.A is specified for 

device in socket for CerDIP and P·DIP packages; 8.A is sp~cified !or device 
soldered to printed circuit board for SO package. 1 

ELECTRICAL CHARACTERISTICS at V+ = +5V, TA= 25°C, unless otherwise noted. 

CMP-G4B/F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Olf8et Voltage Vos 
Rs= on, RL = s.1kn 

0.4 mV 
V0 = 1.4V, (Note 1) 

l1N(+) - l1N(-) 
Input Offset Current los RL =5.1kn 2 10 nA 

V0 = 1.4V 

Input Bias Current le l1N(+) or l1N(-) 25 100 nA 

Voltage Gain Av RL'< 15kn, V+ = 15V, (Note 5) 80 200 V/mV 

v,N =TTL Logic Swing 
Large-Signal Response Time t, VReF= 1.4V, (Note4) 300 ns 

VRL = SV, RL = 5.1kn 

v,N = 100mV Step, (Note 4) 
Small-Slgnal Response Time t, SmV Overdrive 1.3 µs 

VRL = 5V, RL = 5.1kn 

Input Voltage Range CMVR ·(Note2) 0 v+.,.1.5 v 

Common-Mode Rejection Ratio CMRR (Notes 3, 5) 80 100. dB 

Power Supply Rejection Ratio PSRR V+=+5Vto 1ilv, (Note 5) 80 100 l:IB 

Saturation Voltage VoL 
V1N(-) 2: 1V, V1N(+) = 0, 

250 400 mV 
ISJNKS4mA 

Output Sink Current lslNK 
V1N(-) 2: 1V, 

6 16 mA 
v,N(+) =O. Vos 1.5V 

Output Leakage Current !LEAK 
V1N(+) 2: 1V, 

0.1 100 nA 
V1N(-) = 0, Vo= 30V 

Supply Current I+ 
RL = "• All Comps 

0.8 2.0 mA 
V+=30V 

NOTES: 
1. At output switch point, Vo= 1.4V, Rs= On with V+ from 5V; and.over the 

full input common-mode range (OV to V+ -1.5V). 
2. The Input common-mode voltage or either Input signal voltage should not 

be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V+-1.SV, but either or both Inputs can go 
to +30V without damage. 

3. RL 2: 15kn, V+ = 15V, VcM = 1.5V to 13.SV. 
4. Sample tested. 
5. Guaranteed by design. 

REV.A COMPARATORS 12-17 
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CMP04 
ELECT~ICAL CHARACTERISJICS at Vt ;; ,+5V, -p5~C s TA s +125°C for CMP-04SY. -40°C s TA s +85°C for CMP-04fY/Ffl/ 
f'.S, unless otherwise noted. .. . . . · . . . . , . . 

CMP·04B/F 
(Note 3). 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Input Offset Voltage Vos 
R$= on. Al= s.1kn 
V()= 1.4V, (Note 11 

2 

Input Offset c·urrent 
l1Ni+J,-'l\N(-) 

las RL = 5.1k0 4 20 
Vo= 1.4V 

Input Bias·Cur.reht le 1,N1+1·or liNI-) 40 200 

Voltage Gain Av AL"' 15k0, v+ = 15V, (Note 5) 70 125 

V1N =TTL Logic Swing 
Large-Signal Response Time t, . VReF= 1.4V, (Note 4) 300 

VRL = 5V, Rt•= 5.1k0 

v,N = 100mV Step, (Note 41 
Small-Signal Response Time t, 5mV Overdrive 1.3 

VRL = 5V, RL = 5.1k0 

Input Voltage Range CMVR (Note2) 0 v+-1.s 

Common-Mode Rejection Ratio CMRR (Notes 3, 5) 60 100 

Power Supply Rejection Ratio PSRR v+ = +5V to 1ev 80 100 

Saturation Voltage Vol 
v,N(-) "'1V, VoNi+i = 0, 

lsoNK$4mA 
250 700 

Output Sink Current lsoNK 
VoN(-)? 1V, 
v,Ni+i =O. Vo$1.5V 

5 16 

Output Leakage Current !LEAK 
V1Ni+i? 1V, 

v 1N1-1 = o. Vo= 30V 
0.1 200 

Supply Current I+ 
RL = ... All Comps 

V+ = 30V 
1.2 3.0 

NOTES: 
1. At output switch point, V0 = 1.4V, Rs=OOwith V+lrom 5V; and over the full 

input common-mode range (OV to V+-1.5V). 
3. RL"' 15k0, v+ = 15V, Vet..= 1.5V to 13.SV. 

2. The input common-mode voltage or either input signal voltage should not 
be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V +-1.5V, but either or both inputs can go 
to +3.0V without damage. 

BURN-IN CIRCUIT 

MIL-STD-883, METHOD 1015, CONDITION 8 

12-18 COMPARATORS 

4. Sample iested. 
5. G.uaranteed by design. 

UNITS 

mV 

nA 

nA 

V/mV 

ns 

"" 
v 

dB 

dB 

mV 

mA 

nA 

mA 
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Selection Guide-Matched Transistors 

'le= I mA 
2fc"" 100 Hz 

Model 

MATOl 
MAT02 
MAT03 
MAT04 
SSM2210 
SSM2220 

Type 

DualNPN 
DualNPN 
DualPNP 
QuadNPN 
Dual NPN 
Dua!PNP 

Vos 
Max 
µV 

100 
50 
100 
200 
200 
200 

TCV0 s AhFE 
Max hFE max 
µV/"C Minl % 

0.5 500 3 
0.1 500 2 
0.5 100 2 
1 300 2 
I 300 5 
I 80 6 

en 
max Package Temp 
nV/vHZ2 Options3 Ranges4 Comments Page5 

7.5 Q Ml Low Cost 13-5 
1 N I, Ml Low Noise, Low r8 E 13-7 
1 N I, Ml Low Noise 13-10 
2.5 N I, Ml Low Cost 13-13 
I p I Low Cost, Audio D 
I R I Low Cost, Audio D 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In~Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

4Temperature Ranges: C = Commercial, 0°C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -SS°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

5D = Data Sheet. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

I 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Low Vos (VaE Match) ....................... 40µV Typ 

100µV Max 
• LowTCVos ............................ 0.5µV/°CMax 
• High hFE .................................... 500 Min 
• Excellent hFE Linearity from 10nA to 10mA 
• Low Noise Voltage . . . . . . . . . 0.23µ Vp-p - 0.1 Hz to 10Hz 
• High Breakdown . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45V Min 
• Available in Die Form 

ORDERING INFORMATIONt 

TA=2s0 c 
Vos MAX 

(mV) 

0.1 
0.5 

PACKAGE 

MAT01AH* 
MAT01GH 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 

* For devices prdcessed in total compliance to MIL-STD-883, add /883 after part 
number. Consult faclory for 883 da!a sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The MAT-01 is a monolithic dual NPN transistor. An exclu
sive Silicon Nitride "Triple-Passivation" process provides 
excellent stability of critical parameters over b_oth tempera
ture and time. Matching characteristics include offset voltage 
of 40µV, temperature drift of 0.15µV/° C, and hFE matching of 
0.7%. Very high hFE is provided over a six decade range of 
collector current, including an exceptional hFE of 590 at a 
collector current of only 10nA. The high gain at low collector 
current makes the MAT-01 ideal for use in low-power, 
low-level input stages. 

PIN CONNECTIONS 

C·o(TOPVIEW) c, 
1 6 

e, 2 . se2 

E1 3 4E2 

NOTE: 

T0-78 
(H-Suffix) 

Substrate is connected to case. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Matched Monolithic 
Dual Transistor 

MATOl I 
ABSOLUTE MAXIMUM RATINGS (Note 4) 

Collector-Base Voltage (BVceo) 
MAT-01AH, GH, N ............................... 45V 

Collector-Emitter Voltage (BVcEo) 
MAT-01AH, GH, N ............................... 45V 

Collector-Collector Voltage (BVcc) 
MAT-01AH, GH, N ............................... 45V 

Emitter-Emitter Voltage (BVEE) 
MAT-01AH, GH, N ............................... 45V 

Emitter-Base Voltage (BVEeo) (Note 1) ................ 5V 
Collector Current (le) ............................. 25mA 
Emitter Current (IE) ............................... 25mA 
Total Power Dissipation 

Case Temperature :S 40°C (Note 2) .............. 1.BW 
Ambient Temperature :S 70° C (Note 3) ......... 500mW 

Operating Ambient Temperature ....... -55° C to +125°C 
Operating Junction Temperature ...... -55°C to +150°C 
Storage Temperature . . . . . . . . . . . . . . . . . -65° C to + 150° C 
Lead Temperature (Soldering, 60 sec) ............. 300°C 
DICE Junction Temperature ........... -65°C to +150°C 

NOTES: 
1. Application of reverse bias voltages in excess of rating shown can result in 

degradation of hFE and hFE matching characteristics. Do not attempt to 
measure BVEBO greater than the 5V rating shown. 

2. Rating applies to applications using heat sinking to control case tempera- 11'1:1 
lure. Derate linearly at 16.4mW/° C for case temperatures above 40' C. llllil 

3. Rating applies to applications not using heat sinking; device in free air only. 
Derate linearly at 6.3mW/° C for ambient temperatures above 70° C. 

4. Absolute maximum ratings apply to both DICE and packaged devices. 

BURN-IN CIRCUIT 

+20V 

-20V 

10µF 
R1 =SOk!l J 

MATCHED TRANSISTORS 13-5 



MAT01. 
ELECTRICAL CHARACTERISTICS at Vee== 15V, le == 10µA, TA== 25° C, unless otherwise not~;· 

MAT-G1AH MAT-G1GH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Breakdown Volta~ BVceo lc=100iiA . 45 45 v 
Offset Voltage Vos 0.04 0.1 .0.10 0.5 mV 

Offset Voltage Stability 
First Month Vos/Time (Note 1) 2.0 2.0 µ.V/Mo 
Long-Term (Note2) 0.2 0.2 

Offset Current los Q.1 0.6 0.2 3.2 nA 

Illas Current le 13 20 18 40 nA 

lc=10nA 590 430 
Curxent Gain hFe lc=10iiA 500 770 250 580 

lc=10mA 840 610 

Current Gain Match /!.hFe 
lc=10iiA 0.7 3.0 1.0 8.0 

'Iii 
100nA s lcS 10mA 0.8 1.2 

Low Frequency Noise 
enp-p 0.1Hz to 10Hz (Note 3): 0.23 0.4 0.23 0.4 ,.vP-P Voltage 

Broadband Noise 
1Hzto 10kHz 0.60 0.60 l'VRMS Voltage 8nRMS 

Noise Voltage 
lo= .10Hz (Nola 3) 7.0 9.0 7.0 9.0. 

en !0 =100Hz(Nota3) 6.1 7.6 :.__ 6.1 7.6 nVl../HZ 
·eenslty 

10 =1000Hz(Note3) 6.0 7.5 6.0 7.5 

Offset Voltage Change t!.Vosit!.Vce OSVcs;>30V 0.5 3.0 0.8 8.0 iiVN 

Offset .Current Change . /!.losil!.Vce OSVceS30V 2 15 3 70 pA/V 

Collector-Base 
lceo 

Vce=30V, le=O 
15 50 25 200 pA 

Leakage Current (Note4) 

Collector·Emittar 
.Ices 

Vce=30V, Vee=O 
50 200 90 400 pA 

Leakage Current (Notes4, 6) 

Collector-Collector 
Ice Vcc=30V, (Note6)_ 20 200 30 400 pA 

Leakage Current 

Collector Saturation 
Vce1SAT1 

le=0.1niA, lc;.1mA 0.12 0.20 0.12 0.25 v 
Voltage le= 1mA, lc=.10niA 0.8 0.8 

Gain-Bandwidth Product IT Vee =.10V, le= 10mA 450 450 ..., ·Mtjz 

Output Capacitance Cob Vea= 15V, le= o 2.8:. 2.8 pF 

Collector-Collector 
Ccc Vcc=O 8.5 8.5 Pf. Capacitance 

ELECTRICAL CHARACTERISTICS at Vee== 15V, le== 10µA, -55° Cs TA s + 125° C, unless otherwise noted. 

MAT-G1AH MAT.Q1GH 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 0.06 0.15 0.14 .· 0.70 mV 

Average Offset 
TC.Vos (Note7J 0.15 0.50 0.35 1.8 ,.w·c 

· Voltage Drift 

Offset Current los 0.9 8.0 1.5 15.0 nA 

Average Offset 
TClos 

Current Drift 
(Note5) 10 90 15 150 pA/°C 

Blea Current le 28 60 36 130 nA 

Current Gain hFe 167 400 77 aOO 

Collector-Base 
lceo 

TA= 125°C, Vce=30V, 
15 60 25 200 nA 

Leakage Current le= O (Note 4) 

Collector-Emitter 
Ices 

TA=125°C, Vce=30V, 
50 300 90 400 nA 

Leakage Current Vee= O (Notas 4, 6) 

Collector-Collector 
Ice 

TA= 125°C, Vcc=30V 
30 200 50 400 nA 

Leakage Current . (Nota6) 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
• Low Off1et Voltage ......................... SM Max 
• Low NolH Voltage at 100Hz, 1mA ... 1.0nV/v Hz Max 
• High Gain (hFE) .•................ 500 Min at le= 1mA 

................... 300 Min at le= 1µA 
• Excellent Log Conformance . . . . . . . . . . . . . . . raE"' 0.30 
• Low Off1et Voltage Drift . . . . . . . . . . . • . • . . 0.1µV/° C Max 
• Improved Direct Replacement for LM194/394 
• Available In Die Form 

ORDERING INFORMATION 1 

TA =+25°C PACKAGE OPERATING 
Vos MAX LCC TEMPERATURE 

(µV) T0-78 20-CONTACT RANGE 

50 MAT02AH* MIL 
50 MAT02EH IND 

150 MAT02BRC/883 MIL 
150 MAT02FH IND 

* For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 

CerDIP, plastic DIP, and TO-can packages. 

GENERAL DESCRIPTION 
The design of the MAT-02 series of NPN dual monolithic 
transistors is optimized for very low noise, low drift, and low 
ree. Precision Monolithics' exclusive Silicon Nitride "Triple
Passivation" process stabilizes the critical device parameters 
overwide ranges of temperature and elapsed time. Also, the 
high current gain (hFe) of the MAT-02 is maintained over a 
wide range of collector current. Exceptional characteristics 
of the MAT-02 include offset voltage of SOµV max (A/E 
grades) and 150µV max (B/F grades). Device performance is 
specified over the full military temperature range as well as 
at 2s•c. 
Input protection diodes are provided across the emitter-base 
junctions to prevent degradation of the device character
istics due to reverse-biased emitter current. The substrate is 
clamped to the most negative emitter by the parasitic 
isolation junction created by the protection diodes. This 
results in complete isolation between the transistors. 

The MAT-02 should be used in any application where low 
noise is a priority. The MAT-02 can be used as an inputs~ 
to make an amplifier with noise voltage of less than 1.0nV/y Hz 
at 100Hz. Other applications, such as log/anti-log circuits, 
may use the excellent logging conformity of the MAT-02. 
Typical bulk resistance is only 0.30 to 0.40. The MAT-02 
electrical characteristics approach those of an ideal transistor 
when operated over a collector current range of 1 µA to 10mA. 
For applications requiring multiple devices see MAT-04 Quad 
Matched Transistor data sheet. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.C 

Low Noise, Matched 
Dual Monolithic Transistor 

PIN CONNECTIONS 

MAT02 I 

T0-78 
(H-Sufflx) 

MAT ·02BRC/883 
20-LEAD LCC 

(RC-Suffix) 

NOTE: Substrate is connected to case on T0-78 package. Substrate 
is normally connected to the most negative circuit pote.ntial, 
but can be floated. 

ABSOLUTE MAXIMUM RATINGS (Note 3) 

Collector-Base Voltage (BVceol .................... 40V 
Collector-Emitter Voltage (BVceo) .................. 40V 
Collector-Collector Voltage (BVccJ ................. 40V 
Emitter-Emitter Voltage (BVee) ..................... 40V 
Collector Current (le) ............................. 20mA 
Emitter Current (le) ................................ 20mA 
Total Power Dissipation 

Case Temperature $40°C (Note 1) ................................ 1.BW 
Ambient Temperature $70°C (Note 2) ....................... SOOmW 

Operating Temperature Range 
MAT-02A, B ................................................. -55°C to + 125°C 
MAT-02E, F ................................................... -2s 0 c to +85°C 

Operating Junction Temperature .................. -55°C to+ 150°C 
Storage Temperature .................................... -65°C to+ 150°C 
Lead Temperature (Soldering, 60 sec) ......................... +300°C 
Junction Temperature ................................... -65°C to+ 150°C 

NOTES: 
1. Rating applies to applications using heat sinking to control case temperature. 

Derate linearly at 16.4mW/°C for case temperature above 40°C. 
2. Rating applies to applications not using heat sinking; device in free air only. 

Derate linearly at 6.3mW/°C for ambient temperature above 70'C. 
3. Absolute maximum ratings apply to both DICE and packaged devices. 
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MAT02 
ELECTRICAL CHARACTERISTICS at Vee= 15V, le= 10µA, TA= 25°C, unless otherwise lloted. 

MAT-02A/E MAT-028/F' 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

le=1mA (Note 1) 500 605 400 605 

Current Gain hFE 
le= 100pA 500 590 400 590 
le'" IOµA 400 550 300 550 
le=1µA 300 485 200 485 

Current Gain Match Ah FE• 10pA:S le:S 1mA, (Note2) 0.5 2 0.5 4 'Iii 

Offset Voltage Vos 
Ves=O 10 50 80 150 ·. µV 
1µA :s le:S 1mA (Note 71 

Offset Voltage 
AVos/AVes 

. O:SVes:SVMAX• (Note6) 
Change vs Vea 1µA s leS 1mA (Note 7) 

10 25 10 50 µV 

Offset Voltage Change 
AVos/Ale 

Vea= ov 
25 50 µV 

vs. Collector Current 1µA :s leS 1mA (Note 71 

Offset Current 
Al 08/AVe8 0 :5 Vee :5 vM-AX 30 70 30 70 pAN 

Change vs Vea 

Bulk Resistance rse 10µA :s le :s 10mA I Note 3 I 0.3 0.5 0.3 0.5 n 
Collector-Base 

lcso Vea= VMAX 25 
Leakage Current 

200 25 400 pA 

Collector-Collector 
Ice Vee= VMAX• (Notes 3, 5) 35 

Leakage Current 
200 35 400 pA 

Collector-Emitter 
lcES 

VeE = VMAX• (Notes 3, 5) 
35 200 35 

Leakage Current Vae=O 
400 pA 

le= 1 mA, Vea= 0, (Note 4) 
10 =10Hz 1.6 2 1.6 3 

Noise Voltage Density en 10 = iooHz 0.9 0.9 2 nV/VHz 
t0 =1kHz 0.85 0.85 2 
10 = 10kHz 0.85 0.85 2 

Collector Saturation 
VeE1SAT} 

le=1mA 
0.05 0.1 0.05 0.2 

Voltage 18 = 100µA 
v 

Input Bias Current Is le= 10µA 25 34 nA 

Input Offset Current los le": 10µA 0.6 1.3 nA 

Breakdown Voltage BVeEO 40 40 v 
Gain-Bandwidth Product IT le= 10mA, Vee= 10V 200 200 MHz 

Output Capacitance Cos Vee= 15V, IE=O 23 23 pF 

Collector-Collector 
Cee Vce=O Capacitance 

35 35 pF 

NOTES: 3. Guaranteed by design. 
1. Cu.rrent gain is guaranteed wit.h Collector-Base Voltage (Veal swept from 4. Sample tested. 

0 to VMAX at the indicated collector currents. 5. Ice and leEs are verified by measurement of lea<> 
2. Current Gain Match (AhFEI is defined as: 6. Th,is is the maximum change irl v 05 a~ Vee is swept from o_v to 40V. 

100 (Alai ihFE min) 
7. Measured at le= 10µA and guaranteed by design over the specified range 

AhFE= 
le 

of le. 
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MAT02 
ELECTRICAL CHARACTERISTICS Vcs = 15V, -25° C :<:::TA:<::: +85° C, unless otherwise noted. 

MAT-02E MAT-02F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 
Vce=O 
1µA :5 lc :51mA (Note 5) 

70 220 µV 

Average Offset 
TC Vos 

10µA :5 lc:51mA, 0 :5 Vea" VMAX• (Note 1 J 0.08 0.3 0.08 1 
Voltage Drift Vos Trimmed to Zero, (Note 31 0.03 0.1 0.03 0.3 

µVl'C 

Input Offset Current las le= 10µA 8 13 nA 

Input Offset 
TC las le= 10µA, (Note 41 40 90 40 150 pA/'C 

Current Drift 

Input Bias Current le le= 10µA 45 50 nA 

le= 1mA, (Note2J 325 300 

Current Gain 
le= 100µA 275 250 

hFe le= 10µA 225 200 

lc=1µA 200 150 

Collector-Base 
lcao Vee=VMAx Leakage Current 

2 3 nA 

Collector-Emitter 
Ices Vee=VMAX• Vae=O Leakage Current 

3 4 nA 

Collector-Collector 
Ice Vcc=VMAX Leekage Current 

3 4 nA 

ELECTRICAL CHARACTERISTICS Vcs = 15V, -55°C:<:::TA:<:::+125° C, unless otherwise noted. 

MAT-02A MAT-028 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos 
Vca=O 

80 250 µV 
1µA :5 lc51mA (Note5J 

Average Offset 
TC Vos 

10µA 5 lc $ 1mA, 0 $Vee$ VMAX• (Note 1) 0.08 0.3 0.08 Ill Voltage Drift Vos Trimmed to Zero, (Note 31 0.03 0.1 0.03 0.3 
µVl'C 

Input Offset Current las le= 10µA 9 15 nA 

Input Offset 
TClos le= 10µA, (Note 41 40 90 40 150 pA/'C Current Drift 

Input Bias Current le le= 10µA 60 70 nA 

le= 1mA, (Note 21 275 250 

Current Gain hFe 
le= 100 µA 225 200 
lc=10µA 175 150 
lc=1µA 150 100 

Collector-Base 
lceo 

Vea= VMAX 15 25 
Leakage Current TA= 125°C 

nA 

Collector-Emitter 
Ices 

Vee= VMAX• Vee= 0 50 50 
Leakage Current TA= 125'C 

nA 

Collector-Collector 
Ice 

Vce=VMAX 30 40 
Leakage Current TA= 125°C 

nA 

NOTES: V 
1. Guaranteed by Vos test (TCV0s = ....2l! for Vos < V8e} 

TA= 25°C. T 
T = 298k for 

2. Current gain is guaranteed with Collector-Base Voltage (Veal swept from 
Oto VMAx at the indicated collector current. 

3. The initial zero offset voltage is established by adjusting the ratio of lc1 to 
le2 at TA = 25°C. This ratio must be held to 0.003% over the entire 
temperature range. Measurements are taken at the temperature extremes 
and 25°C. 

4. Guaranteed by design. 
5. Measured at I c= 10µA and guaranteed by design over the specified range 

of le. 
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1111111111 ANALOG 
Liillll DEVICES 

FEATURES 

• Dual Matched PNP Transistor 
• . Low Offset Voltage .. . . . . . . . . . . . . . . • . . . . . . . . . 100µV Max 
• Low Noise ...................... 1nV/~@ 1kHz Max 
• High Gain ......•............. , ..• , ....... , . . . 100 Min 
• High Gain Bandwidth ............... : . . . . . . 190MHz Typ 
• Tight Gain Matching. . . . . . . . . . . . . . . . . . . . . . . . . . . 3% Max 
• Excellent Logarithmic Conformance. . . . . . . raE = 0.30 Typ 
• Available in Die Form 

ORDERING INFORMATIONt 
TA= +25°C PACKAGE OPERATING 

V08 MAX TEMPERATURE 
(µV) T0•78 LCC RANGE 
100 MAT03AH' MAT03ARC/883 MIL 
100 MAT03EH XIND 
200 MAT03FH X.IND 

For devices processed in total compliance to MIL·STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available-On industrial temperature range parts; 

GENERAL DESCRIPTION 
The MAT-03 dual monolithic PNP transistor offers excellent 
parametric matching and high frequency performance. Low 
noise characteristics (1 nV/y'RZ" Max@ 1 kHz), high bandwidth 
(190MHz typical), and low offset voltage (100µV Max), makes 
the MAT-03 an. excellent choice for demanding preamplifier 
applications. Tight current gain matching (3% Max mismatch) 
and high current gain (100 Min), over a wide range of collector 
current, makes the MAT-03 an excellent choice for current 
mirrors. A low value of bulk resistance (typically 0.30) .also 
makes the MAT-03 an ideal component for applications requir
ing accurate logarithmic conformance. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

13-10 MATCHED TRANSISTORS 

Low Noise, Matched 
Dual PNP Transistor 

MAT03 I 
Each transistor is individuaily tested to data sheet specifica
tions. Device performance is guaranteed at 25°C and over the 
extended industrial and military temperature ranges. To insure 
the long-term ·stability of the matching parameters, internal 
protection diodes across the base-emitter junction clamp any 
reverse base-emitter junction potential. This prevents a base
emitter breakdown condiUon which can result in degradation of 
gain and matching performance due to excessive breakdown 
current. 

PIN CONNECTIONS 

c,~··. ·.·1.c,. 

81 2 '6 B2 

E1 3 5 E2 

MAT-03ARC/883 . 
20-CONTACT LCC 

(RC-Suffix) 

T0-78 
(H-Sufflx) 

REV.B 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Collector-Base Voltage (BVcsol •..•....•••..•..•••••.• 36V 

Collector-Emitter Voltage (BVceol ..•.....•.....••••••. 36V 

Collector-Collector Voltage (BVccJ ..•.•..•...•.•..••.. 36V 

Emitter-Emitter Voltage (BVeeJ .••.....••••••••••..•..• 36V 

Collector Current (I c) .............................. 20mA 

Emitter Current (I el ................................ 20mA 

Total Power Dissipation 

Ambient Temperature~ 70°C (Note 2) ..•.•...•.• 500mW 

Operating Temperature Range 

MAT-03A •..•.•..•......•..•.....••.•. -55°C to +125°C 

MAT-03E/F ••....•.•....•.•....•..•••.• -40°C to +85°C 

MAT03 

Operating Junction Temperature ..•............... -55°C to+ 150°C 

Storage Temperature .....•.............................. -65°C to+ 150°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

Junction Temperature .•................................. ~ss 0c to+ 150°C 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged devices. 
2. Rating applies to T0-78 not using a heat sink, and LCC; devices in free air only. 

For T0-78, derate linearly at 6.3mW/°C above 70°C ambient temperature; for 
LCC, derate at 7.8mW/°C. 

ELECTRICAL CHARACTERISTICS at TA= +25°C, unless otherwise noted. 

MAT-03A MAT-03E MAT-03F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Vcs = OV, -36V 
Cwrent Gain le=lmA 10Q 165 100 165 80 165 
(Note 1) hFE le= 100µA 90 150 90 150 70 150 

le= 10µA 80 120 80 . 120 60 120 

Current Gain Matching 
AhFE le= lOOµA, Ve8 = OV 

(Note 2) 
0.5 0.5 0.5 % 

Offset Voltage 
Vos (Note3) 

Ves=OV, le= lOOµA 40 100 40 100 40 200 µV 

Offset Voltage Change 
le= 100µA 

AV0 s/AVe8 Vee1 = ov 11 150 11 150 11 200 µV 
vs Collector Voltage 

Ve82 = -36V 

Offset Voltage Change 
AVos/Ale 

Vee= OV 12 50 12 50 12 75 µV 
vs Collector Current lc1 = 10µA, lc2 = 1mA 

Bulk Resistance 'BE 
Ves= OV, 
10µA,; le,; 1mA 

0.3 0.75 0.3 0.75 0.3 0.75 n 

Offset Current las le= 100µA, Ve8 = OV 6 35 35 6 45 nA 

Collector-Base 
lcea Leakage Current 

Ves = -36V = VMAX 50 200 50 200 50 400 pA 

le= 1mA, Vee=O 

Noise Voltage Density 
Jo= 10Hz 0.8 0.8 0.8 

(Note4) eN Jo= 100Hz 0.7 0.7 0.7 
nwJHZ Jo= 1kHz 0.7 0.7 0.7 

Jo= 10kHz 0.7 0.7 0.7 

Collector Saturation 
Vce(SATJ Voltage 

le= lmA, 18 = 100µA 0.025 0.1 0.025 0.1 0.025 0.1 v 

NOTES: 
1. Current gain is measured at collector-base voltages (Vea) swept from Oto 3. Offset voltage is defined as: 

VMAX at indicated collector current. Typicals are measured at Vee= OV. Vos= VsE1 - VsE2· 
2. Current gain matching (dhFE) is defined as: where Vos is the differential voltage for 

AhFE= 
100 (Als) hFE (MIN) 

[ · · · KT fc1) le c, = Ic2· Vos= VBE1 - VBE2= q In I;;;- . 
4. Sample tested. Noise tested and specified as equivalent input voltage tor 

each transistor. 
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MAT03 
ELECTRICAL CHARACTERISTICS at -55°C s; TA s; + 125°C, unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Vea= ov. -36V 
le= 1mA 

Current Gain hFe le= 100µA 
le= 10µA 

Offset Voltage Vos I e = 100µA, Vea= OV 

Offset Voltage Drift 
TCVos I e = 100µA, Vee= ov 

(Note 1) 

Offset Current los le= 100µA, Vea= ov 

Breakdown Voltage BVeeo 

NOTE: 
1. Guaranteed by Vos test (TCV0s = V0s/T for Vos..: Vee) 

where T = 298° K for TA= 25°C. 

MIN 

70 
60 
50 

36 

ELECTRICAL CHARACTERISTICS at-40°C s; TAs: +85°C, unless otherwise noted. 

MAT-03E 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

Vee= OV, -36V 
le= 1mA 70 120 

Current Gain hFE le= 100µA 60 105 
le= 10µA 50 90 

Offset Voltage Vos I e = 100µA, Vee = OV 30 135 

Offset Voltage Drift 
TCVos le= 100µA, Vea= OV 0.3 0.5 

(Note 1) 

Offset Current los le= 100µA, Vea= ov 10 85 

Breakdown Voltage BVeeo 36 

NOTE: 
1. Guaranteed by Vos test (TCV05 = V05/T for Vos..: Vee) 

where T = 298° K for TA= 25°C. 

13-12 MATCHED TRANSISTORS 

MAT·03A 
TYP 

110 
100 
85 

40 

0.3 

15 

54 

MAX 

150 

0.5 

85 

MAT·03F 
MIN TYP 

60 120 
50 105 
40 90 

30 

0.3 

10 

36 

UNITS 

µV 

µV/°C 

nA 

v 

MAX UllllTS 

265 µV 

1.0 µV/°C 

200 nA 

v 
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1111111111 ANALOG 
WDEVICES 

FEATURES 

• Low Offset Voltage .......................................... 200µV Max 
• High Current Gain .......................................•......... 400 Min 
• Excellent Current Gain Match .............................. 2% Max 
• Low Noise Voltage at 100Hz, 1 mA .......... 2.5nV/ Hz Max 
• Excellent Log Conformance ...............•... rBE = 0.6Q Max 
• Matching Guaranteed for All Transistors 
• Available in Die Form 

ORDERING INFORMATION 1 

TA =+25°C 
V05 MAX 

(µV) 

200 
200 
400 
400 
400 

PACKAGE 

CERDIP 
14-PIN 

MAT04AY• 
MAT04EY 
MAT04BY• 
MAT04FY 

PLASTIC 
14-PIN 

MAT04FP 
MAT04FStt 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
IND 
MIL 
XIND 
XIND 

For devices processed in total compliance to MIL-STD-883, add /883 after part 
number. Consult factory for 883 data sheet. 
Burn-in is available on commercial and industrial temperature range parts in 
CerDIP, plastic DIP, and TO-can packages. 

tt For availability and burn-in information on SO and PLCC packages, contact 
your local sales office. 

GENERAL DESCRIPTION 

The MAT-04 is a quad monolithic NPN transistor that offers 
excellent parametric matching for precision amplifier and non
linear circuit applications. Performance characteristics of the 
MAT-04 include high gain (400 minimum) over a wide range of 
collector current, low noise (2.5nV/ ./"Hz maximum at 1 OOHz, 
le= 1 mA) and excellent logarithmic conformance. The MAT-04 
also features a low offset voltage of 200µ V and tight current gain 
matching, to within 2%. Each transistor of the MAT-04 is 
individually tested to data sheet specifications. For matching 
parameters (offset voltage, input offset current, and gain match), 
each of the dual transistor combinations are verified to meet 
stated limits. Device performance is guaranteed at 25°C and over 
the industrial and military temperature ranges. 

The long-term stability of matching parameters is guaranteed by 
the protection diodes across the base-emitter junction of each 
transistor. These diodes prevent degradation of beta and 
matching characteristics due to reverse bias base-emitter 
current. 

The superior logarithmic conformance.and accurate matching 
characteristics of the MA T-04 makes it an excellent choice for 
use in log and anti log circuits. The MAT-04 is an ideal choice in 
applications where low noise and high gain are required. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.C 

PIN CONNECTIONS 

Matched Monolithic 
Quad Transistor 

MAT04 I 

14-PIN CERDIP 
(Y-Suffix) 

14-PIN PLASTIC DIP 
(P-Suffix) 

14-PIN SO 
(S-Suffix) 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Collector-Base Voltage (BV csol ........................................ 40V 
Collector-Emitter Voltage (BV CEO) ..................................... 40V 
Collector-Collector Voltage (BV eel .................................... 40V 
Emitter-Emitter Voltage (BV EE) .......................................... 40V 
Collector Current ............................................................. 30mA 
Emitter Current ................................................................. 30mA 
Substrate (Pin-4 to Pin-11) Current ................................. 30mA 
Operating Temperature Range · 
MAT-04AY, BY ........................................... -55°CT0+125.°C 
MAT-04EY .................................................... -2s°CTO+ss0 c Ill 
MAT-04FY,FP,FS .......................................... -40°C to +85°C 

Storage Temperature 
Y Package ................................................... --65°C to + 15.0°C 
P Package .................................................... --65°C to + 125°C 

Lead Temperature (Soldering, 60 sec) ........................ +300°C 

PACKAGE TYPE e1A (Note2) 9JC UNITS 

14-Pin CERDIP (Y) 108 16 °C/W 

14-Pin Plastic DIP (P) 83 39 °C/W 

14-Pin SO (S) 120 36 "CIW 

NOTES: 
1. Absolute maximum ratings apply to both DICE and packaged parts. unless 

otherwise noted. 
2. e.A isspecifiedforworstcase mounting conditions, i.e., e.A is specified for device 

in' socket for CerDIP and P-DIP packages; eiA is specified for device soldered 
to printed circuit board for SO package. 
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MAT04. . ;,•. 

ELECTRICAL (:HARACTERISTICS at TA= 25°C unless otherwise noted. Each transistor.·lsindividuallyfeSted: !=or·~~hinQ: 
parameters (Yos. 105, AhFE) each dll~I transistor COIJ'lbination is verified to.meet stated limits. All tests made at endpoints unless other~ 
wise .noted. 

MAT·04A/E MAT-04B/F 
PARAMETER SYMBOL CONDmONS MIN TYP MAX ··MIN TYP MAX UNrrs 

cimentGain 
10t<As le"' 1mA 

hFE OVsVe8 s30V .41Kl '· 800 3QO 600 
(Note1) 

Current Gain· 
le=100µA 

Match 
AhFE ovsv0~s30v 0.5 2 :4 

(Note2). 

10µA:Sles1mA 
Offset Voltage·.· Vos OVsVces30V 50 200 100 400 

(Note4) 

Offset VoHage 10µASic"i:1mA 
Change vs .i.V08/Ale Vce=OV 5 25 10 50 
Collector Current (Note4) 

Offset Voltage 
10µAsles1mA 

AV05/t:Nee. OVsVe8 s30V 50 100 100 200 
Change vs Vee (Nota4) . 

1oµAs1es1mA 
Bulk Emitter Resistance 'BE Vee=OV 0.4 0.6 0.4 0.6 n 

(Nota5) 

Input Bias Current le 
le=100~ 
OVsVe8 s30V 

....... 125 250 165 330 nA 

Input Offset Current los 
le=100µA. 

0.6 5 2 13 
Vee=:OV 

nA 

Breakdown Voltage BVee~ le=~OµA 40 40 - v 
Collector Satul'ation 

VeE(SAT) 
18 =100µA 

0.03 0.06 0.03 0.06 
Voltage le=1mA· 

v 

Collector-Base 
lceo Ve8 =40V 5 5 

· Le8k8QeCurrenl 
pA 

Ve9=0V f0 =10Hz 2 3 2 4 
Noise VoHage 

en lc;=1mA f0 =100Hz ·' 1.8 2.5 1.8 3 
Density 

(NOte3) 10 = 1kHz 1.8 ,2.5 .. 1.8 3 

Gain Bandwidth 
h 

le=1mA 
300 - 300 

Product Vee_=1ov: · 
MHz' 

Output Capacttance Coao 
Vcs=15V l~=O 10 10 
f.,,1MH:i 

pF 

Input Caplicitance Ceao 
Vee=OV .. IQ=O 40 40 1-tMHz. 

pF 

NOTEso 
1. Current gain measured al le = 10µA, 100µA and 1 mA. 

2. Current gain match is defined as: AhFe= 
100 (Al8) (hFE min) 

le 
3. Sample tested. 
4. Measured al le = 10µA and guaranteed by design over the specified range 

of le. 
5. Guarenteed by design. 
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MAT04 
ELECTRICAL CHARACTERISTiCS at -25°C s TA s +85°C for MAT-04E, -40°C s TA s +85°C for MAT-04F, unless otherwise 

noted. Each transistor is individualiy tested. For matching parameters (V 0 5, 105) each dual transistor combination is verified to meet 

stated limits. All tests made at endpoints unless otherwise noted. 

MAT-04E MAT-04F 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

10µAslcs1mA 
Current Gain hFe OVsVces30V 225 625 200 500 

(Note1) 

10µAslcs1mA 
Offset Voltage Vos OVsVces30V 60 260 120 520 tLV 

(Note3) 

Average Offset 
le= 100µA 

Voltage Drift 
TC Vos Vce=OV 0.2 0.4 2 tLVi'C 

(Note2) 

Input Bias Current le 
le= 100tLA 

160 445 200 500 nA 
OVsVc8 s30V 

Input Offset Current las 
le= 1ooµA 
Vce=OV 

4 20 8 40 nA 

Average Offset 
TClos 

le= 100µA 
50 100 pA/'C 

Current Drift Vce=OV 

Breakdown Voltage BVceo lc=10µA 40 40 v 

Collector-Base 
lceo Vc8 =40V 0.5 0.5 nA 

Leakage Current 

Collector-Emitter 
Ices Vce=40V 5 5 nA 

Leakage Current 

Collector-Substrate 
lcs Vcs=40V 0.7 0.7 nA 

Leakage Current 

ELECTRICAL CHARACTERISTICS at -55"C s TA s 125°C unless otherwise noted. Each transistor is individually tested. For 

Ill matching parameters (Vos. los) each dual transistor combination is verified to meet stated limits. All tests made at endpoints unless 

otherwise noted. 

MAT·04A MAT-048 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

10µAslcs1mA 
Current Gain hFe ovsvces30V 175 475 125 425 

(Note1) 

10µAslcs1mA 
Offset Voltage Vos OV:sVce:s30V 70 300 140 600 tLV 

(Note3) 

Average Offset 
le= 1ooµA 

Voltage Drift 
TCVos Vce=OV 0.2 0.4 2 tLVi'C 

(Note2) 

Input Bias Current le 
le= 100µA 

210 570 235 800 nA 
OVsVces30V 

Input Offset Current las 
lc=100µA 

6 30 12 60 nA 
Vce=OV 

Average Offset 
TClos 

lc=100µA 
50 100 pA/'C 

Current Drift Vce=OV 

Breakdown Voltage BVceo lc=10µA 40 40 v 
Collector-Base 

lceo Vce=40V 5 5 nA 
Leakage Current 

Collector-Emitter 
Ices Vce=40V 100 100 nA 

Leakage Current 

Collector-Substrate 
lcs Vcs=40V 7 7 nA 

Leakage Current 

NOTES: 
1. Current gain measured at le = 10µA, 100µA and 1 mA. 3. Measured at le = 10µA and guaranteed by design over the specified range 
2. Guaranteed by Vos test (TCVos s Vos!T for Vos < < Vee) T = 298'1< for oflc. 

TA =25°C. 
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SSM2402/SSM2412 - Dual Audio Analog Switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-34 

SSM2404 - Quad Audio Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-37 
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f Selection Tree - Audio Components 
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~ PRE AMPS 

SSM2017 

DIFFERENTIAL 
LINE DRIVERS 

RECEIVERS 

Drivers 

SSM2142 

Receivers 

SSM2141 (Av= 1) 

SSM2143 (Av= 2) 

BUFFERS 

BUF04 

BIPOLAR 
OP AMPS 

Single 
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Dual 

(Low Noise, Wide Bandwidth) 
AD829 
AD811 

(NE5534 Upgrade) (NE5532 Upgrade) 
OP176 OP275 

Sin~Quad 

AD820 (FET) AD822 (FET) 
OP113 OP213 OP413 

OP279 
SSM2135 

FETS 

Quad 

AD843 OP249 
AD711/744 AD712/ AD746 AD713 

(Low Voltage Noise) 
AD743 
AD745 

VOLUME 
CONTROL 
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SSM2402/2412 (Dual) 
SSM2404 (Quad) 

VOLTAGE 
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AMPLIFIERS 
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Selection Guides-Audio Components 
Amplifiers 

en nV/vHZ THD+N BW Package Temp 
Model Function 20kHzBW @lkHz MHz Option1 Ranges2 Comments Page 

SSM2017 Audio Preamplifier 0.95 0.005% 4.0 N,R I Low Noise, 8-Pin DIP, High Gain 14-5 
SSM2135 Dual Audio Op Amp 5.2 0.001% 3.5 N,R I +5 V Supply, 8-Pin DIP, High Output 14-14 
SSM2141 Differential Line Receiver 22.0 0.001% 3 N,R I High CMRR, Drives 600 fl 14-24 
SSM2l42 Balanced Line Driver 117.0 0.006% - N,Q,R I 10 V RMS into 600 fl, High Cap Load 14-26 
SSM2143 Differential Line Receiver 23.6 0.0006% 7 N,R I Gain = 112 or 2, High CMRR 14-28 

Volume Control/Voltage-Controlled Amplifiers 
Dynamic 
Range THD BW Package Temp 

Model Function dB % MHz Option1 Ranges2 Comments Page 

SSM2018T Voltage Out VCA 117 0.006 0.7 N,R I Trimless, 140 dB Gain Range 14-8 
SSM2118T Diff. Current Out VCA 140 0.006 14.0 N,R I Direct Output Summing 14-8 
SSM2024 Quad Current-Controlled VCA 82 0.3 - N c Low Feedthrough, Class A 14-12 
SSM2160 Hex Digital Volume Control 100 0.008 - N,R I "Clicldess" Control, Master Attenuator 14-30 
SSM2161 Quad Digital Volume Control 100 0.008 - N,R I Low Crosstalk, Adjustable Step 14-30 

"Clickless" Audio Switches 
Switch Signal 

THD Time Ron Range Package Temp 
Model Function % ms fl v Option' Ranges2 Comments Page 

SSM2402 Dual SPST Switch 0.003 10.0 60 ±14.2 N,R I Break-Before-Make, Low Distortion 14-34 
SSM2404 Quad SPST Switch 0.008 8.0 28 ±12.0 N,R I Single Supply, Low Crosstalk 14-37 
SSM2412 Dual SPST Switch 0.003 3.5 60 ±14.2 N,R I Higher Speed, Low Noise 14-34 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J =}-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to + 70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +8S'C); M = Military, -SS'C to + 125'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

Boldface Type: Data sheet information in this volume. 
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l"'IANALOG 
WDEVICES 

FEATURES 
Excellent Noise Performance: 950 pVtVHz or 1.5 dB 

Noise Figure 
Ultralow THO: <0.01%@ G = 100 Over the Full Audio 

Band 
Wide Bandwidth: 1 MHz@ G = 100 
High Slew Rate: 17 V/tJ.S typ 
Unity Gain Stable 
True Differential Inputs 
Subaudio 1 /f Noise Corner 
8-Pin Mini-DIP with Only One External Component 

Required 
Very Low Cost 
Extended Temperature Range: -40°C to +85°C 

APPLICATIONS 
Audio Mix Consoles 
Intercom/Paging Systems 
Two-Way Radio 
Sonar 
Digital Audio Systems 

GENERAL DESCRIPTION 
The SSM-2017 is a latest generation audio preamplifier combin
ing SSM preamplifier design expertise with advanced process
ing. The result is excellent audio performance from a self
contained 8-pin mini-DIP device, requiring only one external 
gain set resistor or potentiometer. The SSM-2017 is further 
enhanced by its unity gain stability. 

Key specifications include ultralow noise (1.5 dB noise figure) 
and THD (<0.01% at G = 100), complemented by wide band
width and high slew rate. 

Applications for this low cost device include microphone pream
plifiers and bus summing amplifiers in professional and con
sumer audio equipment, sonar, and other applications requiring 
a low noise instrumentation amplifier with high gain capability. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800·446·6212. 

REV.B 

Self-Contained 
Audio Preamplifier 

SSM2017 I 
FUNCTIONAL BLOCK DIAGRAM 

PIN CONNECTIONS 

Epoxy Mini-DIP (P Suffix) 

16-Pin Wide Body SOL (S Suffix) 

NC NC 

RG1 RG2 

NC NC 

-IN V+ 

NC 

NC OUT 

REFERENCE 

NC NC 

NC = NO CONNECT 
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SSM. ·2017.-SPEClflCA'JIQNS <Vs_= ±15 y_an~ -40°C s TA s +85°C; unless otheiwise specified. 
· . . K Typical speclf1cat1ons apply at TA = + 25°CJ . 

Parameter Symbol Conditions 'Min Typ Max uiµts 
DISTORTION PERFORMANCE TA= +2S0 c 

V0 = 7 VRMs 
RL=Skn 

Total Harmonic Distortion Plus Noise THD+N G = 1000, f = l kHz 0.012 % 
G = 100, f = lkHz o.oos % 
G = 10, f."' 1 kHz 0.004 % 
G =I, f = 1 kHz 0.008 % 

NOISE PERFORMANCE 
~ 

Input Referred Voltage Noise Density en f=lkHz,G=lOOO 0.9S nV/yHz 
f = 1 kHz; G = 100 1.95 nV/VHz 
f=lkHz;G=lO 11.83 nV/VHz 
f=lkHz;G=l 107.14 nV/VHz 

Input Current Noise Density in f= 1kHz,'G=1000 2 pAIVHz 

DYNAMIC RESPONSE 
Slew Rate SR G = 10 10 17 V/µs 

RL = 4.7 kn 
CL= so pF 
TA= +2S0c 

Small Signal Bandwidth BW-3dB G = 1000 200 kHz 
G = 100 1000 kHz 
G = 10 2000 kHz 
G=l 4000 !cHz 

INPUT 
Input Offset Voltage V10s 0.1 1.2 mV 
Input Bias Current Is VcM = 0 V 6 2S µA 
Input Offset Current Ios VcM = 0 V ±0.002 ±2.S µA 
Common-Mode Rejection CMR VcM=±8V I 

G = 1000 80 112 . dB 
G = 100 60 92 dB 
G = 10 40 74 dB 
G= 1,TA= +2s0 c 26 54 dB 
G = 1, TA= -40°C to +8s0 c 20 S4 dB 

Power Supply Rejection PSR Vs= ±6 V to ±18 V 
G = 1000 80 124 dB 
G = 100 60 118 dB. 
G = 10 40 101 dB 
G=l 26 82 dB 

Input Voltage Range IVR ±8 v 
Input Resistance RIN Differential, G == 1000 1 Mn 

G=l 30 Mn 
Common Mode, G = 1000 S.3 Mn 

G=l 7.1 Mn 

OUTPUT 
Output Voltage Swing Vo RL = 21cn; TA= +2S0c ±11.0 ±12.3 v 
Output Offset Voltage Voos -40 500 mV 

Minimum Resistive Load Drive TA= +2s0 c 2 1cn 
TA= -40°c to +8S0 c 4.7 1cn 

Maximum Capacitive Load Drive so pF 

Short Circuit Current Limit Isc Output-to-Ground Short ±SO mA 

Output Short Circuit Duration 10 sec 

GAIN 
Gain Accuracy 10 kn 

TA= +2S0 c Ro = 
G - 1 Ra = 10 n, G = 1000 0.2S 1 dB 

Ra = 101 n, G = 100 0.20 1 dB 
Ra = 1.1 kn, G = 10 0.20 I dB 
Ra= co, G = 1 o.os o.s dB 

Maximum Gain G 70 dB 
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SSM2017. 
Parameter Symbol Conditions Min Typ Max Unit 

REFERENCE INPUT 
Input Resistance 10 kn 
Voltage Range ±8 v 
Gain to Output 1 VN 

POWER SUPPLY 
Supply Voltage Range Vs ±6 ±22 v 
Supply Current lsv VcM = 0 V, RL = x ±10.6 ±14.0 mA 

Spec1ficanons sub1ect to change without nonce. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... ±22 V 
Input Voltage ...................... Supply Voltage 
Output Short Circuit Duration . . . . . . . . . . . . . . . . . 10 sec 
Storage Temperature Range (P, Z Packages) . -65°C to + 150°C 
Junction Temperature (T1) ............ -65°C to + 150°C 
Lead Temperature Range (Soldering, 60 sec) ........ 300°C 
Operating Temperature Range ........... -40°C to +85°C 
Thermal Resistance1 

8-Pin Hermetic DIP (Z): 01A = 134; 01c = 12 ...... °C!W 
8-Pin Plastic DIP (P): 01A = 96; 01c = 37 ......... °C/W 
16-Pin SOIC (S): 01A = 92; 01c = 27 ............ °C/W 

Typical ·Performance Characteristics 

Figure 1. Typical THD+Noise* at G = 1, 10, 100, 1000; 
V0 = 7 VRMS' Vs= ±15 V, RL = 5 kil; TA= +25°C 

*80 kHz low-pass filter used for Figures 1-2. 

V+ 

V-

NOTE 
181A is specified for worst case mounting conditions; i.e., 01A is specified for 
device in socket for cerdip and Plastic DIP; 01A is specified for device 
soldered to printed circuit board for SOL package. 

ORDERING GUIDE 

Temperature Package Package 
Model Range1 Description Option2 

SSM2017P -40°C to +85°C 8-Pin Plastic DIP N-8 
SSM2017S -40°C to +85°C 16-Lead SOL R-16 
1X!ND = -40°C to +85°C. 
2For Outline information see Package Information section. 

Figure 2. Typical THD+Noise* at G = 2, 10, 100, 1000; 
V0 = 10 VRMS' Vs= ±18 V, RL = 5 kil; TA= +25°C 

VouT ( 10kQ) 
G = {+IN) - {-IN) = AG + 1 

Basic Circuit Connections 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
117 dB Dynamic Range 
0.006% Typical THD+N (@ 1 kHz, Unity Gain) 
140 dB Gain Range 
No External Trimming Required 
Differential Inputs 
Complementary Gain Outputs 
Buffered Control Port 
1-V Converter On-Chip (SSM2018T) 
Differential Current Outputs (SSM2118Tl 
Low External Parts Count 
Low Cost 

GENERAL DESCRIPTION 
The SSM2018T and SSM2118T represent continuing evolu
tion of the Frey Operational Voltage Element (OVCE) topology 
that permits flexibility in the design of high performance volume 
control systems. Voltage (SSM20 l ST) and differential current 
(SSM2 l l 8T) output versions are offered, both laser-trimmed 
for gain core symmetry and offset. As a result, the SSM20 l ST · 
the first professional audio quality VCA to offer trimless 
tion. The SSM2118T is ideal for low noise summi · 
VCA based systems. 

Due to careful gain core layout, the SSMZ018T/SSM2118 
combine the low noise of Class AB topologies with the low dis
tortion of Class A circuits to offer an unprecedented level of 
sonic transparency. Additional features include differential in
puts, a 140 dB gain range, and a high impedance control port. 
The SSM2018T provides an internal current-to-voltage con
verter; thus no external active components are required. The 
SSM21 l 8T has fully differential current outputs that permit 
high noise-immunity summing of multiple channels. 

Both devices are offered in 16-pin plastic DIP and SOIC pack
ages and guaranteed for operation over the extended industrial 
temperature range of -40°C to +85°C. 

*Protected by U.S. Patent Nos. 4,471;320 and 4,560,947. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at t .. 800-446-6212. 

Trimless 
Voltage Controlled Amplifiers 

SSM2018T/SSM2118T* I 
FUNCTIONAL BLOCK DIAGRAMS 

VG 

+IN -IG 

-IN 

1-G v,"" 

.... ,-G 

SSM-2118T 

+IG 
G 

-IG 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS SSM2018T/SSM2l18T 

ELECTRICAL SPECIFICATIONS IVs= ±15 V, Av= 0 dB, RL = 100 kn, I= 1kHz.0 dBu = 0.775 Vrms, simple VCA application 
circuit with 18 kn resistors, -V1N floating, and Class AB gain core bias (R8 = 150 kQJ, -40°C < TA< +85°C, unless otherwise noted. Typical 
specifications apply at TA= +25°C.J 

Parameter Conditions Min Typ Max Units 

AUDIO PERFORMANCE1 

Noise V1N = GND, 20 kHz Bandwidth -95 -93 dBu 
Headroom Clip Point = 1 % THD+ N +22 dBu 
Total Harmonic Distortion plus Noise 2nd and 3rd Harmonics Only ( +25°C to +85°C) 

Av= 0 dB, V1N = +10 dBu 0.006 O.OZ5 % 
Av= +20 dB, V1N = -10 dBu 0.013 0.014 % 
Av= -20 dB, V1N = + 10 dBu 0.013 0.04 % 

INPUT AMPLIFIER 
Bias Current VcM = OV 0.25 1 µA 
Offset Voltage VcM = OV 1 15 mV 
Offset Current VcM = OV 10 100 nA 
Input Impedance 4 MQ 
Common-Mode Range ±13 v 
Gain Bandwidth VCA Configuration 0.7 MHz 

VCP Configuration 14 MHz 
Slew Rate 10 V/µs 

OUTPUT AMPLIFIER (SSM2018T) 
Offset Voltage 1.0 15 mV 
Output Voltage Swing 

+10 +13 v 
-10 +14 v 

Minimum Load Resistance 9 kQ 

CONTROL PORT 
Bias Current 0.36 µA 
Input Impedance 1 MQ 
Gain Constant -30 mV/dB 
Gain Constant Temperature Coefficient -3500 ppm/°C 
Control Feedthrough + 10 dB to -40 dB Gain Range ±1 ±4 mV 
Maximum Attenuation Ve= +4V 100 dB 

POWER SUPPLIES 
Supply Voltage Range ±5 ±18 v 
Supply Current 11 15 mA 
Power Supply Rejection Ratio 80 dB 

NOTES 
1SSM2118T tested and characterized using OP275 as curren,t-to-voltage converter. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SSM2018T/SSM2118T 

ABSOLUTE MAXIMUM RA.TINGS' 
Supply Voltage 

PIN CONFIGURATIONS 

Dual Supply ................................. ± 18 V 
Input Voltage ................................... ±Vs 
Operating Temperature Range ............. -40°C to +85°C 
Storage Temperature ................... -65°C to + l 50°C 
Junction Temperature (T1) ..................... +150°C 
Lead Temperature (Soldering, 60 sec) ............. +300°C 

THERMAL CHARACTERISTICS 
Thermal Resistance2 

16-Pin Plastic DIP 
0JA •••••••••••••••••••••.•••••.•....•• , .. 76°C/W 
01c ...................................... 33°C/W 

16-Pin SOIC 
01A •••..••.••••...••.••••..•.•.•..•••.••• 92°C/W 

16-Lead Plastic DIP 

and SOL 

.. ,..., v,..., 
BAL 

VG 

-1,_,, GND 

MODE 

Ve 

V-

16-Lead Plastic DIP 
and SOL 

BAL V+ 

-lo 

+IG 

-1,.,, GND 

MODE 

Ve 

V-

01c ...................................... 27°C/W 
ORDERING GUIDE 

TRANSISTOR COUNT 
Number of Transistors Model Temperature Range Package Option* 

SSM2018T .................................. 125 
SSM2118T ................................... 108 

ESDRATINGS 
883 (Human Body) Model ....................... 500 V 
EIAJ Model ................................... 100 V 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
operation section of this specification is not implied. Exposure to abs 
mum rating conditions for extended periods may affect device re · 

20rA is specified for worst-case conditions, i.e., 01A is specified 
for P-DIP and device soldered in circuit board for SOIC package. 

N-16 
R-16 
N-16 
R-16 

e information see Package-Information 

BAL 

v,"" 

GND 

~---.._-.,...--------f12 MODE 
Im 

COMP3 

Figure 1. SSM2018T Detailed Functional Block Diagram 
CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the SSM2018T/SSM2118T features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper 
ESD precautions are recommended to avoid performance degradation or loss of functionality. 

WARNING! eJ 
~~EOEVICE 

This information applies to a product .under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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, ....•. ; ... ; ..•.•..• ; •.. ; .. ;LiOdB I 

20 100 1k 
FREQUENCY - Hz 

::::::: 

10k 20k 

Figure 2. SSM2018T THD+N vs. Frequency (80 kHz Low
Pass Filter; for Av= 0 dB, VIN= 1 V rms; for Av= +20 dB, 
VIN= 0. 1 V rms; for Av= -20 dB, VIN= 10 V rms) 

COMPENSATION 
NETWORK 

COMP3 

SSM2018T/SSM2118T 

Figure 3. SSM2018T Typical Application Circuit 

FROM 
ADDITIONAL 
SSM2118T's 

GLOBAL 
SYMMETRY 

TRIM 
50pF 

Figure 5. SSM2178T Typical Application Circuit 

Figure 4. SSM2118T Detailed Functional Diagram 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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111111111 ANALOG 
WDEVICES 

FEATURES 

• Four VCAs in One Package 
• Ground Referenced Current Controllnputs 
• 82dB S/N at 0.3 % THO 
• Full Class A Operation 
• -40dB Control Feedthrough (Untrimmed) 
• Easy Signal Summing 
• 6% Gain Matching 

APPLICATIONS 

• Electronic Musical Instruments 
• Noise Gating 
• Compressor/Limiters 
• Signal Mixing 
• Automatic Gain Control 
• Voltage-Controlled Oscillators 

ORDERING INFORMATION 
PACKAGE 

PLASTIC 
16-PIN 

SSM2024P 

BLOCK DIAGRAM 

OPERATING 
TEMPERATURE 

RANGE 

-10°c to +so0 c 

V+ 

16 

Quad Current
Controlled Amplifier 

SSM2024 I 
GENERAL DESCRIPTION 

The SSM-2024 is a quad Class A non inverting current-controlled 
transconductance amplifier. Each of the four VCAs is completely 
independent and includes a ground referenced linear current gain 
control. These. voltage-in/current-out amplifiers offer over 82dB 
S/N at 0.3% THD. Other features include low control voltage 
feedthrough and mi.nimal external components for most applica
tions. With four matched VCAs in a single IC, the.SsM-2024 pro
vides a convenient solution for applications requiring multiple 
amplifiers. The pinout groups the four outputs for easy signal 
summing for circuits such as four-channel mixers. 

PIN CONNECTIONS 

13 

12 

CONTROL, 

OUT4 

OUT3 

CONTROL, 

IN3 

16-PIN PLASTIC DIP 
(P·Suffix) 

GNO V-

The SSM-2024 is mask work protected under the Semiconductor Chip Protection Act of 1983. 

This is an abridged d8ta sheet. To obtain tile mq&t recent version or 
complete data sheet, call our fax retrieval •Ys- at l ·800-446-6212. 
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SSM2024 
ABSOLUTE MAXIMUM RATlfl,IGS 
Supply Voltage ..................................................... 36V or ±18V 

Junction Temperature ................................................. + 150°C 

PACKAGE TYPE e1A (Note 1) UNITS 

14-Pin Plastic DIP (P) 90 47 °C/W 

NOTES: Operating Temperature Range .......................... -1 Oto +50°C 

Storage Temperature Range ........................... -65 to +150°C 

Maximum Current into Any Pin....................................... 1 OmA 

1 . ~iA is specified for worst case mounting conditions, i.e., 0iA is specified for device 
1n socket for P-DIP package. 

Lead Temperature Range (Soldering, 60 sec) .............. 300°C 

ELECTRICAL CHARACTERISTICS at Vs= ±15V, TA= +25°C, unless otherwise noted. 

SSM-2024 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Positive Supply Current +lgy 
'coN(1-4)=0 Vs=±15V 0.95 1.40 1.65 
'coN(1-4)=0 V5=±16.5V 1.05 1.55 2.05 

mA 

Negative Supply Current -lsv 
lcoN(1-4)=0 Vs=±15V 1.05 1.55 2.05 

mA 
lc0 N(1-4)=0 Vs=±16.5V 1.20 1.65 2.25 

Gain G ICON (1-4) = ±500µA 3642 4065 4330 µmhos 

Gain Matching !J.G 'coN (1-4) =±500µA ±6 % 

Input Offset Voltage Vos 
v,N = ov 'coN (1-4) = ±500µA 

±.4 ±1.3 mV 
'coN (1-4) = +250µA 

Change in Offset Voltage !!.Vos 
+2.5µA $ICON (1-4) $ +250µA ±100 ±640 

µV 
+250nA $ICON (1-4) $ +250µA ±250 ±640 

Output Leakage 1oL 'coN (1-4) = 0 0.1 ±5 nA 

Control Rejection (Untrimmed) CVR 'coN (1-4) = 500µA 
30 41.5 dB 

v,N (1-4) =40mVo-• 

SignaHo-Noise S/N v,N (1-4) =40mVo-o 62 dB 

Distortion THD V1N (1-4) = 40mVp-p 0.3 % 

Threshold Input Control Voltage VTCI 'our (1-4) = o +160 +220 mV 

NOTE: Specifications subject to change; consult latest data sheet. 

SIMPLIFIED SCHEMATIC (1OF4 AMPLIFIERS) 

V+ 

• lcoNTROL 

v-
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S.ANALOG 
L.111 DEVICES 

FEATURES 
Excellent Sonic Characteristics 
High Output Drive Capability 
5.2 nV /vHz Equivalent Input Noise @ 1 kHz 
0.001'Yo THD+N (V0 ::; 2.5 V p-p@ 1 kHz) . 
3.5 MHz Gain Bandwidth 
Unity-Gain Stable 
Low Cost 

APPLICATIONS 
Multimedia Audio Systems 
Microphone Preamplifier 
Headphone Driver 
Differential Una Receiver 
Balanced Line Driver 
Audio ADC Input Buffer 
Audio DAC 1-V Converter and Filter 
Pseudo-Ground Generawr 

GENERAL DESCRIPTION 
The SSM-2135 Dual Audio.Operational Amplifier permits excel~ 
lent performance in portable or low power audio systems, with 
an operating supply range of +4 V to +36 V or ±2 V to 
±18 V. The unity gain stable device has very low voltage noise 
of 4.7 nV/\IHz, and total harmonic distortion plus noise below 
0.01 % over normal signal leVels and loads. Such characteristics 
are enhanced by wide output swing and load drive capability. A 
unique output stage* penillts output swing approaching the rail 

Dual Single-Supply 
Audio Operational Amplifier 

SSM.2135· J 
PIN CONN~CTIONS.. 

8-Lead Narrow-Body SOIC 
(S Suft'"ix) 

OUTABV~ 
-IN A SSM~2.135 O'!'f B 
+INA . .- -INB 

V-/GND +INB 

8-Lead Epoxy DIP 
(P Suffix) 

under moderate load conditions. Under severe loading, the 
SSM-2135 still maintains a wide output swing with ultralow 
distortion. 

Particularly well suited for computer audio systems and portable 
digital audio units, the SSM-2135 can perform preamplification, 
headphone and speaker driving, and balanced line driving and . 
receiving. Additionally, the device is ideal for input signal con
ditioning in single:.suwly sigma-delta analog-to-digital converter 
subsystems such as the· AD1878/AD1879. 

The SSM-2135 is available in 8-pin plastic DIP and SOiC pack
ages, and is guaranteCcl for operation over the extended mdus
trial temperature range of -40°C to +85°C. 

*Protected by U. S. Patent 1'!1a. 5,146,181. 

FUNCTIONAL 81.0CK DIAGRAM 
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SPEC I Fl CATIONS (Vs.= +5 ~·. -~o·c < TA < +85°C unless otherwise noted. 
Typical spec1f1cat1ons apply at TA = + 25°C.) SSM2135 

Electrical Characteristics 
Parameter Symbol Conditions Min 

AUDIO PERFORMANCE 
Voltage Noise Density en f =I kHz 
Current Noise Density in f=lkHz 
Signal-To-Noise Ratio SNR 20 Hz to 20 kHz, 0 dBu = 0.775 V rms 
Headroom HR Clip Point= 1% THD+N, f = 1 kHz, RL = 10 kn 
Total Harmonic Distortion THD+N Av = + 1, V 0 = 1 V p-p, f = I kHz, 80 kHz LPF 

RL = 10 kn 
RL = 32 n 

-
DYNAMIC PERFORMANCE 

Slew Rate SR RL = 2 kn, TA= +25°C 0.6 
Gain Bandwidth Product GBW 
Settling Time ls to 0.1%, 2 V Step 

INPUT CHARACTERISTICS 
Input Voltage Range VcM 0 
Input Offset Voltage Vos VouT = 2 V 
Input Bias Current Is VcM = 0 V, VouT = 2 V 
Input Offset Current los VcM = 0 V, VouT = 2 V 
Differential Input Impedance ZIN 
Common-Mode Rejection CMR 0 V :5 VcM :5 4 V, f =de 87 
Large Signal Voltage Gain Avo 0.01 v :5 VouT :5 3.9 v, RL = 600 n 2 

OUTPUT-CHARACTERISTICS 
Output Voltage Swing High VoH RL = 100 kn 4.1 

RL = 60_0 n 3.9 
Output Voltage Swing Low VoL RL = 100 kn 

RL = 600 n 
Short Circuit Current Limit lsc 

POWER SUPPLY 
Supply Voltage Range Vs Single Supply +4 

Dual Supply ±2 
Power Supply Rejection Ratio PSRR Vs= +4 V to +6 V, f =de 90 
Supply Current lsv VouT = 2.0 V, No Load 

Vs= +5 V 
Vs= ±18 V 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

THERMAL CHARACTERISTICS 

Single Supply ................ , . . . . . . . . . + 36 V 
Dual Supply ........................... ± 18 V 

Input Voltage ............................. ±Vs 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . .. 10 V 

Thermal Resistance 1 

8-Pin Plastic DIP 

8-Pin SOIC 

Typ Max 

5.2 
0.5 
121 
5.3 

0.003 
0.005 

0.9 
3.5 
5.8 

··-

+4.0 
0.2 2.0 
300 750 

50 
4 
112 

3.5 
3.0 

±30 

+ 36 
1. 18 

120 

2.8 4.0 
3.7 5.0 

Units 

nV/\}Hz 
pN\}Hz 
dBu 
dBu 

% 
% 

V/µs 
MHz 
µs 

v 
mV 
nA 
nA 
Mn 
dB 
V/µV 

v 
v 
mV 
mV 
mA 

-----

v 
v 
dB 

mA 
mA 

103°C/W 
43°C/W 
158°C/W 
43°C/W 

Output Short Circuit Duration ... , ........... Indefinite 
Storage Temperature Range ........... -65°C to + 150°C 
Operating Temperature Range ........... -40°Cto +85°C 

101A is specified for worst case conditions, i.e., e1A is specified for device in 
socket for P-DIP and device soldered in circuit board for SOIC package. 

Junction Temperature Range (T1) . : ...... -65°C to + 150°C ORDERING GUIDE 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

Temperature Package Package 
ESDRATINGS Model Range Description Option* 
883 (Human Body) Model .........•........... 1 kV 
EIAJ Model ............................. 175 V SSM2135P -40°C to +85°C 8-Pin Plastic DIP N-8 

SSM2135S -40°C to +85°C 8-Pin Narrow Body S0-8 

*For outline information see Package Information section. 
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SSM2135 

Figure 1. Test Circuit for Figures 2-4 

Figure 2. THD+N vs. Amplitude (See Test Circuit; Av = 
+ 1, V5 = +5 V, f = 1 kHz, with 80 kHz Low-Pass Filter) 

Figure 3; THD+N vs. ·Frequency (See Test Circuit; 
Av = + 1, VIN = 1 V p-p, with 80 kHz Low-Pass Filter) 
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Figure 4. THD+N vs. Load (See Test Circuit) 
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Figure 5. THD+N vs. Gain 
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Figure 6. THD+N vs. Supply Voltage 
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Figure 7. SMPTE Intermodulation Distortion (Av = + 1, 
Vs = +5 V, f = 1 kHz, RL = 10 k!l) 

Figure 8. Input Voltage Noise (20 nV/div) 
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Figure 9. Voltage Noise Density vs. Frequency 
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Figure 10. Current Noise Density vs. Frequency 

Figure 11. Frequency Response (Av = + 7, Vs = +5 V, 
ViN = 1 v p-p, RL = 10 kfl) 

Figure 12;. Square Wave Response fVs = +5 V, Av = + 1, 
RL = x) ··· 
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SSM2135 
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Figure 13. Crosstalk vs. Frequency (RL = 10 k[l) 
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Figure 14. Common-Mode Rejection vs. Frequency 
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Figure 15. Power Supply Rejection vs. Frequency 
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Figure 16. Closed-Loop Gain vs. Frequency 
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Figure 17. Open-Loop Gain and Phase vs. Frequency 
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Figure 18. Small Signal Overshoot vs. Load Capacitance 
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Figure 19. Output Impedance vs. Frequency 
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Figure 20. Maximum Output Voltage vs. Load Resistance 
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Figure 21. Maximum Output Swing vs. Frequency 
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Figure 22. Output Swing vs. Supply Voltage 
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Figure 23. Output Swing vs. Temperature and Load 

2.0 ~--,-----,----,-----------~ 
Vs~ +5V , , 

+O.SV s VouT s +4.0V 

1.5 f--+---+----1--+--+---+----!'-~ 

~ +SLEWR~ 
I _.)--i 1.0 l--+--~l--,::1.-£'-+--+--l--+---I 

s ~ -SLEW RATE 

0.5 !---+---l--~--+---+---1----ji----l 

0 ._ _ _.._ _ _._ _ _._ _ _,_ _ __. _ __. __ .____. 

-75 -50 -25 25 so 75 100 125 

TEMPERATURE - °C 

Figure 24. Slew Rate vs. Temperature 

!!! 
0 
> 
I 

"' ~ ., 
.... 
:> 
I!: 
::> 
0 
w 
<!: .... 
<( 

"' w z 

AUDIO COMPONENTS 14-19 

m 



SSM21'35 
20 r----r--r---r--.-1--r--_:!,...· - .... J-...... 
18 t--+--+--+--+--+--_v, =+s.ov -

V0 =3.11V I• 
18t--+--+--+--+--+--+---t----t 

~ 14 t---r--..lo:;::=-;::":;i:~~R:L~"2~k:Q.::i:::::::~_..t""--"""'t~~·"I 
I .- _:1_ 

! 12 l 
~ 1:1.c--~+..~t==R=.L==~llOOQ===t===t:::::t~~ ... ...J 
i st--+--+--+--+--+---t---t----t 

4t--+--+--+--+--+--+--+----t 

o~-~-~..,....~-~-.._..,........_..,......___. 

-7li -50 -25 0 25 50 75 100 125 
TEMPEJIATURE - °C 

Figure 25. Open-Loop Gain vs. Temperature 
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Figure 27. Supply Current vs. Temperature 
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Figure 28. Input Bias.Current vs. Temperature 

APPLICATION INFORMATION 
The SSM-21~5 is a low voltage audio amplifier that has excep
tionally low noise_ and excellent sonic qtiality even when driving 
loads as small as 25 0. Designed for siilgle supply use, the 
SSM-2135's inputs common~mode .and output swing to zero 
volts. Thus with a supply voltage at +5 V, both the input and 
output will swing fl'Qm 0 V to +4 V. Becaµse of this, signal 
dynamic range can be optimized if the 8mplifier is' biased to a 
+ 2 V ref~ce rather than_ at ~alf the supply voltage. 

The SSM-2135 is unity-gain stable, even when driving into a 
fair amount of capacitive load. Driving up to 500 pF does· not 
cause any instability· in the amplifier. However, overshoot in the 
frequency response llicreases slightly. 

The SSM-2135 makes an .excellent 9µtpµt !\lllP!ifjer for ;t-5 V 
only audio systems such as a multimedia workstation, a CD out
put amplifier, or an audio mixing system. The amplifier has 
large output swing even. a,t this supply voltage )>ecause it is. 
designed to swing to the negative rail. In addition, it easily 
drives load impedances as )ow as 25 n with low distortion. 

The SSM-2135 is fully protected from phase reversal for inputs 
going to the negative supply rail. However, an internal ESD 
protection diodes· will turn "'ort". when either input is forced 
more than 0.5 V below the negative rail. Under this ctmditlori, 
input current in excess of 2 IDA may 'cause etratic otifi>ilt behilv
ior, in which case a current liiiiitilig resistor should be ini:luded 
in the offending input .if phase in~egrity is requited with exce8-
sive input Voltage&. A 500 o or higher. series mput resistor will 
prevent phase inversion even With the input pulled 1 vol~ below 
the negative supply. . " 

"Hot" pluggmg the input to a signal generally does not present 
· a problem for the SSM•2135, assuming the signal does not have 
any voltage.eXceeding the device's supply voltage. ·If so, it is 
advisable .to add' a series input resistor to limit. the cutren,t, as 
well as a Zener diode to clamp. the input to a voltage no higher 
than the supply. · 
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APPLICATION CIRCUITS 
A Low Noise Stereo Headphone Driver Amplifier 
Figure 29 shows the SSM-2135 used in a stereo headphone 
driver for multimedia applications with the ADl848, a 16-bit: 
stereo codec. The SSM-2135 is equally well suited for the serial
bused AD1849 stereo codec. The headphone's impedance can be 
as low as 25 n, which covers most commercially available high 
fidelity headphones. Although the amplifier can operate at up to 
± 18 V supply, it is just as efficient powered by a single +5 V. 
At this voltage, the amplifier has sufficient output drive to 
deliver distortion-free sound to a low impedance headphone. 

10k 8.66k 

Figure 29, A Stereo Headphone Driver for Multimedia 
Sound Codec 

Figure 30 shows the total harmonic distortion characteristics 
versus frequency driving into a 32 0. load, which is a vecy·typi
cal -impedance for a high quality stere<> headphone. The SSM-
2135 has excellent power supply rejection, and as a result, is 
tolerant of pi>orly regulated supplies. However, for best sonic 
quality, the power supply should be well regulated and heavily 
bypassed to minimize supply modulation under heavy loads. A 
minimum of 10 µ.F bypass is recommended. 

Figure 30. Headphone Driver THD+N vs. Frequency into a 
32 !J Load fVs = +5 II, with 80 kHz Low-Pass Filter) 
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A Low Noise Microphone Preamplifier 
The SSM-2135's 4.7 nV/y'Hz input noise in conjunction with 
low distortion makes it an ideal device for amplifying low level 
signals such as those produced by microphones. Figure 31 illus
trates a stereo microphone input circuit feeding a multimedia 
sound codec. As shown, the gain is set at JOO (40 dB), although 
it can be set to other gains depending on the microphone output 
levels. Figure 32 shows the preamplifier's harmonic distortion 
performance with I V rms output while operating from a single 
+5 V supply. 

The SSM-2135 is biased to 2.25 V by the VREF pin of the 
ADl848 codec. The same voltage is buffered by the 2N4124 
transistor to provide "phantom power" to the microphone. A 
typical electret condenser microphone with an impedance range 
of 100 n to 1 kO. works well with the circuit. This. power 
booster circuit may be omitted for dynamic microphone 
elements. 

LCHANNEL 
MICIN 

~ 2k 

RCHANNEL 
MICIN 

~ 
100Q 

10k 

~'-"-..... ---=:::..i LMIC 

Vee 

GND 

AD1848 

10k 

Figure 31. Low Noise Microphone Preamp for Multimedia 
Sound Codec 

Figure 32. MIC Preamp THD+N Performance (V5 = +5 V, 
Av = 40 dB, Vour = 1 V rms, with 80 kHz Low-Pass Filter) 
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SSM2135 
An 18-Bit Stereo CD-DAC Output Amplifier 
The SSM-2135 makes an ideal single supply stereo output 
amplifier for audio DI A converters because of its low noise and 
distortion. Figure 33 shows the implementation of an 18-Bit ste
reo DAC channel. The output amplifier also provides low-pass 
filtering for smoothing the oversampled audio signal. The filter's 
cutoff frequency is set at 22.5 kHz and it has a maximally flat 
response from de to 20 kHz. 

As mentioned above, the amplifier's outputs can drive directly 
into a stereo headphone that has impedance as low as 25 n with 
no additional buffering required. 

.:,201: LEFT 
~CHANNEL 
i47kll OUTPUT 

Figure 33. +5 V Stereo 18-Bit DAG 

A Single Supply Differential Line Driver 
Signal distribution and routing is often required in audio sys
tems, particularly portable digital audio equipment for profes
sional applications. Figure 34 shows a single supply line driver 
circuit that has differential output. The bottom amplifier pro
vides a 2 V de bias for the differential amplifier in order to max
imize the output swing range. The amplifier can output a 
maximum of 0.8 V rms signal with a +5 V supply. It is capable 
of driving into 600 n line termination at a reduced output 
amplitude. 

1k 

100µF 

AUDIO IN~!-'·------"! 

.__..,,""~t-.l\/\.11r-e----o 

10k 

+}DIFFERENTIAL 
AUDIO OUT 

7.Sk 

Sk 

Figure 34. Single Supply Differential Line Driver 
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A Single Supply Differential Line Receiver 
Receiving a differential signal with minimum distortion is 
achieved using the circuit in Figure 35. Unlike a difference 
amplifier (a subtractor), the circuit has a true balanced input 
impedance regardless of input drive levels. That is, each input 
always presents a 20 kn impedance to the source. For best 
common-mode rejection performance, all resistors around the 
differential amplifier must be very well matched. Best results 
can be achieved using a 10 kn precision resistor network. 

DIFFERENTIAL{+ 
AUDIO IN 

10k 

20k 
O-.l\/\J\r4-----.... ~ 

+ 

1µF; 

10µF 

Y....-.1\/\Ar.;..i'( AUD~ 
OUT 

+SV 

Figure 35. Single Supply Balanced Differential Line 
Receiver 

A Pseudo-Reference Voltage Generator 
For single supply circuits, a reference voltage source is often 
required for biasing purposes or signal offsetting purposes. The 
circuit in Figure 36 provides a supply splitter function. with low 
output impedance. The 1 µF output capacitor serves as a charge 
reservoir to handle a sudden surge in demand by the load as 
well as providing a low ac impedance to it. The 0.1 µF feedback 
capacitor compensates the amplifier in the presence of a heavy 
capacitive load, maintaining stability. 

The output can source or sink up to 12 mA of current with 
+5 V supply, limited only by the 100 n output resistor. Reduc
ing the resistance will increase the output current capability. 
Alternatively, increasing the supply voltage to 12 V also 
improves the output drive to more than 25 mA. 

R1 
5kS2: 

R2 
SkQ 

Vs+=+SV-+12V 

R3 
2.SkQ 

C1 
0.1µF 

Figure 36. Pseudo-Reference Generator 
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A Digital Volume Control Circuit 
Working in conjunction with the AD7528/PM7528 dual 8-bit 
DIA converter, the SSM-2135 makes for an efficient audio atten
uator, as shown in Figure 37. The circuit works off a single 
+5 V supply. The DAC's are biased to a 2 V reference level 
which is sufficient to keep the DAC's internal R-2R ladder 
switches operating properly. This voltage is also the optimal 
midpoint of the SSM-2135's common-mode and output swing 
range. With the circuit as shown, the maximum input and out
put swing is 1.25 V rms. Total harmonic distortion measures a 
respectable 0.01% at I kHz and 0.1% at 20 kHz. The frequency 
response at any attenuation level is flat to 20 kHz. 

Each DAC can be controlled independently via the 8-bit parallel 
data bus. The attenuation level is linearly controlled by the 
binary weighting of the digital data input. Total attenuation 
ranges from 0 dB to -48 dB. 

AD/PM-7528 

L AUDIO o--1---4+---t REFA 
IN 47µF 

LAUDIO 

>-'--41~·-1~ 
47µF 

DATA IN 

+SV 

Figure 37. Digital Volume Control 
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A Logarithmic Volume Control Circuit 
Figure 38 shows a logarithmic version of the volume control 
function. Similar biasing is used. With an 8-bit bus, the 
AD71 ll provides an 88.5 dB attenuation range. Each bit 
resolves a 0.375 dB attenuation. Refer to AD7111 data'sheet for 
attenuation levels for each input code. 

DATA IN& 
CONTROL 

LAUDIO 

>-.......... ·~ 
47µF 

+SY 

Figure 38. Single Supply Logarithmic Volume Control 
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1111111111 ANALOG 
L.lllDEVICES 

FEATURES 

• High Common-Mode Rejection 
DC ..................................................................... 100dB Typ 
60Hz ................................................................. 100dB Typ 
20kHz· ...................... , .......................................... 70dB Typ 
40kHz .................... , ............................................ 62dB Typ 

• Low Distortion ................................................. 0.001 % Typ 
• Fast Slew Rate ................................................. 9.5V/µs Typ 
• Wide Bandwidth ................................................. 3MHz Typ 
•Low Cost 
• Complements SSM-2142 Differential Line Driver 

APPLICATIONS 

• Line Receivers 
• Summing Amplifiers 
e Buffer Amplifiers - Drives 600Q Load 

ORDERING INFORMATION 
PACKAGE 

PLASTIC NARROW BODY SO 
8-PIN 8-PIN 

SSM2141P SSM2141S 

FUNCTIONAL DIAGRAM 

-IN 2 

+IN 3 

OPERATING 
TEMPERATURE 

RANGE 

XIND (-40°C :>TA:> +85'C) 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 
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High Common-Mode Rejection 
Differential Line Receiver 

SSM2l41 I 
GENERAL DESCRIPTION 

The SSM-2141 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a high 
level of noise immunity and optimum common-mode rejection. 
The SSM-2141 typically achieves 100dB of common-mode re
jection (CMR), whereas implementing an op amp with four off
the:shelf precision resistors will typically achieve only 40dB of 
CMR - inadequate for high-performance audio. 

The SSM-2141 achieves low distortion performance by main
taining a large slew rate of 9.5V/µs and high open-loop gain. 
Distortion is less than 0.002% over the full audio bandwidth. The 
SSM-2141 complements the SSM-2142 balanced line driver. 
Together, these devic.es comprise a fully integrated solution for 
equivalent transformer balancing of audio signals without the 
problems of distorti,en, EMI fields, and high cost. 

Additional applications for the SSM-2141 include summing sig
nals, differential preamplifiers, and 6000 low distortion buffer 
amplifiers. 

PIN CONNECTIONS 

8-PIN 
PLASTIC MINI-DIP 

(P-Suffix) 

NARROW BODY SO 
(S-Suffix) 

REV.B 



ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage ......................... , ....................................... ±1 BV 
Input Voltage (Note 1) •......•.............................. Supply Voltage 
Output Short-Circuit Duration ................................ Continuous 
Storage Temperature Range 

P Package ............•.•.................................•• -65°C to + 1 so•c 
Lead Temperature (Soldering, 60 sec) ........................ +300°C 
Junction Temperature .................................................. +150°C 
Operating Temperature Range ..•..................... -40°C to +85°C 

SSM2141 
PACKAGE TYPE e.,.(Note2) UNITS 

8-Pin Plastic DIP (P) 103 43 

NOTES: 
1 . For supply voltages less than ±18V, the absolute maximum input voltage is 

equal to the supply voltage. 
2. e1A isspecified forworstcase mounting conditions. i.e., e1A is specified for device 

in socket for P-DIP package. 

ELECTRICAL CHARACTERISTICS at Vs - ±1 BV, TA= +25°C, unless otherwise noted. 

SSM-2141 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset Voltage Vos VcM=OV -1000 25 1000 11V 

Gain Error No load, v,N • ±10V, R5 =on 0.001 0.01 % 

Input Voltage Range IVR (Note1) ±10 v 

Common-Mode Rejection CMR Vcu=±10V 80 100 dB 

Power Supply Rejection Ratio PSRR vs.:isv10±1ev 0.7 15 11VN 

Output Swing Vo RL =2k0 ±13 ±14.7 v 

Short-Circuit Current limit lsc Output Shorted To Ground +45/-15 mA 

Small-Signal Bandwidth (-3dB) BW RL =21<'2 3 MHz 

Slew Rate SR RL =21<'2 6 9.5· VIJlS 

Total Harmonic 
THO 

RL =100k0 0.001 
% 

Distortion RL ,,soon o.~1 

Capacitive load Drive Capability CL No Oscillation 300 pF 

Supply Current lsv No load 2.5 3.5 mA 

NOTE: 
1. Input voltage range guaranteed by CMR test. 

ELECTRICAL CHARACTERISTICS at Vs - ±1 BV, -40°C s TA s +85°C. 

SSM-2141 
PARAMETER·· SYMBOL CONDITIONS MIN TYP MAX UNITS 

Offset Voltage Vos Vcu=OV -2500 200 2500 11V 

Gain Error No load, v,N = ±1 ov. Rs -on 0.002 0.02 % 

Input Voltage Range IVR (Note 1) ±10 v 

CommoncMode Rejecdon CMR VCM=±10V 75 90 dB 

Power Supply Rejecdon Ratio PSRR Vs .:isVto±18V 1.0 20 11VN 

Output SWing ·vo RL ·2k0 ±13 ±14.7 v 

Slew Rate SR RL •2ktl 9.5 VIJlS 

Supply Current 1sv No load 2.6 4.0 mA 

NOTE: 
1 . Input voltage range guaranteed by CMR test. 
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FEATURES 
Transformer-Like Balanced Output 
Drives 10 V RMS Into a 600 !l Load 
Stable When. Driving Large Capacitive Loads and Long 

Cables 
Low Distortion 

0.006% typ 20 Hz,20 kHz, 10 V RMS into 600 n 
High Slew Rate 

15 V/µs typ 
Low Gain Error 

(Differential or Single-Ended); 0. 7o/o typ 
Outputs Short-Circuit Protected 
Available In Space-Saving 8-Pin Mini-DIP Package 
Low Cost 

APPLICATIONS 
Audio Mix Consoles 
Distribution Amplifiers 
Graphic and Parametric Equalizers 
Dynamic Range Processors 
Digital Effects Processors 
Telecommunications Systems 
Industrial Instrumentation 
Hi-Fi Equipment 

GENERAL DESCRIPTION 
The SSM-2142 is an integrate(! differential-output buffer ampli
fier that converts a single-ended input signal to a balanced out
put signal pair with high output drive. By utilizing low noise 
thermally matched thin film resistors and high slew rate amplifi
ers, the SSM-2142 helps maintain the sonic quality of audio 
systems by eliminating power line hum, RF interference, voltage 
drops, and other externally generated noise commonly encoun
tered with long audio cable runs. Excellent rejection of 
common-mode noise and offset errors is achieved by laser 
trimming of the on board resistors, assuruig high gain accuracy. 
The carefully designed output stage of the SSM-2142 is capable 
of driving difficult loads, yielding low-distortion performance 
despite extremely long cables or loads as low as 600 0, and is 
stable over a wide range of operating conditions. 

Based on a cross-coupled, electronically balanced topology, 
the SSM-2l42 mimics the performance of fully balanced 
transformer-based solutions for line driving. However, the SSM-
2142 maintains lower distortion and occupies much less board 
space than transformers while achieving comparable common
mode rejection performance with reduced parts count. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

14-26 AUDIO COMPONENTS 

Balanced Line Driver 
SSM2142 I 

FUNCTIONAL BLOCK DIAGRAM 1 

GND 

The SSM-2142 in tandem with the SSM-2141 differential re
ceiver establishes a complete, reliable solution for driving and 
receiving audi.o signals over long cables. The SSM-2141 features 
an Input Common-Mode Rejection Ratio of 100 dB at 60 Hz. 
Specifications demonstrating the performance of this typical sys
tem are included in the data sheet; 

PIN CONNECTIONS 

8-Pin Plastic DIP 
(P Suffix) 

8-Pin Cerdip 
(Z Suffix) 

16-Pin 
Wide Body SOL 

(S Suffix) 

REV.A 



SPECIFICATIONS <Vs= ±18 V, -40°C,.; TA,.; +85°C, operating in differential mode unless 
indicated otheiwise. Typical characteristics apply to operation at TA = +25°C.) 

Parameter Symbol Conditions Min Typ 

INPUT IMPEDANCE ZIN 10 

INPUT CURRENT IIN VIN = ±7.071 v ±750 

GAIN, DIFFERENTIAL 5.8 5.98 

GAIN, SINGLE-ENDED Single-Ended Mode 5.7 5.94 

GAIN ERROR, DIFFERENTIAL RL = 6000 0.7 

POWER SUPPLY REJECTION PSRR Vs=±l3Vto±l8V 60 80 
RATIO STATIC 

OUTPUT COMMON-MODE REJECTION OCMR See Test Circuit; f = l kHz -38 -45 

OUTPUT SIGNAL BALANCE RATIO SBR See Test Circuit; f = l kHz -35 -40 

TOTAL HARMONIC DISTORTION 
Plus Noise THD+N 20 Hz to 20 kHz, 0.006 

V 0 = 10 V nns, RL = 600 0 

SIGNAL-TO-NOISE RATIO SNR VIN= 0 v -93.4 

HEADROOM HR CLIP Level = 10.5 V nns +93.4 

SLEW RATE SR 15 

OUTPUT COMMON-MODE Voos RL = 6000 -250 25 
VOLTAGE OFFSET' 

DIFFERENTIAL OUTPUT Vooo RL = 600 0. -so 15 
VOLTAGE OFFSET 

DIFFERENTIAL OUTPUT VIN = ±7;071 v ±13.8 ±14.14 
VOLTAGE SWING 

OUTPUT IMPEDANCE Zo 45 50 

SUPPLY CURRENT Isv Unloaded, VIN = 0 V 5.5 

OUTPUT CURRENT, SHORT CIRCUIT lsc 60 70 

NOTE 
10utput common-mode offset voltage can be removed by inserting de blocking capacitors in the sense iines. See the Applications Information. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage ........................... ±18 V 
Storage Temperature ................ -60°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 
Junction Temperature ...................... + 150°C 
Operating Temperature Range ........... -40°C to +85°C 
Output Short Circuit Duration (Both Outputs) ..... Indefinite 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only; the functional 

+15V 

v,. 

SSM2142 

Max Units 

kO 

±900 µ.A 

dB 

dB 

2 % 

dB 

dB 

dB 

% 

dBu 

dBu 

V/µ.s 

250 mV 

50 mV 

v 

55 0 

7.0 mA 

mA 

operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Typical Application of the SSM-2142 and SSM-2141 

ORDERING GUIDE 

Operating Package Package 
Model Temperature Range Description Option1 

SSM2142P -40°C to +85°C Plastic DIP N-8 
SSM2142Z -40°C to +8S°C Cerdip Q-8 
SSM2142S2 -40°C to +85°C SOL R-16 

NOTES 
1For outline information see Package Information section. 
'For availability of SOIC package, contact yout local sales office. 
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FEATURES 
High Common-Mode Rejection 

DC: 90dBtyp 
60 Hz: 90 dB typ 
20 kHz: 85 dB typ 

Ultralow THO: 0.0006% typ @ 1 kHz 
Fast Slew Rate: 10 V/µs typ 
Wide Bandwidth: 7 MHz typ (G = 1/2) 
Two Gain Levels Available: G = 112 or 2 
Low Cost 

GENERAL DESCRIPTION 
The SSM-2143 is an integrated differential amplifier intended to 
receive balanced line inputs in audio applications requiring a 
high level of immunity from .common-mode noise. The device 
provides a typical 90 dB of common-mode rejection (CMR), 
which is achieved by laser trimming of resistances to better than 
0.005%. 

Additional features of the device include a slew rate of 10 V/µs 
and wide bandwidth. Total harmonic distortion (THD) is less 
than 0.004% over the full audio band, even while driving low 
impedance loads. The SSM-2143 input stage is designed to han
dle input signals as large as + 28 dBu at G = 112. Although pri
marily intended for G = 112 applications, a gain of 2 can be 
realized by reversing the +IN/- IN and SENSE/REFERENCE 
connections. 

When configured for a gain of 112, the SSM-2143 and SSM-2142 
Balanced Line Driver provide a fully integrated, unity gain solu
tion to driving audio signals over long cable runs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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-6 dB Differential 
Line Receiver 

SSM2143 I 
FUNCTIONAL BLOCK DIAGRAM 

-IN 

+IN 

12kQ 6kQ 

SSM-2143 

PIN CONNECTIONS 

. Epoxy Mini-DIP (P Suffix) 
and 

SOIC (S Suffix) 

NC = NO CONNECT 

SENSE 

V+ 

Your 

V-

REFERENCE 

REV.O 



SPECIFICATIONS !Vs_= ±15 ~'. -~o·c os: TA os: +85°C, G = 1/2, unless otherwise specified. 
Typical spec1f1cat1ons apply at TA = + 25°C.) 

Parameter Symbol Conditions Min Typ 

AUDIO PERFORMANCE 
Total Harmonic Distortion Plus Noise THD+N VIN= IOV rms, RL = IOkn, f = lkHz 0.0006 
Signal-to-Noise Ratio SNR 0 dBu = 0.775 V rms, 20 kHz BW, RTI -107.3 
Headroom HR Clip Point= 1% THD+N +28.0 

DYNAMIC RESPONSE 
Slew Rate SR RL = 2 kn, CL = 200 pF 6 10 
Small Signal Bandwidth BW _,dB RL = 2 kn, cL = 200 pF 

G = 112 7 
G=2 3.5 

INPUT 
Input Offset Voltage V1os VcM = 0 V, RTI, G = 2 -1.2 0.05 
Common-Mode Rejection CMR VcM = :±:10 V, RTO 

f =de 70 90 
f=60Hz 90 
f=20kHz 85 
f = 400 kHz 60 

Power Supply Rejection PSR V8 =:±:6Vto:tl8V 90 110 
Input Voltage Range IVR Common Mode :±: 15 

Differential :±:28 

OUTPUT 
Output Voltage Swing Vo RL = 2 kn :±:13 :±:14 
Minimum Resistive Load Drive 2 
Maximum Capacitive Load Drive 300 
Short Circuit Current Limit lsc +45, -20 

GAIN 
Gain Accuracy -0.1 O.o3 

REFERENCE INPUT 
Input Resistance 18 
Voltage Range :±: 10 

POWER SUPPLY 
Supply Voltage Range Vs :±:6 
Supply Current lsv VcM = 0 V, RL = x :±:2.7 

Specifications subjcct_to change without notice. 

ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .. :±: 18 V 
Common-Mode Input Voltage .................. :±:22 V 
Differential Input Voltage ..................... :±:44 V 

Temperature Package 
Model Range Description 

SSM2143 
Max Units 

% 
dBu 
dBu 

V/µs 

MHz 
MHz 

+ 1.2 mV 

dB 
dB 
dB 
dB 
dB 
v 
v 

v 
kn 
pF 
mA 

0.1 % 

kn 
v 

:±: 18 v 
:±:4.0 mA 

Package 
Option* 

Output Short Circuit Duration ............... Continuous SSM2143P -40°C to +8S°C 8-Pin Plastic DIP N-8 
Operating Temperature Range ............ -40°C to +85°C SSM2143S -40°C to +8S°C 8-Pin SOIC S0-8 
Storage Temperature Range ............ -65°C to + 150°C 
Junction Temperature (Tj) .................... + 150°C 

*For outline information see Package Information section. 

Lead Temperature (Soldering, 60 sec.) ............ + 300°C 
Thermal Resistance 

8-Pin Plastic DIP (P): 01A = 103, 01c = 43 ......... °C/W 
8-Pin SOIC (S): 01A = 150, 01c = 43 ............ °C/W 
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Serial Input Hex/Quad "Clickless" 
Volume Control with Master Attenuation 

FEATURES 
Digitally-Controlled "Clickless" Level Adjustment 

SSM2160: Six Channels 
SSM2161: Four Channels 

Master Control Has 128 1 dB Steps 
Each Channel Has 32 1 dB Steps Plus Mute 
Step Sizes Can Be Changed Using External Resistors 
High Gain Accuracy 
100 dB Gain Range 
Excellent Audio Characteristics: 

-100 dBu SNR (0 dBu = 0.775 V rms, Vs= ±5 V) 
+10 dBu Headroom (Vs= ±5 V) 
0.008% THD+N (@ 1 kHz, V1N = -10 dBu, Unity Gain) 
-80 dB Crosstalk (@ 1 kHz) 

Single or Dual Supply Operation 
24-Pin Plastic DIP and SOIC Packages (SSM2160) 
20-Pin Plastic DIP and SOIC Packages (SSM2161) 

APPLICATIONS 
Dolby* Pro-Logic Master Volume Control 
Home THXt System 
DSP Soundfield Processors 
Automotive Audio Systems 
HDTV Audio Systems 

GENERAL DESCRIPTION 
The SSM2160 and SSM2161 allow digital control of volume for 
six and four channels, respectively, with a master level control. 
In order to avoid "clicking," the device uses high performance 
voltage controlled amplifiers (VCAs) for the audio signal path: 
The VCA control port effectively isolates DAC charge injection 
from the audio path, which is the major contributor to clicking 
in resistor-ladder type attenuators. Each channel is controlled by 
a dedicated 5-bit DAC, providing 32 steps of adjustment, plus 

*Dolby is a registered trademark of Dolby Laboratories>Licensing Corporation. 
tHome THX is a registered trademark of Lucasfilm, Led. ' 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212.· 

CLK 

DATA 

[jj 

WRITE 

V+ 

SSM2160/SSM2161. I 
FUNCTIONAL BLOCK DIAGRAM 

SHIFT 
REGISTER 

AND 
ADDRESS 
DECODER 

POWER 
SUPPLY 

AND 
REFERENCE 

Your 

AUDIO 

~----~:;v,. 

TO ADDITIONAL CHANNELS 

SSM 2160 (6 CHANNEL) 
SSM 2161 (4 CHANNEL) 

er 7-bit DAC feeds every control port, 
ore, a balance can be achieved among all 

-step range, and the master control allows ad
its entire range while maintaining the desired 

chann to-channel balance. Step sizes are defaulted to I dB, 
but channel sizes can be increased or master sizes decreased by 
the addition of external resistors. Approximately 80 dB of at
tenuation and up to 20 dB of gain is possible. 

The SSM2160/SSM2161 can operate either single or dual sup
ply, with a total supply voltage range of 8 V to 36 V. An on-chip 
voltage reference is provided for single-supply applications. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPECIFICATIONS SSM2160/SSM2161 
ELECTRICAL SPECIFICATIONS (Vs= ±5 V, Av= D dB, D dBu = D.775 Vrms, V1N =-1D dBu, fAUDm = 1 kHz, fcLK = 25D kHz, 
RL = 1 DD kn, -4D°C <TA< +85°C, unless otherwise noted. Typical specifications apply at TA= +25°C.) 

Parameter Conditions Min Typ Max Units 

AUDIO PERFORMANCE 
Noise VrN = GND, 20 kHz Bandwidth -100 TBD dBu 
Headroom · Clip Point = l % THD+ N +10 dBu 
Total Harmonic Distortion Plus Noise 2nd and 3rd Harmonics Only 

Av= 0 dB 0.008 TBD % 
Av= -20 dB 0.02 TBD % 
Av= 0 dB, VrN = +10 dBu 0.8 1.0 % 

Channel Separation Any Channel to Another 80 dB 

ANALOG INPUT 
Input Offset Voltage 10 mV 
Input Impedance 14 Jill 

GAIN CONTROL ELEMENTS 
Default Step Size-Master AvMASTER = 0 dB to -60 dB TBD 1.0 TBD dB 
Default Step Size-Channel AvCHANNEL = 0 dB to +20 dB TBD 1.0 TBD dB 
Gain Error Relative to Same Channel 

AvMASTER = 0 dB 0.25 dB 
AvMASTER = -20 dB 0.25 dB 
AvMASTER = -40 d~ l dB 
AvMASTER = -6 2 dB 

Gain Match Error Channel-to-Ch~ 

Av 0.25 dB 
A 0.25 dB 

0.25 dB 
l dB 
2 dB 

Mute Attenuation -105 dB 

ANALOG OUTPUT m Output Impedance TBD n 
Mute Output Impedance TBD Q 
Output Sink Current TBD mA 
Minimum Resistive Load Drive TBD Q 
Maximum Capacitive Drive TBD pF 
Offset Voltage Channel Muted 20 mV 

CONTROL SECTION 
Logic Input LO 0.8 v 
Logic Input HI 2.0 v 
Logic Input Current Logic LO or HI l µA 
Maximum Clock Frequency 2 MHz 
Timing Characteristics See Timing Diagram 

REFERENCE 
Output Voltage V~ = +10 V (Single Supply) 4.9 5.0 5.1 v 
Output Impedance TBD Q 
Load Regulation -10 mA :o; IL :o; +10 mA 0.1 % 

POWER SUPPLIES 
Supply Voltage Range Dual Supply ±4 ±15 v 

Single Supply +8 +30 v 
. Supply;Current Positive TBD TBD mA 

Negative 20 30 mA 
Power Supply Rejection Ratio Dual Supply TBD dB 

Specifications subject to change without notice. 

This information· applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture.unless otherwise agreed to in writing. 
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SSM2160/SSM2161 
ABSOLUTE MAXlMUM RATINGS1 . 

Supply Voltage 
Dual Supply .......... , ... , .................. ±18 V 

SSM2160PIN co~GURATIO~ 
24-Lead Plastic DIP and SOIC 

Single Supply . ·, ........... ; ......... · ......... +36 V 
Analog Input Voltage .. : .......................... ±Vs 
Logic Input Voltage .............................. ±Vs 
Operating Temperature Range ............. -40°C to +85°C 
Storage Temperature ................... -65°C to +150°C 
Junction Tempel'l\ture (T1) . ..•••••••••••••••••.. +150°C 
Lead Temperature (Soldering, 60 sec) ............. +300°C 

THERMAL CHARACTERISTICS 
Thermal Resistance2 

24-Pin Plastic DIP (SSM2160) 
01A •••••••••••••••••••••••••••••••••• TBD0 C1W 
01c ..............•................... TBD°C/W 

24-Pin SOIC (SSM2160) 
01A ................................... TBD°CIW 
01c ..... , ....... : ....................... TBD°C/W 

20-Pin Plastic DIP (SSM2161) 
a1A .. •••• : , ••.•••••••••••••••••••••••••• TBD0 ctw 
·a1c ..........•............... ., ....... TBD°Ctw 

20-Pin SOIC (SSM2161) . 
01A · •••••••••••••••••••••••••••••••••• TBD0 ctw 
0ic .................................. TBD°C/W · 

TRANSISTOR COUNT 
Number of Transistors .................... . 

ESDRATINGS 
883 (Human Body) Model . . . . . . . . . . . . . . . . . . . . TB 
EIAJ Model ............. , ................... TBD 
NOTES 
1Stresses Bbove those listed, under "Absolute Maximum Ratings" may cause 
permanent damage to the dCVice. This is a stresS rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operation Section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

291A is specified for worst~cas~ cOnditions,. i.e., 8rA is specified for device in socket 
for P-DIP and device soldered in circuit board for SOIC package. 

Model 

SSM2160N 
SSM2160R 
SSM2161N 
SSM2161R 

ORDERING GUIDE 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

Package Option* 

N-24 
R-24 
N-20 
R-20 

*N =Plastic DIP; R =.SOIC. For outline information see Package Information 
sectiqn. 

V+ 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on . the. human body and test equipment and can discharge without detection. 
Although the SSM2160/SSM2161 features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore; proper 
ESD precautions are recommended to avoid performance degradation or loss of functicinalicy. 

~llllET 

MSTROllT 

MSTRSET 

Vour2 

v.,2 
Vour4 

v.,4 
Your& 

v.,e 
DATA 

CU< 

DGND 

CONFIGURATION 

CH SET 

MSTROUT 

MSTRSET 

Vour2 

v.,2 
Vour4 

v.,4 
DATA 

CLK 

DGND 

~~c=: 
ESD SENSITIVE DEVICF 

This information applies.to a product under development. Its characteristics.and specifications are.subject to change Without notice. 
Analog Devices assumes.no. obligation regarding·future .manufacture unless otherwise agreed to inwtiting. 
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Dual Supply 

SSM2160 POWER SUPPLY CONNECTIONS 

SSM2160/SSM2161 

0.1µF 

EXTERNAL 
REFERENCE 

Single Supply Single Supply Using External Reference 

TYPICAL APPLICATION CIRCUIT (DUA!-.i;UfPLY) 

CH1 

* Use formula RM= 1400X /(1X). 

OUT} CH4 
>------VIN 

OUT} 
>-----<.>IN 

t------0 DATA 

>------a CLK 

CH6 

**Use formula RcH = 4~20X/(X·1), where "X" equals desired step size in dB. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
• "Clickless" Biiaterai Audio Switching 
• Guaranteed "Break-Before-Make" Switching 
• Low Distortion ...••........•... , ......................•.•••.... 0.003o/o Typ 
• Low Noise •••••.•..•...................•...........................••.• 1 nV/VHZ 
• Superb OFF-Isolation •.•........................•..•••....•. 120dB Typ 
• Low ON-Resistance ....................•••••••••••••••....•.....• 600 Typ 
• Wide Signal Range: 

Vs= ±18V ............................................................. 10V RMS 
• Wide Power Supply Range ...........•.•••••••••••..••.••. ±20V Max 
• Available In Dice Form 

ORDERING INFORMATION 
PACKAGE 

PLASTIC SOL 
14-PIN 16·PIN 

SSM2402P SSM2402S 
SSM2412P SSM2412S 

"XIND = -40'C to +85'C 

GENERAL DESCRIPTION 

OPERATING 
TEMPERATURE 

RANGE 

XIND" 
XIND" 

The SSM-240212412 are dual analog switches designed spe
cifically for high-performance audio applications. Distortion and 
noise are negligible over the full audio operating range of 20Hz 
to 20kHz at signal levels of up to 10VRMS' The SSM-2402/2412 
offer a monolithic integrated alternative to expensive and noisy 
relays or complex discrete JFET circuits. Unlike conventional 
general-purpose CMOS switches, the SSM-2402/2412 provide 
superb fidelity without audio "clicks" during switching. 

Conventional TTL or CMOS logic can be used to control the 
switch state. No external pull-up resistors are needed. A "T" 
configuration provides superb OFF-isolation and true bilateral 
operation. The analog inputs and outputs are protected against 
overload and overvoltage. 

An important feature is the guaranteed "break-before-make"for 
all units, even IC-to-IC. In large systems with multiple switching 
channels, all separate switching units must open before any 
switch goes into the ON-state. With the SSM-2402/2412, you 
can be certain that multiple circuits will all break-before-make. 

The SSM-2402/2412 represent a significant step forward in 
audio switching technology. Distortion and switching noise are 
significantly reduced in the new SSM-2402/2412 bipolar-JFET 
switches relative to CMOS switching technology. Based on a 

This is an abridged data sheet. To obtain the most recent vel'$ion or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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Dual Audio 
Analog Switches 

SSM24.02/SSM2412 I 
new circuit topology that optimizes audio performance, the 
SSM-2402/2412 make use of a proprietary bipolar-JFET proc
ess with thin-film resistor network capability. Nitride capacitors, 
which are very area efficient, are used for the proprietary ramp 
generator that controls the switch resistance transition. Very 
wide bandwidth amplifiers control the gate-to-source voltage 
over the full audio operating range for each switch. The ON
resistance remains constant with changes in signal amplitude 
and frequency, thus distortion is very low, less than 0.01 % Max. 

The SSM-2402 is the first analog switch truly optimized for high
performance audio applications. For broadcasting and other 
switching applications which require a faster switching time, we 
recommend the SSM-2412-a dual analog switch with one-third 
of the switching time of the SSM-2402. 

PIN CONNECTIONS 

• GUARD PINS FOR INPUTIOUTPUT ISOLATION 
(GROUND FOR BEST PERFORMANCE) 

Logic In 

0 

CONTROL LOGIC 

Switch State 

OFF 
ON 

14-PIN 
PLASTIC DIP 

(P-Sufflx) 

16-PINSOL 
(5-Sufflx) 

Logic ·o· "o.av 
Logic "1";, 2.0V 
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FUNCTIONAL DIAGRAM 

v+ o-.. 
GND~ 

LOGIC HIGH =ON 
LOGIC LOW = OFF 

RF 

llAIN 
SWITCH 

CONTROL 

81, Sz == MAIN SWITCHES 
S3 = SHUNT SWITCH 

RAMP GENERATOR 

LOGIC INTERFACE 

R, 

SHUNT 
SWITCH 

CONTROL 

SSM2402/SSM2412 

TIMING DIAGRAM 

MAIN SWITCH OPEN/ 
SHUNT SWITCH CLOSED 
I I I 

I• toN -+1 -+! !+- 'off' 

HIGHJ 
CONTROL 

INPUT 

LOW 

SWrTCH TIMING 

ABSOLUTE MAXIMUM RATINGS 

TIME 

Operating Temperature Range ....................... -40°C to +85°C 
Operating Supply Voltage Range .................................... ±20V 
Analog Input Voltage Range 

Continuous .................................. V- +3.5V s VA s V+ -3.5V 
Maximum Current Through Switch •................................ 20mA 
Logic Input Voltage Range ........................... V+ Supply to-2V 
V+ Supply to Ground ......................................•............•... +36V 
V- Supply to Ground ........................................................ -20V 
VA to V- Supply ...................•........................................... +36V 

PACKAGE TYPE e1A(NOTE1) UNITS 

14-Pin Plastic DIP (P) 76 33 •ctw 
16-Pin SOL (S) 92 27 •ctw 

NOTE: 
1. e1A Is specified for worst case mounting conditions, i.e., e1A Is specified for 

device in socket for P-DIP package; e1,. is specified for device soldered to 
printed circuit board for SOL package. 

ELECTRICAL CHARACTERISTICS at Vs= ±18V, AL= OPEN, and-40°CsTA s +85°C, unless otherwise noted. 
All specifications, tables, graphs, and application data apply to both the SSM-2402 and SSM-2412, unless otherwise noted. 

SSM-2402/2412 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Positive Supply 
• 1sv 

V1L = 0.8V, 2.0V 6.0 7.5 mA Currant (Note 1) 

Negative Supply 
-lsv 

v, L = o.8v; 2.ov 4.8 6.0 mA Currant (NC!la 1) 

Ground Currant 1GND 
V1L = 0.8V, 2.0V 
(Note 1) 0.6 1.5 mA 

Digital lnpU1 High VINH TA = Full Temperature Range 2.0 v 

Digital Input Low VINL TA= Full Temperature Range 0.8 v 

Logic lnpU1 
!LOGIC 

V1N=Oto15V 1.0 5.0 11-' Current (NDle2) 

Analog Voltage 
VANALOG -14.2 +14.2 v Range (Note 3) 

REV.A AUDIO COMPONENTS 14-35 
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SSM2402/SSM2412 
ELECTRICAL CHARACTERISTICS at V8 =±18V, RL =OPEN, and-40°Cs TA s +85°C, unlessotherwis.e noted. Continued 

SSM-2402/2412 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Analog Current 
I ANALOG -10 +10 mA 

Range (Note 3) 

Overvoltage Input 
VIN = ±V SUPPLY Current 

±40 mA 

-14.2,; VA,; +14.2V 

Switch ON 
IA= ±1 OmA, V1L ~ 2.0V 

Resistance RON TA =+2s•c 60 85 0 

TA= Full Temperature Range 115 0 

Tempco (AR0i(AT) 0.2 Ol'C 

R0N Match R0NMATCH 
-14.2,;VA,;+14.2V 

5 % 
IA = ±1 OmA, V1L = 2.0V 

Switch ON V1L =2.0V 
Leakage Current IS(ON) -14.2V ,;VA,; +14.2V 0.05 1.0 µA 

(Notes 1. 2) VA=OV 0.05 10.0 nA 

Switch OFF V1L =0.8V 
Leakage Current 1s(OFF) -14.2V ,;VA,; +14.2V 0.05 1.0 µA 

(Notes 1, 2) VA =OV 0.05 10.0 nA 

Turn-On Time VA=+10V,RL =2k0 SSM-2402 10.0 
(Note 4) tON TA= +25°C, See Test Circuit SSM-2412 3.5 

ms 

Turn-Off Time VA= +10V, RL = 2k0 SSM-2402 4.0 
(Notes) tOFF TA= +25°C, See Test Circuit SSM-2412 1.5 

ms 

Break-Before-Make 
TA= +2s0 c 

SSM-2402 6.0 

Time Delay (Note 6) tOFF-tON SSM-2412 2.0 
ms 

Charge Injection a TA =+2s•c 
SSM-2402 50 

pC 
SSM-2412 150 

ON-State 
cs(oN> 

VA=1VRMS 12 pF 
Input Capacitance I= SkHz, TA= +25°C 

OFF-State 
cs(OFF) 

VA=1VRMS pF 
Input Capacitance f = SkHz, TA= +25°C 

4 

OFF Isolation 1so(OFF) 
v A= 10VRMS' 20Hz to 20kHz 

120 dB 
TA= +25°C, See Test Circuit 

Channel-to-Channel 
CT 

v A= 10VRMS' 20Hz to 20kHz 
96 dB 

Crosstalk TA= +2s•c 

Total Harmonic 
THO 

0 to 1 ov RMS' 20Hz to 20kHz 
0.003 o.oi % 

Distortion (Note 7) TA= +25'C, RL = SkO 

Spectral Noise 20Hz to 20kHz 
nV/,/Hz 

Density en TA= +2s0 c 

Wideband Noise 20Hz to 20kHz 
0.2 µVP·P Density enp-p TA= +2s0 c 

NOTES: 
1. "V1L is the Logic Control Input. 5. Turn-OFF time is measured from the time the logic input reaches the 50% point 
2. Current tested at V1N = OV. This is the worst case condition. to the time the output reaches 50% of the initial value. 
3. Guaranteed by R0N test condition. 6. Switch is guaranteed by design to provide break-before-make operation. 
4. Turn-ON Time is measured from the time the logic input reaches the 50% point 7. THO guaranteed by design and dynamic R0N testing. 

to the time the output reaches 50% of the final value. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
"Clickless" Bilateral Audio Switching 
Four SPST Switches in a 20-Pin Package 
Ultralow THD+N: 0.0008%@ 1 kHz (2 V rms, 

RL = 100 kfi) 
Low Charge Injection: 35 pC typ 
High OFF Isolation: -100 dB typ (RL = 10 kfi@ 1 kHz) 
Low Crosstalk: -94 dB typ (RL = 10 kfi @ 1 kHz) 
Low ON Resistance: 28 .n typ 
Low Supply Current: 900 µA typ 
Single or Dual Supply Operation: +11 V to +24 V or 

±5.5 V to ±12 V 
Guaranteed Break-Before-Make 
TTL and CMOS Compatible Logic Inputs 
Low Cost-Per-Switch 

GENERAL DESCRIPTION 
The SSM-2404 integrates four SPST analog switches in a single 
20-pin package. Developed specifically for high performance 
audio applications, distortion and noise are negligible over the 
full operating range of 20 Hz to 20 kHz. With very low charge 
injection of 35 pC, "clickless" audio switching is possible, even 
under the most demanding conditions. 

Switch control is realized by conventional TTL or CMOS logic. 
Guaranteed "break-before-make" operation assures that all 
switches in a large system will open before any switch reaches 
the ON state. 

Single or dual supply operation is possible. Additional features 
include -100 dB OFF isolation, -94 dB crosstalk and 28 n 
ON resistance. Optional current-mode switching permits an 
extended signal-handling range. Although optimized for large 
load impedances, the SSM-2404 maintains good audio perfor
mance even under low load impedance conditions. 

REV.8 

Quad Audio Switch 
SSM2404 I 

BLOCK DIAGRAM OF ONE SWITCH CHANNEL 

CONTROL LOGIC INTERFACE 
AND 

BREAK-BEFORE MAKE 

DIGITAL 
CONTROL 

CONTROL 

PIN CONNECTIONS 

Epoxy Mini-DIP (P-Sufftx) 
and SOIC CS-Suffix) 

SW4A 

AGND 

SW4B 

V+ 

V+ 

SW4CONTROL 

SW3CONTROL 

V-

SW3B 

AGND 

SW3A 

NC = NO CONNECT 

•coNNECT TO ANALOG GROUND 
FOR BEST NOISE ISOLATION 

AUDIO COMPONENTS 

SW1A 

SW1B 
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SSM2404-SPECIFICA'JIONS (V5 .= ±12 ~:TA.= +25°C, unless otherwise specified. 
H Typical specif1cat1ons apply at TA = + 25°C.) 

Parameter Symbol Conditions Min Typ 

AUDIO PERFORMANCE 
Total Harmonic Distortion Plus Noise THD+N @ 1 kHz, with 80 kHz Filter, 

RL = 100 kn, VIN = 2 V rms 0.0008 
Spectral Noise Density en 20 Hz to 20 kHz 0.8 
Wideband Noise Density en P--P 20 Hz to 20 kHz 0.6 

ANALOG SIGNAL SECTION 
Analog Voltage Range VA VINH = 2.4 V, IA = ±2 mA ±12 
Analog Current Range IA VINH = 2.4 v, v A = 0 v ±10 
ON Resistance RoN IA = ± 10 mA, VA = ± 10 V de 28 
RoN Matching RoN Match IA = ± 10 mA, v A = 0 v l 
ON Leakage Current IS(ON) VA= ±lOV -20 0.1 
OFF Leakage Current IS(OFF) VA= ±10 v -20 0.1 
Charge Injection Q 35 
ON-State Input Capacitance CoN VA=5Vrms 31 
OFF-State Input Capacitance Co FF VA=5Vrms 17 
OFF Isolation lso(OFF) VA = 50 mV rms, f = 1 kHz, RL = 10 kn -100 
Channel-to-Channel Crosstalk Cr VA = 50 m V rms, f = l kHz, RL = 10 kn -94 

CONTROL SECTION 
Digital Input High VINH DGND = OV 2.4 
Digital Input Low VINL DGND=OV 0 
Turn-On Time1 toN See Test Circuit 8 
Turn-Off Time2 to FF See Test Circuit 5 
Break-Before-Make Time Delay to.,.-toFF 3 
Logic Input Current 

Logic HI VINH = 2.4 v -1000 1.3 
Logic LO VINL = 0.8 v -1000 1.0 

POWER SUPPLY 
Supply Voltage Range Vs Single Supply +11 

Dual Supply ±5.5 
Positive Supply Current lsv+ All Channels On 0.9 
Negative Supply Current lsv- All Channels On -1.5 -0.6 
Ground Current All Channels On -2.0 -0.3 

NOTES 
'Turn-on time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the final value. 
2Turn-off time is measured from the time the logic input reaches the 50% point to the time the output reaches 50% of the initial value. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Single Supply .......................... + 27 V 
Dual Supply .......................... ±13.5 V 

Analog Input Voltage (VA) ...................... Vs Model 

ORDERING GUIDE 

Operating 
Temperature 
Range Package 

Max 

45 

+20 
+20 

Vs 
0.8 
50 
30 
20 

+1000 
+1000 

+24 
±12 
5 

Logic Input Voltage (V1NutNH) ................... Vs SSM2404P -40°C to +85°C 20-Pin Plastic DIP 
Maximum Current Through Any Switch . . . . . . . ... 20 mA SSM2404S -40°C to +85°C 20-Pin SOIC 

Units 

% 
nV/\/Hz 
µV P--P 

v 
mA 
n 
% 
nA 
nA 
pC 
pF 
pF 
dB 
dB 

v 
v 
ms 
ms 
ms 

nA 
nA 

v 
v 
mA 
mA 
mA 

Package 
Option* 

N-20 
R-20 

Operating Temperature Range ........... -40°C to +85°C 
Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature (T1) •..•••••.••••.••••. + 150°C 

*N = Plastic DIP, R = SOIC. For outline information see Package Infor
mation section. 

Lead Temperature (Soldering, 60 sec) ........... + 300°C 
Thermal Resistance1 

20-Pin Plastic DIP (P): 01A = 74, 01c = 32 ........ 0 C/W 
20-Pin SOIC (S): 01A = 90, 01c = 27 ............ 0C/W 

NOTE 
161A is specified for worst case mounting conditions, i.e., 61A is specified for 
device in socket for P-DIP package. 
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VA (IN) = 50mVRMS 
I = 20Hz TO 100kHz 

RL = 10k!J AND 100k!J 

LOGIC 

OFF ISOLATION= 20 LOG (VA (OUT) l 
VA(IN); 

OFF Isolation Test Circuit 

HIGH 

INPUT LOW 
1.4V tr<100ns 

t,<100ns 
1.4V LOW 

DC VOLTAGE 

t0~oFF Timing Diagram 

+12V 

V+ 

":" -12V 

Test Circuit for t0~oFF Timing Specification, t0~oFF 
Switching Response, and ON/OFF Transition Photos 

RL = 10kll 

RL= 100kll 

Figure 1. THD+N vs. Frequency (V5 = ± 12 V, 
VA = 2 V rms, with 80 kHz Filter) 
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RL = 10kQ 

RL= 100k!J 

.llllU 1 

8.5 18 

SSM2404 

" 

Figure 2. Headroom (V5 = ±12 V, f = 1kHz, with 
80 kHz Filter) 
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LOAD RESISTANCE -·o 

Figure 3. THD+N vs. Load (V5 =±12 V, VA= 2 V rms, 
f = 1 kHz, with 80 kHz Filter) 
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Figure 4. THD+N vs. Supply Voltage (VA = 2 V rms, 
f = 1 kHz, RL = 100 k!l, with 80 kHz Filter) 
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SSM2404 

Figure 5. Frequency Response fVs = ±12 V, 
VA = 1 V rms, RL = 100 k[l) 

Figure 6. SSM-2404 Spectral Noise Density En 
[5 Devices (20 Switches) Chained Together] 

INPUT 

OUTPUT 

Figure 7. Square Wave Response (TA= +25°C, 
V5 = ±12 II, RL = 100 kil, f = 20 kHz) 
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Figure 8. Output Voltage Swing vs. Load Resistance 
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Figure 9. Output Voltage Swing vs. Supply Voltage 
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Figure 11. Channel-to-Channel Crosstalk vs. Frequency 
(Worst-Case Conditions, as Measured Between 
Switches 1 and 4, or 2 and 3) 
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Figure 12. ON Resistance vs. Analog Voltage 
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Figure 13. Overvoltage Characteristics 
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Figure 14. Leakage Current vs. Analog Voltage 
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Figure 15. Switching Time vs. Temperature 

1.0 

0.8 

0.6 

0.4 

0.2 

-0.2 

-0.4 

-0.6 

-0.8 

-1.0 

lsv+ 

1----+---+----+---1-Vs = ±12V ---+--------i 
VA =GND 

1----+---+----+---1-VINH = 2.4V ---+--------i 

!==:j:===::j::=::+==+====!==:j; lsv- -i 
l=====l=====F====~====l======l=====t:IGND-j 

-40 -20 20 40 60 80 100 

TEMPERATURE - °C 
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10V 

sv 

sv 

0 

ANALOG 
OUTPUT 

VA(OUT) 

LOGIC 
INPUT 

VINL/INH 

Figure 17. t0~taFF Switching Response 

OPEN 
(SWITCH OFF) 

CLOSED 
(SWITCH ON) 

Figure 18. Switch OFF-to-ON Transition (RL = 5 k{}) 

CLOSED 
(SWITCH ON) 

OPEN 
(SWITCH OFF) 

Figure 19. Switch ON-to-OFF Transition (RL = 5 k{}) 

APPLICATIONS INFORMATION 
The SSM-2404 integrates four analog CMOS switches. with guar
anteed "break-before-make" operation to provide high quality 
audio switching. Each switch has complementary N-channel and 
P-channel MOSFETs to allow the analog input voltage range to 
include the positive and negative rails and improve linearity. In 
addition, the topology permits fully bilateral switching. When 
using the SSM-2404 there is full flexibility in configuring the 
switches. For example, they can be used individually as shown 
in Figure 20, or as a double-pole, double-throw (DPDT) switch, 
which is explained later. The SSM-2404 can also be configured 
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as a 4: 1 multiplexer, or by using additional packages, as 8: 1 or 
16: 1 and up. The break-before-make feature is guaranteed from 
part to part allowing such multiple'pai:kage applications. 

As Figure 20 shows, the SSM-2404 is easy to use, and no addi
tional devices are needed. The load resistors are recommended 
for improved OFF-isolation and charge injection. The ON resis
tance of the switch is only 28 n typically, which causes very 
little signal attenuation even with a load resistor. 

OUTI 

OUT2 

RL IS OPTIONAL 

OUT4 

OUT3 

SW SWITCH 
CONTROL STATE 

OFF 
ON 

Figure 20. Basic Circuit Configuration 

OPTIMIZING PERFORMANCE 
As the performance curves show, the switch is optimized for 
high impedance loads. The distortion performance is at its best 
when the switch has a load impedance of 100 kn or greater as 
shown in Figure 1. However, even at lower values of load 
resistances, the 1 kHz distortion performance is still excellent, 
0.006% for a 10 kn load. The main trade-off with THD is 
OFF-isolation and crosstalk. This is shown in Figures 10 and 
11, again with two different load conditions. As these graphs 
show, the 10 kn load yields approximately a 16 dB improve
ment in both characteristics. 

Thus, the optimum operating point depends on the most critical 
parameters. When THD is critical then high load impedances 
should be used; however, when crosstalk and OFF-isolation are 
critical, lower impedances on the order of 10 kn should be used. 
An additional benefit of using the smaller load resistor is-that 
any charge injected onto the output will be shunted to ground 
through the resistor. If improved OFF-isolation is needed, the 
SSM-2402 dual audio switch should be considered with its excel
lent 120 dB OFF-isolation at 20 kHz. 

It is important that all of the AGND pins be connected to the 
system analog ground. These pins isolate the input and output 
of each switch. Without connecting these pins, the OFF
isolation will degrade significantly. 
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DETAILED SWITCH OPERATION 
A simplified circuit schematic with the functional sections is 
shown in Figure Zl. The TTL interface has an internally regu
lated S V to ensure TTL logic levels regardless of the supply 
voltage. The logic threshold is with respect to the DGND pin, 
which can be offset. For example, if DGND is connected to the 
negative supply, then the SSM-Z404 will operate with negative 
rail logic. The interface shifts the control logic down to the neg
ative supply and inverts it to drive N 1. 

SW_ r----. 
CONTROL 

DGND 

TTL 
INTERFACE 

'-----...... --+--+--+--oY-
"-v-' "-v-' 

BREAK·BEFORE-MAKE RAMP GENERATOR 

Figure 21. Simplified Schematic 

Nl in combination with Cl and the 100 nA current source pro
vides the break-before-make operation of the switch. When the 
switch is on, NI is off and Cl is charged up to the positive rail. 
However, when the SW CONTROL is turned off, then the gate 
of Nl is pulled high. This turns NI on, providing a low imped
ance path to quickly discharge Cl to the negative rail, which 
quickly "breaks" the switch. On the other hand, when the SW 
CONTROL goes high again, the gate of Nl is pulled low, turn
ing it off. This leaves Cl to be slowly charged up to the positive 
rail by the 100 nA current source. The difference in the dis
charge and charging times ensures break-before-make operation, 
even from device to device. 

The voltage on Cl is inverted by Pl to drive the ramp generator 
differential pair, consisting of PZ, P3 and NZ, N3. This differ
ential pair steers the 100 nA of tail current to either charge or 
discharge CZ. As discussed above, when the switch is on, Cl is 
charged up to the positive rail. Pl inverts this, putting a low 
voltage equivalent to the negative supply on the gate of PZ. The 
BIAS voltage is approximately equal to the midpoint of the two 
supply voltages. Thus, when PZ is pulled down, it is turned on 
and P3 is off. All of the 100 nA flows through NZ and is mir-

. rored by N3. Thus, the 100 nA discharges CZ through N3. 
When CZ is pulled low, the inverter turns N4 on by pulling its 
gate high, and the second inverter turns P4 on. To tum the 
switch off the gate of PZ is pulled above the BIAS so that all 
100 nA charges CZ through P3. This is then inverted to turn off 
N4andP4. 

The internal ramp has rise and fall times on the order of a few 
milliseconds which is sped-up by the inverters. As the gate 
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voltages of N4 and P4 are changing, the ON resistance of each 
switch is ramping from its OFF state to Z8 n and vice versa. 
The actual rise and fall times are shown in Figures 18 and 19 
for a S kn load. These times are significantly slower than typical 
switches, minimizing the SSM-Z404's charge injeetion and giv
ing it "clickless" performance. 

DOUBLE-POLE DOUBLE-THROW SWITCH 
The SSM-Z404 is ideal as a one-chip solution for a stereo switch. 
The schematic in Figure ZZ shows the typical configuration. 
This circuit will select one of two stereo sources, channel A or 
B. The switch controls for the left and right input of each chan
nel are tied together so that both will be turned on or off simul
taneously. An inverter is inserted between the channel A and B 
controls so that only one logic signal is needed. The outputs can 
be configured many different ways, such as an inverting or non
inverting amplifier stage, and the 10 kn load resistors are added 
to improve the OFF-isolation. The performance of this stereo 
switch is equivalent to each individual switch, yielding a high 
quality audio switch that is virtually transparent to the signal. 

V+ 

1- - - - - - - - -~1!- -1 
I I 
I SSM-2404 I 
I I 

~o---~:~·~ 
':" L1NA I SW2 

I I 

~o---~·~· .......... --oLoUT 
"'=" L1NB : SW1 : 10k.Q 

61 SW2 CONTROL ND 12 ~ 
SWA/S.,_.we.___.r..:1.:.151 SW3 CONTROL AG ij" 

41 •12 
_r---DGND 

v 51 SW1CONTROL 119 

161 SW4 CONTROL 1 ~ SWA/SWB 
I 

~0---~·~1•:.., 
"=" RINA : SW3 I 

~o----~•--.---oRour 
~ R1NB I SW4 10kn 

•- ------- -~.;- -• 
V-

CHANNEL 
SELECTED 

B 
A 

Figure 22. Double-Pole, Double-Throw Stereo Switch 

VIRTUAL GROUND SWITCHING 
The SSM-Z404 was built on a CMOS process with a Z4 V oper
ating limit for the total supply voltage across the part. This 
leads to a corresponding limit on the analog voltage range. How
ever, to achieve larger signal swings, the SSM-Z404 should be 
configured in the virtual ground mode. As shown in Figure Z3, 
the output of the SSM-Z404 is connected to the inverting input 
of an amplifier. Since the noninverting input is grounded, the 
SSM-Z404 will also be biased at ground, and large voltage 
swings on the circuit's input will not significantly change the 
voltage on the switch. The only limitation is that the current 
through the switch needs to be less than ± 10 mA, and the volt
age range is limited only by the op amp and its supply voltages. 
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SSM2404 
The circuit was tested with an SSM-2131 high slew rate audio 
amplifier and the results are shown in Figures 24 and 25. This 
configuration yields excellent THD performance that is prima
rily determined by the amplifier: Also, the headroom is now 
+24 dBu (0 dBu = 0.775 V rms), which is due to the amplifi
er's output voltage swing. Thus, even though the SSM-2404 has 
a ± 12 V limitation oh its supplies, it can be used in systems 
with much higher voltage ranges. For example, the double-pole 
double-throw switch from Figure 22 can be reconfigured in the 
virtual ground mode to allow higher voltage swings, as shown 
in Figure 26. This application realizes the excellent performance 
of Figures 24 and 25 while providing a low cost switching 
solution. 

+12v 
,. ____ Y_., 
: SSM-2404: 
I I 

R1 1sw1A ' 

AUDIO:qt?.kn 1
1 1

3 
IN : SW1 e: 

I I 

1N914 1 1 .. ____ r .. 
-:- -12V 

R2 
Sien 

-18V 

Figure 23. Virtual Ground Switching 

AUDIO 
OUT 

Figure 24. Virtual Ground Switch THD+N vs. Frequency 
(V5 = ± 12 II, VA = 2 V rms, with 80 kHz Filter) 

Figure 25. Virtual Ground Switch Headroom (V5 = ±12 V 
for SSM-2404; V5 = ±18 V for Op Amp, f = 1 kHz, with 
80 kHz Filter) 
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V+ ,. _______ y1!_., 
I SSM-2404 
I I 

10 I I 8 
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I I ,, I 3 

Figure 26. Double-Pole, Double~Throw Stereo Switch 
Using Virtual Ground Operation 
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~ Selection Trees - Interface Products 
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INTERFACE PRODUCTS 
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I *RS-232 

I 
External Caps (1.0 µF) 

External Caps (0.1 µF) 
(Low Power) 

K Drivers (V cc = +S V) J H Drivers/Receivers J 
(V cc = +S V, 200 kBPS) 

ADM230L (SD) 
ADM206 (4D,4R) 

ADM234L (4D) 
ADM207 (SD, 3R) H Drivers/Receivers j ADM208 (4D,4R) 

(V cc = +S V, 100 kBPS) ADM232A (2D, 2R) 
ADM222 (w /Shutdown) 

ADM232L (2D, 2R) ADM242 (w /Shutdown 
ADM236L (4D, 4R) and Enable) 
ADM237L (SD, 3R) 
ADM238L (4D, 4R) H LowPower J 
ADM24IL (4D, SR) (V cc = +S V, I20 kBPS) 

* ADM223 (4D, SR) ADM202 (2D, 2R) 
ADM211 (4D, SR) y Drivers/Receivers J 

(V cc = +S V & I2 V) 
* ADM2I3 (4D, SR) 

y Drivers/Receivers J ADM23IL (2D, 2R) 
ADM239L (3D, 4R) (V cc = +S V & I2 V) 

ADM209 (3D, 4R) 

* Receivers Active in Shutdown 

l 
I 

RS-232/422/423 

COMBINATION 

[ External Caps = 0.1 µF 

Lt 

AD7306 
2D,RS-232 
ID,RS-422 
2R, RS-232 & RS-422 
I (Selectable) 
IR, RS-232 or IR, RS-422 

ADMSI70 
Octal Line Driver 
RS-232/RS-423 
(Selectable) 

ADMSI80 
Octal Diff. Receiver 
RS-232/RS-422A/RS-423A 

Internal Caps J 
ADM203 (2 DR, 2R, I20 kBS) 
ADM20S (S DR, SR, I20 kBS) 

y Low Power ] 
ADM233L (2 DR, 2R, 200 kBS) 
ADM23SL (S DR, SR, 200 kBS) 

1 

RS-485 

ADM48S (SMBPS 
ADMI48S (30 MBP 

DIGITAL 

"SONET'' 

L Cfock Recovery & 
IJata Recovery 

(Receivers) 

4 Internal VCXO l 
ADBOO (-4S MHz, 1 

I 

ADBOO (-S2 MHz, ( 
5 

AD802 (-ISS MHz, 1 
5 

) 
I 

e-A) 
-I 
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µPROCESSOR 
SUPERVISORY CIRCUITS 

] WITHOUT 
.l 1-- ON-CHIP 

BATTERY SWITCH WITH Full Function 
ON-CHIP • V cc Monitor 

BATTERY SWITCH 
• V BATT Monitor 1J Full Function 

• V cc Monitor 
• Watchdog Timer • Watchdog Timer 

Limited Function • RAM Write Protection • RAM Write Protection .....__ 

• V cc Monitor 

Tlv cc= +3 v to +5.5 v] H v cc = +5 v ± 5% l • V BATT Monitor 
• Watchdog Detector 

ADM697 ADM691 (Reset Pulse Width = 70 ns) H v cc = +5 v ± 5% ADM695 (Reset Pulse Width = 280 ns) V cc POWER SUPPLY 
t-

ADM690 (Reset Pulse Width = 50 ns) H v cc = +5 v ± 10% J MONITOR 

ADM694 (Reset Pulse Width = 100 ns) ADM698 
ADM693 (Reset Pulse Width = 70 ns) 

y_ v cc = +5 v ± 10% V cc POWER SUPPLY 
L{vcc = +3 V to +5.5 V ...._ 

MONITOR WITH 
ADM692 (Reset Pulse Width = 50 ns) WATCHDOG DETECTOR 

Function Table 
ADM699 

ADM690-ADM699 Functions ADM690 ADM691 ADM6_91+-,A..J?tvf~ADM694~~ADM696 ADM697 ADM698 ADM699 
Fixed Power Up/Down Reset __ ~-- ___ ,/ ,/ .I_ ,/ ,/ ,/ ,/ 

Variable Power Up/Down Reset ,/ ,/ -- . -~ --- -+------
1 Battery:_Backup Switching ,/ ,/ 

_ciogTim_i:I' 

Power Failing Warning 

,/ ,/ 

,/ ,/ 

Write Protect ,/ 

,/ 

,/ 

,/ 

II 

,/ ,/ H- ~ h--i ~---r ,,,-:---r--1 ----+--,/ 
,/ ,/ 

,/ ,/ ,/ 



er Selection Guides-Interface Products .... 
~ Line Drivers/Receivers ~ :n Power No. of No. of Data Rate External Low Power TTL Three- No. of Package Temperature ~ 
~ 

Model Supply Drivers Receivers kB/S Capacitors Shutdown SD State EN Pins Options1 Ranges2 Page 

:g ADM202 +5V 2 (232) 2 (232) 120 4-0.1 µF No No 16 N,R c lS-26 

0 ADM203 +5V 2 (232) 2 (232) 120 None No No 20 N c lS-26 
0 ADM205 +5V 5 (232) 5 (232) 120 None Yes Yes 24 N I lS-30 
c: ADM206 +5V 4 (232) 3 (232) 120 4-0.1 µF Yes Yes 24 N,R,RS I lS-30 (') 

Ci! ADM207 +5v 5 (232) 3 (232) 120 4-0.1 µF No No 24 N,R,RS I lS-30 
ADM208 +5v 4 (232) 4 (232) 120 4-0.l µF No No 24 N,R,RS I lS-30 
ADM209 +5V, +12v 3 (232) 5 (232) 120 2-0.1 µF No Yes 24 N,R,RS I lS-30 
ADM211 +5v 4 (232) 5 (232) 120 4-0.1 µF Yes Yes 28 R,RS I lS-30 
ADM213 +5V 4 (232) 5 (232) 120 4-0.1 µF Yes (SD) Yes (EN) 28 R,RS I lS-30 
ADM222 +5v 2 (232) 2 (232) 200 4-0.1 µF Yes (SD) No 18 N,R I ls-40 
ADM223 +5v 4 (232) 5 (232) 120 4-1.0 µF Yes (SD) Yes (EN) 28 R,RS I ls-47 
ADM230L +5V 5 (232) 0 120 4-1.0 µF Yes No 20 N,Q,R C,I ls-47 
ADM231L +5v, +12V 2 (232) 2 (232) 120 2-1.0 µF No No 14 N,Q,R C,I ls-47 
ADM232A +sv 2 (232) 2 (232) 200 4-0.1 µF No No 16 N,R I ls-40 
ADM232L +SY 2 (232) 2 (232) 120 4-1.0 µF No No 16 N,Q,R C,I ls-47 
ADM233L +sv 2 (232) 2 (232) 120 None No No 20 N C,I ls-47 
ADM234L +5v 4 (232) 0 120 4-1.0 µF No No 16 N,Q,R C,I ls-47 
ADM235L +sv 5 (232) 5 (232) 120 None Yes Yes 24 N,Q C, I ls-47 
ADM236L +5V 4 (232) 3 (232) 120 4-1.0 µF Yes Yes 24 N,Q,R C,I ls-47 
ADM237L +5V 5 (232) 3 (232) 120 4-1.0 µF No No 24 N,Q,R C,I ls-47 
ADM238L +5v 4 (232) 4 (232) 120 4-1.0 µF No No 24 N,Q,R C,I ls-47 
ADM239L +sv, +12V 3 (232) 5 (232) 120 2-1.0 µF No Yes 24 N,Q,R C,I ls-47 
ADM241L +5V 4 (232) 5 (232) 120 4-1.0 µF Yes Yes 28 R,RS C,I ls-47 
ADM242 +5V 2 (232) 2 (232) 200 4-0.1 µF Yes (SD) Yes 18 N,R I ls-40 
ADM5170 +lOV, -lOV 8 (232/423) 0 116 None No Yes 28 N,P C, I lS-91 
ADM5180 +5v 0 8 (232/423) 200 None No No 28 N,P C,I lS-95 
ADM485 +sv 1 (485) 1 (485) 5000 None No No 8 N,Q,R C,I lS-57 
ADM1485 +5v 1 (485) 1 (485) 30000 None No No 8 N,Q,R C,I ls-84 
AD7306 +5V 2 (232) 1 (232) 100 4-0.1 µF No No 24 R c lS-18 

1 (422) 1 (232/422) 5000 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E =Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H =Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhennetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, 0°C to +70°C; I =Industrial, -40°C to +8S°C (Some older products -25°C to +8S°C); M = Military, -55°C to + 12S°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, and s for space level. 

Boldface Type: Data sheet information in this volume. 
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Clock Recovery Circuits 
Model 

ADS00-45 
AD800-52 
ADS00-155 

Description 

Oock Recovery and Data Retiming Phase Locked Loop 
Oock Recovery and Data Retiming Phase Locked Loop 
Oock Recovery and Data Retiming Phase Locked Loop 

Frequency 

44.736 MHz DS·3 
51.84 MHz STS·l 
155.52 MHz STS·3 or STM·l 

Package 
Options1 

Q 
R 
R 

Temp 
Ranges2 Page Comments 

I 15-7 5 V Supply, lOK ECL Compatible 
I 15-7 5 V Supply, lOK ECL Compatible 
c 15-7 5 V Supply, lOK ECL Compatible 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N =Plastic or Epoxy Sealed DIP; P =Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S =Plastic 
Quad Flatpack; ST = Thio Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic CeramidGlass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperarure Raoges: C = Commercial, O"C to +70°C; I = Industrial, -40"C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and 8 for space level. 

Boldface Type: Data sheet information in this volume. 
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1111111111 ANALOG 
LlllllDEVICES 

Clock Recovery and Data Retiming 
Phase-Locked Loop 

FEATURES 
Standard Products 

44. 736 Mbps-DS-3 
51.84 Mbps-STS-1 
155.52 Mbps-STS-3 or STM-1 

Accepts NRZ Data, No Preamble Required 
Recovered Clock and Retimed Data Outputs 
Phase-Locked Loop Type Clock Recovery-No Crystal 

Required 
Random Jitter: 20" Peak-to-Peak 
Pattern Jitter: Virtually Eliminated 
10KH ECL Compatible 
Single Supply Operation: -5.2 V or +5 V 
Wide Operating Temperature Range: -40"C to +85"C 

PRODUCT DESCRIPTION 
The AD800 and AD802 employ a second order phase-locked 
loop architecture to perform clock recovery and data retiining 
on Non-Return to Zero, NRZ, data. This architecture is capable 
of supporting data rates between 20 Mbps and 160 Mbps. 
The products described here have been defined to work with 
standard telecommunications bit rates. 45 Mbps DS-3 and 52 
Mbps STS-1 are supported by the ADS00-45 and ADS00-52 
respectively. 155 Mbps STS-3 or STM-1 are supported by the 
AD802-155. 

Unlike other PLL-based clock recovery circuits, these devices 
do not require a preamble or an external VCXO to lock onto 
input data. The circuit acquires frequency and phase lock using 
two control loops. The frequency acquisition control loop ini
tially acquires the clock frequency of the input data. The phase
lock loop then acquires the phase of the input data, and ensures 
that the phase of the output signals track changes iii the phase 
of the input data. The loop damping of the circuit is dependent 
on the value of a user selected capacitor; this defines jitter peak
ing performance and impacts acquisition time. The devices 
exhibit 0.08 dB jitter peaking, and acquire lock on random or 
scrambled data within 4 x 105 bit periods when using a damp· 
ing factor of 5. 

During the process of acquisition the frequency detector pro
vides a Frequency Acquisition (FRAC) signal which indicates 
that the device has not yet locked onto the input data. This sig
nal· is a series of pulses which occur at the points of cycle slip 
between the input data and the synthesized clock signal. Once 
the circuit has acquired frequency lock no pulses occur at the 
FRAC output. 

*Protected by U.S. Patent No. 5,027 ,085. 

REV.B 

DATA 
INPUT 

AD800/AD802* I 
FUNCTIONAL BLOCK DIAGRAM 

COMPENSATING 
ZERO 

Co 

RECOVERED ,___ ___ ~ CLOCK 

OUTPUT 

RETIMING RETIMED 
,__--1--.t DEVICE 1--------g~~UT 

ADBOO/AD802 
,___ ___________ ,._~~~UT 

The inclusion of a precisely trimmed VCO in the device elimi
nates the need for external components for setting center fre
quency, and the need for trimming of those components. The 
VCO provides a clock output within ±20% of the device center 
frequency in the absence of input data. 

The AD800 and AD802 exhibit virtually no pattern jitter, due 
to the performance of the patented phase detector. Total loop 
jitter is 20° peak-to-peak. Jitter bandwidth is dictated by mask 
programmable fractional loop bandwidth. The AD800, used for 
data rates< 90 Mbps, has been designed with a nominal loop 
bandwidth of0.1% of the center frequency. The AD802, used 
for data rates in excess of 90 Mbps, has a loop bandwidth of • 
0.08% of center frequency. 

All of the devices operate' with a single +5 V or -5.2 V supply. 
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AD. 8001'•oao2-SPECIFICA'JIONS· (VfE = v.," to VMAX, Yee".' GND, TA= TMIM to TMAX, Loop Da~ping 
~ K . K Factor = 5, unlm othal'Wlsa noted) · 

AD800-45BQ AD800-52BR AD802-15SKR/BR 
Parameter' Condition Min Typ Max Min Typ Max Min Typ Max Units 

NOMINAL CENTER FREQUENCY 44.736 51.84 155.52 MHz 

OPERATING TEMPERATURE K Grade 0 70 'C 
RANGE (T MIN to T MAx) B Grade -40 85 -40 85 -40 85 'C 

TRACKING RANGE 43 45.5 49 53 J55 J56 Mbps 

CAPTURE RANGE 43 45.5 49 53 155 156 Mbps 

STATIC PHASE ERROR p = I, TA = +25'C, 
VEE= -5.2 v 2 10 2 10 14 30 Degrees 
p =I 3 11.5 3 11.5 18 37 Degrees 

RECOVERED CLOCK SKEW tRcs (Figure f) 0.2 0.6 1 0.2 0.6 l · 0.2 0.8 1 ns 

SETUP TIME tsu (Figure 1) 2.06 2.37 ns 

TRANSITIONLESS DATA RUN 240 240 240 Bit Periods 

OUTPUT JITTER p =·1 2 2 3.5 Degrees rms 
27 - I PRN Sequence 2.5 4.7 2.5 4.7 5.4 9.7 Degrees rms 
223-1 PRN Sequence 2.5 4.7 2.5 4.7 5.4 9.7 Degrees rms 

JITTER TOLERANCE f = IOHz 2,500 2,500 3,000 Unit Intervals 
f = 2.3 kHz 6.5 Unit Intervals 
f= 30kHz 0.47 Unit Intervals 
f= I MHz 0.47 Unit Intervals 
f= 30Hz 830 Unit Intervals 
f= 300Hz 83 Unit Intervals 
f=2kHz 7.4 Unit Intervals 
f= 20kHz 0.47 Unit Intervals 
f = 6.5 kHz 2.0 7.6 Unit IntCrvals 
f= 65 kHz 0.26 0.9 Unit Intervals 

JITTER TRANSFER 
Damping Factor 

Capacitor, C0 

t = 1, Nominal 8.2 6.8 2.2 nF 
t = 5, Nominal o.i2 0.15 0.047 pl' 
t = JO, Nominal 0.82 0.68 0.22 pl' 

Peaking 
t = 1, Nominal TA= +25'C, VEE= -5.2 v 2 2 2 dB 
t = 5, Nominal TA =+25'C;VEE= -5.2 v 0.08 0.08 0.08 dB 
t = 10, Nominal TA= +25'C, VEE= -5:2 v 0.02 0.02 0.02 dB 

Bandwidth 45 52 130 kHz 

ACQUISITION TIME 
p = 112 t =I 1x104 1x104 1.5 x 104 Bit Periods 
TA= +25'C t = 5 3 x JO' 8 x !OS 3 x 10' 8X 10' 4 x 10' 8 x 10' Bit Periods 
VEE= -5.2 v t = 10 8 x !OS 8 x !OS 1.4 x 10" Bit Periods 

POWER SUPPLY 
Voltage (V Mm to V MAX) TA= +25'C -4.5 -5.2 -5.5 -4.5 -5.2 -5.5 -4.5 -5.2 -5.5 Volts 
Current TA= +25'C, VEE= -5.2V 125 J70 125 170 140 180 mA 

180 180 205 mA 

INPUT VOLTAGE LEVELS T"' = +25'C 
Input Logic High, V m -1.084 -0.72 -1.084 -0.72 -1.084 -0.72 Volts 
Input Logic Low, V m -1.95 -1.594 -1.95 -1.594 -1.95 -1.594 Volts 

OUTPUT VOLTAGE LEVELS TA= +25'C 
Outputl.ogicHigh,V08 -1.084 -0.72 -1.084 -0.72 -1.084 -0.72 Volts 
Output Logic Low, VoL -1.95 -1.60 -1.95 -1.60 -l.9S -1.60 Volts 

INPUT CURRENT LEVELS TA= +2S"C 
Input Logic High, Im l2S 125 l2S µA 
Input Logic Low, I,L 80 80 80 µA 

OUTPUT SLEW TIMES TA= +25'C 
Rise Time (t,.) 20%-4!0% 0.75 l.S 0.75 1.5 0.75 1.5 ns 
Fall Time (tp) 80%-20% 0.7S 1.5 0.7S 1.5 0.75 1.5 ns 

SYMMETRY p = 112, TA= +2S'C 
Recovaed Clock Output VEE= -S.2 v 4S SS 45 SS 4S 55 % 

NOTES 
'Refer to GioSsary for parameter definition. 
Spccification8 subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage ............................ -6 V 
Input Voltage (Pin 16 or Pin 17 to Vccl .... VEE to +300 mV 
Maximum Junction Temperature 

SOIC Package ......................... + 150°C 
Ceramic DIP Package .................... + l 75°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature Range (Soldering 60 sec) +300°C 
ESD Rating 

AD800 .............................. 1500 V 
AD802 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 V 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to an 
absolute maximum rating condition for an extended period may adversely 
affect device reliability. 

DATAOUT50% 
(PIN 2) 

CLKOUT50% 
(PIN 5) - - I-SETUP TIME I 

: • lsu ., I•~ .. ~,~---
RECOVERED CLOCK 

SKEW, tRCS 

Figure 1. Recovered Clock Skew and Setup 
(See Previous Page) 

PIN DESCRIPTIONS 

Number Mnemonic Description 

DATAOUT Differential Retimed Data Output 
2 DATAOUT Differential Retimed Data Output 

3 Vcc2 Digital Ground 

4 CLKOUT Differential Recovered Clock Output 

5 CLKOUT Differential Recovered Clock Output 

6 VEE Digital VEE 
7 VEE Digital VEE 
8 Vcc1 Digital Ground 

9 AVEE Analog VEE 
10 ASUBST Analog Substrate 

11 CF2 Loop Damping Capacitor Input 

12 CF1 Loop Damping Capacitor Input 

13 AV cc Analog Ground 

14 Vcc1 Digital Ground 

15 VEE Digital VEE 
16 DATAIN Differential Data Input 

17 DATAIN Differential Data Input 

18 SUB ST Digital Substrate 
19 FRAC Differential Frequency Acquisition 

Indicator Output 

20 FRAC Differential Frequency Acquisition 
Indicator Output 

THERMAL CHARACTERISTICS 

SOIC Package 
Cerdip Package 

22°C/W 
25°C/W 

AD800/AD802 

75°C/W 
90°C/W 

Use of a heatsink may be required depending on operating environment. 

GLOSSARY 
Maximum and Minimum Specifications 
Maximum and minimum specifications result from statistical 
analyses of measurements on multiple devices and multiple test 
systems. Typical specifications indicate mean measurements. 
Maximum and minimum specifications are calculated by adding 
or subtracting an appropriate guardband from the typical speci
fication. Device-to-device performance variation and test system
to-test system variation contribute to each guardband. 

Nominal Center Frequency 
This is the frequency that the VCO will operate at with no input 
signal present and the loop damping capacitor, C0 , shorted. 

Tracking Range 
This is the range of input data rates over which the PLL will 
remain in lock. 

Capture Range 
This is the range of input data rates over which the PLL can 
acquire lock. 

Static Phase Error 
This is the steady-state phase difference, in degrees, between the 
recovered clock sampling edge and the optimum sampling 
instant, which is assumed to be halfway between the rising and 
falling edges of a data bit. Gate delays between the signals that 
define static phase error, and IC input and output signals pro
hibit direct measurement of static phase error. 

Data Transition Density, p 
This is a measure of the number of data transitions, from "O" to Ira 
"l" and from "l" to "O," over many clock periods. pis the ratio mill 
(0 5 p 5 1) of data transitions to clock periods. 

jitter 
This is the dynamic displacement of digital signal edges from 
their long term average positions, measured in degrees rms, or 
Unit Intervals (Ul). Jitter on the input data can cause dynamic 
phase errors on the recovered clock sampling edge. Jitter on the 
recovered clock causes jitter on the retimed data. 

Output jitter 
This is the jitter on the retimed data, in degrees rms, due to a 
specific pattern or some psuedo-random input data sequence 
(PRN Sequence). 

jitter Tolerance 
Jitter tolerance is a measure of the PLL's ability to track a jit
tery input data signal. Jitter on the input data is best thought of 
as phase modulation, and is usually specified in unit intervals. 

ORDERING GUIDE 

Device Center Frequency Fractional Loop Bandwidth Description Operating Temperature Package Option* 

AD800-45BQ 44.736 MHz 0.1% 20-Pin Cerdip -40°C to +85°C Q-20 
AD800-52BR 51.84 MHz 0.1% 20-Pin Plastic SOIC -40°C to +85°C R-20 
AD802-155BR 155.52 MHz 0.08% 20-Pin Plastic SOIC -40°C to +85°C R-20 
AD802-155KR 155.52 MHz 0.08% 20-Pin Plastic SOIC 0°C to +70°C R-20 

*For outline information see Package Information section. 
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AD800/AD802 
The PLL must provide a clock signal which tracks this phase 
modulation in order to accurately retime jittered data. In order 
for the VCO output to have a phase modulation which tracks 
the input jitter, some modulation signal must be generated at 
the output of the phase detector (see Figure 21). The modula
tion output from the phase detector can only be produced by a 
phase error between the data input and the clock input. Hence, 
the PLL can never perfectly track jittered data. However, the 
magnitude of the phase error depends on the gain around the 
loop. At low frequencies the integrator provides very high gain, 
and thus very large jitter can be tracked with small phase errors 
between input data and recovered clock. At frequencies closer to 
the loop bandwidth, the gain of the integrator is much smaller, 
and thus less input jitter can be tolerated. The PLL data output 
will have a bit error rate less than 1 x 10- 10 when in lock and 
retiming input data that has the specified jitter applied to it. 

Jitter Transfer 
The PLL exhibits a low-pass filter response to jitter applied to 
its input data. 

Bandwidth 
This describes the frequency at which the PLL attenuates sinu
soidal input jitter by 3 dB. 

Peaking 
This describes the maximum jitter gain of the PLL in dB. 

Damping Factor, t 
' describes how the PLL will track an input signal with a phase 
step. A greater value of ' corresponds to less overshoot in the 
PLL response to a phase step. ,. is a standard constant in second 
order feedback systems. 

Acquisition Time 
This is the transient time, measured in bit periods, required for 
the PLL to lock on input data from its free-running state. 

USING THE AD800 AND THE AD802 SERIES 
Ground Planes 
Use of one ground plane for connections to both analog and dig
ital grounds is recommended. Output signal sensitivity to power 
supply noise (PECL configuration, Figure 22) is less using one 
ground plane than when using separate analog and digital 
ground planes. 

Power Supply Connections 
Use of a 10 µF tantalum capacitor between VEE and ground is 
recommended. 

Use of 0.1 µF ceramic capacitors between IC power supply or 
substrate pins and ground is recommended. Power supply 
decoupling should take place as close to the IC as possible. 
Refer to schematics, Figure 22 and Figure 26, for advised 
connections. 

Sensitivity of IC output signals (PECL configuration, Figure 22) 
to high frequency power supply noise (at 2 x the nominal data 
rate) can be reduced through the connection of signals AV= 
and V cc1> and the addition of a bypass network. The type of 
bypass network to consider depends on the noise tolerance 
required. The more complex bypass network schemes tolerate 
greater power supply noise levels. Refer to Figures 23 and 24 
for bypassing schemes and power supply sensitivity curves. 
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Symmetry 
Symmetry is calculated as (100 x on time)/period, where on 
time equals the time that the clock signal is greater than the 
midpoint between its "O" level and its "l" level. 

Bit Error Rate vs. Signal-to-Noise Ratio 
The AD800 and AD802 were \iesigned to operate with standard 
ECL signal levels at the data input. Although not recommended, 
smaller input signals are tolerable. Figure 8, 14, and 20 show 
the bit error rare performance versus input signal-to-noise ratio 
for input signal amplitudes of full 900 mV ECL, and decreased 
amplitudes of 80 mV and 20 mV. Wideband amplitude noise is 
summed with the data signals as shown in Figure 2. The full 
ECL and 80 m V signals give virtually indistinguishable results. 
The 20 mV signals also provide adequate performance when in 
lock, but signal acquisition may be impaired. 

DIFFERENTIAL 
SIGNAL 
SOURCE 

-5.2V 

GND 

100MHz - AD802· 155 
33MHz - ADS00-52 

D.U.T. 
AD800/AD802 

Figure 2. Bit Error Rate vs. Signal-to-Noise Ratio Test: 
Block Diagram 

Transmission Lines 
Use of 50 n transmission lines are recommended for DATAIN, 
CLKOUT, DATAOUT, and FRAC signals. 

Terminations 
Termination resistors should be used for DATAIN, CLKOUT, 
DATAOUT, and FRAC signals. Metal, thick film, 1% tolerance 
resistors are recommended. Termination resistors for the 
DAT AIN signals should be placed as close as possible to the 
DATAIN pins. 

Connections form VEE to lead resistors for DAT AIN, 
DATAOUT, FRAC, and CLKOUT signals should be individ
ual, not daisy chained. This will avoid crosstalk on these signals. 

Loop Damping Capacitor, Cn 
A ceramic capacitor may be used for the loop damping capacitor. 

Input Buffer 
Use of an input buffer, such as a 10H116 Line Receiver IC, is 
suggested for an application where the DAT AIN signals do not 
come directly from an ECL gate; or where noise immunity on 
the DAT AIN signals is an issue. 
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Typical Characteristics 
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Figure 3. ADB00-45 Center Frequency vs. Temperature 
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AD800/A0802 
THEORY OF OPERATION 
The AD800 and AD802 are phase-locked loop circuits for recov
ery of clock from NRZ data. The architecture uses a frequency 
detector to aid initial frequency acquisition, refer to Figure 21 
for a block diagram. Note the frequency detector is always in 
the circuit. When the PLL is locked, the frequency error is zero 
and the frequency detector has no further effect. Since the fre
quency detector is always in circuit, no control functions are 
needed to initiate acquisition or change mode after acquisition. 
The frequency detector also supplies a frequency acquisition 
(FRAC) output to indicate when the loop is acquiring lock. 
During the frequency acquisition process the FRAC output is a 
series of pulses of width equal to the period of the VCO. These 
pulses occur on the cycle slips between the data frequency and 
the VCO frequency. With a maximum density (1010 ... ) data 
pattern, every cycle slip will produce a pulse at FRAC. How
ever, with random data, not every cycle slip produces a pulse. 
The density of pulses at FRAC increases with the density of 
data transitions. The probability that a cycle slip will produce a 
pulse increases as the frequency error approaches zero. After the 
frequency error has been reduced to zero, the FRAC output will 
haw no further pulses. At this point the PLL begins the process 
of phase acquisition, with a settling time of roughly 2000 bit 
periods. Valid retimed data can be guaranteed by waiting 2000 
bit periods after the last FRAC pulse has occurred. 

Jitter c·aused hy variations of density of data transitions (pattern 
jitter) is virtually eliminated by use of a new phase detector (pat
ented). Briefly, the measurement of zero phase error does not 
cause the VCO phase to increase to above the'average run rate 
set by the data frequency. The jitter created by a 27 - 1 
pseudo-random code is 1/2 degree, and this is small compared to 
random jitter. 

The jitter bandwidth for the AD802-l55 is 0.08% of the center 
frequency. This figure is chosen so that sinusoidal input jitter at 
130 kHz will be attenuated by 3 dB. The jitter bandwidths of 
the ADS00-45 and ADS00-52 are 0.1 % of the respective center 
frequencies. The jitter bandwidth of the AD800 or the AD802 is 
mask programmable from 0.01% to 1% of the center frequency. 
A device with a very low loop bandwidth (0.01 % of the center 
frequency) could effectively filter (clean up) a jittery timing ref
erence. Consult the factory if your application requires a special 
loop bandwidth. 
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The damping ratio of the phase-locked loop is user program
mable with a single external capacitor. At 155 MHz a damping 
ratio of 10 is obtained with a 0.22 µF capacitor. More generally, 
the damping ratio scales as 1.7 x VfvATA x Cv. At 155 MHz 
a damping ratio of 1 is obtained with a 2.2 nF capacitor. A 
lower damping ratio allows a faster frequency. acquisition; gener
ally the acquisition time scales directly with the capacitor value. 
However, at damping ratios approaching one, the acquisition 
time no longer scal@s directly with the capacitor value. The 
acquisition time has two components: frequency acquisition and 
phase acquisition. The frequency acquisition always scales with 
capacitance, but the phase acquisition is set by the loop band
width of the PLL and is independent of the ·damping ratio. 
Thus, the 0.08% fractional loop bandwidth sets a minimum 
acquisition time of 15,000 bit periods. Note the acquisition time 
for a damping factor of 1 is specified as 15,000 bit periods. This 
comprises 13,000 bit periods for frequency acquisition and 2,000 
periods for phase acquisition. Compare this to the 400,000 bit 
periods acquisition time specified for a damping ratio of 5; this 
consists entirely of frequency acquisition, and the 2,000 bit 
periods of phase acquisition is negligible. 

While lower damping ratio affords faster acquisition, it also 
allows more peaking in the jitter transfer response (jitter peak
ing). For example, with a damping ratio of 10 the jitter peaking 
is 0.02 dB, but with a damping factor of 1, the peaking is 2 dB. 

DATA 
INPUT 

~~~~~~~~~~~~FRACOUTPUT 

Figure 21. ADBOO and AD802 Block Diagram 
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80.6 80.6 
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5.0V 

Figure 22. Evaluation Board Schematic, Positive Supply 

Table I. Evaluation Board, Positive Supply: Components List 

Reference 
Designator 

Rl-8, Rl5-18 
R9-14 

Description 

Resistor, 100 n, l % 
Resistor, 154 n, 1% 
Resistor, 130 !1, 1% 
Resistor, 80.6 n, l % 

Quantity 

Rl9, 20, 23, 24 
R21, 22, 25, 26 
Co 
C2 

Capacitor, Loop Damping (See Specifications Page) 
Capacitor, 10 µF, Tantalum 

12 
6 
4 
4 
l 
l 
17 
l 
l 

C3-C21 Capacitor, 0.1 µF, Ceramic Chip 
Zl AD800/AD802 
Z2 10Hll6, ECL Line Receiver 

(A) 

IN O" :!: O" b~VICE ;J; 0.1µF 
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(B) ,I " 
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;J;0.1µF DEVICE 

BEAD WITH BEAD WITH 
ONE LOOP TWO LOOPS 

(C) + + TO 

IN~DEVICE 
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(D) +. f TO 

IN~DEVICE 

3.0 .----,.--,.---r--....--...----,.--,.---r--....-....... 

l)A) jJ x 
2.5 i--1-+--+--+----+/+111B--1l -+--+L_---1V---++---1 
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Figure 23. Bypass Network Schemes 
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Figure 24. AD802-155 Output Jitter vs. Supply Noise 
(PECL Configuration) 
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Figure 25. Power Supply Noise Sensitivity Test Circuit, PECL Configuration 
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Figure 26. Evaluation Board Schematic, Negative Supply 

Table II. Evaluation Board, Negative Supply: Components List 

Reference Designator 

Rl-8 
R9-12 
RB, 14, 17, 18 
RlS, 16, 19, 20 
R21, 22 
Co 
C2 
C3--Cl2 
Zl 
Z2 

Description 

Resistor, 100 n, 1% 
Resistor, 154 n, 1 % 
Resistor, 80.6 n, 1% 
Resistor, 130 n, 1 % 
Resistor, 274 n, 1% 
Capacitor, Loop Damping (See Specifications Page) 
Capacitor, 10 µF, Tantalum 
Capacitor, 0.1 µF, Ceramic Chip 
AD800/AD802 
10Hll6, ECL Line Receiver 

Quantity 

8 
4 
4 
4 
2 
1 
1 
10 
1 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
RS-232 and RS-422 on One Chip 
Single +5 V Supply 
0.1 µF Capacitors 
Short Circuit Protection 
Excellent Noise .Immunity 
Low Power BiCMOS Technology 
High Speed, Low Skew RS-422 Operation 
-40°C to +ss•c Operation 

APPLICATIONS 
DTE-DCE Interface 
Packet Switching 
Local Area Networks 
Data Concentration 
Data Multiplexers 
Integrated Services Digital Network (ISDN) 

GENERAL DESCRIPTION 
The AD7306 line driver/receiver is a 5 V monolithic product 
which provides an interface between TTL signal levels and dual 
standard EIA RS-232/RS-422 signal levels. The part contains 
two RS-232 drivers, one RS-422 driver, one RS-232 receiver, 
and one receiver path which can be configured either as RS-232 
or as RS-422. 

An internal charge pump voltage converter facilitates operation 
from a single +5 V power supply. The internal charge pump 
generates ± 10 V levels allowing RS-232 output levels to be 
developed without the need for external bipolar power supplies. 

A highly efficient charge pump design allows operation using 
non polarized, miniature 0.1 µF capacitors. This gives a consid
erable saving in printed circuit board space over conventional 
products which can use up to 10 µF capacitors. The ch?I"ge 
pump output voltages may also be used to power external cir
cuitry which requires dual supplies. 
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+5 V Powered 
RS-232/RS-422 Transceiver 

AD7306 I 
FUNCTIONAL BLOCK DIAGRAM 

±10V 
POWER SUPPLY 

GENERATOR 

INPUTS IN 

T1 OUT ) RS·232 

OUTPUTS 
~--If+ T2oUT TTL/CM. OS r: IN -.r---t 

T31N -+---r....,.---1-1.- T3oUT(B)) RS..,z! 

IA>---- T3 OUT (A) OUTPUT 

TTL/CMOS 
OUTPUTS 

[

R2oUT 

R1oUT 

2321422 SEL 

AD7306 

r----., 
I R1 I 
I I 
I I 
I I 
I I L ____ ..J 

) RS-232 
R2iN INPUT 

) 
RS-232/ 

R11N /R1 IN (A) RS-422 
INPUT 

R1 (B) ) RS·422 
IN INPU.T 

The RS-232 channels are suitable for communications rates up 
to 100 kHz and the RS-422 channels are suitable for high speed 
communications up to 5 MHz. The RS-422 transmitter comple
mentary outputs are closely matched and feature low timing 
skew between the complementary outputs. This is often an 
essential requirement to meet tight system timing specifications. 

All inputs feature ESD protection, all driver outputs feature 
high source and sink current capability and are internally pro
tected against short circuits on the outputs. An epitaxial layer is 
used to guard against latch-up. 

The part is available in a 24-lead SOIC and 24-pin plastic DIP 
packages. 
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SPECIFICATIONS !Yee= +5 V ± 5:", Cl = C2 = C3 = C4 = 0.1 µ.F. All specifications TMtN to 
T MAX unless otherwise noted.) AD7306 

Parameter Min Typ Max Units Test Conditions/Comments 

RS-232 DRIVER 
TTL Input Logic Low, V,NL 0.8 v 
TTL Input Logic High, ViNH 2.0 v 
Input Logic Current 0.1 ±10 µA VIN=OVtoVcc 
RS-232 High Level Output Voltage 5.0 7.3 v RL = 3 kO 
RS-232 Low Level Output Voltage -5.0 -6.5 v RL = 3 kO 
Output Short Circuit Current ±5 ±12 mA VouT = 0 V, TA= 0°C to +70°C 
Slew Rate 8 20 30 V/µs CL = 50 pF, RL = 3 kO 

4 V/µs cL = 2500 pF, RL = 3 kn 
Output Resistance (Powered Down) 300 !OM n Vcc=OV,VouT= ±3V 

RS-232 RECEIVER 
Input Voltage Range -15 +15 v 
RS-232 Input Threshold Low 0.8 1.3 v 
RS-232 Input Threshold High 1.7 2.4 v 
RS-232 Input Hysteresis 0.1 0.4 1.0 v 
RS-232 Input Resistance 3 5 7 kO 
TTL Output Voltage Low, VoL 0.2 0.4 v IouT = +4 mA 
TTL Output Voltage High, VoH 3.5 4.8 v louT = -4mA 

RS-422 DRIVER 
TTL Input Logic Low, ViNL 0.8 v 
TTL Input Logic High, ViNH 2.0 v 
Logic Input Current 0.1 ±10 µA VIN=OVtoVcc 

Differential Output Voltage 5.0 v Vee= 5 V, RL Diff = oo; Figure 3 
2 v RL Diff = 100 D; Figure 3 

Common-Mode Output Voltage 3 v 
A.IV oUTI for Complementary O/P States 0.2 v RL Diff = 100 n 
Output Short Circuit Current 35 150 mA OV:5VcMR:S+7V 

RS-422 RECEIVER 
Common-Mode Voltage Range ±7 v Typical RS-422 Input Voltage <5 V 
Differential Input Threshold Voltage -0.2 +0.2 v 
Input Voltage Hysteresis 70 mV VcM = 0 V 
Input Resistance 3 5 7 kD 
TTL Output Voltage Low, VoL 0.2 0.4 v louT = +4.0 mA 
TTL Output Voltage High, V0 H 3.5 4.8 v louT = -4.0 mA 

232/422 SEL Input 
Input Logic Low, VINL 0.8 v 
Input Logic High, ViNH 2.0 v 
Logic Input Current 0.1 ±10 µA VIN = 0 V to V cc 

POWER SUPPLY CURRENT 
Ice 10 15 mA Outputs Unloaded 

CHARGE PUMP VOLTAGE GENERATOR 
V+ Output Voltage 9 v RS-232. Output Unloaded; 

See Typical Performance Curves 
V- Output Voltage -9 v RS-232 Outputs Unloaded; 

See Typical Performance Curves 
Generator Rise Time 200 µs 

Specifications subject to change without notice. 
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AD7306 

TIMING SPECIFICATIONS (Yee= +5 V_± 53, Cl = C2 = C3 = C4 = 0.1 µF. All specifications TMIN to TMAX 

unless otherwise noted.) 

Parameter 

RS-422 Driver 
Propagation Delay Input to Output T PLH' T PHL 
RS-422 O/P to O/P T SKEW 

Driver Rise/Fall Time TR, T F 

RS-422 Receiver 
Propagation Delay Input to Output T PLH' T PHL 

RS-232/RS-422 Enable 
RS-232 Disable to RS-422 Enable T ENI 

RS-422 Disable to RS-232 Enable T ENZ 

Transmission Rate (RS-422) 
RS-232 Receiver 

Propagation Delay Input to Output 
Transmission Rate (RS-232) 

ABSOLUTE MAXIMUM RATINGS* 
(Ta = 25'C unlel!s otherwise noted) 

Typ Max 

35 100 
2 10 
15 40 

70 200 

70 200 
70 200 
5 

1000 
100 
20 

V= ................................... +7V 
V+ ...................... (Vee -0.3 V) to +13.2 V 
V- .......................... +0.3 V to -13.2 V 
Inputs 

Tl1N, T21N ••••.•....•..•••••••••••• V- to V+ 
T3IN ........................... -0.3 V to V+ 
RlIN AIB, R2IN ................. , -25 V to +25 V 
232/422 SEL ...................... -0.3 V to V + 

Outputs 
TlouT ,T2ouT ................... -15 V to + 15 V 
T3ouT(A), (8) ................... -0.3 V to +7 V 
RlouT' R2ouT ............. -0.3 V to (V = + 0.3 V) 

Units Test Conditions/Comments 

ns RL Diff = 100 n, Cu = CL2 = 100 pF, Figures 2 & 4 
ns RL Diff = 100 0, Cu = CL2 = lOO'pF, Figures 2 & 4 
ns RL Diff = 100 n, Cu = CL2 = 100 pF, Figures 2 & 4 

ns CL= 15 pF. Figure 5 

ns Figure 6 
ns Figure 6 
MHz 

ns 
kHz CL= so pF 
kHz CL= 2.5 nF 

Short Circuit Duration 
T ouT ............................ Continuous 

Power Dissipation 
Small Outline ......................... 650 mW 
DIP ............................... 650 mW 

Operating Temperature Range 
Commercial (J Version) ................ 0°C to + 70'C 
Industrial (A Version) ............... -40°C to +85°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7306 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

ORDERING GUIDE 

WARNING! g 
~~EDEVICE 

Model Temperature Range Package Description Package Option* 

AD7306JR 0°C to +70°C 24-Lead SOIC R-24 
AD7306JN 0°C to +70°C 24-Pin DIP N-24 
AD7306AR -40°C to +8S°C 24-Lead SOIC R-24 
AD7306AN -40°C to +8S°C 24-Pin DIP N-24 

*For outline information see Package Information section. 
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AD7306 
PIN FUNCTION DESCRIPTION 

SOIC DIP 
Pin Pin 

19 

Z, 3 zo, zz 
4 Z3 

5 Z4 

6 I 
7 z 
8 3 

9 4 

10 5 

11 6 
12, 13 16, Zl 

14, 18 7, 11 
15 8 

16 9 

17 10 

19 IZ 

zo 13 

ZI 14 
ZZ, Z3 15, 17 

Z4 18 
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Mnemonic 

V+ 

Cl+, Cl-

RZIN 

TlouT 
TZouT 

Vee 
RIIN (B) 

Rl,N/RIIN (A) 

T3ouT (B) 
T3ouT (A) 
NC 
GND 
23Z/422 SEL 

T3IN 

RlouT 
TZ,N 

TIIN 

RZouT 
CZ+, CZ-

v-

• 

AD7306 
SOIC 

TOP VIEW 
(Not to Scale) 

Function 

Internally Generated Positive Supply ( +9 V nominal). A 0.1 µF capacitor must be connected 
between this pin and GND. 
External Capacitor I Terminals. A 0.1 µF capacitor must be connected between these pins. 
RS-Z3Z Receiver RZ Input. This input accepts RS-Z32 input voltages. 
RS-Z3Z Transmitter (Driver) Tl Output (Typically ±7.5 V). 
RS-Z3Z Transmitter (Driver) TZ Output (Typically ±7.5 V). 
Power Supply Input (5 V ± 5%). 
RS-4Z2 Receiver RI, Differential Input B. 
Receiver RI Input. May be configured to accept either single ended RS-Z3Z levels or 
differential RS-4ZZ levels. It is configured using the Z3Z/4ZZ SEL pin. 
RS-4Z2 Transmitter (Driver) T3, Differential Output B. 
RS-Z3Z Transmitter (Driver) T3, Differential Output A. 
No Connect Pins. 
Ground Pin. Must be connected to 0 V. 
Select Input. This input configures Receiver RI to accept either RS-23Z or RS-42Z signal levels. 
A Logic I on this input selects Z3Z operation while a Logic 0 selects 4ZZ operation. 
TTL/CMOS Input to the RS-42Z Transmitter T3. 

TTL/CMOS Output from Receiver RI. 
TTL/CMOS Input to RS-Z3Z Transmitter TZ. 
TTL/CMOS Input to RS-232 Transmitter Tl. 
TTL/CMOS Output from Receiver RZ. 
External Capacitor Z Terminals. A 0.1 µF capacitor must be connected between these pins. 
Internally Generated Negative Supply ( -9 V nominal). A 0.1 µF capacitor must be connected 
between this pin and GND 

V

C2-

C2+ 

R2ouT 

GND 

R1ouT 

T:JiN 

2321422 SEL 

GND 

NC 

NC= NO CONNECT NC= NO CONNECT 

50/C Pin Configuration DIP Pin Configuration 
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AD7306 
+5V INPUT 

;.1µFI 

Vee 

0.1µF 
C1+ ±10V V+ 

C1- POWER 

0.1µF 
22 C2+ GE~~:;;OR V- 24 
23 C2-

20 
T11N 

T1oITT] RS·232 

TTL/CMOS 19 OUTPUTS 

INPUTS T21N T2oUT 

10 
) RS-422 16 T3 OUT (B) OUTPUT T31N 11 

T3ouT(A) 
AD7306 

21 ~ RS-232 
[ R2ouT R2 IN INPUT 

TTL/CMOS 
OUTPUTS 17 RS-232/ 

R1our R11N /R1 IN (A~ RS-422 
INPUT 

232/422 SEL 
15 

R1 (B)) RS-422 
IN INPUT 

Figure 1. AD7306 Application Circuit (SO/C Package) 

T3ouT (B) 

T3oITT(A) 

CL1 = 100pF 

RL01FF = 100Q I l 
CL2 = 100pF 

Figure 2. RS-422 Driver. Propagation Delay Test Circuit 

T3ouT(B) 

Voo. 
RL01FF 

T3ouT(A) 

Figure 3. RS-422 Driver. Voltage Measurement 
Test Circuit 
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tsKEW 

Figure 4. RS-422 Driver. Propagation Delay, 
Rise/Fa/I Timing 

DIFFERENTIAL 
INPUT 

R11N (B) • R11N (A)_ 

2.5V 

ov OV 

Figure 5. RS-422 Receiver Timing 

232/422 SEL 1.5V 1.5V 

R1ouT 

RS·232 RS-422 RS-232 

Figure 6. RS-232/RS-422 Receiver Enable Timing 
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GENERAL DESCRIPTION 
The AD7306 drivers/receivers provide an interface which is 
compatible with RS-232/RS-422 standard interfaces. As both 
standards are widely accepted it is often necessary to provide an 
interface which is compatible with both. The AD7306 is ideally 
suited to this type of application as both standards may be met 
using a single package. This part contains two RS-232 drivers, 
one RS-422 driver, one RS-232 receiver, and one receiver path 
which can be configured as either RS-232 or RS-422. This 
receiver is configured using the 232/422 SEL pin. 

This part also contains an internal charge pump voltage con
verter which facilitates operation using a single + 5 V power 
supply. 

Charge Pump DC-DC Voltage Generator 
The charge pump voltage generator uses a switched capacitor 
technique to develop ±10 V levels from an input +5 V supply. 
A highly efficient charge pump design coupled with a high fre
quency internal oscillator permit operation using four 0.1 µF 
capacitors. 

+SV 
INPUT 

SUPPLY 
Vee 

±10V 
POWER SUPPLY 

GENERATOR 

C1 C2 
0.1µF 0.1µF 

V+ l--+--C-3--0 ~~~PUT 
~0.1µF 

V- 1--+--C-.--o ~~~PUT 
~0.1µF 

Figure 7. Charge Pump Voltage Generator 

Capacitors Cl and CZ act as charge storage capacitors while C3 
and C4 provide output smoothing. For correct operation all four 
capacitors must be included. Either polarized or nonpolarized 
capacitors may be used for Cl-C4. If a polarized type is used, 
then the correct polarity should be observed. This may be 
ignored with nonpolarized type capacitors. 

The charge pump output voltages, V + and V - , are used inter
nally to power the RS-232 transmitters. This permits RS-232 
output levels to be developed on the RS-232 transmitter out
puts. The charge pump output voltages may also be used to 
power external circuitry if the current requirements are small. 
Please refer to the Typical Performance Characteristics. 

The generator rise time after power up is 200 µs typical. This 
time is necessary to completely charge the storage capacitors in 
the charge pump. Therefore, RS-232 data transmission should 
not be initiated until this time has elapsed after switch on. This 
will ensure that valid data is always transmitted. 
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AD7306 
RS-232 Drivers 
The RS-232 drivers in the AD7306 meet the EIA RS-232 speci
fications. The drivers are inverting level shifters which convert 
TTL/CMOS levels into RS-232 output levels. The input switch
ing threshold is typically 1.3 V. With a typical RS-232 load, the 
output levels are ±7.5 V. Under worst case load conditions, the 
drivers are guaranteed to provide ± 5 V which meets the mini
mum RS-232 requirement. The output slew rate is internally 
limited to <30 V/µs without the need for an external slew
limiting capacitor. Short circuit protection is also provided 
which prevents damage in the event of output fault conditions. 
Active current limiting is used which limits the output short 
circuit current to less than 12 mA in the event of an output 
fault. This type of current limiting does not degrade the output 
voltage swing under normal loading conditions as would be the 
case with conventional passive limiting. 

The powered-down output impedance is typically 10 Mn. This 
is considerably larger than the 300 n minimum value required 
by the RS-232 specification. It provides additional protection 
under fault conditions where another powered-up transmitter 
output is inadvertently shorted to the powered-down device. 

RS-232 Receivers 
The receivers are inverting level shifters which accept RS-232 
input levels ( ± 3 V to ± 15 V) and translates them into 5 V 
TTL/CMOS levels. The input switching thresholds are 0.8 V 
minimum and 2.4 V maximum which are well within the 
RS-232 requirement of ±3 V. Internal 5 kn pull-down rcsisiors 
to GND are provided on the receiver inputs. This ensures that 
an unconnected input will be interpreted as a low level giving a 
Logic "l" on the TTL/CMOS output. Excellent noise immunity 
is achieved by the use of hysteresis and internal filtering cir
cuitry. The filter rejects noise glitches of up to 0.5 µsin 
duration. 

RS-422 Driver 
The RS-422 driver on the AD7306 accepts a TTL/CMOS input 
and translates it into a differential RS-422 level signal. The 
input switching threshold is typically 1.3 V. The unloaded out
put differential voltage is typically ± 5 V (see Typical Perfor
mance Characteristics). Short circuit protection is provided on 
the output which limits the current to less than 150 mA. 

RS-422 Receiver 
The RS-422 receiver on the AD7306 accepts a differential input 
signal and translates it into a TTL/CMOS output level. The 
input resistance on both differential inputs is 5 kn typical. With 
the receiver inputs unconnected (floating), internal biasing 
ensures that the receiver output is a Logic "I." 

Excellent noise immunity and high transmission speed is 
achieved using the differential configuration. 
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AD7306 

> 
I ., 

~ 6 

0 
w 

" ;:! g 
Vcc=SV 
T + 25°C 

O'----'----'----'----'----'-----' 
0 10 15 20 25 30 

OUTPUT CURRENT• - mA 

Figure 8. V+ and V- Voltage vs. Current 

25 ~.....,.-.... -...,...-.,--,..-.....,.-....,--...,...-.,-__, 

0 ..___.. _ _.__...__..__.._ ...... _ _._ _ _..__..___. 

0 500 1000 1500 2000 2500 

LOAD CAPACITANCE - pF 

Figure 9. RS-232 Driver Slew Rate vs. Load Capacitance 

Figure 10. RS-232 Driver; RL = 5 kfl, CL = 50 pF 
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2 4 6 8 10 
RS·232 TRANSMITTER OUTPUT CURRENT - mA 

Figure 11. RS-232 Driver Output Voltage vs. Current 

> 5 k;o""'-ci-
1 

w 

" ~ 4 1----1-"'--"--"""'--f----f----f-------i 

g .. 
0 3 

~ 
15 2 l---t----t----1---'r-1"---''<-l-----l 
a: 

~ 
0 1 l---1----1----1----f-\--'<--f-+---l 

10 20 30 40 50 60 

DIFFERENTIAL O/P CURRENT - mA 

Figure 12. RS-422 Driver Output Current vs. Output Voltage 

Figure 13. RS-422 Driver; RLDIFF = 100 n, Cu = CL2 

= 100 pF 

REV.B 



Single-Ended Data Transmission 
Single-ended interfaces are used for low speed, short distance 
communications such as from a computer terminal to a printer. 
A single line is used to carry the signal. Various standards have 
been developed to standardize the communication link, the most 
popular of these being the RS-232. The RS'232 standard was 
introduced in 1962 by the EIA and has been widely used 
throughout the industry. The standard has been revised several 
times, and the current revision is known as EIA-232E. The 
RS-232 standard is suitable for single-ended data transmission at 
relatively slow data rates over short distances. A typical RS-232 
interface is shown in Figure 14. 

DA~~~~~~~ 
~~ 

Figure 14. Single-Ended RS-232 Interface 

AD7306 
Differential Data Transmission 
When transmitting at high data rates, over long distances and 
through noisy environments, single-ended data transmission is 
often inadequate. In this type of application, differential data 
transmission offers superior performance. Differential transmis
sion uses two signal lines to transmit data. It rejects ground 
shifts and is insensitive to noise signals which appear as common 
mode voltages on the transmission lines. To accommodate faster 
data communication, the differential RS-422 standard was devel
oped. Therefore, it can be used to reliably transmit data at 
higher speeds and over longer distances than single-ended trans
mission. A typical RS-422 interface is shown in Figure 15. 

DATA~~DATA 
IN~~ OUT 

Figure 15. Differential RS-422 Interface 

Table I. Comparison of RS-232 and RS-422 
Interface Standards 

Specification EIA-232E RS-422 

Transmission Type Single-Ended Differential 
Maximum Data Rate 20 kB/s IO MB/s 
Maximum Cable Length Load Dependent 4000 ft 
Minimum Driver Output Voltage ±5 v ±1.5 v 
Slew Rate 30 V/µs max 
Receiver Input Resistance 3k0to7k0 4 kn min 
Receiver Input Sensitivity ±3 v ±200 mV 
Receiver Input Voltage Range ±15 v ±7V 
No. of Drivers per Line 1 1 
No. of Receivers per Line IO 
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111111111 ANALOG 
Lllll DEVICES 

FEATURES 
120 kB Transmission Rate 
ADM202: Small (0.1 µF) Charge Pump Capacitors 
ADM203: No External Capacitors Required 
Single 5 V Power Supply 
Meets EIA-232-E and V.28 Specifications 
Two Drivers and Two Receivers 
On-board DC-DC Converters 
±9 V Output Swing with +5 V Supply 
Low Power BiCMOS: 2.0 mA Ice 
±30 V Receiver Input Levels 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The ADM202/ADM203 is a two-channel RS,232 line driver/ 
receiver pair designed to operate from a single + 5 V power sup
ply. A highly efficient on-chip charge pump design permits 
RS-232 levels to be developed using charge pump capacitors as 
small as 0.1 µ,F. The capacitors are internal to the package on 
the ADM203 so no external capacitors are required. These con
verters generate ± 10 V RS-232 output levels. 

The ADM202/ADM203 meets or exceeds the EIA-232-E and 
V.28 specifications. Fast driver slew rates permit operation up 
to 120 kB while high drive currents allows for extended cable 
lengths. 

An epitaxial BiCMOS construction minimizes power consump
tion to 10 mW and also guards against latch-up. Overvoltage 
protection is provided allowing the receiver inputs to withstand 
continuous voltages in excess of ± 30 V. In addition, all pins 
contain ESD protection to levels greater than 2 kV. 

The ADM202 is available in 16-lead DIP and both narrow and 
wide SOIC packages. The ADM203 is available in a 20-pin DIP 
package. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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High Speed, + 5 V, 0.1 µF 
CMOS RS-232 Drivers/Receivers 

ADM202/ADM203 I 
FUNCTIONAL BLOCK DIAGRAMS 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

0.1µF + 
6.3V 

[ 
TI., 

T21N 

[

R1oUT 

R2aUT 

[ 

T1., 

T2., 

[

R1our 

R2our 

DO NOT MAKE { 
CONNECTIONS TO 

THESE PINS 

INTERNAL { 
-10VPOWER 

SUPPLY 

INTERNAL 
+10VPOWER 

SUPPLY 

+5VTO +10V 
VOLTAGE 
DOUBLER 

l 

RS-232 
INPUTS .. 

RS-232 T1oUTl 
OUTPUTS 

T2oUT 

l 

RS-232 
INPUTS .. 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
.. INTERNAL 5kQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 
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SPECIFICA'JIQNS CVc~ = +5 V ±10%, (ADM202 C1-:-C4 = 0.1 µFJ. All Specifi-
K cations T MIN to T MAX• unless otherwise noted.) ADM202/ADM203 

Parameter 

Output Voltage Swing 

Output Voltage Swing 

V cc Power Supply Current 

Input Logic Threshold Low, ViNL 
Input Logic Threshold High, VINH 
Logic Pull-Up Current 
RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTL/CMOS Output Voltage Low, V 0L 
TTL/CMOS Output Voltage High, VoH 
Propagation Delay 
Instantaneous Slew Rate1 

Transition Region Slew Rate 

Baud Rate 
Output Resistance 
RS-232 Output Short Circuit Current 

NOTE 
1Sample tested to ensure compliance. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C unless otherwise noted) 

Min 

±5 

±5 

2.0 

-30 
0.8 

0.2 
3 

3.5 

120 
300 

Typ Max 

±9 

±9 

1.5 2 
3.0 4 

0.8 

10 25 
+30 

1.2 
1.7 2.4 
0.5 1.0 
5 7 

0.4 

0.5 5 
25 30 
5 

±10 ±60 

Vcc····························· ....... +6V 
V+ ....................... CV cc - 0.3 V) to +14 V 
V- ........................... +0.3Vto-14V 
Input Voltages 

TIN .................... -0.3V to (Vee+ 0.3 V) 
RIN ............................... '. ±30 v 

Output Voltages 
TouT ............... (V+, +0.3 V) to (V-, - 0.3 V) 
RauT · ......... · .......... -0.3 V to (V cc + 0.3 V) 

Short Circuit Duration 
T ouT . . . . . . . . . . . . ................ Continuous 

Power Dissipation 
N-16 DIP ............................ 470 mW 
R-16N sore .......................... 600 mW 
R-16W sore ......................... 500 mW 
N-20 DIP ............................ 890 mW 

Thermal Impedance 
N-16 DIP ........................... 135°C/W 
R-16N sore ......................... 105°ctw 

REV.O 

Units Test Conditions/Comments 

v V cc = 5 V ± 5%, TlouT, T2ouT Loaded with 3 kn to 
GND 

v Vee= 5 V ± 10%, TA= +25°C, TlouT, T2oul: Loaded 
with 3 kn to GND 

mA No Load, Tl,N, T2IN =Vee 
mA No Load, Tl1N, T2IN = GND 
v TIN 
v TIN 
µ.A TIN= 0 v 
v 
v 
v 
v 
kn 
v louT = 1.6 mA 
v louT = -1.0 mA 
µ.s RS-232 to TTL 
V/µ.s CL= 10 pF, RL = 3-7 kn, TA= +25°C 
V/µ.s RL = 3 kn, cL = 2500 pF 

kB 
n 
mA 

Measured from +3 V to -3 V or -3 V to +3 V 
RL = 3 kn, CL = 1 nF 
Vee= V+ = V- = 0 V, VoUT = ±2 V 

R-16W sore ......................... IOS"C/W 
N-20 DIP ........................... 125°C/W 

Operating Temperature Range 
Commercial CJ Version) ................ 0°C to +70'C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature Soldering 

Vapor Phase (60 sec) ..................... +215°C m 
Infrared (15 sec) ........................ +220°C 

ESD Rating ............................ >2000 V 

*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 

ORDERING GUIDE 

Model Temperature Range Package Option* 

ADM202JN 0°C to +70°C N-16 
ADM202JRN 0°C to +70°C R-16N 
ADM202JRW 0°C to +70°C R-16W 

ADM203JN 0°C to +70°C N-20 

*For outline information see Package Information section. 
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ADM202/ADM203 

PIN CONFIGURATIONS 

DIP/SOIC 

C1+ 

DIP 

C2-

Vee 

GND 

T1our 

R11N 

R1our 

n,. 
T2,. 

T2our 

V-

C2-

C2+ 

V+ 

C1-

V-

C2+ 

0.1µF + 
6.3V 

TTLJCMOS IN 
[ 

T1 

INPUTS* 

TTLJCMOS 
OUTPUTS 

T21N 

[

R1our 

R2our 

+5VT0+10V 
VOLTAGE 
DOUBLER 

TTLJCMOS [ T1 tt 
INPUTS* 

T2N ~•·r---··-·-' 

TTLJCMOS 
OUTPUTS 

[

R1 0ur 

R2our 

DONOTMAKE { 
CONNECTIONS TO 

THESE PINS 

INTERNAL { 
-10VPOWER 

SUPPLY 

INTERNAL 
+10VPOWER 

SUPPLY 

RS.232 T1ourl 
OUTPUTS 

T2our 

l 

RS.232 
INPUTS'** 

T1ourl RS.232 
OUTPUTS 

T2oUT 

l 

RS-232 
INPUTS** 

*INTERNAL 400k!l PULL-UP RESISTOR ON EACH TTLJCMOS INPUT 
**INTERNAL Sk!l PULL-DOWN RESISTOR ON EACH RS·232 INPUT 

Figure 1. Typical Operating Circuits 

PIN FUNCTION DESCRIPTION 

Mnemonic 

Vee 
V+ 
v
GND 
Cl+ 

Cl-

C2+ 

C2-

T,N 

Function 

Power Supply Input 5 V ± 10%. 
Internally Generated Positive Supply ( + 10 V nominal). 
Internally Generated Negative Supply (-10 V nominal). 
Ground Pin. Must be connected to 0 V. 
ADM202 External Capacitor, ( + terininal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. 
ADM202 External Capacitor, ( - terminal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. 
ADM202 External Capacitor, ( + terminal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. 
ADM202 External Capacitor, ( - terminal) is connected to this pin. 
ADM203: The capacitor is connected internally and no external capacitor is required. 
Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kO pull-up resistor to V cc is 
connected on each input. 
Transmitter (Driver) Outputs. These are RS-232 levels (typically ± 10 V). 
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ADM202/ADM203 

Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kO pull-down resistor to GND is connected 
on each of these inputs. 
Receiver Outputs. These are TTL/CMOS levels. 

GENERAL INFORMATION 
The ADM202/ADM203 is an RS-232 drivers/receivers designed 
to solve interface problems by meeting the EIA-Z3ZE specifica
tions while using a single digital +5 V supply. The EIA stan
dard requires transmitters that will deliver ± 5 V minimum on 
the transmission channel and receivers that can accept signal 
levels down to ± 3 V. The parts achieve this by integrating step 
up voltage converters and level shifting transmitters and receiv
ers onto the same chip. CMOS technology is used to keep the 
power dissipation to an absolute minimum. 

The ADMZ03 uses internal capacitors and, therefore, no exter
nal capacitors are required. 

The ADMZ02 contains an internal voltage doubler and a voltage 
inverter which generates ± 10 V from the + 5 V input. External 
0.1 µF capacitors are required for the internal voltage converter. 

The ADMZOZ/ADMZ03 is a modification, enhancement and 
improvement to the ADZ30--ADZ41 family and derivatives 
thereof. It is essentially plug-in compatible and does not have 
materially different applications. 

CIRCUIT DESCRIPTION 
The internal circuitry consists of three main sections. These are 

(a) A Charge Pump Voltage Converter 

(b) RS-Z3Z to TTL/CMOS Receivers 

(c) TTL/CMOS to RS-23Z Transmitters 

Charge Pump DC-DC Voltage Converter 
The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a ± 10 V supply 
from the input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated below. First, the 5 V 
input supply is doubled to 10 V using capacitor Cl as the charge 
storage element. The 10 V level is then inverted to generate 
-10 V using CZ as the storage element. 

Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors Cl and CZ 
may also be reduced at the expense of higher output impedance 
on the V + and V- supplies. On the ADMZ03, all capacitors Cl 
to C4 are molded into the package. 

The V + and V - supplies may also be used to power external 
circuitry if the current requirements are small. 

INTERNAL I 
OSCILLATOR 

Figure 2. Charge Pump Voltage Doubler 

REV.O 

INTERNAL 
OSCILLATOR 

Figure 3. Charge Pump Voltage Inverter 

Transmitter (Driver) Section 
The drivers convert TTL/CMOS input levels into EIA-232-E 
output levels. With V cc = +5 V and driving a typical EIA-
232-E load, the output voltage swing is ±9 V. Even under worst 
case conditions the drivers are guaranteed to meet the ± 5 V 
EIA-232-E minimum requirement. 

The input threshold levels are both TTL and CMOS compatible 
with the switching threshold set at V cc/4. With a nominal V cc 
= 5 V the switching threshold is 1.25 V typical. Unused inputs 
may be left unconnected, as an internal 400 kO pull-up resistor 
pulls them high forcing the outputs into a low state. 

As required by the EIA-232-E standard the slew rate is limited 
to less than 30 V/µs without the need for an external slew limit
ing capacitor and the output impedance in the power-off state is 
greater than 300 n. 
Receiver Section 
The receivers are inverting level shifters that accept EIA-232-E 
input levels (±5 V to ±15 V) and translate them into 5 V TTL/ 
CMOS levels. The inputs have internal 5 kO pull-down resistors 
to ground and are also protected against overvoltages of up to S'l'l!I 
±30 V. The guaranteed switching thresholds are 0.8 V mini- 111:1 
mum and 2.4 V maximum which are well within the ±3 V 
EIA-232 requirement. The low level threshold is deliberately 
positive as it ensures that an unconnected input will be inter-
preted as a low level. 

The receivers have Schmitt trigger input with a hysteresis level 
of 0.5 V. This ensures error free reception both for noisy inputs 
and for inputs with slow transition times. 
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W.ANALOG 
WDEVICES 

FEATURES 
0.1 µF to 10 µF Capacitors 
120 kB/s Data Rate 
2 Receivers Active in Shutdown (ADM213) 
On-Board DC-DC Converters 
±9 V Output Swing with +5 V Supply 
Low Power (15 mW) 
Low Power Shutdown :,;;5 µW 
±30 V Receiver Input Levels 
Latch-Up FREE 
Plug-In Upgrade for MAX205-211/213 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The ADM2xx family of line drivers/receivers is intended for all 
EIA-232-E and V.28 communications interfaces, especially in 
applications where ±12 Vis not available. The ADM20S, 
ADM206, ADM21 l and ADM213 feature a low power shut
dowri mod.e which reduces power dissipation to less than S µ W 
making them ideally suited for battery powered equipment. The 
ADM205 does not require any external components and is par
ticularly useful in applications where printed circuit board space 
is critical. The ADM213 has an active-low shutdown and an 
active-high receiver enable control. Two receivers of the 
ADM213 remain active during shutdown. This feature is useful 
for ring indicator monitoring. 

0.1 µ.F, + 5 V Powered 
CMOS RS-232 Drivers/Receivers 

ADM205-ADM211 /ADM213 I 
TYPICAL OPERATING CIRCUIT 

+SVINPUT 

lTLJCMOS [ :: ::l RS-232 
INPUTS* 131N ... {2ol----1 ·~--1•> .. ~ 13our OUTPUTS 

T41N T4our 

•w,;~ [== :: J =-"'our FMIN 

fliour R&IN 

;;; so 

*INTERNAL400kQ PULJ..UP RESISTOR ON EACH TTL/CMOS INPUT 
*"INTERNAL 5k0 PULL-DOWN RESISTOR ON EACH Rs-232 INPUT 

All members of the ADM2xx family, except the ADM209, 
include two internal charge pump voltage converters which 
allow operation from a single + S V supply. These converters 
convert the + S V input power to the ± 10 V required for 
RS-232 output levels. The ADM209 is designed to operate from 
+S V and + 12 V supplies. An internal + 12 V to -12 V charge 
pump voltage converter generates the -12 V supply. 

Table I. Selection Table 

No. of No. of Low Power TTL No. of Receivers 
Part Power RS-232 RS-232 External Shutdown Three-State Active in 
Number Supply Voltage Drivers Receivers Capacitors (SD) EN Shutdown 

ADM205 +5V 5 5 None Yes Yes 0 
ADM206 +5v 4 3 4 Yes Yes 0 
ADM207 +SV 5 3 4 No No 0 
ADM208 +5 v 4 4 4 No No 0 
ADM209 +5 V & +9 V to + 13.2 V 3 5 2 No Yes 0 
ADM211 +5v 4 5 4 Yes Yes 0 
ADM213 +5v 4 5 4 Yes (SD) Yes (EN) 2 
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SPECIFICATIONS Yee= +5 Y ± 10% (206, 207, 208, 
209, 211, 213); Yee = +5 Y ± 5% 

ADM205-ADM211 /ADM213 
(ADM205); Y+ = +9 Y to +13.2 Y (ADM209); C1-C4 = 0.1 µF Ceramic. All Specifications TMIN to TMAX unless otherwise noted.) 

Parameter 

Output Voltage Swing 
V cc Power Supply Current 

V + Power Supply Current 
Shutdown Supply Current 
Input Logic Threshold Low, VrNL 
Input Logic Threshold High, VrNH 
Logic Pull-Up Current 
RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTUCMOS Output Voltage Low, V0 L 
TTUCMOS Output Voltage High, VoH 
TTUCMOS Output Leakage Current 
Output Enable Time (TEN) 

Output Disable Time (T rnsl 

Propagation Delay 
Instantaneous Slew Rate1 

Transition Region Slew Rate 

Output Resistance 
RS-232 Output Short Circuit Current 

NOTE 
1Sample tested to ensure compliance. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C unless otherwise noted) 

Min 

±5 

2.0 

-30 
0.8 

0.2 
3 

3.5 

3 

300 

Typ Max 

±9 
3 7 
5 9 
0.4 I 
3.5 5 
1 5 

0.8 

10 25 
+30 

1.2 
1.7 2.4 
0.5 1.0 
5 7 

0.4 

0.05 ±5 
115 

165 

0.5 5 
25 30 
6 

±12 ±60 

Vee ............................ -0.3Vto+6V 
V+ ....................... (Vee - 0.3 V) to +14 V 
V- ........................... +0.3Vto-14V 
Input Voltages 

TIN .................... -0.3 V to CV cc+ 0.3 V) 
RIN ................................. ±30 v 

Output Voltages 
TouT .............. (V+, + 0.3 V) to (V-, - 0.3 V) 
RouT ................... -0.3 V to (V cc + 0.3 V) 

Short Circuit Duration 
TOUT ..•......................... Continuous 

Power Dissipation 
N-24 DIP (Derate 13.5 mWl°C above +70°C) .... 1000 mW 
N-24A DIP (Derate 13.5 mWl°C above +70°C) ... 500 mW 
R-24 SOIC (Derate 12 mWl°C above +70°C) ..... 850 mW 
R-28 SOIC (Derate 12.5 mWl°C above +70°C) .... 900 mW 
RS-28 SSOP (Derate 10 mWl°C above +70°C) .... 900 mW 
Q-24 Cerdip (Derate 12.5 mWl°C above +70°C) .. 1000 mW 
D-24 Ceramic (Derate 20 mWl°C above +70°C) .. 1000 mW 

REV.O 

Units Test Conditions/Comments 

Volts All Transmitter Outputs Loaded with 3 kn to Ground 
mA No Load, ADM206, ADM211, ADM213 
mA No Load, ADM205, ADM207, ADM208 
mA No Load, ADM209 
mA No Load, V + = 12 V ADM209 Only 
µA 
v T 1N, EN, SD, EN, SD 
v T,N, EN, SD, EN, SD 
µA TIN= 0 v 
v 
v 
v 
v 
kn 
v IouT = 1.6 mA 
v IouT = -1.0 mA 
µA EN= Yeo EN= 0 V, 0 V :S RouT :S Vee 
ns ADM205, ADM206, ADM209, ADM211 

(Figure 25. CL = 150 pF) 
ns ADM205, ADM206, ADM209, ADM211 

(Figure 25. RL = 1 kn) 
µs RS-232 to TTL 
V/µs CL= 10 pF, RL = 3-7 kn, TA= +25°C 
V/µs RL = 3 kn, CL = 2500 pF 

Measured from +3 V to -3 V or -3 V to +3 V 
n Vee= v+ = v- = 0 v, VouT = ±2 v 
mA 

Thermal Impedance, 01A 
N-24 DIP ........................... 120°C/W lrm 
N-24A DIP .......................... ll0°C/W Mil 
R-24 SOIC ........................... 85°C/W 
R-28 SOIC ........................... 80°C/W 
RS-28 SSOP .......................... 100°C/W 
Q-14 Cerdip .......................... 105°C/W 
Q-16 Cerdip .......................... !00°C/W 
Q-20 Cerdip .......................... l00°C/W 
Q-24 Cerdip . . . . . . . . . . . . . . . . . . . . . . . . . . 55°C/W 
D-24 Ceramic . . . . . . . . . . . . . . . . . . . . . ..... 50°C/W 

Operating Temperature Range 
Industrial (A Version) ............... -40°C to +85°C 

Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature, Soldering ................. + 300°C 

Vapour Phase (60 sec) .................... +215°C 
Infrared (15 sec) ........................ + 220°C 

ESD Rating ........................... > 2000 V 

*This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 
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ADM205-ADM211/ADM213 
ORDERING GUIDE 

Temperature Package Temperature Package Temperature Package 
Model Range ~tion* Model Range ~tion* Model Range ~tion* 

ADM205 ADM206 ADM207 
ADM205AN -40°C to +·ss0c N-24A APM206AN -40°C to +85°C N-24 ADM207AN -40°C to +8S°C N-24 

ADM206AR -,-40°C to +8S°C R-24 ADM207AR -40°C to +85°C R-24 
ADM206ARS -40°C to +8S°C RS-24 AD(d207ARS -40°C to +85°C RS-24 

ADM208 ADM209 ADM211 
ADM208AN -40°C to +8S°C N-24 ADM209AN -40°C to +85°C N-24 ADM211AR -:40°C to +8S°C R-28 
ADM208AR -40°C to +85°C R-24 ADM209AR -40°C to +8S°C R-24 ADM211ARS -40°C to +85°C RS-28 
ADM208ARS -40°C to +8S°C RS-24 ADM209ARS -40°C to +85°C RS-24 

ADM213 
ADM213AR -40°C to +85°C R-28 
ADM213ARS -40°C to +8S°C RS-28 

*N = Plastic DIP; R = Small Outline IC (SOIC); RS = Small Shrink Outline Package (SSOP). For outline information see Package Information section. 

R31N 

R3our 

T51N 

SD 

EN 

T5our 

R4iN 

R4our 

T4iN 

R1 1N 1'3iN 

GND R5our 

R51N 

Figure 1. ADM205 DIP Pin Configuration 
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+SVINPUT 

T11N TI our 

rz,. .1°2oUT 

TTUCMOS 
1'3iN T3our 

RS-232 
INPUTS* OUTPUTS 

T4iN T4gur 

T51N T5our 

R1our R11N 

R2our 112,. 

TTIJCMOS 
il3our R31N RB-232 

OUTPUTS INPUTS** 

R4our R41N 

R5our R51N 

EN SD 

"INTERNAL 400k!l PULL-UP RESISTOR ON EACH TTUCMOS INPUT 
""INTERNAL 5kll PULL-DOWN RESISTOR ON EACH RS·232 INPUT 

Figure 2. ADM205 Typical Operating Circuit 
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T4ouT 

R21N 

R2ouT 

SD 

E'N 

T41N 

T31N 

R3our 

R31N 

V-

C2-

C2+ 

Figure 3. ADM206 DIP/SOIC/SSOP Pin Configuration 

TTLJCMOS 
INPUTS* 

0.1µ1' + 
6.3V 

r~ TTLJCMOS 
OUTPUTS R2oUT 

R3oUT 

+5VT0+10V 
VOLTAGE 
DOUBLER 

+5VINPUT 

0.1µ1' +0.1µF 

+&.3V * 

RS-232 
OUTPUTS 

R11N 

R21N }~ INPUTS .. 

R31N 

SD 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL Skn PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 4. ADM206 Typical Operating Circuit 

REV.O 

ADM205-ADM211/ADM213 

T3ouT T4our 

R21N 

T2ouT R2ouT 

TS1N 

TSouT 

T4,N 

T3,. 

R3our 

Vee R31N 

C1+ V-

V+ C2-

C1- C2+ 

Figure 5. ADM207 DIP/SOIC/SSOP Pin Configuration 

TTL/CMOS 
INPUTS* 

0.1µF + 
6.3V 

r·~ TTL/CMOS 
OUTPUTS R2ouT 

R:JouT 

+5VT0+10V 
VOLTAGE 
DOUBLER 

+5VINPUT 

0.1µF + 
+ 6.3V * 0.1µF 

Tiol!f 

T2our 

T3our RS-232 
OUTPUTS 

T4our 

T5our 

R11N 

~ ]-INPUTS .. 

R3oN 

*INTERNAL 400kD PULL-UP RESISTOR ON EACH TTUCMOS INPUT 
'*INTERNAL SkD PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 6. ADM207 Typical Operating Circuit 

• 
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ADM205-ADM211/ADM2l3 

T2our T:Jour 

R31N 

R21N R3our 

T41N 

T4our 

R1our T31N 

T21N 

GND R4our 

R41N 

C1+ V-

V+ C2-

C1- C2+ 

Figure 7. ADM208 DIP/SOIC!SSOP Pin Configuration 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

0.1µF + 
6.3V 

R2our 

A3our 

R4our 

+SVTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

0.1µF + 0.1µF 
+6.3V i 

T2our 
T1our l 

RS-232 
OUTPUTS 

T3our 

T4our 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
'*INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 8. ADM208 Typical Operating Circuit 
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ASour 

R4our 

NC = NO CONNECT 

R2our 

T2our 

T1our 

R3,N 

NC 

Eti 

T3our 

Figure 9. ADM209 DIP/SOIC!SSOP Pin Configuration 

TTL/CMOS T2iN [ 

T11N 

INPUTS* 

R5our 

+12VT0-12V 
VOLTAGE 
INVERTER 

+5VINPUT 

+~ 

T2 RS-232 

T1our J 
OUT OUTPUTS 

T3our 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
'*INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 10. ADM209 Typical Operating Circuit 
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T4ouT 

R31N 

R3our 

SD 

EN 

R41N 

R4our 

T4iN 

Ta,N 

A5our 

AS1N 

V-

C2-

C2+ 

Figure 11. ADM211 SOIC!SSOP Pin Configuration 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

RS our 

+SVTO +10V 
VOLTAGE 
DOUBLER 

+SV INPUT 

"~] T2our 
RS-232 

T3 OUTPUTS 
OUT 

T4our 

RS-232 
INPUTS*"' 

*INTERNAL 400kll PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
~INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 12. ADM211 Typical Operating Circuit 
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ADM205-ADM211 /ADM213 

T3ouT T4our 

R31N 

R3our 

so 
EN 

R41N* 

R4our* 

R1our T41N 

T31N 

GND RS our* 

Vee R51N* 

C1+ V-

V+ C2-

C1- C2+ 

* ACTIVE IN SHUTDOWN 

Figure 13. ADM213 SOIC/SSOP Pin Configuration 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

0.1µF + 
16V 

R2our 

RS our 

+SVTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

TI~] T2our 
RS-232 

T3our OUTPUTS 

T4our 

R11N 

R21N 

R31N 

R41N- RS·232 
INPUTS** 

R51N*"'* 

so 

* INTERNAL 400kll PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
~ INTERNAL Skll PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

- ACTIVE IN SHUTDOWN 

Figure 14. ADM213 Typical Operating Circuit 
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ADM205-ADM211/ADM213 

Mnemonic 

Vee 

V+ 

v
GND 

c+ 
C

CI+ 

Cl

C2+ 

CZ-

TIN 

RouT 

EN/EN 

SD/SD 

NC 

PIN FUNCTION DESCRIPTION 

Function 

Power Supply Input 5 V ± 10% ( +5 V ± 5% ADM205). 

Internally generated positive supply ( + 10 V nominal) on all parts except ADM209. 

ADM209 requires external 9 V to 13.2 V supply. 

Internally generated negative supply (-10 V nominal). 

Ground pin. Must be connected to 0 V. 

(ADM209 only) External capacitor ( + terminal) is connected to this pin. 

(ADM209 only) External capacitor (- terminal) is connected to this pin. 

(ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor ( + terminal) is connected to this pin. 

(ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (- terminal) is connected to this pin. 

(ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor ( + terminal) is connected to this pin. 

(ADM206, ADM207, ADM208, ADM211, ADM213) External capacitor (- terminal) is connected to this pin. 

Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kn pull-up resistor to V cc is 
connected on each input. 

Transmitter (Driver) Outputs. These are RS-232 levels (typically ± 10 V). 

Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kn pull-down resistor to GND is connected 
on each input. 

Receiver Outputs. These are TTL/CMOS levels. 

Enable Input. Active low on ADM205, ADM206, ADM209, ADM211. Active high on ADM213. This input is used 
to enable/disable the receiver outputs. With EN = Low (EN = High ADM213), the receiver outputs are enabled. 
With EN =High (EN = low ADM213), the outputs are placed in a high impedance state. This facility is useful for 
connecting to microprocessor systems. 

Shutdown Input. Active high on ADM205, ADM206, ADM211. Active low on ADM213. With SD = high on the 
ADM205, ADM206, ADM211, the charge pump is disabled, the receiver outputs are placed in a high impedance 
state and the driver outputs are turned off. With SD low on the ADM213, the charge pump is disabled, the driver 
outputs are turned off and all receivers except R4 and RS are placed in a high impedance state. In shutdown, the 
power consumption reduces to 5 µW. 

No Connect. No connections are required to this pin. 

Table II. ADM20S, ADM206, ADM211 Truth Table 

SD EN Status Transmitters Tl-TS Receivers RI-RS 

0 0 Normal Operation Enabled Enabled 
0 1 Normal Operation Enabled Disabled 
1 0 Shutdown Disabled Disabled 

Table ID. ADM213 Truth Table 

SD EN Status Transmitters Tl-T4 Receivers Rl-R3 Receivers R4, RS 

0 0 Shutdown Disabled Disabled Disabled 
0 1 Shutdown Disabled Disabled Enabled 
1 0 Normal Operation Enabled Disabled Disabled 
1 1 Normal Operation Enabled Enabled Enabled 
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Typical Performance Characteristics 
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ADM205-ADM211/ADM213 

Figure 20. Charge Pump, V+, V- Exiting Shutdown 

Figure 21. Transmitter Output Loaded Slew Rate 

Figure 22. Transmitter Output Unloaded Slew Rate 

GENERAL INFORMATION 
The ADMZ05-ADMZ11 and ADMZ13 family of RS-Z3Z drivers/ 
receivers are designed to solve interface problems by meeting 
the EIA-Z3Z-E specifications while using a single digital +5 V 
supply. The EIA-Z3Z-E standard requires transmitters which 
will deliver ±5 v minimum on the transmission channel and 
receivers which can accept signal levels down to ± 3 V. The 
ADMZ05-ADMZ11 and ADMZ13 meet these requirements by 
integrating step up voltage converters and level shifting trans
mitters and receivers onto the same chip. CMOS technology is 
used to keep the power dissipation to an absolute minimum. A 
comprehensive range of transmitter/receiver combinations is 
available to cover most communications needs. The ADM205-
ADMZ11 and ADMZ13 are modifications, enhancements and 
improvements to the ADZ30-ADZ41 family and derivatives 
thereof. They are essentially plug-in compatible and do not have 
materially different applications. 

The ADMZ05, ADMZ06, ADMZll, and ADM213 are particu
larly useful in battery powered systems as they feature a low 
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power shutdown mode which reduces power dissipation to less 
than 5 µW. 

The ADM205 is designed for applications where space saving is 
important as the charge pump capacitors are molded into the 
package. 

The ADMZ09 includes only a negative charge pump converter 
and are intended for applications where a positive lZ V is 
available. 

To facilitate sharing a common line or for connection to a 
microprocessor data bus the ADM205, ADMZ06, ADM209, 
ADMZll and ADMZ13 feature an enable (EN) function. When 
disabled, the receiver outputs are placed in a high impedance 
state. 

CIRCUIT DESCRIPTION 
The internal circuitry in the ADMZ05-ADMZ11 and ADMZ13 
consists of three main sections. These are: 

(a) A charge pump voltage converter 
(b) RS-Z3Z to TTL/CMOS receivers 
(c) TTL/CMOS to RS-Z3Z transmitters 

Charge Pump DC-DC Voltage Converter 
The charge pump voltage converter consists of an oscillator and 
a switching matrix. The converter generates a ± 10 V supply 
from the input 5 V level. This is done in two stages using a 
switched capacitor technique as illustrated in Figures Z3 and 24. 
First, the 5 V input supply is doubled to 10 V using capacitor 
Cl as the charge storage element. The 10 V level is then 
inverted to generate -10 V using CZ as the storage element. 

INTERNAL 
OSCILLATOR 

Figure 23. Charge-Pump Voltage Doubler 

INTERNAL I 
OSCILLATOR 

Figure 24. Charge-Pump Voltage Inverter 

Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors Cl and CZ 
may also be reduced at the expense of higher output impedance 
on the V + and V- supplies. 

The V + and V - supplies may also be used to power external 
circuitry if the current requirements are small. 
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Transmitter (Driver) Section 
The drivers convert TTL/CMOS input levels into EIA-232-E 
output levels. With Vee= +5 V and driving a typical EIA-
232-E load, the output voltage swing is ±9 V. Even under worst 
case conditions the drivers are guaranteed to meet the ± 5 V 
EIA-232-E minimum requirement. 

The input threshold levels are both TTL and CMOS compatible 
with the switching threshold set at V ccf4. With a nominal 
V cc = 5 V the switching threshold is 1.25 V typical. Unused 
inputs may be left unconnected, as an internal 400 kO pull-up 
resistor pulls them high forcing the outputs into a low state. 

As required by the EIA-232-E standard, the slew rate is limited 
to less than 30 V/µs without the need for an external slew limit
ing capacitor and the output impedance in the power-off state is 
greater than 300 n. 
Receiver Section 
The receivers are inverting level shifters which accept EIA-
232-E input levels (±5 V to ±IS V) and translate them into S V 
TTL/CMOS levels. The inputs have internal 5 kO pull-down 
resistors to ground and are also protected against overvoltages of 
up to ±30 V. The guaranteed switcl1ing thresholds are 0.8 V 
minimum and 2.4 V maximum which are well within the ±3 V 
EIA-232-E requirement. The low level threshold is deliberately 
positive as it ensures that an unconnected input will be inter
preted as a low level. 

The receivers have Schmitt trigger inputs with a hysteresis level 
of 0.5 V. This ensures error-free reception for both noisy inputs 
and for inputs with slow transition times. 

Shutdown (SD) 
The ADM205, ADM206, ADM211 and ADM213 feature a con
trol input which may be used to disable the part and reduce the 
power consumption to less than 5 µ W. This is very useful in 
battery operated systems. During shutdown the charge pump is 
turned off, the transmitters are disabled and all receivers except 
R4 and RS on the ADM213 are put into a high-impedance dis
abled state. Receivers R4 and RS on the ADM213 remain 
enabled during shutdown. This feature allows monitoring exter
nal activity such as ring indicator monitoring while the device is 
in a low power shutdown mode. The shutdown control input is 
active high on all parts except the AD M213 where it is active 
low. Refer to Tables II and III. 
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ADM205-ADM211 /AOM213 
Enable Input 
The ADM205, ADM209, ADM211, and ADM213 feature an 
enable input used to enable or disable the receiver outputs. The 
enable input is active low on the ADM205, ADM209, ADM211 
and active-high on the ADM213. Refer to Tables II and III. 
When disabled, all receiver outputs are placed in a high imped
ance state. This function allows the outputs to be connected 
directly to a microprocessor data bus. It can also be used to 
allow receivers from different devices to share a common data 
line. The timing diagram for the enable function is shown in 
Figure 25. 

av ~----

EN'•ov---\~----------~I: 
I I 

TEN -.i i..- To1s -.1 i..-

Rour ------<* 3.5V ~ 
1i~o_.s_v _________ _,f VvoL + o.1v 

'POLARITY OF EN IS REVERSED FOR ADM213 

Figure 25. Enable Timing 

APPLICATION HINTS 
Driving Long Cables 
In accordance with the EIA-232-E standard, long cables are per
missible provided that the total load capacitance does not exceed 
2500 pF. For longer cables which do exceed this, then it is pos
sible to trade off baud rate vs. cable length. Large load capaci
tances cause a reduction in slew rate, and hence the maximum 
transmission baud rate is decreased. The ADM205-ADM211 
and ADM213 are designed so that the slew rate reduction with 
increasing load capacitance is minimized. 

For the receivers, it is important that a high level of noise 
immunity be inbuilt so that slow rise and fall times do not cause 
multiple output transitions as the signal passes slowly through 
the transition region. The ADM205-ADM211 and ADM213 
have 0.5 V of hysteresis to guard against this. This ensures that, 
even in noisy environments, error-free reception can be 
achieved. 

High Baud Rate Operation 
The ADM205-ADM211 and ADM213 feature high slew rates 
permitting data transmission at rates well in excess of the EIA-
232-E specification. The drivers maintain ± S V signal levels at 
data rates up to 120-kB/s under worst-case loading conditions. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
200 kB/s Transmission Rate 
Small (0.1 µFl Charge Pump Capacitors 
Single 5 V Power Supply 
Meets All EIA-232-E and V.28 Specifications 
Two Drivers and Two Receivers 
On-Board DC-DC Converters 
±9 V Output Swing with +5 V Supply 
±30 V Receiver Input Levels 
Pin Compatible with MAX222/MAX232A/MAX242 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The ADM222, ADM232A, ADM242 are a family of high speed 
RS-232 line drivers/receivers offering transmission rates up to 
200 kB/s. Operating from a single +5 V power supply, a highly 
efficient on-chip charge pump using small (O. l µF) external 
capacitors allows RS-232 bipolar levels to be developed. Two 
RS-232 drivers and two RS-232 receivers are provided on each 
device. 

The devices are fabricated on BiCMOS, an advanced mixed 
technology process which combines low power CMOS with high 
speed bipolar circuitry. This allows for transmission rates up to 
200 kB/s yet minimizes the quiescent power supply current to 
under5 mA .. 

The ADM232A is a pin-compatible, high speed upgrade.for the 
AD232 and for the ADM232L. It is available in 16-pin DIP and 
in both narrow and wide surface mount (SOIC) packages. 

The ADM222 contains an additional shutdown (SHON) func
tion which may be used to disable the device ):hereby reducing 
the supply current to 0.1 µA. During shutdown, all transmit/ 
receive functions are disabled. The ADM222 is available in 
18-pin DIP and in a wide surface mount (SOIC) package. 

The ADM242 combines both shutdown (SHDN) and enable 
(EN) functions. The shutdown function reduces the supply 
curent to 0.1 mA. During shutdown, the transmitters are 
disabled but the receivers continue to operate normally. The 
enable function allows the receiver outputs to be disabled 
thereby facilitating sharing a common bus: The ADM242 is 
available in 18-pin DIP and in a wide surface mount (SOIC) 
package. 

*Protected by U.S. Patent No. S,237,209. 
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High Speed, +5 V, 0.1 µf 
CMOS RS-232 Drivers/R·eceivers 

ADM222/ADM232A/ADM242* I 
FUNCTIONAL BLOCK DIAGRAM 

0.1pF 

0.1pF 

. +SVINPUT 

0.1pF* 

C1+ Vee 
+5VT0+10V V+ 

C1_ VOLTAGE DOUBLER 

C2+ +SV TO -10V 
VOLTAGE INVERTER V

C2-

0.1pF 

TTL/CMOS{R1ouT R11N} RS.232 

OUTPUTS INPUTS'' 
R2our-+--~cx...1 ----- R21N 

Model 

ADM222AN 
ADM222AR 
ADM232AAN 
ADM232AARN 
ADM232AARW 
ADM242AN 
ADM242AR 

ADM2xx 

GND 

EN (ADM242) 

SHON (ADM222, ADM242) 

' INTERNAL 400k!l PULL-OP RESISTOR 
ON EACH TTL/MOS INPUT 

" INTERNAL 5k!l PULL·DOWN RESISTOR 
ON EACH Rs.232 INPUT 

ORDERING GUIDE 

Temperature Range Package Option* 

-40°C to +85°C N-18 -
-40°C to +85°C R-18W 
-40°C to +85°C N-16 
-40°C to +85°C R-16N 
-40°C to +85°C R-16W 
-40°C to +85°C N-18 
-40°C to +85°C R-18W 

*For outline information see Package Information section. 
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SPECIFICATIONS (Vee= +5 V ± 10%, C1-C4 = 0.1 µf; all spec
ifications TMiN to TMAx unless otherwise noted.) 

Parameter Min Typ Max 

RS-232 TRANSMITTERS 
Output Voltage Swing ±5 ±9 

Input Logic Threshold Low, VINL 1.4 0.8 
Input Logic Threshold High, VINH 2.0 1.4 
Logic Pullup Current 5 40 
Data Rate 200 
Output Resistance 300 
Output Short Circuit Current (Instantaneous) ±7 ±22 

RS-232 RECEIVERS 
RS-232 Input Voltage Range -30 +30 
RS-232 Input Threshold Low 0.8 1.3 
RS-232 Input Threshold High 1.8 2.4 
RS-232 Input Hysteresis 0.2 0.5 1.0 
RS-232 Input Resistance 3 5 7 
TTL/CMOS Output Voltage Low, V0 L 0.2 0.4 
TTL/CMOS Output Voltage High, V,m 3.5 
TTL/CMOS Output Short-Circuit Current -2 -10 
TTL/CMOS Output Short-Circuit Current 10 30 
TTL/CMOS Output Leakage Current ±0.05 ±10 

-
EN Input Threshold Low, VcNL 1.4 0.8 
EN Input Threshold High, VINH 2.0 1.4 

POWER SUPPLY 
Power Supply Current 4 8 

15 
Shutdown Power Supply Current 0.1 10 
SHDN Input Leakage Current ±I 
SHDN Input Threshold Low, VINL 1.4 0.8 
SHDN Input Threshold High, VINH 2.0 1.4 

AC CHARACTERISTICS 
Transition Region Slew Rate 6 12 30 

Transmitter Propagation Delay TTL to RS-232 0.7 3.5 
0.7 3.5 

Receiver Propagation Delay RS-232 to TTL 0.2 0.5 
0.3 0.5 

Receiver Output Enable Time 125 500 
Receiver Output Disable Time 160 500 
Transmitter Output Enable Time 250 
Transmitter Output Disable Time 3.5 
Transmitter + to - Propagation Delay Difference 300 
Receiver + to - Propagation Delay Difference 100 

Specifications subject to change without notice. 

REV. 0 

ADM222/ADM232A/ADM242 
Units Test Conditions/Comments 

v All Transmitter Outputs Loaded with 
3 kQ to Ground 

v TIN 
v TIN 
µA TIN= ov 
kB/s 
[.! Vee= V+ = V- = 0 V, VouT = ±2 V 
mA 

v 
v 
v 
v Vee= 5 V 
kQ 
v Ion= 3.2 mA 
v IouT = -1.0 mA 
mA Source Current (VouT = GND) 
mA Sink Current (V0m =Vee) 
µA SHDN = GND/EN = V cc 

0 V S Vour S V cc 
v 
v 

mA No Load 
mA 3 kQ Load on Both Outputs 
µA 
µA 
v 
v 

V/µs CL= 50 pF to 2500 pF, RL = 3 kQ to 7 k [.! 
Measured from +3 V to -3 V or -3 V to +3 V 

µs tPHLT 

µs tPLHT 

µs tPHLR 

µs tPLHR 

ns tER 
ns tDR 
µs SHDN Goes high 
µs SHDN Goes low 
ns 
ns 
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ADM222/ADM232A/ADM242 
ABSOLUTE MAXIMUM RA TINGS• 
(TA= +25'C unless otherwise noted) 

Vee ......................................... +6V 
V+ ............................. (Vcc-0.3V)to+l3V 
V- .................................. +0.3 V to -13 V 
Input Voltages 

TIN ......................... --0.3 V to (V cc + 0.3 V) 
RIN ...................................... ±30V 

Output Voltages 
TouT .................... (V+, +0.3 V) to (V-, -0.3 V) 
RoUT ........................ -0.3 V to (Vee+ 0.3 V) 

Short Circuit Duration 
TOUT ................................. Continuous 

Power Dissipation N-16 ....................... 400 mW 
(Derate 7.5 mW/°C above +70°C) 
0JA> Thermal Impedance ...................... 80°C/W 

Power Dissipation R-16N ..................... 400 mW 
(Derate 7 mW/°C above +70°C) 
01M Thermal Impedance ...................... 80°C/W 

Test Circuits 

\ r+3V 

v,. ~~~ 
IPlHT 

,...-----.... -- V+ 

V-

Figure 1. Transmitter Propagation Delay Timing 

RECEIVER 
OUTPUT 

Figure 2. Receiver Enable Timing 
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Power Dissipation R-16W ..................... 400 mW 
(Derate 7 mW/°C above +70°C) 
0w Thermal Impedance ...............•...... 80°C/W 

Power Dissipation N-18 ....................... 400 mW 
(Derate 7 mW/°C above +70°C) 
0w Thermal Impedance ...................... 80°C/W 

Power Dissipation R-18W ..................... 400 mW 
(Derate 7 mW/°C above +70°C) 
0w Thermal Impedance ...................... 80°C/W 

Operating Temperature Range 
Industrial (A Version) . . . . . . . . . . . . . .. . . --40°C to +85°C 

Storage Temperature Range ............ -65°C to +150°C 
Lead Temperature (Soldering, 10 sec) ............. +300°C 

Vapor Phase (60 sec) ........................ +215°C 
Infrared (15 sec) ............................ +220°C 

*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica- 1 

tion is not implied. Exposure to absolute maximum rating conditions for extended/ 
periods of time may affect reliability. 

VouT 

Figure 3. Receiver Propagation Delay Timing 

EN 
INPUT 
3V~ 
ov 

RECEIVER 
OUTP\IT 

1 '"" 
YOH 

VOL 

Figure 4. Receiver Disable Timing 
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::;i:: SDpF 

Figure 5. Shutdown Test Circuit 

3V 

I~~~~ DV ___ I.._ ______ _ 

TRANSMITTER 
OUTPUT 

V+ 

V-

~ IDT 

Figure 6. Transmitter Shutdown Disable Timing 
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C1 
0.1µF 

C2 
0.1µF 

cs 
D.1µF I 
6.3V -:-

C1+ 

+SY INPUT 

17 

Vee 
C3 
D.1µF 

+5VT0+10V V+ 
4 Cl- VOLTAGE DOUBLER 

5 
C2+ +5VT0-1DV 7 

6 VOLTAGE INVERTER V-
C2-

C4 * 0.1µF 

ADM222 
GND 

16 

15 

18 SHDN 

' INTERNAL 4DDl<Q PULL·UP RESISTOR 
ON EACH TTUMOS INPUT 

" INTERNAL Skn PULL·DOWN RESISTOR 
. ON EACH RS-232 INPUT 

Figure 7. ADM222 Typical Operating Circuit 

ADM222/ADM232A/ADM242 
PIN FUNCTION DESCRIPTION 

Mnemonic Function 

V cc Power Supply Input, +5 V ± 10%. 
V+ Internally generated positive supply (+10 V 

nominal). 
V-

GND 

Internally generated negative supply (-10 V 
nominal). 
Ground Pin. Must be connected to 0 V. 

Cl+ External capacitor 1, (+terminal) is connected 
to this pin. 

Cl-

C2+ 

C2-

ToUT 

R,nrr 
NC 

External capacitor 1, (-terminal) is connected 
to this pin. 
External capacitor 2, ( + terminal) is connected 
to this pin. 
External capacitor 2, (-terminal) is connected 
to this pin. 
Transmitter (Driver) Inputs. These inputs accept 
TTUCMOS levels. An internal 400 kQ pull-up 
resistor to V cc is connected on each input. 
Transmitter (Driver) Outputs. These are RS-232 
levels (typically ±9 V). 
Receiver Inputs. These inputs accept RS-232 
signal levels. An internal 5 kn pull-down 
resistor to GND is connected on each of these 
inputs. 
Receiver Outputs. These are TTUCMOS levels. 
No Connect. No connections are required to this 
pin. 
(ADM242 Only) Active Low Digital Input. May 
be used to enable or disable (three-state) both 
receiver outputs. 
(ADM222 & ADM242) Active Low Digital 
Input. May be used to disable the device so that 
the power consumption is minimized. On the 
ADM222 all drivers and receivers are disabled. 
On the ADM242 the drivers are disabled but the 
receivers remain enabled. 

NC = NO CONNECT 

SHDN 

Vee 

GND 

T1ouT 

R11N 

R1ouT 

T11N 

T21N 

R2oUT 

Figure B. ADM222 DIP & SOIC Pin Configurations 
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ADM222/ADM232A/ADM242 

Vee 

GND 

TI our 

R11N 

R1oUT 

T11N 

12,. 

Figure 9. ADM232A DIP/SOIC Pin Configuration 

C1 
0.1pF 

C2 
0.1pF 

+5VINPUT 

1C3 
0.1pF Vee 

+5VT0+10V V+ 
3 c1-VOLTAGE DOUBLER 

C4 
*0.1pF 

ADM232A 
GND 

15 
' INTERNAL 400kC! PULL-UP RESISTOR 

ON EACH TTUl.IOS INPUT 

" INTERNAL 5kC! PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT 

Figure 10. ADM232A Typical Operating Circuit 
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EN SHON 

Vee 

GND 

T1oUT 

R11N 

C2- R1out 

T1tN 

T21N 

R2our 

Figure 11. ADM242DIP!SOIC Pin Configuration 

TTUCl.IOS 
INPUTS* 

C1 
0.1pF 

C2 
0.1pF 

f'" T21N 

TTUCMOS{Rl 
OUTPUTS* 

R2out 

EN 

C5 
o.1pFI 
6.3V "=" 

C1+ 

+5VINPUT 

17 

Vee 
C3 
0.1pF 

+5V TO +10V V+ 
4 Cl-VOLTAGE DOUBLER 

12 

11 

13 

10 

C2+ 
+5VT0-10V 7 

V-
VOLTAGE INVERTER C4 

C2-

GND 

16 

* 

0.1pF 

15 

T1our} . RS-232 
OUTPUTS 

T2our 

14 
R11N} RS-232 

INPUTS** 
R21N 

18 StiDN 

'INTERNAL 400kC! PULL-UP RESISTOR 
ON EACH TTUMOS INPUT 

. '' INTERNAL 5kC! PULL-DOWN RESISTOR 
ON EACH RS-232 INPUT 

Figure 12. ADM242 Typical Operating Circuit 
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Typical Performance Characteristics-ADM222/ADM232A/ADM242 

12.----,----.----.---..,...---,...-1---. 
Vcc=±5V _ 
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' ~ 
I -. 
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Figure 13. Charge Pump V+, V- vs. Current 
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~ 
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TX1 = +SV; TX2 = OV - SV SQUARE WAVE 
BOTH TX OUTPUTS LOADED WITH 3k//CL 
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LOAD CAPACITANCE-pF 

Figure 14. Transmitter Baud Rate vs. Load Capacitance 

Figure 15. Transmitter Unloaded Slew Rate 
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Vee =±5V 
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Figure 16. Transmitter Output Voltage vs. Current 

Figure 17. Charge Pump V+, V- Exiting Shutdown 

Figure 18. Transmitter Fully Loaded Slew Rate 
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ADM222/ADM232A/ADM242 
GENERAL INFORMATION 
The ADM222/ADM232NADM242 are high speed RS-232 
drivers/receivers requiring a single digital +5 V supply.The RS-
232 standard requires transmitters that will deliver ±5 V 
minimum on the transmission channel and receivers that can 
accept signal levels down to± 3 V. The parts achieve this by 
integrating step up voltage converters and level shifting trans
mitters and receivers onto the same chip. CMOS technology is 
used to keep the power dissipation to an absolute minimum. 
All devices contains an internal charge pump voltage doubler 
and a voltage inverter that generates± 10 V from the +5 V 
input. Four external 0.1 µF capacitors are required for the 
internal charge pump voltage converter. 

The ADM222/ADM232NADM242 is a modification, enhance
ment and improvement to the AD230-AD241 family and 
derivatives thereof. It is essentially plug-in compatible and does 
not have materially different applications. 

CIRCUIT DESCRIPTION 
The internal circuitry consists of four main sections. These are: 

A Charge Pump Voltage Converter 
TTL/CMOS to RS-232 Transmitters 
RS-232 to TTL/CMOS Receivers 
Enable and Shutdown Functions. 

Charge Pump DC-OC Volt~ge Converter 
The Charge Pump Voltage converter .consists of an oscillator 
and a switching matrix. The. converter generates a ± 10 V supply 
from the input 5 V level. This is don.e in two stages using a 
switched capacitor technique. The 5 V input Sl;\pply is doubled 
to 10 V using capacitor Ci ~s the charge storage element. The 
-10 V level is also generated from the input 5 V supply using C 1 
and C2 as thestorage elements. 

Capacitors C3 and C4 are used to reduce the output ripple. 
Their values are not critical and can be reduced if higher levels 
of ripple are acceptable. The charge pump capacitors C 1 and 
C2 may also be reduced at the expense of higher output 
impedance on the V+ and V- supplies. 

The V+ and V- supplies may also be used to power external 
circuitry if the current requirements are small. Please refer to 
the typical performance characteristics which shows the V+, V
output voltage vs. current. 

In the shutdown mode the charge pump is disabled and V+ 
decays to V cc while V- decays to 0 V. 

Transmitter (Driver) Section 
The Drivers convert TTL/CMOS input levels into RS-232 
output levels. With V cc= +5 V and drivillg a typical RS-232 
load, the output voltage swing is ± 9 V. Even under worst case 
conditions the drivers are guaranteed to meet the± 5 V RS-232 
minimum requirement. 

The input threshold· levels are both TTL and CMOS compat
ible with the switching threshold set at Vccf4. With a nominal 
V cc = 5 V the switching threshold is 1.25 V typical. Unused 
inputs may be left unconnected, as an internal 400 kQ pull- up 
resistor pulls them high forcing the outputs into a low state. 
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As required by the RS-232 standard, the slew rate is limited to 
less than 30 V/µs without the need for an external slew limiting 
capacitor, and the output impedance in the power-off state is 
greater than 300 Q. 

Receiver Section 
The receivers are inverting level shifters which accept RS-232 
input levels (±3¥to±15 V) and translate them into 5 V TTL/ 
CMOS levels. The inputs have internal 5 kQ pull-down resistors 
to ground and are also protected against overvoltages of up to 
±30 V. The guaranteed switching thresholds are 0.8 Vmini
mum and 2.4 V maximum which are well within the ±3 V RS-
232 requirement. The low level threshold is deliberately positive 
as it ensures that an unconnected input will be interpreted as a 
low level. 

The receivers have Schmitt trigger input with a hysteresis level 
of 0.5 V. This ensures error free-reception for both noisy inputs 
and for inputs with slow transition times 

Enable and Shutdown Functions 
On the ADM222, both receivers are fully disabled during 
shutdown. 

On the ADM242, both receivers continue to operate normally. 
This function is useful for monitoring activity so that. when it 
occurs, the device can be taken out of the shutdown mode. 

The ADM242 also contains a receiver enable function (EN) 
which can be used to fully disable the receivers, independent of 
SHDN. 

APPLICATIONS INFORMATION 
A selection of typical operating circuits is shown in Figures 13 
to 19. 

Figure 19. Tran~mitter Output Disa/J/e Timing 
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1'1111111 ANALOG 
WDEVICES 

FEATURES 
Single 5 V Power Supply 
Meets All EIA-232-E and V.28 Specifications 
120 kB/s Data Rate 
On-Board DC-DC Converters 
±9 V Output Swing with +5 V Supply 
Small 1 µF Capacitors 
Low Power Shutdown :S1 µA 
Receivers Active in Shutdown (ADM223) 
ESD > 2 kV 
±30 V Receiver Input Levels 
Latch-Up FREE 
Plug-In Upgrade for MAX223/230-241 
Plug-In Upgrade for AD230-AD241 

APPLICATIONS 
Computers 
Peripherals 
Modems 
Printers 
Instruments 

GENERAL DESCRIPTION 
The ADM2xx family of line drivers/receivers is intended for all 
EIA-232-E and V.28 communications interfaces, especially in 
applications where ± 12 V is not available. The ADM223, 
ADM230L, ADM235L, ADM236L and ADM241L feature a 
low power shutdown mode which reduces power dissipation to 
less than 5 µ W making them ideally suited for battery powered 
equipment. Two receivers remain enabled during shutdown on 
the ADM223. The ADM233L and ADM235L do not require 
any external components and are particularly useful in applica
tions where printed circuit board space is critical. 

+5 V Powered 
CMOS RS-232 Drivers/Receivers 

ADM223/ADM230L-ADM241 L I 
ADM232L TYPICAL OPERATING CIRCUIT 

TTL/CMOS 
INPUTS* 

( 
n,. 

T2" 

+SVINPUT 

AS-232 T1our) 
OUTPUTS 

T2our 

RS-232 "'" ) 
INPUTS,.. .... 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TIL/CMOS lt-IPUT 
**INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

All members of the ADM230L family, except the ADM23 IL 
and the ADM239L, include two internal charge pump voltage 
converters which allow operation from a single + 5 V supply. 
These converters convert the + 5 V input power to the ± I 0 V 
required for RS-232 output levels. The ADM231L and 
ADM239L are designed to operate from +5 V and + 12 V sup
plies. An internal + 12 V to -12 V charge pump voltage con
verter generates the -12 V supply. 

The ADM2xxL is an enhanced upgrade for the AD2xx family 
feamring lower power consumption, faster slew rate and opera
tion with smaller (1 µF) capacitors. 

Table I. Selection Table 

No. of 
Part Power RS-232 
Number Supply Voltage Drivers 

ADM223 +5 v 4 
ADM230L +5 v 5 
ADM231L +5 V & +7.5 V to +13.2 V 2 
ADM232L +5 v 2 
ADM233L +5 v 2 
ADM234L +5 v 4 
ADM235L +5 v 5 
ADM236L +5 v 4 
ADM237L +5 v 5 
ADM238L +5 v 4 
ADM239L +5 V & +7.5 V to +13.2 V 3 
ADM241L +5 v 4 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446 .. 6212. 
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No. of 
RS-232 
Receivers 

5 
0 
2 
2 
2 
0 
5 
3 
3 
4 
5 
5 

Low Power TTL 
External Shutdown Three-State No. of 
Capacitors (SD) EN Pins 

4 Yes (SD) Yes (EN) 28 
4 Yes No 20 
2 No No 14 
4 No No 16 
None No No 20 
4 No No 16 
None Yes Yes 24 
4 Yes Yes 24 
4 No No 24 
4 No No 24 
2 No Yes 24 
4 Yes Yes 28 
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ADM223/ADM230L-ADM241 L-SPECIFICATIONS ~21..~4t.~:L.~a~~~9~~~~~)~3vc!1: 
+5 v ± 5% (ADM230L, 33L, 35L, 37L); v+ = 7.5 v to 13.2 v (ADM231L & ADM239L); C1-C4 = 1.0 µf Ceramic. All Specifications TMIN to 
TMAX unless otherwise noted.) 

Parameter 

Output Voltage Swing 
V cc Power Supply Current 

V + Power Supply Current 
Shutdown Supply Current 
Input Logic Threshold Low, VINL 
Input Logic Threshold High, V,NH 
Logic Pull-Up Current 
RS-232 Input Voltage Range 
RS-232 Input Threshold Low 
RS-232 Input Threshold High 
RS-232 Input Hysteresis 
RS-232 Input Resistance 
TTL/CMOS Output Voltage Low, VoL 
TTL/CMOS Output Voltage High, V 0H 
TTL/CMOS Output Leakage Current 
Output Enable Time (TEN) 

Output Disable Time (T ms) 

Propagation Delay 
Instantaneous Slew Rate1 

Transition Region Slew Rate 

Output Resistance 
RS-232 Output Short Circuit Current 

NOTE 
1Sample tested to ensure compliance. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = 25°C unless otherwise noted) 

Min 

±5 

2.0 

-30 
0.8 

0.2 
3 

3.5 

300 

Typ Max 

±9 
2 3.0 
3.5 6 
0.4 1 
1.5 4 
1 5 

0.8 

10 25 
+30 

1.2 
1.7 2.4 
0.5 1.0 
5 7 

0.4 

0.05 ±5 
250 

50 

0.5 
25 30 
5 

±10 

V cc ............................ -0.3 V to +6 V 
V+ ....................... CV cc - 0.3 V) to +14 V 
V- ........................... +0.3 V to -14 V 
Input Voltages 

T1N .................... -0.3 V to (Vee+ 0.3 V) 
RIN ................................. ±30V 

Output Voltages 
TouT .............. (V+, + 0.3 V) to (V-, - 0.3 V) 
RouT ................... -0.3 V to (Vee + 0.3 V) 

Short Circuit Duration 
T oUT ........•................... Continuous 

Power Dissipation 
N-14 DIP (Derate 10 mW!°C above +70°C) ...... 800 mW 
N-16 DIP (Derate 10.5 mW/°C above +70°C) .... 840 mW 
N-20 DIP (Derate 11 mW/°C above +70°C) ...... 890 mW 
N-24 DIP (Derate 13.5 mWl°C above +70°C) .... 1000 mW 
N-24A DIP (Derate 13.5 mWl°C above +70°C) ... 500 mW 
R-16 SOIC (Derate 9 mWl°C above +70°C) ...... 760 mW 
R-20 SOIC (Derate 9.5 mW!°C above +70°C) .... 800 mW 
R-24 SOIC (Derate 12 mW!°C above +70°C) ..... 850 mW 
R-28 SOIC (Derate 12.5 mW!°C above +70°C) .... 900 mW 
RS-28 SSOP (Derate 10 mWl°C above +70°C) .... 900 mW 
Q-14 Cerdip (Derate 10 mW!°C above +70°C) .... 720 mW 
Q-16 Cerdip (Derate 10 mW!°C above +70°C) .... 800 mW 
Q-20 Cerdip (Derate 11.2 mW/°C above +70°C) ... 890 mW 
Q-24 Cerdip (Derate 12.5 mWl°C above +70°C) .. 1000 mW 
D-24 Ceramic (Derate 20 mWl°C above +70°C) .. 1000 mW 
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Units Test Conditions/Comments 

Volts All Transmitter Outputs Loaded with 3 kn to Ground 
mA No Load, All TINs =Vee (except ADM223) 
mA No Load, All T1Ns = GND 
mA ADM231L, ADM239L 
mA No Load, V+ = 12 V ADM231L & ADM239L Only 
µA 
v TIN> EN, SD, EN, SD 
v T 1N, EN, SD, EN, SD 
µA TIN= ov 
v 
v 
v 
v 
kn 
v 
v louT = -1.0 mA 
µA EN= Vee, 0 Vs RouT s Vee 
ns ADM223, ADM235L, ADM236L, ADM239L, ADM241L 

(Figure 25. CL= 150 pF) 
ns ADM223, ADM235L, ADM236L, ADM239L, ADM241L 

(Figure 25. RL = 1 kn) 
µs RS-232 to TTL 
V/µs CL= 10 pF, RL = 3-7 kn, TA = +25°C 
V/µs RL = 3 kn, cL = 2soo pF 

Measured from +3 V to -3 V or -3 V to +3 V 
n Vee= V+ = V- = 0 V, VouT = ±2 V 
mA 

Thermal Impedance, 61A 
N-14 DIP ........................... 140°C/W 
N-16 DIP ..•....................•... l35°C/W 
N-20 DIP ........................... 125°C/W 
N-24 DIP ............•.............. 120°C/W 
N-24A DIP .......................... 110°C/W 
R-16 SOIC ........................... 105°C/W 
R-20 SOIC ........................... lOS0 C/W 
R-24 SOIC ........................... 85°C/W 
R-28 SOIC ........................... 80°C/W 
RS-28 SSOP .......................... 100°C/W 
Q-14 Cerdip .......................... 105°C/W 
Q-16 Cerdip .......................... 100°C/W 
Q-20 Cerdip ..............•.....•..... 100°C/W 
Q-24 Cerdip . . . . . . . . . . . . . . . . . . . . . . . . . . 55°C/W 
D-24 Ceramic .......................... 50°C/W 

Operating Temperature Range 
Commercial (J Version) ................. Oto +70°C 
Industrial (A Version) ............... -40°C to + 85°C 

Storage Temperature Range .•......... -65°C to + 150°C 
Lead Temperature, Soldering ........•........ + 300°C 

Vapour Phase (60 sec) .................... +215°C 
Infrared (15 sec) •....................... + 220°C 

ESD Rating .....•..................... >2000 V 

*This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods of time may affect reliability. 
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ADM223/ADM230L-ADM241 L 
ORDERING GUIDE 

Temperature Package Temperature Package Temperature Package 
Model Range Option* Model Range Option* Model Range Option* 

ADM223 ADM230L ADM231L 

ADM223AR -40°C to +85°C R-28 ADM230LJN 0°C to +70°C N-20 ADM231LJN 0°C to +70°C N-14 
ADM223ARS -40°C to +85°C RS-28 ADM230LJR 0°C to +70°C R-20 ADM231LJR 0°C to +70°C R-16 

ADM230LAN -40°C to +85°C N-20 ADM231LAN -40°C to +85°C N-14 
ADM230LAR -40°C to +85°C R-20 ADM231LAR -40°C to + 85°C R-16 
ADM230LAQ -40°C to +85°C Q-20 ADM231LAQ -40°C to + 85°C Q-14 

ADM232L ADM233L ADM234L 

ADM232LJN 0°C to +70°C N-16 ADM233LJN 0°C to +70°C N-20 ADM234LJN 0°C to +70°C N-16 
ADM232LJR D°C to +70°C R-16 ADM233LAN -40°C to + 85°C N-20 ADM234LJR 0°C to +70°C R-16 
ADM232LAN -40°C to +85°C N-16 ADM234LAN -40°C to +85°C N-16 
ADM232LAR -40°C to +85°C R-16 ADM234LAR -40°C to +85°C R-16 
ADM232LAQ -40°C to +85°C Q-16 ADM234LAQ -40°C to + 85°C Q-16 

ADM235L ADM236L ADM237L 

ADM235LJN 0°C to +70°C N-24A ADM236LJN 0°C to +70°C N-24 ADM237LJN 0°C to +70°C N-24 
ADM235LAN -40°C to +85°C N-24A ADM236LJR 0°C to +70°C R-24 ADM237LJR 0°C to +70°C R-24 
ADM235LAQ -40°C to +85°C D-24 ADM236LAN -40°C to +85°C N-24 ADM237LAN -40°C to + 85°C N-24 

ADM236LAR -40°C to +85°C R-24 ADM237LAR -40°C to +85°C R-24 
ADM236LAQ -40°C to +85°C Q-24 ADM237LAQ -40°C to +85°C Q-24 

ADM238L ADM239L ADM241L 

ADM238LJN 0°C to +70°C N-24 ADM239LJN 0°C to +70°C N-24 ADM241LJR 0°C to +70°C R-28 
ADM238LJR D°C to +70°C R-24 ADM239LJR 0°C to +70°C R-24 ADM241LAR -40°C to +85°C R-28 
ADM238LAN -40°C to +85°C N-24 ADM239LAN -40°C to +85°C N-24 ADM241LJRS 0°C to +70°C RS-28 
ADM238LAR -40°C to +85°C R-24 ADM239LAR -40°C to +85°C R-24 ADM241LARS -40°C to +85°C RS-28 
ADM238LAQ -40°C to +85°C Q-24 ADM239LAQ -40°C to +85°C Q-24 

*D = Ceramic DIP; N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC); RS = Small Shrink Outline Package (SSOP). 
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ADM223/ADM230t-ADM241 L 

T4ouT 

TS1N 

NC 

SD 

TSol.JT 

T4,N 

T31N 

V-

C2-

C1- ,C2+ 

NC = NO CONNECT 

Figure 1. ADM230L DIP/SOIC Pin Configuration 

DIP 

SOIC 

NC= NO CONNECT 

Figure 3. ADM231L DIP & SOIC Pin Configurations 
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TTLJCMOS 
INPUTS* 

+5VTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

T1our 

T2our 

T3our 

SD 

RS-232 
OUTPUTS 

*INTERNAL 400kiJ PULL-UP RESISTOR ON EACH TTLJCMOS INPUT 

Figure 2. ADM230L Typical Operating Circuit 

TTWCMOS 
INPUTS* 

TTWCMOS 
OUTPUTS 

[ 
T11N 

T:/iN 

[
R1ouT 

R2011T 

+5VINPUT 

+7.5V TO 13.2V 

T1 l OllT RS-232 
OUTPUTS 

T2011T 

l RS-232 
INPUTS** 

R21N 

*INTERNAL 400kQ PULL·UP RESISTOR ON EACH TTWCMOS INPUT 
''INTERNAL 5kQ PULL·DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 4. ADM231L Typical Operating Circuit 
(DIP Pinout) 
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Vee 

GND 

T1our 

R11N 

R1our 

V- T11N 

T21N 

R21N R2ouT 

Figure 5. ADM232L DIP/SOIC Pin Configuration 

Figure 7. ADM233L DIP Pin Configuration 
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TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

[ 
T1,. 

T21N 

[

R1ouT 

R2our 

ADM223/ADM230L-ADM241 L 

+5VTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

RS-232 T1ouTl 
OUTPUTS 

T2ouT 

l 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
~INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 6. ADM232L Typical Operating Circuit 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

[ 
T1,. 

T21N 

[

R1ouT 

R2aur 

DO NOT MAKE { 
CONNECTIONS TO 

THESE PINS 

INTERNAL { 
-10V POWER 

SUPPLY 

INTERNAL 
+10VPOWER 

SUPPLY 

+5VINPUT 

RS-232 T1ouTl 
OUTPUTS 

T2our 

l 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 8. ADM233L Typical Operating Circuit 
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ADM223/ADM230L ..,AOM241 L 

T1oUT 

T2ouT 

V+ 

T3ouT 

T4our 

T41N 

T31N 

V

C2-

C2+ 

C1-

Figure 9. ADM234L DIP/SOIC Pin Configuration 

R31N 

A3our 

T1our TS1N 

SD 

EN 

R2our TSour 

R41N 

T11N R4our 

T41N 

R11N T31N 

GND RSouT 

Vee RS1N 

Figure 11. ADM235L DIP Pin Configuration 
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TTWCMOS 
INPUTS* 

+SVTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

RS-232 
OUTPUTS 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTWCMOS INPUT 

Figure 10. ADM234L Typical Operating Circuit 

+5VINPUT 

T11N T1our 

T2,. T2our 

TTL/CMOS 
T31N INPUTS* T3our RS-232 

OUTPUTS 

T4oN T4our 

TS1N TSouT 

R1our R11N 

R2our R21N 

TTWCMOS 
R3oUT OUTPUTS R31N RS-232 

INPUTS** 

R4our R41N 

R5our RS1N 

EN SD 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTWCMOS INPUT 
~INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 12. ADM235L Typical Operating Circuit 
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T4our 

R21N 

R2our 

SD 

Eii 

T41N 

T31N 

R3our 

A31N 

C1+ V-

V+ C2-

C1- C2+ 

Figure 13. ADM236L DIP!SOIC Pin Configuration 

T4aur 

R21N 

R2our 

T51N 

TS our 

T41N 

T31N 

R3our 

A31N 

V-

C2-

C2+ 

Figure 15. ADM237L DIP/SOIC Pin Configuration 
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TTL/CMOS 
INPUTS* 

[

R1our 

TTL/CMOS 
OUTPUTS R2our 

R3aur 

ADM223/ADM230L-ADM241 L 

+5VTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

T1our 

T2our 

T3our 

T4our 

R11N 

R21N 

R31N 

SD 

+ '*" 1µF 

RSM232 
OUTPUTS 

]"= INPUTS-

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
~INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 14. ADM236L Typical Operating Circuit 

TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS R2our 

[

R1our 

R3our 

+5VTO +10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

RS-232 
OUTPUTS 

R21N ] RS-232 
INPUTS** 

R31N 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
~INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 16. ADM237L Typical Operating Circuit 
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ADM223/ADM230L-ADM241 L 

C1+ 

V+ 

C1-

T3ouT 

R3ouT 

T4our 

T31N 

T~IN 

R4our 

R41N 

C2-

C2+ 

Figure 17. ADM238L DIPISOIC Pin Configuration 

T11N 

T21N 

R2our 

R21N 

T2our 

T1our 

R31N 

R3our 

T31N 

NC 

'EN 

T3our 

Figure 19. ADM239L DIPISOIC Pin Configuration 
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TTL/CMOS 
INPUTS* 

TTL/CMOS 
OUTPUTS 

R1our 

R2our 

R3our 

R4our 

+5VT0+10V 
VOLTAGE 
DOUBLER 

+SVINPUT 

T2our 

T1our] 
RS-232 
OUTPUTS 

T3our 

T4our 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
**INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 18. ADM238L Typical Operating Circuit 

[ "· TTL/CMOS T2iN 
INPUTS* 

R2our 

TTL/CMOS 
R3our OUTPUTS 

R4our 

+12VT0-12V 
VOLTAGE 
INVERTER 

+SVINPUT 

+~ 

T2 RS-232 

T1ourl 
OUT OUTPUTS 

T3our 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 20. ADM239L Typical Operating Circuit 
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T4ouT 

R31N 

R3ouT 

SD 

Eti 

R41N 

R4ouT 

R1ouT T4iN 

R11N T3,N 

GND R5ouT 

Vee R51N 

C1+ V-

V+ C2-

C1- C2+ 

Figure 21. ADM241L SOIC/SSOP Pin Configuration 

T4oUT 

R31N 

R3oUT 

so 
EN 

T21N R41N 

T11N R4ouT 

T41N 

R11N T31N 

GND R5ouT 

Vee RS1N 

C1+ V-

V+ C2-

C1- C2+ 

Figure 23. ADM223 SOIC/SSOP Pin Configuration 
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TTL.ICM OS 
INPUTS* 

ADM223/ADM230L-ADM241 L 

+5VTO +10V 
VOLTAGE 
DOUBLER 

+5VINPUT 

11-.... --~+ *1µF 

T1ouT] 

T2auT 
RS·232 
OUTPUTS 

T3ouT 

T4ouT 

SD 

RS·232 
INPUTS** 

*INTERNAL 400kQ PULL·UP RESISTOR ON EACH TTL/CMOS INPUT 
"INTERNAL SkQ PULL·DOWN RESISTOR ON EACH RS-232 INPUT 

Figure 22. ADM241L Typical Operating Circuit 

TTL.ICM OS 
INPUTS* 

TTL.ICM OS 
OUTPUTS 

R1ouT 

R2ouT 

EN 

+SVTO +10V 
VOLTAGE 
DOUBLER 

+SV INPUT 

T1ouT l 
T2oUT 

T3ouT 

T4ouT 

RS-232 
OUTPUTS 

RS-232 
INPUTS** 

*INTERNAL 400kQ PULL-UP RESISTOR ON EACH TTL/CMOS INPUT 
-INTERNAL SkQ PULL-DOWN RESISTOR ON EACH RS-232 INPUT 

NOTE: RECEIVERS R4 AND RS REMAIN ACTIVE IN SHUTDOWN. 

Figure 24. ADM223 Typical Operating Circuit 
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ADM223/ADM230L-ADM241 L 
PIN FUNCTION DESCRIPTION 

Mnemonic Function 

Vee Power Supply Input 5 V ± 10% (+5 V ± 5% ADM233L, ADM235L). 

V + Internally generated positive supply ( + 10 V nominal) on all parts except ADM231L and ADM239L. 

ADM231L, ADM239L requires external 7.5 V to 13.2 V supply. 

V - Internally generated negative supply ( -10 V nominal). 

GND Ground pin. Must be connected to 0 V. 

C+ (ADM231L and ADM239L only). External capacitor ( + terminal) is connected to this pin. 

C- (ADM231L and ADM239L only). External capacitor (- terminal) is connected to this pin. 

Cl+ (ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor ( + terminal) 
is connected to this pin. 

(ADM233L) The capacitor is connected internally and no external connection to this pin is required. 

Cl- (ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor (- terminal) 
is connected to this pin. 

(ADM233L) The capacitor is connected internally and no external connection to this pin is required. 

C2+ (ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor(+ terminal) 
is connected to this pin. 

(ADM233L) Internal capacitor connections, Pins 11 and 15 must be connected together. 

CZ- (ADM230L, ADM232L, ADM234L, ADM236L, ADM237L, ADM238L, ADM241L) External capacitor (-terminal) 
is connected to this pin. 

RouT 
EN/EN 

SD/SD 

NC 

(ADM233L) Internal capacitor connections, Pins 10 and 16 must be connected together. 

Transmitter (Driver) Inputs. These inputs accept TTL/CMOS levels. An internal 400 kn pull-up resistor to V cc is 
connected on each input. 

Transmitter (Driver) Outputs. These are RS-232 levels (typically ± 10 V). 

Receiver Inputs. These inputs accept RS-232 signal levels. An internal 5 kn pull-down resistor to GND is connected on 
each input. 

Receiver Outputs. These are TTUCMOS levels. 

Enable Input. Active low on ADM235L, ADM236L, ADM239L, ADM241L. Active high ADM223. This input is used 
to enable/disable the receiver outputs. With EN = low (EN = high ADM223), the receiver outputs are enabled. With 
EN = high (EN = low ADM223), the outputs are placed in a high impedance state. This facility is useful for 
connecting to microprocessor systems. 

Shutdown Input. Active high on ADM235L, ADM236L, ADM241L. Active low on ADM223. With SD = high on the 
ADM235L, ADM236L, ADM241L, the charge pump is disabled, the receiver outputs are placed in a high impedance 
state and the driver outputs are turned off. With SD low on the ADM223, the charge pump is disabled, the driver 
outputs are turned off and all receivers except R4 and RS are placed in a high impedance state. In shutdown, the power 
consumption reduces to 5 µW. 

No Connect. No connections are required to this pin. 

Table I. ADM23SL, ADM236L, ADM241L Truth Table Table II. ADM223 Truth Table 

Transmitters Receivers Transmitters Receivers 
SD EN Status Tl-TS RI-RS· SD EN Status Tl-T4 Rl-R3 R4, RS 

0 0 Normal Operation Enabled Enabled 0 0 Shutdown Disabled Disabled Disabled 
0 1 Normal Operation Enabled Disabled 0 1 Shutdown Disabled Disabled Enabled 
1 0 Shutdown Disabled Disabled 1 0 Normal Operation Enabled Disabled Disabled 

1 1 Normal Operation Enabled Enabled Enabled 
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r"'llANALOG 
WDEVICES 

FEATURES 
Meets EIA RS-485 Standard 
5 Mb/s Data Rate 
Single +5 V Supply 
-7 V to +12 V Bus Common-Mode Range 
High Speed, Low Power BiCMOS 
Thermal Shutdown Protection 
Short Circuit Protection 
Zero Skew Driver 
Driver Propagation Delay: 10 ns 
Receiver Propagation Delay: 25 ns 
High Z Outputs with Power Off 
Superior Upgrade for L TC485 

APPLICATIONS 
Low Power RS-485 Systems 
DTE-DCE Interface 
Packet Switching 
Local Area Networks 
Data Concentration 
Data Multiplexers 
Integrated Services Digital Network (ISDN) 

DESCRIPTION 
The ADM485 is a differential line transceiver suitable for high 
speed bidirectional data communication on multipoint bus trans
mission lines. It is designed for balanced data transmission and 
complies with both EIA Standards RS-485 and RS-422. The 
part contains a differential line driver and a differential line 
receiver. Both the driver and the receiver may be enabled inde· 
pendently. When disabled, the outputs are tristated. 

The ADM485 operates from a single +5 V power supply. 
Excessive power dissipation caused by bus contention or by 
output shorting is prevented by a thermal shutdown circuit. 
This feature forces the driver output into a high impedance state 
if during fault conditions a significant temperature increase is 
detected in the internal driver circuitry. 

Up to 32 transceivers may be connected simultaneously on a 
bus, but only one driver should be enabled at any time. It is 
important therefore that the remaining disabled drivers do not 
load the bus. To ensure this, the ADM485 driver features high 
output impedance when disabled and also when powered down. 

REV.O 

+ 5 V Low Power 
EIA RS-485 Transceiver 

ADM485 I 
FUNCTIONAL BLOCK DIAGRAM 

This minimizes the loading effect when the transceiver is not 
being utilized. The high impedance driver output is maintained 
over the entire common-mode voltage range from - 7 V to 
+12 v. 
The receiver contains a fail safe feature which results in a logic 
high output state if the inputs are unconnected (floating). 

The ADM485 is fabricated on BiCMOS, an advanced mixed 
technology process combining low power CMOS with fast 
switching bipolar technology. All inputs and outputs contain 
protection against ESD; all driver outputs feature high source 
and sink current capability. An epitaxial layer is used to guard 
against latch-up. 

The ADM485 features extremely fast switching speeds. Minimal 
driver propagation delays permit transmission at data rates up to 
5 Mbits/s while low skew minimizes EMI interference. 

The part is fully specified over the commercial and industrial 
temperature range and is available in an 8-pin DIU SOIC 
package. 

INTERFACE PRODUCTS 15-57 



ADr.,485-SPEClflCATIQNS <Yee= +5 Y ± 5%. All specifications TMiN to TMu unless otherwise noted.) 

Parameter Min Typ Max Units Test Conditions/Coinments 

DRIVER ''·" 

· Differential Output Voltage, V 00 5.0 v R = oo, Figure 1 
2.0 5.0 v Vee = 5 V, R = 50 !l (RS422), Figure 1 
1.5 5.0 v R = 27 !l (RS485), Figure 1 

Vom 1.5 5.0 v VTST = -7Vto+12 V, Figure 2 
ajV ool for Complemeiitacy Output States 0.2 v R = 27 !l or 50 !l, Figure 1 
Common-Mode Output Voltage V 0c 3 v R = 27 !l or 50 !l, Figure 1 
lllVocl for Complementary Output States 0.2 v R=27!lor50!l 
Output Shon Circuit Current (V OUT = High) 35 250 mA - i v :S v 0 :S + 12 v 
Output Shon Circuit Current (V 0UT = Low) 35 250 mA - 7 v :S v 0 :S + 12 v 
CMOS Input Logic Threshold Low, V1NL 0.8 v 
CMOS Input Logic Threshold High, ViNH 2.0 v 
Logic Input Current (DE, DI) ±1.0 µA 

RECEIVER 
Differential Input Threshold Voltage, V TH -0.2 +0.2 v - 7 V :S V CM :S + 12 V 
Input Voltage Hysteresis, llVTH 70 mV VCM = 0 v 
Input Resistance 12 k!l - 7 V :S V CM :S + 12 V 
Input Current (A, B) +l ·mA VIN= 12 v 

-0.8 mA VIN= -7 v 
Logic Enable Input Current (RE) ±1 µA 
CMOS Output Voltage Low, V oL 0.4 v IoUT = +4.0 mA 
CMOS Output Voltage High, VoH 4.0 v loUT = -4.0 mA 
Shon Circuit Output Current 7 85 mA VoUT = GND or Vee 
Tristate Output Leakage Current ±1.0 µA 0.4 V :S VouT :S +2.4 V 

POWER SUPPLY CURRENT 
Ice (Outputs Enabled) 1.35 2.2 mA Outputs Unloaded, Digital Inputs = GND or V cc 
Ice (Outputs Disabled) 0.7 1 mA Outputs Unloaded, Digital Inputs = GND or V ec 

Specifications subject to change without notice. 

TIMING SPECIFICATIONS <Yee = +5 Y ± 5%. All specifications TMIN to TMAX unless otherwise noted.) 

Parameter Min Typ Mu Units Test Conditions/ Comments 

DRIVER 
Propagation Delay Input to Output T PLH• T PHL 2 10 15 ns RL Diff = 54 n CLI =Cu = 100 pF, Figure 3. 
Driver O/P to O/P T sKBw 0 5 ns RL Diff = 54 n CLI = Cu = 100 pF, Figure 3 
Driver Rise/Fall Time TR• T p 2 10 ns RL Diff = 54 n CLI = Cu = 100 pF, Figure 3 
Driver Enable to Output Valid 10 25 ns 
Driver Disable Timing 10 25 ns 

RECEIVER 
•. 

Propagation Delay Input to Output TPLH• T PHL 18 25 40 ns CL= 15 pF, Figure 5 
Skew IT PUrT PHLI 0 5 ns 
Receiver Enable T ENI 15 25 ns Figure 6 
Receiver Disable T ENl 15 25 ns Figure 6 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
(T,. = 2S°C unless otherwise noted) 

Vee .................................. +7 V 
Inputs 

Driver Input (DI) ............ -0.3 V to Vee + 0.3 V 
Control Inputs (DE, RE) ........ -0.3 V to V cc + 0.3 V 
Receiver Inputs (A, B) .............. -14 V to + 14 V 

Outputs 
Driver Outputs . . . . . . . . . . . . . . . . . . -14 V to + 14 V 
Receiver Output ............. -0.5 V to V cc + 0.5 V 

Power Dissipation 8-Pin DIP ................. 500 mW 
a1A> Thermal Impedance ................ + 130°C/W 

Power Dissipation 8-Pin SOIC ................ 450 mW 
01A, Thermal Impedance ................ + 170°C/W 

Power Dissipation 8-Pin Cerdip ............... 500 mW 
a1A, Thermal Impedance ................ + 125°C/W 

Operating Temperature Range 
Commercial (J Version) ................ 0°C to +70°C 
Industrial (A Version) ............... -40°C to + 85°C 
Storage Temperature Range .......... -65°C to + 150°C 

Lead Temperature (Soldering, 10 sec) ........... +300°C 
Vapour Phase (60 sec) .................... +215°C 
Infrared (15 sec) . . . . . . . . . . . . . . . . . . . . . . . . + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress ~ting 011-ly and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods of time may affect device 
reliability. 

RE 

x 
x 
x 

0 
0 
0 
1 

Table I. Transmitting 

INPUTS 
DE DI 

I 1 
1 0 
0 x 

Table II. Receiving 

INPUTS 
DE A-B 

0 
0 
0 
0 

;;,: +0.2 v 
,,; -0.2 v 
Inputs Open 
x 

B 

0 
1 
z 

OUTPUTS 
A 

I 
0 
z 

OUTPUT 
RO 

1 
0 
l 
z 

ADM485 
PIN FUNCTION DESCRIPTION 

Pin Mnemonic Function 

RO Receiver Output. When enabled if A > B by 
200 mV, then RO = High. If A< B by 

2 

3 

4 

5 
6 

7 

8 

DE 

DI 

GND 

A 

Model 

ADM485JN 
ADM485JR 
ADM485AN 
ADM485AR 
ADM485AQ 

200 mV, then RO = Low. 

Receiver Output Enable. A low level enables 
the receiver output, RO. A high level places 
it in a high impedance state. 

Driver Output Enable. A high level enables 
the driver differential outputs, A and B. A 
low level places it in a high impedance state. 

Driver Input. When the driver is enabled a 
logic Low on DI forces A low and B high 
while a logic High on DI forces A high and B 
low. 

Ground Connection, 0 V. 

Noninverting Receiver Input NDriver 
Output A. 

Inverting Receiver Input B/Driver Output B. 
Power Supply, 5 V ± 5%. 

PIN CONFIGURATION 

ORDERING GUIDE 

Temperature Range Package Option* 

0°c to +70°C N-8 
0°C to +70°C R-8 
-40°C to +85°C N-8 
-40°C to +85°C R-8 
-40°C to +85°C Q-8 

*For outline information see Package Information section. 

CAUTION-"-'-~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the ADM485 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

REV.O 

WARNING! 0 
~~ENSITIVE DEVICE 

INTERFACE PRODUCTS 15-59 

m 



ADM485 

Test Circuits 
R 

R 

Figure 1. Driver Voltage Measurement Test Circuit 

Figure 2. Driver Voltage Measurement Test Circuit.2 

Figure 3. Driver Propagation Delay Test Circuit 

Switching Characteristics 

Figure 7. Driver Propagation Delay, Rise/Fall Timing 
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Figure 8. Driver Enable/Disable Timing 
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OVOR3V 

DEIN 

Figure 4. Driver Enable/Disable Test Circuit 

Figure 5. Receiver Propagation Delay Test Circuit 

S2 

l-
Figure 6. Receiver Enable/Disable Test Circuit 

RO 

Figure 9. Receiver Propagation Delay 
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Figure 10. Receiver Enable/Disable Timing 
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Figure 14. Receiver Output Low 
Voltage vs. Temperature 
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Voltage vs. Temperature 
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ADM485-Typical Performance Characteristics 
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Figure 20. Receiver tPLH-tPHL vs. 
Temperature 

Figure 23. Loaded Driver 
Differential Outputs 
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Figure 21. Driver Skew vs. 
Temperature 

Figure 24. Driver/Receiver Propaga
tion Delays Low to High 

Figure 26. Typical RS-485 Network 

RT 

Figure 22. Unloaded Driver 
Differential Outputs 

Figure 25. Driver/Receiver Propaga
tion Delays. High to Low 
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APPLICATIONS INFORMATION 

Differential Data Transmission 
Differential data transmission is used to reliably transmit data at 
high rates over long distances and through noisy environments. 
Differential transmission nullifies the effects of ground shifts 
and noise signals which appear as common-mode voltages on the 
line. There are two main standards approved by the Electronics 
Industries Association (EIA) which specify the electrical charac
teristics of transceivers used in differential data transmission. 

The RS-422 standard specifies data rates up to I 0 MBaud and 
line lengths up to 4000 ft. A single driver can drive a transmis
sion line with up to 10 receivers. 

In order to cater for true multipoint communications, the 
RS-485 standard was defined. This standard meets or exceeds all 
the requirements of RS-422 but also allows for up to 32 drivers 
and 32 receivers to be connected to a single bus. An extended 
common-mode range of - 7 V to + 12 V is defined. The most 
significant difference between RS-422 and RS-485 is the fact 
that the drivers may be disabled thereby allowing more than one 
(32 in fact) to be connected to a single line. Only one driver 
should be enabled at time, but the RS-485 standard contains 
additional specifications to guarantee device safety in the event 
of line contention. 

Cable and Data Rate 
The transmission line of choice for RS-485 communications is a 
twisted pair. Twisted pair cable tends to cancel common-mode 
noise and also causes cancellation of the magnetic fields gener
ated by the current flowing through each wire, thereby, reduc
ing the effective inductance of the pair. 

The ADM485 is designed for bidirectional data communications 
on multipoint transmission lines. A typical application showing a 

ADM485 
multipoint transmission network is illustrated in Figure 26. An 
RS-485 transmission line can have as many as 32 transceivers on 
the bus. Only one driver can transmit at a particular time but 
multiple receivers may be enabled simultaneously. 

As with any transmission line, it is important that reflections are 
minimized. This may be achieved by terminating the extreme 
ends of the line using resistors equal to the characteristic imped
ance of the line. Stub lengths of the main line should also be 
kept as short as possible. A properly terminated transmission 
line appears purely resistive to the driver. 

Thermal Shutdown 
The ADM485 contains thermal shutdown circuitry which pro
tects the part from excessive power dissipation during fault con
ditions. Shorting the driver outputs to a low impedance source 
can result in high driver currents. The thermal sensing circuitry 
detects the increase in die temperature and disables the driver 
outputs. The thermal sensing circuitry is designed to disable the 
driver outputs when a die temperature of 150°C is reached. As 
the device cools, the drivers are re-enabled at 140°C. 

Propagation Delay 
The ADM485 features very low propagation delay ensuring 
maximum baud rate operation. The driver is well balanced 
ensuring distortion free transmission. 

Another important specification is a measure of the skew 
between the complementary outputs. Excessive skew impairs the 
noise immunity of the system and increases the amount of elec
tromagnetic interference (EMI). 

Receiver Open-Circuit Fail Safe 
The receiver input includes a fail-safe feature which guarantees a 
logic high on the receiver when the inputs are open circuit or 
floating. 

Table III. Comparison of RS-422 and RS-485 Interface Standards 

Specification RS-422 RS-485 

Transmission Type Differential Differential 
Maximum Cable Length 4000 ft. 4000 ft. 
Minimum Driver Output Voltage ±2 v ±1.5 v 
Driver Load Impedance 100 n 54 n 
Receiver Input Resistance 4 kn min 12 kn min 
Receiver Input Sensitivity ±200 mV ±200 mV 
Receiver Input Voltage Range -7 V to +7 V -7 V to +12 V 
No of Drivers/Receivers Per Line 1110 32/32 
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NANALOG 
WDEVICES 

FEATURES 
Superior Upgrade for MAX690-MAX695 
Specified Over Temperature 
Low Power Consumption (5 mW) 
Precision Voltage Monitor 
Reset Assertion Down to 1 V V cc 
Low Switch Ol)·Resistance 1.5 fi Normal, 

20 n in Eiackup 
High Current Drive (100 mA) 
Watchdog Timer-100 ms, 1.6 s, or Adjustable 
600 nA Standby Current 
Automatic Battery Backup Power Switching 
Extremely Fast Gating of Chip Enable Signals (5 ns) 
Voltage Monitor .for Power Fail 

APPLICATIONS 
Microprocessor Systems 
Computers 
Controllers 
Intelligent lnstrume.nts 
Automotive Systems 

GENERAL DESCRIPTION 
The ADM690-ADM695 family of supervisory circuits offers 
complete single chip solutions for power supply monitoring and 
battery control functions in microprocessor systems. These func
tions· include µPreset, backup battery switchover, watchdog 
timer, CMOS RAM write protection, and power failure warn
ing. The complete family provides a variety of configurations to 
satisfy most microprocessor system requirements. 

The ADM690, ADM692 and ADM694 are available in 8-pin 
DIP packages and provide: 

1. Power-on reset output during power-up, power-down and 
brownout conditions. The RESET output remains opera
tional with V cc as low as 1 V. 

2. Battery backup switching for CMOS RAM, CMOS micropro
cessor or other low power logic. 

3. A reset pulse if the optional watchdog timer has not been 
toggled within a specified time. 

4. A 1.3 V threshold detector for power fail warning, low 
battery detection, or to monitor a power supply other than 
+5 v. 

The ADM691, ADM693 and ADM695 are available in 16-pin 
DIP and small outline packages and provide three additional 
functions: 

1. Write protection of CMOS RAM or EEPROM. 

2. Adjustable reset and watchdog timeout periods. 

3. Separate watchdog timeout, backup battery switchover, and 
low V = status outputs. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800·446·6212. 
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Microprocessor 
Supervisory Circuits 
ADM690-ADM695 I 

FUNCTIONAL BLOCK DIAGRAMS 

Vee 

WATCHDOG ADM690 
INPUT (WOQ ADM692 

ADM694 
POWER FAIL 

INPUT (PFQ ' ,--~ POWER FAIL 

OSCIN 

OSCSEL 

WATCHDOG 
INPUT(WDQ 

POWER FAIL 
INPUT(PFQ 

1VOLTAGE DETECTOR = 4.65V (ADM690, ADM894) 
4.40V (ADM692) 

2RESET PULSE WIDTH = SOms (ADM690, ADM692) 
200ms (ADM894) 

BATTON 

1VOLTAGE DETECTOR= 4.65V lADM691, ADM695) 
4.40V ADM693) 

OUTPUT (PFO) 

CEouT 

LOW LINE 

RESET 

RESET 

WATCHDOG 
OUTPUT (WDO) 

POWER FAIL 
OUTPUT (PFO) 

The ADM690-ADM695 family is fabricated using an advanced 
epitaxial CMOS process combining low power consumption 
(5 mW), extremely fast Chip Enable gating (5 ns) and high reli
ability. RESET assertion is guaranteed with Vee as low as 1 V. 
In addition, the power switching circuitry is designed for mini
mal voltage drop thereby permitting increased output current 
drive of up to 100 mA without the need for an external pass 
transistor. 
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SPECIFICATIONS (Vee= Full Operat_ing Range, VaATT = +2.8 V, TA= TMIN to 
T MAX unless otherwise noted) ADM690-ADM695 

Parameter Min Typ Max Units Test Conditions/Comments 

BATTERY BACKUP SWITCHING 
Vee Operating Voltage Range 

ADM690, ADM691, ADM694, ADM695 4.75 5.5 v 
ADM692, ADM693 4.5 5.5 v 

VBATT Operating Voltage Range 
ADM690, ADM691, ADM694, ADM695 2.0 4.25 v 
ADM692, ADM693 2.0 4.0 v 

VouT Output Voltage Vee - 0.05 Vee - 0.025 v IouT = 1 mA 
Vee - 0.5 Vee - 0.25 v IouT :5 100 mA 

VouT in Battery Backup Mode VBATT - 0.05 VBATT - 0.02 v IouT = 250 µA, Vee< VBATT - 0.2 V 
Supply Current (Excludes Io UT) l 1.95 mA IouT = 100 mA 
Supply Current in Battery Backup Mode 0.6 l µA Vee= 0 v, VBATT = 2.8 v 
Battery Standby Current 5.5 V >Vee> VBATT + 0.2 V 

( + = Discharge, - = Charge) -0.l +0.02 µA TA= +25"C 
-1.0 +0.02 µA 

Battery Switchover Threshold 70 mV Power Up 
Vee - VBATT 50 mV Power Down 
Battery Switchover Hysteresis 20 mV 
BATT ON Output Voltage 0.3 v IsINK = 3.2 mA 
BATT ON Output Short Circuit Current 35 mA BATT ON= VouT = 4.5 V Sink Current 

0.5 l is µA BA TT ON = 0 V Source Current 

RESET AND WATCHDOG TIMER 
Reset Voltage Threshold 

ADM690, ADM691, ADM694, ADM695 4.5 4.65 4.73 v 
ADM692, ADM693 4.25 4.4 4.48 v 

Reset Threshold Hysteresis 40 mV 
Reset Timeout Delay 

ADM690, ADM691, ADM692, ADM693 35 50 70 ms OSC SEL =HIGH, Vee= 5 V, TA= +25°C 
ADM694, ADM695 140 200 280 ms osc SEL = HIGH, Vee= 5 v, TA= +25°C 

Watchdog Timeout Period, Internal Oscillator 1.0 1.6 2.25 s Long Period, Vee= 5 V, TA= +25°C 
70 100 140 ms Short Period, Vee= 5 V, TA= +25°C 

Watchdog Timeout Period, External Clock 3840 4097 Cycles Long Period 
768 1025 Cycles Short Period 

Minimum WDI Input Pulse Width 50 ns VrL = 0.4, Vm = 3.5 V 
RESET Output Voltage @ V cc = + l V 4 200 mV IsINK = 10 µA, Vee= l V 
RESET, LOW LINE Output Voltage 0.4 v IsrNK = 1.6 mA, Vee= 4.25 V 

-- 3.5 v IsouRcE = 1 µA, Vee= 5 V 
RESET, WDO Output Voltage 0.4 v IsrNK = 1.6 rnA, V cc = 5 V 

3.5 v IsouRcE = l µA, V cc = 4.25 V 
Output Short Circuit Source Current 1 3 25 µA 
Output Short Circuit Sink Current 25 mA 
WDI Input Threshold Vee= 5 V1 

Logic Low 0.8 v 
Logic High 3.5 v 

WDI Input Current 20 50 µA WDI = VouT• TA= +25"C 
-50 -15 µA WDI = 0 V, TA= +25°C 

POWER FAIL DETECTOR 
PFI Input .J'hreshold 1.25 1.3 1.35 v Vee= +5 V 
PFI Input C\Jrrent -25 ±0.01 +25 nA 
PFO Output Voltage 0.4 v lsrNK = 3.2 rnA 

3.5 v lsoURCE = l~ 
PFO Short Circuit Source Current 1 3 25 µA PFI = Low, PFO = 0 V 
PFO Short Circuit Sink Current 25 mA PFI = High, PFO = V oUT 

CHIP ENABLE GATING 
CEm Threshold 0.8 v VIL 

3.0 v Vm 
~ Pull-Up Current 3 µA 
CEoUT Output Voltage 0.4 v IsINK = 3.2 rnA 

VoUT - 1.5 v IsouRcE = 3.0 mA 
VouT - 0.05 v IsouRcE = l µA, Vee= 0 V 

CE Propagation Delay 5 9 ns 
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ADM690-ADM695 
Parameter Min Typ Max Units Test Conditions/Comments 

OSCILLATOR 
OSC IN Input Current ±2 µA 
OSC SEL Input Pull-Up CUtrent 5 µA 
OSC IN Frequency Range 0 250 kHz OSCSEL=OV 
OSC IN Frequency with External Capacitor 4 kHz OSC SEL = 0 V, Cose= 47 pF. 

NOTE 
1WDI is a three level input which is internally biased to 38% of V cc and has an input impedance of approximately 125 k!l. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25'C unless otherwise noted) 

ORDERING GUIDE 

V cc ............................ -0.3 V to +6 V Model Temperature Range Package Option* 

VBATT .......................... -0.3 V to +6 V 
All Other Inputs •............. -0.3 V to VouT + 0.5 V 
Input Current 

Vee ................................ 200 mA 
VBATT ............................... so mA 
GND ................................ 20mA 

Digital Output Current . , .................... 20 mA 
Power Dissipation, N-8 DIP ................. 400 mW 

61A Thermal Impedance ................... 120°C/W 
Power Dissipation, Q-8 DIP ................. 500 mW 

61A Thermal Impedance .................. 125°C/W 
Power Dissipation, N-16 DIP ................ 600 mW 

OJA Thermal Impedance .................. l35°C/W 
Power Dissipation, Q-16 DIP ................ 600 mW 

61A Thermal Impedance .................. 100°C/W 
Power Dissipation, R-16 SOIC ................ 600 mW 

61A Thermal Impedance .................. 110°C/W 
Operating Temperature Range 

Industrial (A Version) ............... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Lead TemperatUte (Soldering, 10 secs) ........... + 300°C 
Vapor Phase (60 secs) .................... +215°C 
Infrared (15 secs) •...................... + 220°C 

Storage Temperature Range ............ -65°C to + 150°C 

ADM690AN 
ADM690AQ 
ADM690SQ 

ADM691AN 
ADM691AR 
ADM691AQ 
ADM691SQ 

ADM692AN 
ADM692AQ 
ADM692SQ 

ADM693AN 
ADM693AR 
ADM693AQ 
ADM693SQ 

ADM694AN 
ADM694AQ 
ADM694SQ 

ADM695AN 
ADM695AR 
ADM695AQ 
ADM695SQ 

-40°C to +8S°C N-8 
-40°C to +85°C Q-8 
-SS°C to + 125°C Q-8 

-40°C to +8S°C N-16 
-40°C to +85°C R-16 
-40°C to +8S°C Q-16 
-ss0c to + 125°C Q-16 

· -40°C to +8S°C N-8 
-40°C to +8S°C Q-8 
-ss0c to + 125°C Q-8 

-40°C to +8S°C N-16 
-40°C to +8S°C R-16 
-40°C to +8S°C Q-16 
- 55°C to + 125°C Q-16 

-40°C to +85°C N-8 
-40°C to +8S°C Q-8 
- 55°C to +125°C Q-8 

-40°C to +85°C N-16 
-40°C to +85°C R-16 
-40°C to +8S°C Q-16 
- 55°C to + 125°C Q-16 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods of time may affect device 
reliability. 

*For outline information see Package Information section. 

CAUTION~~-,-~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the ADM690-ADM695 featUtes proprietary ESD protection circuitry, permanent 
damage may ocCUt on devices subjected to high energy electrostatic discharges. Therefore, 
proper ESD precautions are recommended to avoid performance degradation or loss of 
functionality. 

WARNING! 0 
~~EDEVICE 
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Mnemonic 

Vee 

VBATT 

VouT 

GND 
RESET 

WDI 

PFI 

BATTON 

LOW LINE 

RESET 

OSC SEL 

OSC IN 
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ADM690-ADM695 
PIN FUNCTION DESCRIPTION 

Function 

Power Supply Input: +5 V Nominal. 

Backup Battery Input. Connect to Ground if a backup battery is not used. 

Output Voltage, Vee or VsATT is internally switched to VouT depending on which is at the highest potential. VouT 
can supply up to 100 mA to power CMOS RAM. Connect VouT to Vee if VouT and VBATT are not used. 
0 V. Ground reference for all signals. 

Logic Output. RESET goes low if 
1. V cc falls below the Reset Threshold 

2. Vee falls below VsATT 
3. The watchdog timer is not serviced within its timeout period. 

The reset threshold is typically 4.65 V for the ADM690/ADM691/ADM694/ADM695 and 4.4 V for the ADM692 and 
ADM693. RESET remains low for 50 ms (ADM690/ADM691/ADM692/ADM693) or 200 ms (ADM694/ADM695) 
after V cc returns above the threshold. RESET also goes low for 50 (200) ms if the watchdog timer is enabled but not 
serviced within its timeout period. The RESET pulse width can be adjusted on the ADM691/ADM693/ADM695 as 
shown in Table I. The RESET output has an internal 3 µA pull up, and can either connect to an open collector 
Reset bus or directly drive a CMOS gate without an external pull-up resistor. 

Watchdog Input. WDI is a three level input. If WDI remains either high or low for longer than the watchdog timeout 
period, RESET pulses low and WDO goes low. The timer resets with each transition on the WDI line. The watchdog 
timer may be disabled if WDI is left floating or is driven to midsupply. 

Power Fail Input. PFI is the noninverting input to the Power Fail Comparator When PFI is less than 1.3 V, PFO 
goes low. Connect PFI to GND or VouT when not used. 
Power Fail Output. PFO is the output of the Power Fail Comparator. It goes low when PFI is less than 1.3 V. The 
comparator is turned off and PFO goes low when V cc is below V BATT" 
Logic Input. The input to the CE gating circuit. Connect to GND or VouT if not used. 

Logic Output. CEouT is a gated version of the CEIN signal. CEouT tracks CE1N when V cc is above the reset 
threshold. If V cc is below the reset threshold, CEouT is forced high. See Figures 5 and 6. 

Logic Output. BATT ON goes high when VouT is internally switched to the VsATT input. It goes low when Your 
is internally switched to V cc· The output typically sinks 35 mA and can directly drive the base of an external 
PNP transistor to increase the output current above the 100 mA rating of V ouT" 

Logic Output. LOW LINE goes low when V cc falls below the reset threshold. It returns high as soon as V cc rises 
above the reset threshold. 
Logic Output. RESET is an active high output. It is the inverse of RESET. 

Logic Oscillator Select Input. When OSC SEL is unconnected (floating) or driven high, the internal oscillator sets 
the reset active time and watchdog timeout period. When OSC SEL is low, the external oscillator input, OSC IN, 
is enabled. OSC SEL has a 3 µA internal pull up, (see Table I). 

Oscillator Logic Input. With OSC SEL low, OSC IN can be driven by an external clock signal or an external 
capacitor can be connected between OSC IN and GND. This sets both the reset active pulse timing and 
the watchdog timeout period (see Table I and Figure 4). With OSC SEL high or floating, the internal oscillator is 
enabled and the reset active time is fixed at 50 ms typ. (ADM691/93) or 200 ms typ (ADM695). In this mode the 
OSC IN pin selects between fast (100 ms) and slow (1.6 s) watchdog timeout periods. In both modes, the timeout 
period immediately after a reset is 1.6 s typical. 

Logic Output. The Watchdog Output, WDO, goes low if WDI remains either high or low for longer than the 
watchdog timeout period. WDO is set high by the next transition at WDI. If WDI is unconnected or at midsupply, 
the watchdog timer is disabled and WDO remains high. WDO also goes high when LOW LINE goes low. 
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ADM690-ADM695 
PIN CONFIGURATIONS 

VBAlT RESET 

ADM691 
RESET 

ADM693 WDD 

ADM695 CE,N 
TOP VIEW 

CEOUT (Not to Scale) 

WDI 

iiF<i 

PRODUCT SELECTION GUIDE 

Part Nominal Reset Nominal Vee Nominal Watchdog Battery Backup Base Drive Chip Enable 
Number Time Reset Threshold Timeout Period Switching Ext PNP Signals 

ADM690 50 ms 4.65 v 1.6 s Yes No No 
ADM691 50 ins or ADJ 4.65 v 100 ms, 1.6 s, ADJ Yes Yes Yes 
ADM692 50 ms 4.4 v 1.6 s Yes No No 
ADM693 50 ms 0r ADJ 4.4 v 100 ms, 1.6 s, ADJ Yes Yes Yes 
ADM694 200 ms 4.65 v 1.6 s Yes No No 
ADM695 200 ms or ADJ 4.65 v 100 ms, 1.6 s, ADJ Yes Yes Yes 

CIRCUIT INFORMATION 
Battery Switchover Section 
The battery switchover circuit compares V cc to the V BA TT 
input, and connects V0 UT to whichever is higher. Switchover 
occurs when Vee is 50 mV higher than VBATT as Vee falls; and 
when Vee is 70 mV greater than VBATT as Vee rises. This 
20 m V of hysteresis prevents repeated rapid switching if. V cc 
falls very slowly or remains nearly equal to the battery voltage. 

BATTON 
(ADM691, ADM693, 
ADM695) 

Figure 1. Battery Switchover Schematic 

During normal operation with Vee higher than VBATD Vee is 
internally switched to V 0UT via an internal PMOS transistor 
switch. This switch has a typical on-resistance of 1.5 n and can 
supply up to 100 mA at the VouT terminal. VouT is normally 
used to drive a RAM memory bank which may require instanta
neous currents of greater than 100 mA. If this is the case then a 
bypass capacitor should be connected to V ouT· The capacitor 
will provide the peak current transients to the RAM. A capaci
tance value of 0.1 µF or greater may be used. 
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If the continuous output current requirement at V ouT exceeds 
100 mA or ifa lower Vcc-VouT voltage differential is desired, 
an external PNP pass transistor m~y be connected in parallel 
~ith the internal transistor. The BATI ON output (ADM691/ 
ADM693/ADM695) can directly drive the base of the external 
transistor. 

A 20 n MOSFET switch connects the VBATT input to V0 UT 

during battery backup. This MOSFET has very low input-to
output dif.ferential (dropout voltage) at the low current levels 
required for battery back up of CMOS RAM or other low power 
CMOS circuitry. The supply current in battery back up is typi" 
cally 0.6 µA. 

The ADM690/ADM691/ADM694/ADM695 operates with bat
tery voltages from 2.0 V to 4.25 V and the ADM692/ADM693 
operates with battery voltages from 2.0 V to 4.0 V. High value 
capacitors, either standard electrolytic or the farad size double 
layer capacitors, can also be used for short-terin memory back 
up. A small charging current of typically 10 nA (0.1 µA max) 
flows out of the V BATT terminal. This current is useful for 
maintaining rechargeable batteries in a fully charged condition. 
This extends the life of the back up battery by compensating for 
its self discharge current. Also note that this current poses no 
problem when lithium batteries are used for back up since the 
maximum charging current (0.1 µA) is safe for even the smallest 
lithium cells. 

If the battery-switchover section is not used, VBATT should be 
connected to GND and V ouT should be connected to V cc· 
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POWER FAIL RESET OUTPUT 
RESET is an active low output which provides a RESET signal 
to the Microprocessor whenever V cc is at an invalid level. 
When V cc falls below the reset threshold the RESET output is 
forced low. The nominal reset voltage threshold is 4.65 V 
(ADM690/ADM691/ADM694/ADM695) or 4.4 V (ADM692/ 
ADM693). 

Vee V2 V1 V2 

RESET :-·,-n :_.1 ·I 
I 

I I I 

LoWLINE J LJ 
t1 = RESET TIME. 

V1 = RESET VOLTAGE THRESHOLD LOW 

V2 = RESET VOLTAGE THRESHOLD HIGH 

HYSTERESIS = V2-V1 

Figure 2. Power Fail Reset Timing 

V1 

l 
l 

On power-up RESET will remain low for 50 ms (200 ms for 
ADM694 and ADM695) after V cc rises above the appropriate 
reset threshold. This allows time for the power supply and 
microprocessor to stabilize. On power-down, the RESET output 
remains low with V cc as low as 1 V. This ensures that the 
microprocessor is held in a stable shutdown condition. 

This RESET active time is adjustable on the ADM691/ 
ADM693/ADM695 by using an external oscillator or by 
connecting an external capacitor to the OSC IN pin. Refer to 
Table I and Figure 4. 

The guaranteed minimum and maximum thresholds of the 
ADM690/ADM691/ADM694/ADM695 are 4.5 V and 4.73 V, 
while the guaranteed thresholds of the ADM692/ADM693 are 
4.25 V and 4.48 V. The ADM690/ADM691/ADM694/ADM695 
is, therefore, compatible with 5 V supplies with a + 10%, -5% 
tolerance while the ADM692/ADM693 is compatible with 5 V ± 
10% supplies. The reset threshold comparator has approximately 
50 m V of hysteresis. The response time of the reset voltage 
comparator is less than 1 µs. If glitches are present on the V cc 
line which could cause spurious reset pulses, then V cc should 
be decoupled close to the device. 

In addition to RESET the ADM691/ADM693/ADM695 contain 
an active high RESET output. This is the complement of 
RESET and is intended for processors requiring an active high 
RESET signal. 
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ADM690-ADM695 
Watchdog Timer RESET 
The watchdog timer circuit monitors the activity of the micro
processor in order to check that it is not stalled in an indefinite 
loop. An output line on the processor is used to toggle the 
Watchdog Input (WDI) line. If this line is not toggled within 
the selected timeout period, a RESET pulse is generated. The 
nominal watchdog timeout period is preset at 1.6 seconds on the 
ADM690/ADM692/ADM694. The ADM691/ADM693/ADM695 
may be configured for either a fixed "short" 100 ms or a "long" 
1.6 second timeout period or for an adjustable timeout period. If 
the "short" period is selected, some systems may be unable to 
service the watchdog timer immediately after a reset, so the 
ADM691/ADM693/ADM695 automatically selects the "long" 
timeout period directly after a reset is issued. The watchdog 
timer is restarted at the end of reset, whether the reset was 
caused by lack of activity on WDI or by V cc falling below the 
reset threshold. 

The normal (short) timeout period becomes effective following 
the first transition of WDI after RESET has gone inactive. The 
watchdog timeout period restarts with each transition on the 
WDI pin. To ensure that the watchdog timer does not time out, 
either a high-to-low or low-to-high transition on the WDI pin 
must occur at or less than the minimum timeout period. If WDI 
remains permanently either high or low, reset pulses will be 
issued after each "long" timeout period (1.6 s). The watchdog 
monitor can be deactivated by floating the Watchdog Input 
(WDI) or by connecting it to midsupply. 

WDI ~--' 
woo 

RESET 

i-•2-i 

I 
I 

11 = RESET TIME. 

I I ,....__., ___ 

t, =NORMAL (SHORT) WATCHDOG TIMEOUT PERIOD. 

t, =WATCHDOG TIMEOUT PERIOD IMMEDIATELY FOLLOWING A RESET. 

Figure 3. Watchdog Timeout Period and Reset Active 
Time 
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ADM690-ADM695 
Table I. ADM691, ADM693, ADM695 Reset Pulse Width and Watchdog Timeout Selections 

Watchdog Timeout Period Reset Active Period 

Immediately 
OSC SEL OSCIN Normal After Reset ADM691/ADM693 ADM695 

Low External Clock Input 1024 CLKS 4096 CLKS 512 CLKS 2048 CLKS 
Low External Capacitor 400 ms x C/47 pF 1.6 s x C/47 pF 200 ms x C/47 pF 800 ms x C/47 pF 
Floating or High Low 100 ms 1.6 s 50 ms 200 ms 
Floating or High Floating or High 1.6 s 1.6 s 50 ms 200 ms 

NOTE 
With the OSC SEL pin low, OSC IN can be driven by an external clock signal, or an external capacitor can be connected between OSC IN and GND. The 
nominal internal oscillator frequency is 10.24 kHz. The nominal oscillator frequency with external capacitor is: Fosc (Hz) = 184,000/C (pF). 

The watchdog timeout period is fixed at 1.6 seconds, and the 
reset pulse width is fixed at 50 ms on the ADM690/ADM692. 
On the ADM694 the watchdog timeout period is also 1.6 sec
onds but the reset pulse width is fixed at 200 ms. The 
ADM691/ADM693/ADM695 allow these times to be adjusted as 
shown in Table I. Figure 4 shows the various oscillator configu
rations which can be used to adjust the reset pulse width and 
watchdog timeout period. 

The internal oscillator is enabled when OSC SEL is high or 
floating. In this mode, OSC IN selects between the 1.6 second 
and 100 ms watchdog timeout periods. With OSC IN connected 
high or floating, the 1.6 second timeout period is selected; while 
with it connected low, the 100 ms timeout period is selected. In 

· either case, immediately after a reset, the timeout period is 1.6 
seconds. This gives the microprocessor time to reinitialize the 
system. If OSC IN is low, then the 100 ms watchdog period 
becomes effective after the first transition of WDI. The software 
should be written such that the I/O port driving WDI is left in 
its power-up reset state until the initialization routines are com
pleted and the microprocessor is able to toggle WDI at the mini
mum watchdog timeout period of 70 ms. 

Watchdog Output (WDO) 
The Watchdog Output WDO (ADM691/ADM693/ADM695) 
provides a status output which goes low if the watchdog timer 
"times out" and remains low until set high by the next transi
tion on the Watchdog Input. WDO is also set high when Vee 
goes below the reset threshold. 

~------''--! OSC SEL 

CLOCK 
OT0250kHz 

OSCIN 

ADM691 
ADM693 
ADM695 

Figure 4a. External Clock Source 
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-:f~------1 OSC SEL 

ADM691 
ADM693 
ADM695 

,~----1 OSC IN 

I Case 

Figure 4b. External Capacitor 

NC -----1 OSC SEL 

NC -----1 OSC IN 

ADM691 
ADM693 
ADM695 

Figure 4c. Internal Oscillator (1.6 Second Watchdog) 

NC -----1 OSC SEL 

1..-----1 OSC IN 

ADM691 
ADM693 
ADM695 

Figure 4d. Internal Oscillator (100 ms Watchdog) 
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CE Gating and RAM Write Protection (ADM691/ADM693/ 
ADM695) 
The ADM691/ADM693/ADM695 products include memory 
protection circuitry which ensures the integrity of data in mem
ory by preventing write operations when V cc is at an invalid 
level. There are two additional pins, CEIN and CEoun which 
may be used to control the Chip Enable or Write inputs of 
CMOS RAM. When V cc is present, CEouT is a buffered rep
lica of CE1N, with a 5 ns propagation delay. When V cc falls 
below the reset voltage threshold or V BATT> an internal gate 
forces CEouT high, independent of CEiN· 

CEouT typically drives the CE, CS, or write input of battery 
backed up CMOS RAM. This ensures the integrity of the data 
in memory by preventing write operations when V cc is at an 
invalid level. Similar protection of EEPROMs can be achieved 
by using the CEouT to drive the store or write inputs. 

If the 5 ns typical propagation delay of CEouT is excessive, con
nect CE1N to GND and use the resulting CEouT to control a 
high speed external logic gate. 

ADM69x 

CEour 

Figure 5. Chip Enable Gating 

Vee V2 

I I 

RESET 1-~-n1---l1-: .. _,_1=1__. 
I I I 

LOWLINE J LJ 

Cfour 
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11 = RESET TIME. 

V1 •RESET VOLTAGE THRESHOLD LOW 

V2 = RESET VOLTAGE THRESHOLD HIGH 

HYSTERESIS = V2-V1 

Figure 6. Chip Enable Timing 

V1 

l 
I 
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ADM690-ADM695 
Power Fail Warning Comparator 
An additional comparator is provided for early warning of fail
ure in the microprocessor's power supply. The Power Fail Input 
(PFI) is compared to an internal + 1.3 V reference. The Power 
Fail Output (PFO) goes low when the voltage at PFI is less than 
1.3 V. Typically PFI is driven by an external voltage divider 
which senses either the unregulated de input to the system's 5 V 
regulator or the regulated 5 V output. The voltage divider ratio 
can be chosen such that the voltage at PFI falls below 1.3 V sev
eral milliseconds before the + 5 V power supply falls below the 
reset threshold. PFO is normally used to interrupt the micropro
cessor so that data can be stored in RAM and the shut down 
procedure executed before power is lost. 

INPUT 
POWER 

POWER 
FAIL 
OUTPUT 

Figure 7. Power Fail Comparator 

Table II. Input and Output Status In Battery Backup Mode 

Signal 

VouT 

RESET 

RESET 

LOW LINE 

BATTON 

WDI 

WDO 

PFI 

PFO 

CE,N 

CEoUT 

OSCIN 

OSC SEL 

Status 

VouT is connected to VBATT via an internal 
PMOS switch. 

Logic low. 

Logic high. The open circuit output voltage is 
equal to V ouT-

Logic low. 

Logic high. The open circuit voltage is equal to 

VouT· 
WDI is ignored. It is internally disconnected 
from the internal pull-up resistor and does not 
source or sink current as long as its input voltage 
is between GND and V oUT The input voltage 
does not affect supply current. 

Logic high. The open circuit voltage is equal 

to VouT· 
The Power Fail Comparator is turned off and 
has no effect on the Power Fail Output. 

Logic low. 

CE1N is ignored. It is internally disconnected 
from its internal pull-up and does not source or 
sink current as long as its input voltage is 
between GND and V OUT· The input voltage 
does not affect supply current. 

Logic high. The open circuit voltage is equal to 

VoUT· 
OSC IN is ignored. 

OSC SEL is ignored. 
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FEATURES 
Superior Upgrade for MAX696/MAX697 
Specified Over Temperature 
Adjustable Low Line Voltage Monitor 
Power OK/Reset Time Delay 
Reset Assertion Down to 1 V V cc 
Watchdog Timer-100 ms, 1.6 s, or Adjustable 
Low Switch On Resistance 
1.5 .n Normal, 20 .n in Backup 
600 nA Standby Current 
Automatic Battery Backup Switching (ADM696) 
Fast On-Board Gating of Chip Enable Signals (ADM697) 
Voltage Monitor for Power Fail or Low Battery 

Warning 

APPLICATIONS 
Microprocessor Systems 
Computers 
Controllers 
Intelligent Instruments 
Automotive Systems 
Critical µP Power Monitoring 

GENERAL DESCRIPTION 
The ADM696/ADM697 supervisory circuits offer complete sin
gle chip solutions for power supply monitoring and battery con
trol functions in microprocessor systems. These functions 
include µPreset, backup-battery switchover, watchdog timer, 
CMOS RAM write protection, and power failure warning. 

The ADM696/ADM697 are available in 16-pin DIP and small 
outline packages and provide the following functions: 

I. Power-On Reset output during power-up, power-down and 
brownout conditions. The RESET voltage threshold is 
adjustable using an external voltage divider. The RESET 
output remains operational with V cc as low as 1 V. 

2. A Reset pulse if the optional watchdog timer has not been 
toggled within a specified time. 

3. Separate watchdog timeout and low line status outputs. 

4. Adjustable reset and watchdog timeout periods. 

5. A 1.3 V threshold detector for power fail warning, low bat
tery detection, or to. monitor a power supply other than V cc· 

6. Battery backup switching for CMOS RAM, CMOS micro
processor or other low power logic (ADM69,6). 

7. Write protection of CMOS RAM or EEPROM (ADM697). 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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OSCIN 

OSCSEL 

WATCHDOG 
INPUT(WDI) 

POWER FAIL 
INPUT(PFI) 

OSCIN 

OSC SEL 

WATCHDOG 
INPUT(WDI) 

POWER FAIL 
INPUT(PFI) 

Microprocessor 
Supervisory Circuits 
ADM696/ADM697 I 

FUNCTIONAL BLOCK DIAGRAMS 

BATTON 

TIMEBASE FOR RESET 
AND WATCHDOG 

RESET 

RESET 

WATCHDOG 
OUTPUT (WOO) 

POWER FAIL 
OUTPUT (PFO) 

CE:ouT 

RESET 

RESET 

WATCHDOG 
OUTPUT (WOO) 

POWER FAIL 
OUTPUT (PFO) 

The ADM696/ADM697 is fabricated using an advanced epitaxial 
CMOS process combining low power consumption (5 mW), 
extremely fast Chip Enable gating (5 ns) and high reliability. 
RESET assertion is guaranteed with V cc as low as 1 V. In addi
tion, the power switching circuitry is designed for minimal volt
age drop thereby permitting increased output current drive of 
up to 100 mA without the need for an external pass transistor. 
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SPECIFICATIONS CVcc =Full Operat!ng Range, YBAn = +2.8 V, TA= TMi• to 
T MAX unless otherwise noted.) 

Parameter Min Typ Max Units 

Vee Operating Voltage Range 3.0 5.5 v 
VeATT Operating Voltage Range 2.0 Vee - 0.3 V 

BATTERY BACKUP SWITCHING (ADM6%) 
VouT Output Voltage Vee - 0.05 Vee - 0.025 v 

Vee - 0.5 Vee - 0.25 v 
VouT in Battery Backup Mode VBATT - 0.05 VBATT - 0.02 v 
Supply Current (excludes Io UT) I 1.95 mA 
Supply Current in Battery Backup Mode 0.6 I µ.A 
Battery Standby ClllTent 
( + = Discharge, - = Charge) -0.1 +0.02 µ.A 

-I +0.02 µA 
Battery Switchover Threshold 70 mV 
Vee - VeATT 50 mV 
Battery Switchover Hysteresis 20 mV 
BATT ON Output Voltage 0.4 v 
BATT ON Output Short Circuit Current 7 mA 

o.s I 2S µA 

RESET AND WATCHDOG TIMER 
Low Line Threshold (LLyN) l.2S 1.3 l.3S v 
Reset Timeout Delay 3S so 70 ms 
Watchdog Timeout Period, Internal Oscillator 1.0 1.6 2.2S s 

70 100 140 ms 
Watchdog Timeout Period, External Qock 4032 4097 Cycles 

960 102S Cycles 
Minimum WDI Input Pulse Width so ns 
RESET Output Voltage @ V cc = +I V 4 200 mV 
RESET, RESET Output Voltage 0.4 v 

0.4 v 
3.S v 

LOW LINE, WDO Output Voltage 0.4 v 
3.S v 

Output Short Circuit Source Current I 3 2S µ.A 
WDI Input Threshold 
Logic Low 0.8 v 
Logic High 3.S v 
WDI Input Current 20 so µA 

-so -IS µA 

POWER FAIL DETECTOR 
PFI Input Threshold 1.2 1.3 1.4 v 
PFI-LL1N Threshold Difference -so ±IS +SO mV 
PFI Input Current -2~ ±0.01 +2S nA 
~ Input ClllTent -so ±0.01 +so nA 
PFO Output Voltage 0.4 v 

3.S v 
PFO Short Circuit Source Current l 3 2S µA 

CHIP ENABLE GATING (ADM697) 
CEm Threshold 0.8 v 

3.0 v 
f§N Pullup Current 3 µA 
CEouT Output Voltage 0.4 v 

Vee - O.S v 
CE Propagation Delay 5 2S ns 

OSCILLATOR 
OSC IN Input Current ±2 µA 
OSC SEL Input Pullup Current s µA 
OSC IN Frequency Range 0 2SO kHz 
OSC IN Frequency with Ext. Capacitor 4 kHz 

NOTE 

ADM696/ADM697 
Test Conditjons/Comments 

IoUT =I mA 
IoUT.;:; lOOmA 
IouT = 250 µA, Vee< VBATT - 0.2 V 
IoUT = lOOmA 
Vee= 0 V, VBATT = 2.8 V 
5.5 V >Vee> VBATT + 0.2 V 
TA= +25"C 

Power-Up 
Power-Down 

IsINK = 1.6 mA 
BATT ON= VouT = 2.4 V Sink Current 
BATT ON= VoUT• Vee= 0 V, 
Source Current 

Vee= +s V, +3 V 
OSC SEL =HIGH, Vee= S V, TA= +2S"C 
Long Period, Vee= 5 v, TA= +2S°C 
Short Period, V cc = S V, TA = + 2S"C 
Long Period 
Short Period 
V1L = 0.4, Vrn = 3.S V, Vee= S V 
Is1NK = 10 µ.A, Vee= l V 
IsINK = 400 µA, Vee= 2 V, VBATT = 0 V 
IsiNK = 1.6 mA, 3 V <Vee< 5.S V 
IsouRcE = I µA, Vee= S V 
JSINK = J.6 mA, 
IsouRcE = I µA, Vee= S V 

Vee= S V1 

WDI = VoUT• (Vee) TA= +2S"C 
wrn = o v, TA= +25°c 

Vee= +3 V, +S V 
Vee= +3 V, +s V 

Is1NK = 1.6 mA 
IsouRcE = I µA, Vee= S V 
PFI = Low, PFO = 0 V 

VIL 
V1m Vee= S V 

IsINK = 1.6 mA 
IsouRcE = 800 µA 

OSCSEL=OV 
OSC SEL = 0 V, Cose = 47 pF 

1WDI is a three-level input which is internally biased to 38% of V cc aod has an input impedaoce of approximately 125 k!l. 
Specifications subject to chaoge without notice. 
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ADM696/ADM697 
ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 
v cc ............................ -0.3 v to +6 v 
VsATT .......................... -0.3 V to +6 V 
All Other Inputs .............. -0.3 V to VouT + 0.5 V 
Input Current 

Vee ................................ 200 mA 
VBATT ............................... SO mA 
GND ................................ 20 mA 

Digital Output Current ....................... 20 mA 
Power Dissipation, N-16 DIP ................ 600 mW 

0JA Thermal Impedance .................. 135°C/W 
Power Dissipation, Q-16 DIP ................ 600 mW 

0JA Thermal Impedance .................. 100°C/W 

Power Dissipation, R-16 SOIC ................ 600 mW 
eJA Thermal Impedance .................. ll0°C/W 

Operating Temperature Range 
Industrial (A Version) ............... -40°C to +85°C 
Extended (S Version) .............. -SS°C to + 125°C 

Lead Temperature (Soldering, 10 s) ............. + 300°C 
Vapor Phase (60 s) ...................... + 215°C 
Infrared (15 s) ......................... + 220°C 

Storage Temperature Range ........... -6S°C to + 1S0°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the AD696/ADM697 features proprietary ESD protection circuitry, permanent damage may occur 
on devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions 
are recommended to avoid performance degradation or loss of functionality. 

WARNING! £] 
~~EDEVICE 

ORDERING GUIDE PIN CONFIGURATIONS 

Model Temperature Range Package Option* 

ADM696AN -40°C to +8S°C N-16 VBATT RESET 

ADM696AR -40°C to +8S°C R-16 RESET 
ADM696AQ -40°C to +8S°C Q-16 woo 
ADM696SQ -ss0c to + 12s0c Q-16 

LLIN 

ADM697AN -40°C to + 8S°C N-16 
ADM697AR -40°C to +8S°C R-16 

NC 

ADM697AQ -40°C to +ss0c Q-16 WDI 

ADM697SQ -ss0c to + 125°C Q-16 PFO 

*For outline information see Package Information section. 

TEST RESET 

RESET 

WiiO 

CelN 

(5EOUT 

WDI 

PFo 
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ADM696/AOM697 
PIN FUNCTION DESCRIPTION 

Pin No. 

Mnemonic ADM696 ADM697 Function 

Vee 3 3 Power Supply Input +3 V to +5 V. 

VBATT 1 - Backup Battery Input. Connect to Ground if a backup battery is not used. 

VouT 2 - Output Voltage, V cc or V BATT is internally switched to VouT depending on which is at the 
highest potential. VouT can supply up to 100 mA to power CMOS RAM. Connect VouT to 
Vee if VouT and VBATT are not used. 

GND 4 5 0 V. Ground reference for all signals. 

RESET 15 15 Logic Output. RESET goes low whenever LLIN falls below 1.3 V or when V cc falls below 
the VBATT input voltage. RESET remains low for 50 ms after LLIN goes above 1.3 V, 
RESET also goes low for 50 ms if the watchdog timer is enabled but not serviced within its 
timeout period. The RESET pulse width can be adjusted as shown in Table I. 

WDI 11 11 Watchdog Input, WDI is a three level input. If WDI remains either high or low for longer 
than the watchdog timeout period, RESET pulses low and WDO goes low. The timer resets 
with each transition at the WDI input. The watchdog timer is disabled when WDI is left 
floating or is driven to midsupply. 

PFI 9 9 Power Fail Input. PFI is the noninverting input to the Power Fail Comparator when PFI is 
less than 1.3 V, PFO goes low. Connect PFI to GND or VouT when not used. See Figure I. 

PFO 10 10 Power Fail Output. PFO is the output of the Power Fail Comparator. It goes low when PFI 
is less than 1.3 V. The comparator is turned off and PFO goes low when V cc is below 
VBATT· 

CEIN - 13 Logic Input. The input to the CE gating circuit. Connect to GND or VouT if not used. 

CEouT - 12 Logic Output. CEouT is a gated version of the CEIN signal. CEouT tracks CEIN when LLIN 
is above 1.3 V . .If LLIN is below 1.3 V, CEouT is forced high. 

BATTON 5 - Logic Output. BATT ON goes high when VouT is internally switched to the V BATT input. 
It goes low when VouT is internally switched to V cc· The output typically sinks 7 mA and 
can directly drive the base of an external PNP transistor to increase the output current above 
the 100 mA rating of V ouT· 

LOW LINE 6 6 Logic Output. LOW LINE goes low when LLIN falls below 1.3 V. It returns high as soon as 
LL1N rises above 1.3 V 

RESET 16 16 Logic Output. RESET is an active high output. It is the inverse of RESET. m 
OSC SEL 8 8 Logic Oscillator Select Input. When OSC SEL is unconnected or driven high, the internal 

oscillator sets the reset time delay and watchdog timeout period. When OSC SEL is low, the 
external oscillator input, OSC IN, is enabled. OSC SEL has a 3 µA internal pullup. See 
Table I and Figure 4. 

OSCIN 7 7 Logic Oscillator Input. When OSC SEL is low, OSC IN can be driven by an external clock 
to adjust both the reset delay and the watchdog timeout period. The timing can also be 
adjusted by connecting an external capacitor to this pin. See Table I and Figure 4. When 
OSC SEL is high or floating, OSC IN selects between fast and slow watchdog timeout 
periods. 

WDO 14 14 Logic Output. The Watchdog Output, WDO, goes low if WDI remains either high or low 
for longer than the watchdog timeout period. WDO is set high by the next transition at 
WDI. If WDI is unconnected or at midsupply, WDO remains high. WDO also goes high 
when LOW LINE goes low. 

NC 12 2 No Connect. It should be left open. 

LL1N 13 4 Voltage Sensing Input. The voltage on the low line input, LLIN, is compared with a 1.3 V 
reference voltage. This input is normally used to monitor the power supply voltage. The 
output of the comparator generates a LOW LINE output signal. It also generates a 
RESET/RESET output. 

TEST - 1 This is a special test pin using during device manufacture. It should be connected to GND. 
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ADM696/ADM697 
CIRCUIT INFORMATION 
Battery-Switchover Section (ADM696) 
The battery switchover circuit compares Vee to the VBATT 
input, and connects V our to whichever is higher. Switchover 
occurs when Vee is 50 mV higher than VBATT as Vee falls, and 
when Vee is 70 mV greater than VBATT as Vee rises. This 
20 mV of hysteresis prevents repeated rapid switching if V cc 
falls very slowly or remains nearly equal to the battery voltage. 

During normal operation with V cc higher ·than V BATT> V cc is 
internally switched to Vour via an internal PMOS transistor 
switch. This switch has a typical on resistance of 1.5 n and can 
supply up to 100 mA at the V ouT terminal. V ouT is normally 
used to drive a RAM memory bank which may require instanta
neous currents of greater than 100 mA. If this is the case, then a 
bypass capacitor should be connected to V our· The capacitor 
will provide the peak current transients to the RAM. A capaci
tance value of 0.1 µF or greater may be used. 

If the continuous output current requirement at V our exceeds 
100 mA or if a lower V cc-Vour voltage differential is desired, 
an external PNP pass transistor may be connected in parallel 
with the internal transistor. The BATT ON output can directly 
drive the base of the external transistor. 

A 20 n MOSFET switch connects the VBATT input to Your 
during battery backup. This MOSFET has very low input-to
output differential (dropout voltage) at the low current levels 
required for battery backup of CMOS RAM or other low power 
CMOS circuitry. The supply current in battery backup is typi
cally 0.6 µA. 

The ADM696 operates with battery voltages from 2.0 V to Vee 
-0.3 V). High value capacitors, either standard electrolytic or 
the farad-size double layer capacitors, can also be used for short
term memory backup. A small charging current of typically 
10 nA (0.1 µA max) flows out of the VBATT terminal. This cur
rent is useful.for maintaining rechargeable batteries in a fully 
charged condition. This extends the life of the backup battery 
by compensating for its self discharge current. Also note that 
this current poses no problem when lithium batteries are used 
for backup since the maximum charging current (0.1 µA) is safe 
for even the smallest lithium cells. 

If the battery-switchover section is not used, V BATT should be 
connected to GND and V our should be connected to V cc· 

Vee 

BATTON 
(ADM691, ADM693, 
ADM695, ADM696) 

Figure 1. Battery Switchover Schematic 
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Low Line RESET OUTPUT 
RESET is an active low output which provides a RESET signal 
to the microprocessor whenever the Low Line Input (LLIN) is 
below 1.3 V. The LLIN input is normally used to monitor the 
power supply voltage. An internal timer holds RESET low for 
SOms after the voltage on LLIN rises above 1. 3 V. This is 
intended as a pmver-on RESET signal for the processor. It 
allows time for the power supply and microprocessor to stabi
lize. On power-down, the RESET output remains low with V cc 
as low as 1 V. This ensures that the microprocessor is held in a 
stable shutdown condition. 

The LLIN comparator has approximately 12 mV of hysteresis 
for enhanced noise immunity. 

Iii addition to RESET, an active high RESET output is also 
available. This is the complement of RESET and is useful for 
processors requiring an active high RESET. 

LL,N V2 V2 

RESET :-1,-n ......... _+:-4 __ 1_,=1 _ _, 
I I I 

LoWLINE J LJ 
I 

t, = RESET TIME 

V1 = RESET VOLT AGE THRESHOLD LOW 

V2 = RESET VOLTAGE THRESHOLD HIGH 

HYSTERESIS = V2-V1 

Figure 2. Power-Fail Reset Timing 

Watchdog Timer RESET 

V1 

l 
L 

The watchdog timer circuit monitors the activity of the micro
processor in order to check that it is not stalled in an indefinite 
loop. An output line on the processor is used to toggle the 
Watchdog Input (WDI) line. If this line is not toggled within 
the selected timeout period, a RESET pulse is generated. The 
ADM696/ADM697 may be configured for either a fixed "short" 
100 ms or a "long" 1.6 second timeout period or for an adjust
able timeout period. If the "short" period is selected some sys
tems may be unable to service the watchdog timer immediately 
after a reset, so a "long" timeout is automatically initiated 
directly after a reset is issued. The watchdog timer is restarted 
at the end of Reset, whether the Reset was caused by lack of 
activity on WDI or by LLIN falling below the reset threshold. 

The normal (short) timeout period becomes effective following 
the first transition of WDI after RESET has gone inactive. The 
watchdog timeout period restarts with each transition on the 
WDI pin. To ensure that the watchdog timer does not time out, 
either a high-to-low or low-to high transition on the WDI pin 
must occur at or less than the minimum timeout period. If WDI 
remains permanently either high or low, reset pulses will be 
issued after each timeout period (1.6 s). The watchdog monitor 
can be deactivated by floating the Watchdog Input (WDI) or by 
connecting it to midsupply. 
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ADM696/ADM697 
Table I. ADM696, ADM697 Reset Pulse Width and Watchdog Timeout Selections 

Watchdog Timeout Period Reset Active Period 

OSC SEL OSCIN Normal Immediately After Reset 

Low External Clock Input 1024 CLKS 4096 CLKS 512 CLKS 
Low External Capacitor 400 ms x C/47 pF 1.6 s x C/47 pF 200 ms x C/47 pF 
Floating or High Low JOO ms 1.6 s 50 ms 
Floating or High Floating or High 1.6 s 1.6 s 50ms 

NOTE 
With the OSC SEL pin low, OSC IN can be driven by an external clock signal, or an external capacitor can be connected between OSC IN and GND. The 
nominal internal oscillator frequency is 10.24 kHz. The nominal oscillator frequency with external capacitor is: Fosc (Hz) ~ 184,000/C (pF). 

WDI __ ____.I 
woo 

I I --1,--
RESET 

t, = RESET TIME 
t, =NORMAL (SHORT) WATCHDOG TIMEOUT PERIOD 
f, =WATCHDOG TIMEOUT PERIOD IMMEDIATELY FOLLOWING A RESET 

Figure 3. Watchdog Timeout Period and Reset Active Time 

The watchdog timeout period defaults to 1.6 s and the reset 
pulse width defaults to 50 ms but these times to be adjusted as 
shown in Table I. Figure 4 shows the various oscillator configu
rations which can be used to adjust the reset pulse width and 
watchdog timeout period. 

The internal oscillator is enabled when OSC SEL is high or 
floating. In this mode, OSC IN selects between the 1.6 second 
and 100 ms watchdog timeout periods. In either case, immedi
ately after a reset the timeout period is 1.6 s. This gives the 
microprocessor time to reinitialize the system. If OSC IN is low, 
then the JOO ms watchdog period becomes effective after the 
first transition of WDI. The software should be written such 
that the 110 port driving WDI is left in its power-up reset state 
until the initialization routines are completed and the micropro
cessor is able to toggle WDI at the minimum watchdog timeout 
period of 70 ms. 
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8 ..-------1 OSC SEL 

CLOCK 
OT0250kHz 

1---e~ OSCIN 

ADM69x 

Figure 4a. External Clock Source 

~ 
OSCSEL 

ADM69x 

f Cose 

OSCIN 

Figure 4b. External Capacitor 

NC OSCSEL 

ADM69x 

NC OSCIN 

Figure 4c. Internal Oscillator (1.6 s Watchdog) 

NC---'""'-! OSC SEL 

ADM69x 

1.-----1 OSC IN 

Figure 4d. Internal Oscillator (100 ms Watchdog) 

Watchdog Output (WDO) 
The Watchdog Output WDO provides a status output which 
goes low if the watchdog timer "times out" and remains low 
until set high by the next transition on the watchdog input. 
WDO is also set high when LLIN goes below the reset 
threshold. 

INTERFACE PRODUCTS 15-77 



ADM696/ADM697 
CE Gating and RAM Write.Protection ~ADM697) 
The A,DM697 contains memory protection circiiitry which 
ensures the integrity of data in memory by preventing write 
operations when LL1N is below the threshold voltage; When 
LL1N is greate.r than 1.3 v, CEoUT is a buffered replica of 
CEiN, with a 5 ns propagation delay. When LLIN falls be!Ow 
the 1.3 V threshold, an internal gate forces CEoUT high, inde
pendent of CEiN· 

CEouT typically drives the.CE, CS, or Write input of battery 
backed up CMOS RAM. This ensures the integrity of the data 
in memory by preventing write operations when V cc is at an 
invalid level. 

If the 5 ns typical propagation delay of CEouT is excessive, con
nect CEIN to GND and use the resulting CEouT to control a 
high speed external logic gate. 

ADM697 

CE OUT 

Figure 5,. Chip Enable Gating 

LL,N ·V1 va. 
I I 

RESET :-~-n ... _ .... :_· __ ,, _ ___,_ 
I I I 

LOmE J LJ 

Ciau. 

I 

~ = RESET TIME 

V1 sRESETVOLTAGETHRESHOLDLOW 

va. RESET VOLTAGE THRESHOLD HIGH 

HYSTERESIS = V2-V1 

Figure 6. Chip Enable Timing 

Power Fail Warning Comparator 

V1 
I 

l 
I 

l 

An additional comparator is provided for early warning of fail
ure in the microprocessor's power supply. The Power Fail Input 
(PFI) is compared to an internal + 1.3 V reference. The Power 
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Fail Output (PFO) goes low "17hen the voltage at PFI is less than 
1.3 V. Typically PFI is driven by an ·external voltage divider 
which senses either the unregulated de input to the system's 5 V 
regulator or the. regulated 5 V output. The voltage divider ratio 
can be chosen such that the voltage at PFI falls below l.3 V sev
eral milliseconds bCfore the +5 v power supply falls below the 

. reset threshold. PFO is normally used. to interrupt the micro-. 
processor, so that data can be stored in RAM and the sh.ut.-down 
procedure executed before power is lost. 

INPUT 
POWER 

POWER 
FAIL 
OUTPUT 

Figure 7. ·Power Fail Comparator 

Table II. Input and Output Status In Battery Backup Mode 

Signal 

VoUT 

RESET 

RESET 

LOW LINE 

BATTON 

WDI 

WDO 

PFI 

PFO 

CE1N 

CEoUT 

OSCIN 

OSC SEL 

Status 

(ADM696) VouT is connected to VsATT via an 
internal PMOS switch. 

Logic low. 

Logic high. The open circuit output voltage is 
equal to v OUT· 

Logic low. 

(ADM696) Logic high .. The open circuit voltage 
is equal to V om" 

WDI is ignored. It is internally disconnected 
from the internal puUup resistor and does not 
source or .sink current as long as its input voltage 
is between GND and VouT· .The input voltage 
does not affect supp\y current. 

Logic high. The open circuit voltage is equal to 

Votrr· 
The Power Fail Comparator is turned off and 
has no effect'on the Power Fail Output. 

Logic low. 

CEIN is ignored. It is internally disconnected 
from its internal puUup and does not source or 
sink current as long as its input voltage is 
between GND and VoUT· The input voltage 
does not affect supply current. 

Logic bigh. The open circuit voltage is equal to 

VoUT· 
OSC IN is ignored. 

OSC SEL is ignored. 
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Typical Performance Curves-ADM696/ADM697 

> 

5.00 ______ .....,. ___ ,_ _____ _ 

Yee= +SV 
TA= +25°C 

~ 4.90 l----+----t--.-+-----+------1 

J 

4.80 
0 20 40 60 80 100 

louT-mA 

Figure 8. Vour vs. lour Normal Operation 

2.80 

Vee =OV 
VBATT = +2.SV 
TA =+25°C 

2.79 

> 
I 2.78 ,_ 
J 

2.n 

2.76 
0 200 400 600 800 1000 

lourµA 

Figure 9. Vour vs. Battery Backup 
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Figure 10. PF/ Input Threshold vs. Temperature 
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Figure 11. RESET Active Time vs. Temperature 

Figure 12. RESET Output Voltage vs. Supply Voltage 

5.5 ~ ...... -------.,.....~~-~--~ 
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4.5 1--4--+---l\-++--+--+--l-l+--l--+-+--H 

\ ~ 4.0 l--t--+-+~rs:c--+--+--t--t-t--1--+-+-+-I 

.} 3.5 1--t--+--+-++--''ll~c--+-+-++--+--+-"'""°"'H 

3.0 t---+---+--+++-r--i1""'"'""~r--.-t+N-+-t-..-t-+--tt 
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Figure 13. RESET Timeout Delay vs. Vee 
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NANALOG 
WDEVICES 

FEATURES 
Superior Upgrade for MAX698/MAX699 
Guaranteed RESET Assertion with V~ = 1 V 
Low 0.6 mA Supply Current 
Precision 4.65 V Voltage Monitor 
Power OK/Reset Time Delay 
Watchdog Timer 
Minimum Component Count 
Performance Specified over Temperature 

APPLICATIONS 
Microprocessor Systems 
Computers 
Controllers 
Intelligent Instruments 
Automotive Systems 
Critical µ.P Power Monitoring 

GENERAL DESCRIPTION 
The ADM698/ADM699 supenrisory circuits provide power 
supply monitoring and watchdog timing for microprocessor 

~ \' ' . 
systems. 

The ADM698 monitors the 5 V V cc pow~r supply and gener
ates a RESET pulse during power up, power doW'n and during 
low voltage "Brown Out" conditions. The RESET output is 
guaranteed to be functional (lo~c low) with Vee as low as l V. 

The ADM699 features an identical monl.toring circuit as in the 
ADM698 plus an additional watchdog timer input to monitor 
microprocessor activity. The RESET output is forced low if the 
watchdog input is not toggled within the 1 second watchdog 
timeout period. 

Both parts are available in 8-pin plastic DIP and 16-lead Sore 
packages. The 16-lead sore contains additional outputs RESET 
(without inversion) and Watchdog Output WDO (ADM699 
only). 
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WATCHDOG 

·~g;I 

Microprocessor 
Supervisory Circuits 
ADM698/ADM699 I 

FUNCTIONAL BLOCK DIAGRAM 

*WDI (ADM699 ONL V) 
RESET (SOIC ONL V) 

ADM698/ 
ADM699 

RESET' 
GENERATOR 

WDO (ADM699 SOIC ONL V) 

TYPICAL APPLICATION CIRCUIT 

+svo------------------. 

Vee µPPOWER 

Rem 1------1~ µPRESET 

ADM698/ 
ADM699 

WDI* 

GND 

*ADM699 ONLY 

· µPSVSTEM 

VO LINE 
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SPECIFICATIONS (Vee = +5 V ± 10%, TA = TMIN to TMAX unless otheiwise 
noted) ADM698/ADM699 

Parameter 

V cc Operating Voltage Range 
Supply Current 

Power-Down Reset Assertion 
Power-Up Reset Deassertion 
Reset Threshold Hysteresis 
Reset Active Time 

Watchdog Timeout Period (ADM699) 
Minimum WDI Input Pulse Width 

RESET Output Voltage 
RESET Output Voltage (Vee= 1 V) 

RESET and WDO Output Voltage 

RESET Output Short Circuit Current 

WDI Input Threshold (ADM699) 
Logic Low 
Logic High 

WDI Input Current 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS* 
(TA = + ZS'C unless otherwise noted) 

Min Typ 

3.0 
0.6 

4.5 4.65 

40 
140 200 

1.0 1.6 
50 

4 
3.5 

3.5 
25 

3.5 
20 

-so -20 

Vee ............................ -0.3 V to +6 V 
All Other Inputs ............... -0.3 V to V cc + 0.3 V 
Power Dissipation 8-Pin DIP ................. 500 mW 

e1A> Thermal Impedance ................ + 120°C/W 
Power Dissipation 16-Pin SOIC ............... 375 mW 

01A, Thermal Impedance ................ + l l0°C/W 
Power Dissipation 8-Pin Cerdip ............... 500 mW 

e1A> Thermal Impedance ................ + 125°C/W 
Operating Temperature Range 

Industrial (A Version) ............... -40°C to +85°C 
Extended (S Version) .............. -55°C to + 125°C 

Storage Temperature Range ........... -65°C to + 1S0°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 

Vapor Phase (60 secs) .................... +215°C 
Infrared (15 secs) ....................... + 220°C 

*Stresses above those listed under ''Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational ·sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods of time may affect device reliability. 

Max Units Test Conditions/Comments 

5.5 v 
1.95 mA 

4.73 v 
4.73 v 

mV 
280 ms TA= +25°C, Vee= +5 V 

2.25 s TA= +2S°C, Vee= +5 V 
ns V1L = 0.4, Vrn = 3.5 V 

0.4 v Is1NK = 1.6 mA, V cc = 4.4 V 
200 mV IsINK = 10 µA, V cc = 1.0 V 

v IsouRCE = 1 µA, Vee= 5 V 
0.4 v Is1NK = 1.6 mA, Vee= 5 V 

v IsouRcE = 1 µA, V cc = 4.4 V 
mA Output Sink Current 

0.8 v 
v 

50 µA WDI =Vee' TA= +2S°C 
µA WDI = o v, TA= +2S°C 

ORDERING GUIDE 

Temperature Package 
Model Range Option* 

ADM698AN -40°C to +85°C N-8 
ADM698AR -40°C to +8S°C R-16 
ADM698AQ -40°C to +8S°C Q-8 
ADM698SQ -55°C to + 125°C Q-8 

ADM699AN -40°C to +85°C N-8 
ADM699AR -40°C to + 8S°C R-16 
ADM699AQ -40°C ta +85°C Q-8 
ADM699SQ -SS°C to + 12S°C Q-8 

*For outline information see Package Information section. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the ADM698/ADM699 features proprietary ESD protection circuitry, permanent 
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, 
proper ESD precautions are recommended to avoid performance degradation or loss of 
functionality. 

REV.O 
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ADM698/ADM699 
PIN FUNCTION DESCRIPTION 

Mnemonic Function 

Vc.c +5 V Power Supply Input. 

GND 0 V. Ground reference for all signals. 

WDI 

RESET 

Logic Output. RESET goes low whenever V c.c 
falls below the. reset voltage threshold ( 4.65 V 
typ). RESET remains low for a minimum of 
140 ms after V c.c returns to 5 .v. RESET also goes 
low for a minimum of 140 ms if the watchdog 
timer is enabled but not serviced within its 
timeout period. 

Watchdog Input. WDI is a three level input. If 
WDI remains either high or low for longer than 
the watchdog timeout period, RESET pulses low 
and WDO goes low. The timer resets with each 
transition on the WDI line. The watchdog timer 
may be disabled if WDI is left floating or is driven 
to midsupply. 

(SOIC packages only) Logic Output. RESET is an 
active high output. It is the inverse of RESET. 

(SOIC ADM699 only) Logic Output. The 
Watchdog Output, WDO, goes low if WDI 
remains either high or low for longer than the 
watchdog timeout period. WDO is set high by the 
next transition at WDI. If WDI is unconnected or 
at midsupply, the watchdog timer is disabled and 
WDO remains high. 

TYPICAL PERFORMANCE CURVES 
.. 

PIN CONFIGURATION (DIP) 

*( ) ADM699 ONLY 

PIN CONFIGURATION (SOIC) 

ADM698/ 
ADM699 

TOP VIEW 
NC 5 (Not to Scale) 12 NC 

NC 6 1 NC (WDI)* 

*() ADM699 ONlV 

215 ~-~--~--~--~--~ 
Vee= +"V 

E 210 f----1-----1~;..L---1---+~--l 
I 

w 

~ 
~ 205 1----1---+----+-----+---+---I 

~ 
ti 
13 200 1---~---+---+--,...+----i 
a: 

196 '--------'----'----'----'----' 
20 @ H H 100 120 

TEMPERATURE - °C 

Figure 1. RESET Output Voltage vs; Vee Figure 2. RESET Active Time vs. Temperature 

@ H H 100 120 
TEMPERATURE- °C 

Figure 3. RESET Voltage Threshold vs. Temperature 
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CIRCUIT INFORMATION 

Power Fail. RESET 
A precision voltage detector monitors V cc and generates a 
RESET output to hold the microprocessor's Reset line low when 
Vee falls below the reset threshold (4.65 V) (see Figure 4). The 
reset voltage threshold is set to accommodate a 5 % variation on 
Vee· The voltage detector has 40 mV hysteresis to ensure that 
glitches on V cc do not activate the RESET output. 

On power up, an internal monostable holds RESET low for 
140 ms after V cc rises above the reset threshold. This allows the 
power supply to stabilize on power up and also prevents 
repeated toggling of RESET even if the 5 V power drops out 
and recovers with each power line cycle. In order to prevent 
mistriggering due to transient voltage spikes, it is recommended 
that a 0.1 µF capacitor be connected at the Vee pin. 

The RESET output is guaranteed to remain low with V cc as 
low as 1 V. This holds the microprocessor in a stable shutdown 
condition as the power supply comes up. 

On the 16-lead SOIC package, an active high RESET output is 
also provided. This is the complement of RESET and is 
intended for microprocessors requiring an active high signal. 

v, 

RESET 

v, 

t, 1, 

V1 =RESET VOLTAGE THRESHOLD 

V2 =RESET VOLTAGE THRESHOLD+ 

THRESHOLD HYSTERESIS 

11 = RESET TIME 

Figure 4. Watchdog Timeout Period vs. Temperature 

REV.O 

ADM698/ADM699 
Watchdog Timer (ADM699 Only) 
The watchdog timer input (WDI) monitors an.I/Oline from the 
µP system. The µP must toggle this input once every 1.6 sec
onds to verify correct software execution. Failure to toggle the 
line indicates that the µP system is not correctly executing its 
program and may be tied up in an endless loop. If this happens, 
a reset pulse is generated to initialize the processor. 

The WDI input is a three level input and will recognize a low
to- high or a high-to-low transition on its input. The watchdog 
timer is reset by each WDI transition and then begins its time
out period. If the WDI pin remains either high or low, reset 
pulses will be issued every 1.6 seconds typically. If the watch
dog timer is not needed, the WDI input should be left floating. 

The Watchdog Output (WDO) (SOIC package Only) provides 
watchdog status information. It is driven low if WDI is not tog
gled within the watchdog timeout period. It goes high at the 
next WDI transition. It is also set high when V cc falls below 
the reset threshold. 

WDI .____ _ __JI 
woo 

RESET 

11 = RESET TIME 
12 = WATCHDOG TIME OUT PERIOD 

Figure 5. Watchdog Timeout Period and Reset Active Time 
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1111111111 ANALOG 
LllllDEVICES 

FEATURES 
Meets EIA RS-485 Standard 
30 Mb/s Data Rate 
Single +5 V Supply 
-7 V to +12 V Bus Common-Mode Range 
High Speed, Low Power BiCMOS 
Thermal Shutdown Protection 
Short Circuit Protection 
Zero Skew Driver 
Driver Propagation Delay: 10 ns 
Receiver Propagation Delay: 25 ns 
High Z Outputs with Power Off 
Superior Upgrade for L TC1485 

APPLICATIONS 
Low Power RS-485 Systems 
DTE-DCE Interface 
Packet Switching 
Local Area Networks 
Data Concentration 
Data Multiplexers 
Integrated Services Digital Network USON) 

DESCRIPTION 
The ADM1485 is a differential line transceiver suitable for high 
speed bidirectional data communication on multipoint bus trans
mission lines. It is designed for balanced data transmission and 
complies with both EIA Standards RS-485 and RS-422. The 
part contains a differential line driver and a differential line 
receiver. Both the driver and the receiver may be enabled inde
pendently. When disabled, the outputs are tristated. 

The ADM1485 operates from a single +5 V power supply. 
Excessive power dissipation caused by bus contention or by 
output shorting is prevented by a thermal shutdown circuit. 
This feature forces the driver output into a high impedance state 
if during fault conditions a significant temperature increase is 
detected in the internal driver circuitry. 

Up to 32 transceivers may be connected simultaneously on a 
bus, but only one driver should be enabled at any time. It is 
important therefore that the remaining disabled drivers do not 
load the bus. To ensure this, the ADM1485 driver features high 
output impedance when disabled and also when powered down. 
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+ 5 V Low Power 
EIA RS-485 Transceiver 

ADM1485 I 
FUNCTIONAL BLOCK DIAGRAM 

This minimizes the loading effect when the transceiver is not 
being utilized. The high impedance driver output is maintained 
over the entire common-mode voltage range from - 7 V to 
+12 V. 

The receiver contains a fail safe feature which results in a logic 
high output state if the inputs are unconnected (floating). 

The ADM1485 is fabricated on BiCMOS, an advanced mixed 
technology process combining low power CMOS with fast 
switching bipolar technology. All inputs and outputs contain 
protection against ESD; all driver outputs feature high source 
and sink current capability. An epitaxial layer is used to guard 
against latch-up. 

The ADM1485 features extremely fast switching speeds. Mini
mal driver propagation delays permit transmission at data rates 
up to 30 Mbits/s while low skew minimizes EMI interference. 

The part is fully specified over the commercial and industrial 
temperature range and is available in an 8-pin DILi SOIC 
package. 
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SPECIFICATIONS <Vee= +5 V ± 5%. All specifications T••N to TMAX unless otherwise noted.} ADM1485 
Parameter Min Typ Max Units Test Conditions/Comments 

DRIVER 
Differential Output Voltage, V00 5.0 v R = oo, Figure 1 

2.0 5.0 v Vee= 5 V, R = 50 n (RS-422),.Figure 1 
1.5 5.0 v R = 27 0 (RS-485), Figure 1 

Voo3 1.5 5.0 v VTsT = -7 V to +12 V, Figure 2 
4IVool for Complementary Output States 0.2 v R = 27 n or 50 n, Figure 1 
Common-Mode Output Voltage Voe 3 v R = 27 n or SO n, Figure 1 
4IV ocl for Complementary Output States 0.2 v R = 27 nor 50 0 
Output Short Circuit Current (VouT = High) 35 250 mA - 7 v $ v 0 $ + 12 v 
Output Short Circuit Current (VouT = Low) 35 250 mA -7VsV0 s+l2V 
CMOS Input Logic Threshold Low, V1NL 0.8 v 
CMOS Input Logic Threshold High, ViNH 2.0 v 
Logic Input Current (DE, DI) ±1.0 µA 

RECEIVER 
Differential Input Threshold Voltage, VTH -0.2 +0.2 v - 7 V $ V CM $ + 12 V 
Input Voltage Hysteresis, 4VTH 70 mV VCM = ov 
Input Resistance 12 kn - 7 V $ V CM $ + 12 V 
Input Current (A, B) +I mA VIN= 12 v 

-0.8 mA VIN= -7V 
Logic Enable Input Current (RE) ±1 µA 
CMOS Output Voltage Low, VoL 0.4 v loUT = +4.0 mA 
CMOS Output Voltage High, V 0H 4.0 v loUT = -4.0 mA 
Short Circuit Output Current 7 85 mA VoUT = GND or Vee 
Tristate Output Leakage Current ±1.0 µA 0.4 Vs VouT s +2.4 V 

POWER SUPPLY CURRENT 
Ice (Outputs Enabled) 1.35 2.2 mA Outputs Unloaded, Digital Inputs= GND or Vee 
Ice (Outputs Disabled) 0.7 1 mA Outputs Unloaded, Digital Inputs = GND or V cc 

Specifications subject to change without notice. 

TIMING SPECIFICATIONS <Vee = +5 V ± 5%. All specifications T••N to TMAX unless otherwise noted.) 

Parameter Min Typ Max Units Test Conditions/ Comments 

DRIVER m 
Propagation Delay Input to Output T PLH• T PHL 2 10 15 ns RL Diff = 54 0 CLI =Cu = 100 pF, Figure 3 
Driver O/P to O/P T sKEW 0 s ns RL Diff = 54 0 CLI =Cu = 100 pF, Figure 3 
Driver Rise/Fall Time TR• T F 2 10 ns RL Diff = 54 n cLI = c~ = loo pF, Figure 3 
Driver Enable to Output Valid 10 25 ns 
Driver Disable Timing 10 25 ns 

RECEIVER 
Propagation Delay Input to Output T PLH• T PHL 18 25 40 ns CL = 15 pF, Figure S 
Skew ITpurT PHLI 0 5 ns 
Receiver Enable T ENI 15 25 ns Figure 6 
Receiver Disable T EN2 15 25 ns Figure 6 

Specifications subject to change without notice. 
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ADM1485 
ABSOLUTE MAXIMUM RATINGS* 
(TA = 25°C unless otherwise noted) 

Vee ..................... , ............ +7V 
Inputs 

Driver Input (DI) .......... , . -0.3 V to Vee+ 0.3 V 
Control Inputs (DE, RE) ..... • ... -0.3 V to Vee+ 0.3 V 
Receiver Inputs (A, B) ......... .- .... -14Vto.+14 V 

Outputs 
Driver Outputs . . . . . . . . . . . . . . . . . . -14 V to + 14 V 
Receiver Output ............. -0.5 V to Vee+ 0.5 V 

Power Dissipation 8-Pin DIP ................. 500 mW 
01A> Thermal Impedance . . . . . . . . . . . . . . . . + 130°C/W 

Power Dissipation 8-Pin SOIC ................ 450 mW 
e1A> Thermal Impedance ................ + l 70°C/W 

Power Dissipation 8-Pin Cerdip ............... 500 mW 
e1A, Thermal Impedance ................ + 125°C/W 

Operating Temperature Range 
Commercial (J Version) ................ 0°C to +70°C 
Industrial (A Version) ............... -40°C to +8S°C 
Storage Temperature Range .......... -65°C to + 1500C 

Lead Temperature (Soldering, 10 sec) ........... +300°C 
Vapour Phase (60 sec) .................... + 215°C 
Infrared (15 sec) ........................ + 220°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress ratii;:ig only and functional 
operation of the device at these or any other conditions above those listed in 
the operational sections of this specification is not implied. Exposure to 
absolute maximum ratings for extended periods of time may affect device 
reliability. 

RE 

x 
x 
x 

0 
0 
0 

Table I. Transmitting 

INPUTS 
DE DI 

1 1 
1 0 
0 x 

Table II. Receiving 

INPUTS 
DE A-B 

0 
0 
0 
0 

2": +0.2 v 
:5 -0.2 v 
Inputs Open 
x 

B 

0 
1 
z 

OUTPUTS 
A 

1 
0 
z 

OUTPUT 
RO 

1 
0 
I 
z 

PIN FUNCTION DESCRIPTION 

Pin Mnemonic Function 

RO Receiver Output. When enabled if A > B by 
200 mV, then RO = High. If A< B by 

2 

3 

4 

5 
6 

7 

8 

RE 

DE 

DI 

GND 
A 

B 

Vee 

Model 

ADM1485JN 
ADM1485JR 
ADMl485AN 
ADM1485AR 
ADM1485AQ 

200 mV, then RO = Low. 

Receiver Output Enable. A low level enables 
the receiver output, RO. A high level places 
it in a high impedance state. 

Driver Output Enable. A high level enables 
the driver differential outputs, A and B. A 
low level places it in a high impedance state. 

Driver Input. When ihe driver is enabled a 
logic Low on DI forces A low and B high' 
while a logic High on DI forces A high and B 
low. 

Ground Connection, 0 V. 

Noninverting Receiver Input A/Driver 
Output A. 

Inverting Receiver Input B/Driver Output B. 

Power Supply, 5 V ± 5%. 

PIN CONFIGURATION 

ORDERING GUIDE 

Temperature Range Package Option* 

0°C to +70°C N-8 
0°C to +70°C R-8 
-40°C to +85°C N-8 
-40°C to +85°C R-8 
-40°C to +85°C Q-8 

*For outline information see Package Information section. 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADM1485 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 
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ADM1485 
Test Circuits 

OVOR3V 52 

j_ 
DEIN 

Figure 1. Driver Voltage Measurement Test Circuit Figure 4. Driver Enable/Disable Test Circuit 

375Q 

Figure 2. Driver Voltage Measurement Test Circuit 2 Figure 5. Receiver Propagation Delay Test Circuit 

52 

j_ 

Figure 3. Driver Propagation Delay Test Circuit Figure 6. Receiver Enable/Disable Test Circuit 

Switching Characteristics 

RO 

Figure 7. Driver Propagation Delay, Rise/Fall Timing Figure 9. Receiver Propagation Delay 

-l.----- 3V 
I 

DE 1.SV 1.5V 

I 
I ov 

TzL i..- -+-jTLz* 
I I I 

I I I I 
A,B I 2.3V I I 

I 1 · V0L+0.5V 

I ------VOL 

3V 

.___ ______ __,f ·: _ -- ov 

--:TLzl-4-

1 I 
I I 

OIP LOW I VOL+ O.SV 
-----VOL 

-.j THZ 1--

iiE \1.sv 

I 
_.j TzL 

I 

R I 
I 
I 

--1 TzH 
--i TzH i-- ~THZi.-

I 1----- VOH 
,---0/-P-H-IG_H ____ ii - - - - VOH 

I V0H-0.5V A,B 2.3V 
R 
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Figure 8. Driver Enable/Disable Timing Figure 10. Receiver Enable/Disable Timing 
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ADM1485-Typical Performance Characteristics 
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Figure 11. Receiver Output Low 
Voltage vs. Output Current 
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Figure 14. Receiver Output Low 
Voltage vs. Temperature 

100 

80 

c 80 

~ 70 

!z 80 
:!! B 50· 

.. 40 
:::i s 30 
0 20 

10 

0 
0 

.r v 
j 

t 
T 

IL. 
1 2 3 

OIJ1PUT VOLTAGE - Volts 

Figure 17. Driver Output Low 
Voltage vs. Output Current 
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Figure 12. Receiver Output High 
Voltage vs. Output Current 
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Figure 15. Driver Differential Out
put Voltage vs. Output Current 

If 
-10 1--1---+---+-<-l--+--+--+1-lt--i 

c -20 If t: l--+--+--+--l-t-+--i,-1-;t---+--I 

! -80 t-+-+--+-+--11--+---l--+--+---l 

~ -60 t--1--11--1--t--t--+f#-+---t----t----l s -70 1--+--+-+--+--+v---~..-..-.......... 
0 -8o t-+--+--+-+...,,.,1--+---t--+--+---l 

.Y 
-60 1--lc--.-ol-+1"'--::a-""+--t--+-+-+--t-t 

-100 1.-.i::::;;i_....1..--L--IL-.-.l-.J....-L.--L-I 
0 1 2 3 4 5 

OUTPUT VOLTAGE - Volts 

Figure 18. Driver Output High 
Voltage vs. Output Current 
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Figure 13. Receiver Output High 
Voltage vs. Temperature 
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Figure 16. Driver Differential Output 
Voltage vs. Temperature, RL = .. 54 ll 
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Temperature 
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Figure 23. Loaded Driver 
Differential Outputs 
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Figure 21. Driver Skew vs. 
Temperature 

Figure 24. Driver/Receiver Propaga
tion Delays Low to High 

Figure 26. Typical RS-485 Network 

RT 

Figure 22. Unloaded Driver 
Differential Outputs 

Figure 25. Driver/Receiver Propaga
tion Delays High to Low 
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ADMl485 
APPLICATIONS INFORMATION 

Differential Data Transmission 
Differential data tnu)smission is used to reliably transmit data at 
high rates over _long: distances and through noisy environments. 
Differential. transmission nullifies the effects of ground shifts 
and noise signals ~hich api;>ear as common-mode voltages on the 
line. There are twp main standard~ approved by the Electronics 
Industries ASsociation (EIA) which specify the electrical charac
teristics of -trl\!1sceivers U$ed _in differential data transmission. 

The RS-422 standard specifies data rates up to 10 MBaud and 
line lengths up. -ti>' 4-000 ft. A single driver can drive a transmis
sion line with up to 10 receivers. 

In order to cater for true multipoint communications, the 
RS-485 standard was defined. This standard meets or exceeds all 
the requirements of RS-422 but also allows for up to 32 drivers 
and 32 receivers to be connected to a single bus. An extended 
common-mode range of - 7 V to + 12 V is defined. The most 
significant difference between RS-422 and RS-485 is the fact 
that the drivers may be disabled thereby allowing more than one 
(32 in fact) to be connected to a single line. Only one driver 
should be enabled at time;. but the RS-485 standard .contains 
additional specifications to guarantee device safety in the evei;lt 
of line contentio_n. . · 

Cable and Data Rate 
The transmis~ion line of choice for. RS-485 communications is a 
twisted pair. Twisted pair cable tends tO cancel colnmon-mode 
noise and als0 causes ca'ncellation of the magnetic fields· gener
ated by the curtent flllwing 'through each wire, thereby, reduc
ing 'the effective induct~~e of. th.e pair. 

The ADM1485 is design~d for bidirectional data communications 
on multipoint transmission lines. A cypical application showing a 

multipoint transmission network is illustrated in Figure 26. An 
RS-485. transmission line can have as many as 32 transceiver8 on 
the bus. Only one driver can transmit at a particular time btit 
multiple receivers may be enabled simultaneously. 

As with any transmission line, it is important that reflections are 
minimized. This may be achieved by terminating the extreme 
ends of the line using resistors equal to th_e characteristic imped
ance of the line. Stub lengths of the main line should also be 
kept as short as possible. A properly terminated transmission 
line appears purely resistive to thi: driver. 

Thermal Shutdown 
The ADM1485 contains thermal shutdown circuitry_ which pro
tects the part from excessive power dissipation during fault con
ditions. Shorting the driver outputs to a low impedance source 
can result in high driver currents. The thermal sensing circuitry 
detects the. increase in die temperature and disables the driver 
outputs. The thermal sensing circuitry is designed to disable the 
driver outputs when a die temperature of 150°C is reached. As 
the device cools, the drivers are re-enabled at 140°C. 

Propagation Delay 
The ADM1485 features very low propagation delay ensuring 
inaximum baud rate operation. The driver is well balanced . 

. ensuring distortion free transmission .. 

Another important specification is.a measure of the skew 
between the complementary outputs· .. Excessive skew impairs the 
noise. immunity· of the system !ind increases the amount of elec-
tromagnetic interference (EMI). · · 

Receiver Qperi•Circuit Fail Safe . .. , . 
The receiver input includes a fail-safe fearure which guarantees a 
logic high on the receiver when the inputs lire open. circuit or 
floating. · · · 

Table III. Comparison of RS-422 and RS-485 Interface Standards 

Specification 

Transmission Type 
Maximum Cable Length 
Minimum Driver Output Voltage 
Driver Load Impedance 
Receiver Input Resistance 
Receiver Input Sensitivity 
Receiver Input Voltage Range 
No of Drivers/Receivers Per Line 
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RS-422 

Differential 
4000 ft. 
±2 v 
loon 
4kn min 
±200mV 
-7 V to +7 V 
1/10 

RS-485 

Differential 
4000 ft. 
±1.S v 
540 
12 kn min 
±200 mV 
-7Vto+l2V 
32/32 
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WDEVICES 

FEATURES 
Eight Single Ended Line Drivers in One Package 
Meets EIA Standard RS-232E, RS-423A and 

CCITT V.10/X.26 
Resistor Programmable Slew Rate 
Wide Supply Voltage Range 
Low Power CMOS 
3-State Outputs 
TTL/CMOS Compatible Inputs 
Output Short Circuit Protection 
Available in 28-Pin DIP/PLCC 
Low Power Replacement for UC5170C 

APPLICATIONS 
High Speed Communication 
Computer 1-0 Ports Peripherals 
High Speed Modems 
Printers 
Logic Level Translation 

GENERAL DESCRIPTION 
The ADM5170 is an octal line driver suitable for digital communi
cation systems with data rates up to 116 kB/s. Input TIL or 
CMOS signal levels are inverted and translated into either EIA . 
RS-232E or RS-423A signal levels depending on the status of the 

Mode Select inputs MS+ and MS-. With both Mode Select inputs 
at GND, RS-423 operation is selected while with MS+ connected 
to V DD and MS- connected to V ss' RS-232 operation is selected .. 

The output slew rates may be controlled using an external resistor 
connected between the SRA (Slew Rate Adjust) pin and GND. 
Resistor values between 2 kQ and 10 kn may be selected giving a 
slew rate which can be adjusted from 10 V/µs to 2.2 V/µs. This 
adjustment of the slew rate allows tailoring of the output character
istics to suit the interface cable being used. 

The outputs may be disabled using the EN (Enable Input). This 
feature permits sharing of a common output line. 

The ADM5170 is fabricated on an advanced CMOS process 
featuring low power consumption. In the disabled state the power 
consumption reduces from 500 mW to 40 mW. The ADM5170 is 
available in both 28-pin DIP and 28-lead PLCC packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Octal, RS-232/RS-423 Line Driver 
ADM5170 I 

FUNCTIONAL BLOCK DIAGRAM 

SRA 

Inputs 
EN Data 

0 0 
0 1 
1 x 
1 Minimum Output Level 

ADM5170 

SLEW RATE 
CONTROL 

Truth Table 

Outputs 
EIA RS-232E1 

(VDD-3V) 
cv •• -3Vl 
HighZ 

RS-423A 

5 Vto 6 V 
-5Vto-6V 
HighZ 
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ADM5170-SPECIFICATIONS ( Y00 = +10 Y ± 10%, Yss=-10 Y ± 10% Y, MS+= MS-= 0 Y, RsRA = 
10 kn. All Specifications TMiN to TMAx unless otherwise noted.) 

Parameter Min Typ Max Units Test Conditions/Comments 

POWER REQUIREMENTS 
V00 Range 9 15 v 
V,,Range -9 -15 v 
I00 (Disabled) 2 4 mA EN= High, 
I00 (Enabled) 25 36 mA RL=oo,EN=OV 
I,, (Disabled) -2 -4 mA EN= High 
I,, (Enabled) -23 -36 mA RL = oo, EN = 0 v 

DIGITAL INPUTS 
Input Logic Threshold High, V,NH 2.0 v 
Input Logic Threshold Low, V INL 0.8 v 
Input Clamp Voltage, VINK -1.1 -1.8 v IIN = -15 mA 
Input High Level Current, IINH 1 µA VINH = 2.4 v 
Input Low Level Current, IINL -1 µA VINL = 0.4 v 

OUTPUTS 
RS-423A Outputs EN = 0.8 V, MS+ = MS-= 0 V 

High Level Output Voltage 5.0 5.3 6.0 v RL = =, v,N = o.8 v 
5.0 5.3 6.0 v RL = 3 kn, VIN= 0.8 v 
4.5 5.2 6.0 v RL = 450 n, vIN = o.8 v 

Low Level Output Voltage -5.0 -5.3 -6.0 v RL = oo, v,N = 2.0 v 
-5.0 -5.6 -6.0 v RL = 3 kn, v,N = 2.0 v 
-4.5 -5.4 -6.0. v RL = 450 n, v,N = 2.0 v 

Output Balance, V BAL 0.05 0.4 v &._= 450 n, v.AL = VoH-VOL 
RS-232 Outputs EN= 0.8 V, MS+= V00, MS-= V,, 

High Level Output Voltage 7.0 7.6 Von v RL = oo, VIN= 0.8 v 
7.0 7.6 Von v RL = 3 kn, v,N = o.8 v 

Low Level Output Voltage -7.0 -7.7 v,, v RL = oo, v,N = 2.0 v 
-7.0 -7.7 v,, v RL = 3 kn, v,N = 2.0 v 

Off-State Output Current, 102 -100 100 µA EN= 2.0 V, V0 = ±6 V, V00= 15 V, V,, =-15 V 
Short Circuit Current, I0 , 15 50 100 mA V,N = 0 V, EN = 0 V 

15 40 100 mA V1N = 5 V, EN = 0 V 

Specifications subject to change without notice. 

TIMING CHARACTERISTICS ( Y00 = +10 Y ± 10%, Yss= -10 Y ± 10%, MS+= MS-= 0 Y. All Specifications TMJN to TMAX 

unless otherwise noted.) 

Parameter Min Typ Max Units Test Conditions/Comments 

Output Slew Rate Fig 1, Fig 2. RsRA = 2 kQ, RL = 450 n, CL= 50 pF 
6.65 10 14 V/µs Rising/Falling Edge, t"' tp 

Output Slew Rate Fig 1, Fig 2. RsRA = 10 kn, RL = 450 Q, CL= 50 pF 
1.33 2.0 3 V/µs Rising/Falling Edge, tR, tp 

Output to Hi-Z Propagation Delay (Disable) Fig 1, Fig 3. RsRA = 10 kn, RL = 450 Q, CL= 50 pF 
0.3 1.0 µs !Hz 
0.5 1.0 µs tLZ 

Hi-Z to Valid Output Propagation Delay (En1le) Fig 1, Fig 3. RsRA = 10 kQ, RL = 4500, CL= 50 pF 
6.0 15 µs lzH 
7.0 15 µs lzL 

Specifications subject to change without notice. 
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ADM5170 
ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE 
(TA:.::: 25°C unless otherwise noted) 

V00 ........................................ , .. +15 V 
v,, ............................................. -15 v 
Input Voltages 

V,N ............................... -0.3 to (V00 + 0.3 V) 
Ouput Voltages 

VouT .................................. -12Vto+l2V 

Model 

ADM5170]N 
ADM5170AN 
ADM5170JP 
ADM5170AP 

Temperature Range 

0°c to +70°C 
-40°C to +85°C 
0°c to +70°C 
-40°C to +85°C 

Package Option* 

N-28 
N-28 
P-28A 
P-28A 

Output Short Circuit Duration .................. Continuous *For outline information see Package Information section. 

Power Dissipation Plastic DIP .................... 1250 mW 
(Derate at 12.5 mW/°C above +50°C) 
8w Thermal Impedance ......................... 75°C/W 

Power Dissipation PLCC ....................... 1000 mW 
(Derate at IO mWi°C above +50°C) 
8w Thermal Impedance ......................... 80°C/W 

Operating Temperature Range 
Commercial CT Version) .................... 0°C to +70°C 
Industrial (A Version) .................... -40°C to +85°C 

Lead Temperature (Soldering 10 sec) ................ +300°C 
Vapour Phase (60 sec) .......................... +215°C 
Infrared (15 sec) ............................... +220°C 

*This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this specifica
tion is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sens1t1ve device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADM5170 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 

VIN 

RS·232/RS·423 
MODE SELECT 

SLEW RATE 
CONTROL 

Figure 1. Timing Test Circuit 

L 

INPUT 

"EN 

OUTPUT 
V1N =OV 

OUTPUT 
VIN= SV 

Vol 

ILZ 

~~c8 
ESD SENSITIVE DEVICE 

0.5V 

i 
=:-T lzL 

Figure 3. Enable/Disable Timing Waveforms 

Figure 2. Rise/Fa/I Timing Waveforms 
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ADM5170 

Mnemonic 

VDD 

Vss 
GND 

A1 ••• H 1 

A0 .•. H 0 

EN 

MS+,MS-

SRA 

PIN CONFIGURATIONS 

DIP 

NC Ho 

H1 

G1 

Go 

Fo 

F, 

E1 

Eo 

Voo 

MS+ 

Vss GND 

SRA MS-

NC NC 

NC NC 

NC= NO CONNECT 

PLCC 

ar c .j " 0 r: tS z " 

Bo 

Co Fo 

NC = NO CONNECT 

PIN FUNCTION DESCRIPTION 

Function 

Power Supply Input, + 10 V ± 10%. 

Power Supply Input, -10 V ± 10%. 

Ground Pin. Must be connected to 0 V. 

Digital Input to Drivers A to H. 

RS-232/RS-423 Output from Drivers A to H. 
Enable Pin. When high, all outputs are 3-stated. 

Mode Select Inputs. Used to control the output 

level swing. With MS+ & MS- connected to GND, 
RS-423A output levels are selected. With MS+ 
connected to V DD and MS- connected to V 85, 

RS-232 output levels are developed. 

Slew Rate Adjust Input. An external resistor (2 kQ 
to 10 kQ) connected between this pin and GND is 
used to control the Output Slew Rate (10 V/µs to 
2.2 V/µs). 
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Slew Rate Programming 
The slew rate for the ADMS 170 is controlled by a single resistor 
connected between the SRA pin and GND. The slew rate is 
approximately. 

Slew Rate (Vlµs) = 20/RsRA (kQ) 

Resistors between 2 kQ and 10 kQ may be used providing a slew 
rate which may be varied from 10 V/µs to 2.2 V/µs. Figure 5 in the 
Typical Performance Characteristics section shows how the slew 
rate varies with RsRA while Figure 8 shows how the transition time 
(10% to 90%) varies with RsRA· Waveshaping of the output allows 
the user to control the level of interference (near-end crosstalk) 
which may be coupled to adjacent circuits in an interconnection. 
The recommended output characteristics for cable length and data 
rate are given in the EIA RS-423A specifications. 

Maximum Data Rate (kB/s) = 300/t (for rates from 1 kB/s to 
100 kB/s). 

Cable Length (feet) = 100 X t (Max Length = 4000 ft.) 

where tis the transition time (in µs) for the output to swing from 
10% to 90% of its steady state values. The absolute maximum data 
rate is 100 kB/s and the maximum cable length is limited to 4000 fr. 

Output Mode Programming 
The ADM5170 has two programmable output modes which 
provide different output voltage levels. The low output mode meets 
the specifications of EIA standards RS-423A while the high output 
mode meets the RS-232 specifications. The high output mode 
provides greater output swings and is suitable for driving lines 
where higher attenuation levels must be tolerated. This mode is 
selected by connecting the mode select pins to the supplies, MS+ to 
VDD and MS- to Vss· The low output mode is selected by connect
ing both mode select pins MS+ and MS- to GND. This mode 
provides a controlled output swing with lower output levels. 

Inputs Outputs 

-
MS+ MS- EN Data Output 

GND GND 0 0 5 V to 6 V (RS-423) 
GND GND 0 1 -5 V to -6 V (RS-423) 

VDD Vss 0 0 (VDD- 3 V) (RS-232) 1 

VDD Vss 0 1 CVss + 3 V) (RS-232)' 
x x 1 x HighZ 

1Minimum Output Level. 

Typical Application Circuit 
A typical application circuit using a single driver in the ADMS 170 
is shown in Figure 4. This circuit is suitable for either RS-232 or 
RS-423 communication. An ADM5180 octal receiver is used to 
translate the signal back to CMOS logic level at the receiving end. 
.-------------, 
I VH ..fl 
: VL 

I 
I 
I 
I 
I 

RS·232/RS-422A 
TRANSMISSION 

.--------------, 

I 
I TIETOGND 

-::!:-FOR RS-232 

I 
I 
I 
I 
I 
I 
I 
I 

Figure 4. RS-232/RS-423A Typical Application Circuit 
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WDEVICES Octal, RS-232/RS-423 Line Receiver 

FEATURES 
Eight Differential Line Receivers in One Package 
Meets EIA Standard EIA-232E, 423A, 422A and 

CCITT V.10, V.11, V.28 
Single +5 V Supply 
Differential Inputs Withstand ±25 V 
Internal Hysteresis 
Low Power CMOS -3.5 mA Supply Current 
TTL/CMOS Compatible Outputs 
Available in 28-Pin DIP and PLCC Packages 
Low Power Replacement for UC5180C/NE5180 

APPLICATIONS 
High Speed Communication 
Computer 1-0 Ports 
Peripherals 
High Speed Modems 
Printers 
Logic Level Translation 

GENERAL DESCRIPTION 
The ADM5180 is an octal differential line receiver suitable for a 
wide range of digital communication systems with data rates up to 
200 kB/s. Input signals conforming to EIA Standards 232-E, 422A 
and CCITT V.10, V.11, V.28, X.26, and X.27 are accepted and 
translated into TTL /CMOS output signal levels. 

The ADM5180 is a superior upgrade for the UC5180C and the 
NES 180. It is fabricated on an advanced BiCMOS process, 
allowing high speed bipolar circuitry to be combined with low 
power CMOS. This minimizes the power consumption to less than 
25mW. 

A failsafe function ensures a known output state under a variety of 
input fault conditions as defined in RS-422A and RS-423A. The 
failsafe function is controlled by FSl and FS2. Each controls four 
receivers. With FS = Low and a fault condition the output is forced 
low while if FS = High, the output is forced high. 

The device is available in both 28-pin DIP and 28-lead PLCC 
packages. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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ADM5180 I 
FUNCTIONAL BLOCK DIAGRAM 

ADM5180 

Truth Table 

Differential Input Failsafe Input Receiver 
(+) - (-) FSl, FS2 Logic Output 

>200 mV x H 
<-200 mV x L 
OIC L L 
SIC L L 
O/C H H 
SIC H H 

INTERFACE PRODUCTS 15-95 

m 



ADM5180-SPECIFICATIONS 
Parameter Min Typ 

POWER REQUIREMENTS 
Voo 4.75 
loo 3.5 

INPUTS 
Input Resistance, RIN 3 
Differential Input High Threshold, V TH 50 

Differential Input Low Threshold, V TL -200 
-400 

Hysteresis, V" 50 
Open Circuit Input Voltage, Vmc 
Input Capacitance 
Input Current, IIN 

-3.25 

OUTPUTS 
High Level Output Voltage,V 0" 2.7 
Low Level Output Voltage ,V 0L 

Short Circuit O/P Current, I0s 

FAILSAFE FUNCTION 
Failsafe Output Voltage, VoFs 

2.7 
FSl, FS2 Input Current -10 

NOTE 
',Only one output may be shorted at any time. 

Specifications subject to change without notice. 

(Y00 = +5 Y ± 5%, Input Common-Mode Range= ±7 Y. All Specifications TMiN to 
T MAx unless otherwise noted.) 

Max Units Test Conditions/Comments 

5.25 v 
5 mA 

7 kQ 3 v $ I VIN 1 s 25 v 
200 mV Rs= 0 f.l, VoUT = 2.7 V, louT = -440 µA, See Figure 1 
400 mV Rs= 500 Q, VoUT = 2.7 V, I0UT = -440 µA, See Figure 1 
-50 mV Rs= 0 n, VouT = 0.45 v, IoUT = 8 mA, See Figure 1 

mV Rs= 500 f.l, VoUT = 0.45 V, IoUT = 8 mA, See Figure 1 
140 mV FSl, FS2 = 0 V or V00, See Figure 1 
60 mV 
20 pF 
3.25 mA VIN= +10 v 

mA VIN=-lOV 

v Vrn = 1.0 V, IouT = -440 µA 
0.4 v Vrn = -1.0 V, IouT= 4 mA 
0.45 v Vrn = -1.0 V, I0UT= 8 mA, TA= 0°C to +70°C 
100 mA Note 1 

Inputs Open or Shorted Together or One Input Open 
and One Grounded 

0.40 v 0 $ loUT $ 4 mA; FSl, FS2 = 0 V 
0.45 v 0 s IoUT s 8 mA, TA= 0°C to +70°C; FSl, FS2 = 0 V 

v 0 ~ IoUT ~ -400 µA; FSl, FS2 = V00 

+10 µA 

TIMING CHARACTERISTICS (Y00 = +5 Y ± 5%. All Specifications TMiN to TMAx unless otherwise noted) 

Parameter Min Typ Max Units Test Conditions/Comments 

Propagation Delay~Low to High 550 ns CL= 50 pF, VIN= ±500 mV 
Propagation Delay-High to Low 550 ns CL= 50 pF, VIN= ±500 mV 

Acceptable Input Frequency 0.1 MHz Unused Input Grounded, VIN= ±200 mV 
Rejectable Input Frequency 5.5 MHz Unused Input Grounded, VIN= ±500 mW 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 1 

(TA= 25°C unless otherwise noted) 

V00 ....••••....•.......•...•................... +7 V 
Common-Mode Input Voltage . . . . . . . . . . . . . . . . . . . . . . + 15 V 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . +25 V 
Failsafe Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0. 3 V to V cc 
Output Short Circuit Duration . . . . . . . . . . . . . . . . . Continuous' 
Power Dissipation Plastic DIP .................... 1250 mW 

(Derate at 12.5 mW/°C Above +50°C) 
0w Thermal Impedance ........................ 75°C/W 

Power Dissipation PLCC ....................... 1000 mW 
(Derate at 12.5 mW/°C Above +50°C) 
0w Thermal Impedance ....................... +80°C/W 

ADM5180 
Operating Temperature Range 

Commercial CJ Version) ................... 0°C to +70°C 
Industrial (A Version) . . . . . . . . . . . . . . . . . . . -40°C to +80'C 

Lead Temperature (Soldering 10 sec) ................ +300°C 
Vapour Phase (60 sec) ......................... +215°C 
Infrared (15 sec) .............................. +220°C 

NOTES 
1This is a stress rating only and functional operation of the device at these or any 
other conditions above those indicated in the operation sections of this speci
fication is not implied. Exposure to absolute maximum rating conditions for 
extended periods of time may affect reliability. 

20nly one output should be shorted at any time. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensmve device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADM5180 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 

~~QJ 
ESO SENSITIVE DEVICE 

REV. 0 

Your 

FS =Yoo FS=GND 

Figure 1. Vn, VrH' VH Definition 

TO 
OUTPUT 

PIN 
+2.1V 

Figure 2. Timing Test Load 

v,. 

(V1N+) -(V1N-) - ------..--- ------ 50% 

OUTPUT - ---------- -- 50% 

Figure 3. Timing Waveform 

ORDERING GUIDE 

Model Temperature Range Package Option* 

ADM5180JN 0°C to +70°C N-28 
ADM5180AN -40°C to +85°C N-28 
ADM5180JP 0°c to +70°C P-28A 
ADM5180AP -40°C to +85°C P-28A 

*For outline information see Package Information section. 
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ADM5180 

Mnemonic 

Von 

GND 
A+ ... H+ 

A- ... H-

Ao ... Ho 

FSI, FS2 · 

PIN CONFIGURATIONS 

DIP 

A-

C-

Co 

D

D+ 

Do 

GND 

PLCC 

H+ 

H

Go 

G+ 

G

FS2 

Fo 

F+ 

F

Eo 

E+ 

E-

PIN DESCRIPTION 

Function 

Power Supply Input, 5 V ± 5%. 

H

Go 

G+ 

G

FS2 

Fa 

F+ 

Ground Pin. Must be connected to 0 V. 
Noninverting Input to Differential Receivers 

AtoH. 

Inverting Input to Differential Receivers A to H. 
Receiver Outputs A to H. 
A through D and FS2 controls receivers 
E through H. 
Failsafe Control Inputs. FSI controls receivers 
A through D and FS2 control Receiver 
E through H. 
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APPLICATIONS INFORMATION 
FAILSAFE OPERATION 
The ADM5180 provides a failsafe operating mode to guard against 
input fault conditions as defined in RS-422A and RS-423A 
standards. The fault conditions are (1) Driver in power-off 
condition, (2) Receiver not interconnected with Driver, (3) Open
circuited interconnecting cable, and ( 4) Short-circuited intercon
necting cable. If any of these four fault conditions occurs at the 
inputs of a receiver, then the output of that receiver is driven to a 
known logic level. The failsafe level is programmed using the 
failsafe (FS) input. There are two failsafe inputs, FS I and FS2 
which each control four receivers. FSI controls receivers A ... D 
and FS2 controls receivers E ... H. A connection to V 00 on the 
failsafe input sets the output high under fault conditions while a 
connection to GND sets the output low. 

FSl, FS2 

Vno 
GND 

Input Filtering 

Output During Fault Condition 

High 
Low 

The ADM5180 contains internal low pass filtering for additional 
noise rejection. Frequencies above the passband will be rejected. 
For the specified input (5.5 MHz at ±500 mV) the input stage 
attenuates the signal such that the threshold levels are not reached 
and therefore no change of state occurs on the output. The filtering 
is a function of both amplitude and and frequency. As the signal 
amplitude decreases then the rejected frequency will decrease. 
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~ Selection Tree - Motion Control 
I\) 

s: 
0 
:::l 

~ I MOTION CONTROL* 
0 
< 
~ 
~ 

l 
RESOLVER TO 

DIGITAL CONVERTERS 
VARIABLE RESOLUTION 

u 10, 12, 14, 16-Bit 

AD2S80A (40-Pin DIP) 

AD2S82A (44-Pin PLCC) 

AD2S83 (With High Accuracy Velocity 
Output) 

AD2S90 (20-Pin PLCC Serial) 

12-Bit 

AD2S81A (28-Pin DIP) 

Y Reference Oscillator J 

AD2S99 (2 kHz to 20 kHz) 

....__, 

L......I 

MOTOR 
CONTROL 

AD2S100 (Vector Transformation) 

Transducer & 
Signal Conditioner 

Y Acceleration J 

ADXL05 (±5 g) 

ADXL50 (±50 g) 

ADXL181 (-125 to +250 g, 
-150 to +880 g) 

1 
LVDT CONVERTERS 

AD2S93 (14-Bit Serial I/0) 

LVDTs 
'--i Signal Conditioners 

AD598 (4 Wire) 

AD698 (3, 4, 5 Wire) 

*All Products are Monolithic 



s: 
0 
::! 
0 
<: 

~ 
:;j 
~ 
~ 
g 
c: 
C') 

Ci! 

f 

Selection Guides-Motion Control Products 
Digital-to-Synchro and Resolver Converters 

Reference Reference Signal 
Load Frequency Input Volt Output Volt Transformer 

Res Output Accuracy 
Model Bits Format' arc mins 

DRCl745 14 R' ±1, ±2, ±3 

AD2S65 14 R ±2, ±47 

DRC1746 16 R' ±1, ±2, ±3 

AD2S66 16 R ±1, ±2, ±47 

Motor Control 
Model 

AD2Sl00 
Description 
AC Vector Controller 

Driving Options 
Capability Hz 

2.0VA6 dc-->2600 

dc-->2600 

2.0VA6 dc-->2600 

dc-->2600 

Package Options2 

p 

Synchro/Resolver Support Components 

Options Options 
Vrms Vrms 

0-->3.4 0->6.8 

0-->3.4 0->6.8 

0-->3.4 0->6.8 

0-->3.4 0->6.8 

TempRange3 

I 

Package Temp 

Output Package 
Isolations Options' 

Use Ext. STM M 
1680 and STM 
1683 Transformer 

- M 

Use Ext. STM M 
1680 and STM 
1683 Transformer 

M 

Comments 

Temp 
Ranges3 Page4 

M CI 3-107 

Comments 

Digital-to-Resolver Converter 
with Int. 2 VA Power Amplifier. 
Optional Int. TransZorbt Pro-
tection. 2 Byte Latched Inputs 

C, M CI 3-35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 

M CI 3-107 16-Bit Version of DRC1745 

C, M CI 3-35 Digital-to-Resolver Converter. 
Autonulling (AN) Option 

Page4 

16-51 Vector Coordinate Transformation, 15 arc min, 2 µs Settling Time 

Model 

AD2S99 
AD2S75 
OSC1758 

Description Options2 Ranges3 Page4 

16-48 

Comments 
Programmable Sine Wave Oscillator 
Signal and Reference Isolation for AD2S80/8l/82 
Hybrid Sine/Cosine Power Oscillator 

LVDT Signal Conditioners 
Model 
AD598 
AD698 

Description 
Single Chip LVDT Driver/Amplifier 
Single Chip 4-Wire LVDT Driver/Amplifier 

1 S = Synchro; R = Resolver. 

p I 
M C,M 
M C,M 

Package Options2 

D,R 
P,Q 

CI 3-43 
CI 3--ll7 

Temp Ranges3 

C, I 
I,M 

2 kHz-20 kHz Freq., Transducer Output Phase Locking 
56--20,000 Hz Freq, l l.8-ll5 V rms Ref, 11.8/26/90 V rms Input 
0.0-10 kHz Frequency Range6 , In-phase and Quadrature Outputs, 
l.5 W Output Power 

Page4 

16-63 
16-67 

Comments 
20 Hz-20 kHz, Phase Insensitive, Higli Accuracy 
Improved Performance, Multiple Configurations 

2Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = ]-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOJC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic Quad Flatpack; 
ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +8S°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M temperature des
ignator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, and s for space level. 

4CI = Data Converter Reference Manual, Volume I. All other entries refer to this volume. 
5Synchro format output with external output transformer STM1683'. 
6Can be used with pulsating power supply for reduced dissipation. 
7Depends on option. 
Boldface Type: Data sheet information in _this volume. 
_tTransZorb is a trademark of General Semiconductor Industries, Inc. 

I! 



¥ Selection Guides-Motion Control Products ..... 

s: 
0 Synchro, Resolver, lnductosynt and LVDT-to-Digital Converters :::l 
0 
<: Tracking Rate Reference 
(") 
0 Res Input Accuracy Options Frequency Input Package Temp 
<: Model Bits Format1 arc mins revs/sec2 Options Hz Isol Options3 Ranges4 Page5 Comments 
:il 
0 SDC/RDCI741 12 S, R ±15.3 18 400, 2.6 k Yes M C,M CI 3-119 Tristate, Latched Output 
r-

Internal Transformer Isolation 
~ SDC/RDC1742 12 S,R ±8.5 18 400, 2.6 k Yes M C,M CI 3-119 Tristate, Latched Output 
0 
0 Internal Transformer Isolation 
c: AD2S81A6 12 I, R ±307 260 400--->20 k No D c 16-11 Monolithic, User Selectable Dynamic (") 

fjj Characteristics, High Tracking Rate, 
Quality Velocity Output, Class 2 ESD 

SDC/RDC1740 14 S,R ±5.3 27 400, 2.6 k Yes M C,M CI 3-119 Tristate, Latched Output 
Internal Transformer Isolation 

AD2S80A6 16, 14, I, R ±2, ±4, ±8 10409 50--20 k No D,E C, I, MID 16-7 Monolithic, User Selectable Dynamic 
12, 108 Characteristics and Resolution. High 

Tracking Rate and Quality Velocity 
Output 

AD2S82A6 16, 14, I, R ±2, ±4, ±8 10409 50--20 k No p c 16-11 Monolithic, User Selectable Dynamic 
12, 108 Characteristics and Resolution. High 

Tracking Rate and Quality Velocity 
Output 

AD2S83 16, 14, I, R ±8 10409 50--20 k No p I 16-15 Monolithic, User Selectable 
12, 108 Dynamic Characteristics and 

Resolution. High Tracking Rate and 
±0.15% Linearity Velocity Output 

AD2S34 14 R ±2.6, ±4.0 20, 48 0.4, 2.6, 4.0 k No z M CI 3-7 Dual Channel Resolver-to-Digital 
Converter with On-Board Oscillator 

AD2S46 16 S, R ±1.3, ±2.6 12 0.4--->2.6 k No D M CI 3-23 16-Bit Resolver/Synchro-to-
Digital Converter, 1.3 arc min 
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Tracking Rate Reference 
Res Input Accuracy Options Frequency Input Package Temp 

Model Bits Format1 arc mins revs/sec2 Options Hz Isol Options3 Ranges4 Page5 Comments 

AD2S44 14 S,R ±2.6, 10 ±4.0, 20 0.4-->2.6 k No M M CI 3-15 Dual Channel Resolver/ 
±5.2 Synchro-to-Digital Converter 

with Loss of Track Detection 
AD2S90 12 I, R ±8 375 2.0-->10.0 k No p C, I 16-27 Low Cost RDC, Incremental 

Encoder and Absolute 
Position Output 

AD2S93 14 LVDT 0.1, 0.05% TBD 2.0-10.0 k No p I 16-37 14-Bit LVDT-to-Digital Converter 

1S = Synchro; R = Resolver; I = lnductosyn. 
2ln general, higher reference frequency options have higher tracking rates. 
3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Lead.less Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip 
Carrier. 

4Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, ands for space level. 

5CI = Data Converter Reference Manual, Volume I. All other entries refer to this volume. 
6 Die Revision. 
7Consult data sheet. 
8Resolution is user -selectable. 
9Depends on resolution selected. 

10±2.6 arc min only available over 0°C to + 70°C. 
Boldface Type: Data sheet information in this volume. 
tinductosyn is a registered trademark of Farrand Industries, Inc. 

I 
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~ANALOG 
WDEVICES 

FEATURES 
Monolithic (BiMOS II) Tracking R/D Converter 
40-Pin DIP Package 
44-Pin LCC Package 
10-, 12-, 14- and 16-Bit Resolution Set by User 
Ratiometric Conversion 
Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 

SINllP 

SIG GND 

COSIJP 
ANALOG GND 

Variable Resolution, Monolithic 
Resolver-to-Digital Converter 

AD2S80A I 
FUNCTIONAL BLOCK DIAGRAM 

AC ERROR DEMOO 
0,P 

DE MOO INTEGRATOR 
OIP llP 

INTEGRATOR 
OIP 

High Max Tracking Rate 1040 RPS (10 Bits) 
Velocity Output 

Rl~t:~:!--r-""'":~~=:':;'.'.~:;:::-;---, 

Industrial Temperature Range Versions 
Military Temperature Range Versions 
ESD Class 2 Protection (2,000 V min) 
/883 B Parts Available 

APPLICATIONS 
DC Brushless and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 
Military Servo Control 

GENERAL DESCRIPTION 
The AD2S80A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 40-pin DIP or 44-pin 
LCC ceramic package. It is manufactured on a BiMOS II pro
cess that combines the advantages of CMOS logic and bipolar 
high accuracy linear circuits on the same chip. 

The converter allows users to select their own resolution and 
dynamic performance with external components. This allows the 
users great flexibility in defining the converter that best suits 
their system requirements. The converter allows users to select 
the resolution to be 10, 12, 14 or 16 bits and to track resolver 
signals rotating at up to 1040 revs per second (62,400 rpm) 
when set to 10-bit resolution. 

The AD2S80A converts resolver format input signals into a par
allel natural binary digital word using a ratiometric tracking con
version method. This ensures high-noise immunity and tolerance 
of lead length when the converter is remote from the resolver. 

The 10-, 12-, 14- or 16-bit output word is in a three-state digital 
logic available in 2 bytes on the 16 output data lines. BYTE 
SELECT ENABLE and INHIBIT pins ensure easy data trans
fer to 8- ~nd 16-bit data buses, and outputs are provided to 
allow for cycle or pitch counting in external counters. 

An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 

The AD2S80A operates over SO Hz to 20,000 Hz reference 
frequency. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l-800-446-6212. 

REV.A 

+12V 

-12V 

DIR iNHT8iT 
16 DATA BITS 

PRODUCT HIGHLIGHTS 
Monolithic. A one chip solution reduces the package size 
required and increases the reliability. 

VCO llP 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S80A to be 10, 12, 14 or 16 bits allow
ing the user to use the AD2S80A with the optimum resolution 
for each application. 

Ratiometric Tracking Conversion. Conversion technique pro
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref
erence and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to -r:
match the system requirements. The external components U. 
required are all low cost preferred value resistors and capacitors, 
and the component values are easy to select using the simple 
instructions given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 

Low Power Consumption. Typically only 300 mW. 

Military Product. The AD2S80A is available processed in 
accordance with MIL-STD-883B, Class B. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Guide." 
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AD2S8QA-SPEClflCAJIQNS (typical at +25°C unless otherwise noted) 

AD2S80A 
Parameter Conditions Min Typ Max Units 

SIGNAL INPUTS 
Frequency 50 20,000 Hz 
Voltage Level 1.8 2.0 2.2 Vrms 
Input Bias Current 60 150 nA 
Input Impedance 1.0 MO 
Maximum Voltage 8 Vpk 

REFERENCE INPUT 
Frequency 50 20,000 Hz 
Voltage Level 1.0 8.0 Vpk 
Input Bias Current 60 150 nA 
Input Impedance 1.0 MO 

CONTROL DYNAMICS 
Repeatability 1 LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 Degrees 
Tracking Rate 10 Bits 1040 rps 

12 Bits 260 rps 
14 Bits 65 rps 
16 Bits 16.25 rps 

Bandwidth' User Selectable 

ACCURACY 
Angular Accuracy A, J, S ±8 +l LSB arc min 

B,K,T ±4 +l LSB arc min 
L,U ±2 +1 LSB arc min 

Monotonicity Guaranteed Monotonic 
Missing Codes (16-Bit Resolution) A, B, J, K, S, T 4 Codes 

L,U 1 Code 

VELOCITY SIGNAL 
Linearity Over Full Range ±1 ±3 %FSD 
Reversion Error ±1 ±2 %FSD 
DC Zero Offset2 6 mV 
DC Zero Offset Tempco -22 µV/'C 
Gain Scaling Accuracy ±10 %FSD 
Output Voltage 1 mA Load ±8 ±9 ±10.5 v 
Dynamic Ripple Mean Value 1.5 % rms O/P 
Output Load 1.0 kO 

INPUT/OUTPUT PROTECTION 
Analog Inputs Overvoltage Protection ±8 v 
Analog Outputs Short Circuit O/P Protection ±5.6 ±8 ±10.4 mA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 
Output Format Bidirectional Natural Binary 
Load 3 LS TTL 

INHIBIT' 
Sense Logic LO to Inhibit 
Time to Stable Data 600 ns 

ENABLE3 Logic LO Enables Position Output. Logic HI Outputs 
ENABLETime in High Impedance State 35 llO ns 

BYTE SELECT' 
Sense 
Logic HI MS Byte DB1-DB8, LS Byte DB9-DB16 
Logic LO LS Byte DB1-DB8, LS Byte DB9-DB16 
Time to Data Available 60 140 ns 

SHORT CYCLE INPUTS Internally Pulled High (100 kO to + V sl 
SCI scz 

0 0 10 Bit 
0 1 12 Bit 
1 0 14 Bit 
1 1 16 Bit 

DATA LOAD 
Sense Internally Pulled High (100 kO) to +Vs· Logic LO Allows 150 300 ns 

Data to be Loaded into the Counters from the Data Lines 

BUSY' 
Sense Logic HI When Position O/P Changing 
Width 200 600 ns 
Load Use Additional Pull-Up 1 LS TTL 

16--8 MOTION CONTROL PRODUCTS REV.A 



Parameter 

DIRECTION' 
Sense 

Max Load 

RIPPLE CLOCK' 
Sense 
Width 
Reset 
Load 

DIGITAL INPUTS 
High Voltage, Vm 

Low Voltage, v,L 

DIGIT AL INPUTS 
High Current, I,H 

Low Current, 11L 

DIGIT AL INPUTS 
Low Voltage, v,L 

Low Current, I,L 

DIGITAL OUTPUTS 
High Voltage, VoH 

Low Voltage, VoL 

THREE STATE LEAKAGE 
Current IL 

POWER SUPPLIES 
Voltage Levels 

+Vs 
-Vs 
+VL 

Current 
±Is 
±Is 
±IL 

NOTES 
1 Refers to small signal bandwidth. 
'Output offset dependent on value for R6. 
'Refer to timing diagram. 

Conditions 

Logic HI Counting Up 
Logic LO Counting Down 

Logic HI; All ls to All Os; All Os to all ls 
Dependent on Input Velocity 
Before Next Busy 

------
INHIBIT, ENABLE 
DB1-DB16, Byte Select 
±Vs= ±10.8 V, VL = 5.0 V 
INHIBIT, ENABLE 
DB1-DB16, Byte Select 
±Vs= ±13.2 V, VL = 5.0 V 

------
INHIBIT, ENABLE 
DBl-DB16 
±Vs= ±13.2 V, VL = 5.5 V 
INHIBIT, ENABLE 
DBl-DB16, Byte Select 
±Vs= ±13.2 V, VL = 5.5 V 

---
ENABLE= HI 
SCI, SC2, Data Load 
±Vs= ±12.0 V, VL = 5.0 V 
ENABLE= HI 
SCI, SC2, Data Load 
±Vs= ±12.0 V, VL = 5.0 V 

DB1-DB16 
RIPPLE CLK, DIR 
±Vs= ±12.0 V, VL = 4.5 V 
IoH = 100 µA 
DBl-DB16 
RIPPLE CLK, DIR 
±Vs= ±12.0 V, VL = 5.5 V 
IoL = 1.2 mA 

DB1-DB16 Only 
±Vs= ±12.0 V, VL = 5.5 V, VoL = 0 V 
±Vs= ±12.0 V, VL = 5.5 V, V0 H = 5.0 V 

±Vs@ ±12 V 
±Vs@ ±13.2 V 
+VL@ ±5.0 V 

Specifications subject to change without notice. 

AD2S80A 
AD2S80A 

Min Typ Max Units 

3 LS TTL 

300 

3 LS TTL 

2.0 v 

0.8 v 

±100 µA 

±100 µA 

1.0 v 

-400 µA 

2.4 v 

0.4 v 

±100 µA 
±100 µA 

+10.8 +13.2 v 
-10.8 -13.2 v 
+5 +13.2 v 

±12 ±23 mA 
±19 ±30 mA 
±0.5 ±1.5 mA 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 

ESDSENSITIVITY ___ ~------------------~ 
The AD2S80A features an input protection circuit consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charges Device Model). 

The AD2S80A is ESD protection Class II (2000 V min). Proper ESD precautions are strongly 
recommended to avoid functional damage or performance degradation. For further information on 
ESD precautions, refer to Analog Devices BSD Prevention Manual. 

WARNING! 0 
~~EDEVICE 
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AD2S80A 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs, -Vs) ....... ±12 V de ±10% 
Power Supply Voltage VL .............. +5 V de ±10% 
Analog Input Voltage (SIN and COS) ....... 2 V rms ±10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 
Phase Shift Between Signal and Reference . ± 10 Degrees (max) 
Ambient Operating Temperature Range 

Commercial (JD, KD, LD) . . . . . . . . . .. 0°c to +70°C 
Industrial (AD, BD) . . . . . . . . . . . . . -40°C to +85°C 
Extended (SD, SE, TD, TE, UD, UE) ... -55°C to + 125°C 

ABSOLUTE MAXIMUM RATINGS' (with respect to GND) 
+Vs2 ••••••••••••••••••••••••••••••• +14Vdc 
-Vs································-14Vdc 
+VL ................................... +Vs 
Reference + 14 V to -Vs 
SIN ............................. +14 V to -Vs 
COS ............................ +14 V to -Vs 
Any Logical Input ............... -0.4 V de to +VL de 
Demodulator Input + 14 V to - Vs 
Integrator Input . + 14 V to -Vs 
VCO Input . . . . . . . +14 V to -Vs 
Power Dissipation . . . . . . . . . ... 860 mW 
Operating Temperature 

Commercial (JD, KD, LD) . . . . . . . . . . . , 0°c to +70°C 
Industrial (AD, BD) . . . . . . . . . . . . . . -40°C to +85°C 
Extended (SD, SE, TD, TE, UD, UE) ... -55°C to + 125°C 

01c3 (40-Pin DIP 883 Parts Only) ....... ll°C/W 
01c3 (44-Pin LCC 883 Parts Only) .............. l0°C/W 
Storage Temperature (All Grades) ........ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 
2. Correct polarity voltages must be maintained on the +Vs and -Vs pins. 
3. With reference to Appendix C of MIL-M-38510. 

ORDERING GUIDE 

Operating Package 
Model Temperature Range Accuracy Option* 

AD2S80AJD 0°C to +70°C 8.arc min D-40 
AD2S80AKD 0°C to +70°C 4 arc min D-40 
AD2S80ALD 0°C to +70°C 2 arc min D-40 
AD2S80AAD -40°C to +85°C 8 arc min D-40 
AD2S80ABD -40°C to +85°C 4 arc min D-40 
AD2S80ASD -55°C to + 125°C 8 arc min D-40 
AD2S80ATD -55°C to + 125°C 4 arc min D-40 
AD2S80AUD -55°C to + 125°C 2 arc min D-40 
AD2S80ASE -55°C to + 125°C 8 arc min E-44A 
AD2S80ATE -55°C to + 125°C 4 arc min E-44A 
AD2S80AUE -55°C to + 125°C 2 arc min E-44A 
AD2S80ASD/883B -55°C to + 125°C 8 arc min D-40 
AD2S80ATD/883B -55°C to + 125°C 4 arc min D-40 
AD2S80ASE/883B -ss0 c to + 125°C 8 arc min E-44A 
AD2S80ATE/883B -55°C to + 125°C 4 arc min E-44A 

*D =.Ceramic DIP Package; E = Leadless Ceramic Chip Carrier Package. 
For ~utline information see Package ~nformation section. 
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AD2S80A PIN CONFIGURATIONS 

DIP (D) Package 

REFERENCE l/P 1 

DEMOD l/P 2 

AC ERROR O/P 3 

ANALOG GND 5 

SIGNAL GNO 6 

084 

085 

086 

087 

DBS 

089 

0810 

0811 

0812 

LCC (E) Package 

VCO l!P 

-v, 
RIPPLE CLK 

DIRECTION 

BUSY 

DATA LOAD 

SC2 

DIGITALGND 

INHIBIT 

ENABLE 

v, 
0816 LSB 

0815 

0814 

0813 

39 -Vs SIN 7 

+V5 8 

NC 9 

38 RIPPLE CLOCK 

37 DIRECTION 

MSB DB1 10 

082 11 

083 12 

084 13 

DBS 14 

086 15 

087 16 

OBS 17 

36 BUSY 

35 DATA LOAD 

34 NC 

33 SC2 

32 SC1 

31 DIGITAL GND 

30 INHIBIT 

29 NC 

18 19 20 21 22 23 24 25 26 27 28 

gi:=~~~:t~~> 
o~~~[ig~~~+ 

" ~ 
NC = NO CONNECT 

PIN DESIGNATIONS 
MNEMONIC DESCRIPTION 

REFERENCE l/P REFERENCE SIGNAL INPUT 

DEMODl/P DEMODULATOR INPUT 

AC ERROR O/P RATIO MULTIPLIER OUTPUT 

cos COSINE INPUT 
ANALOG GROUND POWER GROUND 

SIGNAL GROUND RESOLVER SIGNAL GROUND 

SIN SINE INPUT 

+v, POSITIVE POWER SUPPLY 

081-0816 PARALLEL OUTPUT DATA 
v, LOGIC POWER SUPPLY 
--
ENABLE LOGIC HI-OUTPUT DATA IN HIGH IMPEDANCE 

STATE. LOGIC LO PRESENTS DATA TO THE 
OUTPUT LATCHES. 

BYTE SELECT LOGIC HI-MOST SIGNIFICANT BYTE TO 081-088 
LOGIC LO-LEA.ST SIGNIFICANT BYTE TO 081-088. 

~-

INHIBIT LOGIC LO INHIBITS DATA TRANSFER TO 
OUTPUT LATCHES. 

DIGITAL GROUND DIGITAL GROUND 

SC1-SC2 SELECT CONVERTER RESOLUTION 

DATA LOAD LOGIC LO DB1-D16 INPUTS LOGIC HI DB1-D16 
OUTPUTS 

BUSY CONVERTER BUSY, DATA NOT VALID WHILE 
BUSY HI 

DIRECTION LOGIC STATE DEFINES DIRECTION 
OF INPUT SIGNAL ROTATION 

RIPPLE CLOCK POSITIVE PULSE WHEN CONVERTER OUTPUT 
CHANGES FROM 1S TO ALL OS OR VICE VERSA 

-v, NEGATIVE POWER SUPPLY 

VCOllP VCO INPUT 
INTEGRATOR llP INTEGRATOR INPUT 
INTEGRATOR O!P INTEGRATOR OUTPUT 

DEMODOIP DEMODULATOR OUTPUT 

REV.A 
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WDEVICES 

FEATURES 
Monolithic (BiMOS II) Tracking R/D Converter 
Ratiometric Conversion 
Low Power Consumption: 300 mW typ 
Dynamic Performance Set by User 
Velocity Output 
ESD Class 2 Protection (2,000 V min} 

AD2S81A SINVP 

Variable Resolution, Monolithic 
Resolver-to-Digital Converters 

AD2S81 A/AD2S82A I 
AD2S82A FUNCTIONAL BLOCK DIAGRAM 

IC 
0 

It IS .... 
0 ""' It c c IC 
It 0 §l 5! w ::E 
u!l: w l':i ~ l!; IS <10 c 

28-Pin DIP Package 
Low Cost 

SIGGND 
INTEGRATOR 
OIP 

COS llP c;>----j~>-\_~~~_J 

AD2S82A 
44-Pin PLCC Package 

ANALOG 
GND 

10-, 12-, 14- and 16-Bit Resolution Set by User 
High Max Tracking Rate 1040 RPS (10 Bits} 
VCO Output (Inter LSB Output} 
Data Complement Facility 

APPLICATIONS 
DC Brushless and AC Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 

GENERAL DESCRIPTION 
The AD2S82A is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 44-pin J leaded 
PLCC package. Two extra functions are provided in the new 
surface mount package - COMPLEMENT and VCO output. 

The AD2S81A is a monolithic 12-bit fixed resolution tracking 
resolver-to-digital converter packaged in a 28-pin DIP. 

The converters allow users to select their own dynamic performance 
with external components. This allows the users great flexibility in 
defining the converter that best suits their system requirements. 
The AD2S82A allows users to select the resolution to be 10, 12, 
14 or 16 bits and to track resolver signals rotating at up to 1040 
revs per second (62,400 rpm) when set to 10-bit resolution. 

The AD2S81A and AD2S82A convert resolver format input 
signals into a parallel natural binary digital word using a ratio
metric tracking conversion method. This ensures high-noise 
immunity and tolerance of lead length when the converter is 
remote from the resolver. 

The output word is in a three-state digital logic form available in 
2 bytes on the 16 output data lines for the AD2S82A and on 8 
output data lines for the AD2S81A. BYTE SELECT, ENABLE 
and INHIBIT pins ensure easy data transfer to 8- and 16-bit 
data buses, and outputs are provided to allow for cycle or pitch 
counting in external counters. 

An analog signal proportional to velocity is also available and 
can be used to replace a tachogenerator. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800446-6212. 

REV.A 

RIPPLE 
CLK 

+12V 

-12V 

COMP 

PRODUCT HIGHLIGHTS 

VCOllP 

INHIBIT 

VCOO/P 

Monolithic. A one-chip solution reduces the package size 
required and increases the reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S82A to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S82A with the optimum resolu
tion for each application. 

Ratiometric Tracking Conversion. Conversion technique pro
vides continuous output position data without conversion delay 
and is insensitive to absolute signal levels. It also provides good 
noise immunity and tolerance to harmonic distortion on the ref
erence and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components 
required are all low cost, preferred value resistors and capaci
tors, and the component values are easy to select using the sim
ple instructions given. 

Velocity Output. An analog signal proportional to velocity is 
available and is linear to typically one percent. This can be used 
in place of a velocity transducer in many applications to provide 
loop stabilization in servo controls and velocity feedback data. 

Low Power Consumption. Typically only 300 mW. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Information." 
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AD2S81A/AD2S82A-SPECIFICATIONS (typical at +25°C unless otherwise noted) 2 
AD2S81A AD2S82A 

Parameter Conditions Min Typ Max Min Typ Max Units 

SIGNAL INPUTS 
Frequency 400 20,000 so 20;000 Hz 
Voltage Level 1.8 2.0 2.2 * Vrms 
Input Bias Current 60 ISO * nA 
Input Impedance 1.0 * M!1 
Maximum Voltage ±8 * Vpk 

REFERENCE INPUT 
Frequency 400 20,000 so 20,000 Hz 
Voltage Level 1.0 8.0 * Vpk 
Input Bias Current 60 ISO * nA 
Input Impedance 1.0 * Mn 

CONTROL DYNAMICS 
Repeatability I I LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 * Degrees 
Tracking Rate 10 Bits 1040 rps 

12Bits 260 260 rps 
14 Bits. 6S rps 
16 Bits 16.2S rps 

Bandwidth1 User Selectable 

ACCURACY 
Angular Accuracy H ±22 + 1 LSB arc min 

J ±30+1LSB ±8 + 1 LSB arc min 
K ±4 + 1 LSB arc min 
L ±2 + 1 LSB arc min 

Monotonicity Guaranteed Monotonic 
Missing Codes (16-Bit Resolution) ], K 4 Codes 

L 1 Code 

VELOCITY SIGNAL 
Linearity Over Full Range ±I ±3 * %FSD 
Reversion Error ±2 * %FSD 
DC Zero Offset' 6 * mV 
DC Zero Offset T empco -22 * µVi°C 
Gain Scaling Accuracy ±10 * %FSD 
Output Voltage I mALoad ±8 ±9 ±10.S * v 
Dynamic Ripple Mean Value l.S * % rms O/P 
Output Load 1.0 * k!1 

INPUT/OUTPUT PROTECTION 
Analog Inputs Overvoltage Protection ±8 * v 
Analog Outputs Short Circuit O/P Protection ±S.6 ±8 ±10.4 * mA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 
Output Format Bidirectional Natural Binary 
Load 3 * LS TTL 

INHIBIT' 
Sense Logic LO to Inhibit 
Time to Stable Data 600 * ns 

ENABLE' Logic LO Enables Position 
Output. Logic HI Outputs in 

--- High Impedance State 
ENABLE/Disable Time 3S 110 * ns 

BYTE SELECT3 

Sense 
Logic HI MS Byte DB1-DB8, 

(LS Byte DB9-DBl6)4 
Logic LO LS Byte bBl-DB8, 

(LS Byte DB9-DBl6)4 

Time to Data Available 60 140 * ns 

SHORT CYCLE INPUTS' Internally Pulled High 
(100kl1)to +Vs 

SCI SC2 
0 0 10 Bit 
0 I 12Bit 
I 0 14Bit 
I I 16Bit 

DATALOAD4 

Sense Internally Pulled High (100 kn) ISO 300 ns 
to +Vs; Logic LO Allows 
Data to Be Loaded into the 
Counters from the Data Lines 
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Parameter Conditions 

COMPLEMENT' Internally Pulled High (100 kfl) to 
+Vs; Logic LO to Activate; No 
Connect for Normal Operation 

BUSY3 

Sense Logic HI When Position O/P Changing 
Width 
Load Use Additional Pull-Up 

DIRECTION' 
Sense Logic HI Counting Up 

Logic LO Counting Down 
Max Load 

RIPPLE CLOCK' 
Sense Logic HI, All ls to All Os 

All Os to All ls 
Width Dependent On Input Velocity 
Reset Before Next Busy 
Load 

DIGITAL INPUTS ------
High Voltage, Vrn INHIBIT, ENABLE 

DBl-DBl6, Byte Select 
±Vs= ±10.8 V, VL = 5.0 V 

Low Voltage, V1L INHIBIT, ENABLE 
DBl-DBl6, Byte Select 
±Vs= ±13.2 v, VL = 5.0 v 

DIGITAL INPUTS ------
High Current, Im INHIBIT, ENABLE 

DBl-DBl6 
±Vs= ±13.2 V, VL = 5.5 V 

Low Current, 11L INHIBIT, ENABLE 
DBl-DBl6, Byte Select 
±Vs= ±13.2 V, VL = 5.5 V 

DIGITAL INPUTS ---
Low Voltage, V1L ENABLE= HI 

SCI, SC2, Data Load 
±Vs= ±12.0 V, VL = 5.0 V 

Low Current, I1L ENABLE= HI 
SC I, SC2, Data Load 
±Vs= ±12.0 V, VL = 5.0 V 

DIGITAL OUTPUTS 
High Voltage, V 0H DBl-DBl6; RIPPLE CLK, DIR 

±Vs= ±12.0V, VL = 4.5 V 
loH = 100 µA 

Low Voltage, VoL DBI- DBl6, RIPPLE CLK, DIR 
±Vs= ±12.0V, VL = 5.5 V 
IoL = 1.2 mA 

THREE-STATE LEAKAGE DBl-DBl6 Only 
Current IL +Vs= ±12.0 v, vL = 5.5 v 

V0L = 0 V 
+Vs= ±12.0 V, VL = 5.5 V 
VoH = 5.0V 

POWER SUPPLIES 
Voltage Levels 

+Vs 
-Vs 
+VL 

Current 
+ls ±Vs@ ±12V 
+ls ±Vs (fi ±13.2 V 
+JL ±VL@ ±5.0V 

NOTES 
1Refers to small signal bandwidth. 
20utput offset dependent on value for, R6. 
3Refer to timing diagram. 
4AD2S82A only. 

*Specifications same as AD2S8 !A. 
Specifications subject to change without notice. 

AD2S81 A/AD2S82A 

AD2S81A AD2S82A 
Min Typ Max Min Typ Max Units 

200 600 * ns 
I * LS TTL 

3 * LS TTL 

300 * 

3 * LS TTL 

2.0 * v 

0.8 * v 

±100 * µA 

±100 * µA 

1.0 * v 

-400 * µA 

2.4 * v 

0.4 * v 

±100 * µA 

±100 * µA 

+10.8 +13.2 * v 
-10.8 -13.2 * v 
+5 +13.2 * v 

±12 ±23 * mA 
±19 ±30 * mA 
±0.5 ±1.5 * mA 

All min and max specifications are guaranteed. Specifications in boldface are tested dn all production units at final electrical test. 
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AD2S81 A/AD2S82A 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs to -Vs) ...... ±12 V de ±10% 
Power Supply Voltage VL .............. +5 V de ± 10% 
Analog Input Voltage (SIN and COS) ....... 2 V rms ±10% 
Analog Input Voltage (REF) ............ 1 V to 8 V peak 
Signal and Reference Harmonic Distortion . . . . . . . 10% (max) 
Phase Shift Between Signal and Reference . ± 10 Degrees (max) 
Ambient Operating Temperature Range 

Commercial (JD, HP, JP, KP, LP) ........ 0°C to +70°C 

PIN DESIGNATIONS 

MNEMONIC DESCRIPTION 

REFERENCE l/P REFERENCE SIGNAL INPUT 

DEMOD l/P DEMODULATOR INPUT 

AC ERROR 0/P RATIO MULTIPLIER OUTPUT 

COS l/P COSINE INPUT 

ANALOG GROUND POWER GROUND 

SIGNAL GROUND RESOLVER SIGNAL GROUND 

SIN l/P SINE INPUT 

+Vs POSITIVE POWER SUPPLY 

DB1-DB16 PARALLEL OUTPUT DATA 

v, LOGIC POWER SUPPLY 

ENABLE LOGIC HI-OUTPUT DATA IN HIGH IMPEDANCE 
STATE, LOGIC, LO PRESENTS DATA TO THE 
OUTPUT LATCHES. 

BYTE SELECT LOGIC HI-MOST SIGNIFICANT BYTE TO DB1-DB8 
LOGIC LO-LEAST SIGNIFICANT BYTE TO DB1-DB8. 

INHIBIT LOGIC LO INHIBITS DATA TRANSFER TO OUTPUT 
LATCHES. 

DIGITAL GROUND DIGITAL GROUND 

SC1-SC2* SELECT CONVERTER RESOLUTION 

DATA LOAD* LOGIC LO DB1-D16 INPUTS 
LOGIC HI DB1-D16 OUTPUTS 

BUSY CONVERTER BUSY, DATA NOT VALID WHILE BUSY HI 
DIRECTION LOGIC STATE DEFINES DIRECTION OF INPUT SIGNAL 

ROTATION 

RIPPLE CLOCK POSITIVE PULSE WHEN CONVERTER OUTPUT 
CHANGES FROM 1S TO ALL OS OR VICA VERSA 

-Vs NEGATIVE POWER SUPPLY 

VCO l/P VCOINPUT 
INTEGRATOR l/P INTEGRATOR INPUT 
INTEGRATOR O/P INTEGRATOR OUTPUT 
DEMOD 0/P DEMODULATOR OUTPUT 

COMPLEMENT' ACTIVE LOGIC LO 
VCO O/P* VCO OUTPUT 

*AD2S82A ONLY. 

ORDERING GUIDE 

Operating 
Temperature Package 

Accuracy Range Option* 

AD2S81AJD 30 arc min 0°C to +70°C D-28 
AD2S82AHP 22 arc min 0°C to +70°C P-44A 
AD2S82AJP 8 arc min 0°C to +70°C P-44A 
AD2S82AKP 4 arc min 0°C to +70°C P-44A 
AD2S82ALP 2 arc min 0°C to +70°C P-44A 

*0 = Ceramic DIP Package; P = Plastic Leaded Chip Carrier 
(PLCC) Package. For outline information see Package 
Information section. 

CAUTION 

ABSOLUTE MAXIMUM RATINGS1 (with respect to GND) 
+Vs2 •••.••••••••..•.•••.•••••.••••• +14Vdc 
-Vs ................................ -14Vdc 
+VL ................................... +Vs 
Reference ......................... + 14 V to -Vs 
SIN ............................. +14 V to -Vs 
COS ............................ +14 V to -Vs 
Any Logical Input ............... -0.4 V de to +VL de 
Demodulator Input . . . . . . . . . . . . . . . . . . . + 14 V to - Vs 
Integrator Input . . . . . . . . . . . . . . . . . . . . . + 14 V to - Vs 
VCO Input ........................ +14 V to -Vs 
Power Dissipation ........................ 860 mW 
Operating Temperature 

Commercial (JD, HP, JP, KP, LP) ........ 0°c to +70°C 
Storage Temperature (All Grades) ........ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 

CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 

2. Correct polarity voltages must be maintained on the +Vs and -V 5 pins. 

PIN CONFIGURATIONS 

-v, 
RC 

DIA 

MSBDS1 BUSY 

DIGITAL GNO 

083 

086 .v, 
097 DB8LSB 

I!, 
!!: NC = NO CONNECT 

l1i !!: 0 
IC IC 

IC !!: rJ l1i ~ e 
Q ~ ~ c 

~ z Q !!: Q Q IC IC ~ 

" z ffi I ~ I ~ " 8 i 0 0 

" " LJ g g u; c c 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 volts, which 
readily accumulate on the human body and on test equipment, can discharge without detection. 
Although devices feature proprietary ESD protection circuitry, permanent damage may still occur 
on these devices if they are subjected to high energy electrostatic discharges. Therefore, proper 
precautions are recommended to avoid any performance degradation or loss of functionality. 

WARNING! c:J 
~~EDEVICE 
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r.ANALOG 
WDEVICES 

FEATURES 
Monolithic Tracking R/D Converter 
High Accuracy Velocity Output 
High Max Tracking Rate 1040 RPS (10 Bits) 
44-Pin PLCC Package 
10-, 12-, 14- or 16-Bit Resolution Set by User 
Ratiometric Conversion 
Stabilized Velocity Reference 
Dynamic Performance Set by User 
Industrial Temperature Range Versions 

APPLICATIONS 
DC and AC Servo Motor Control 
Process Control 
Numerical Control of Machine Tools 
Robotics 
Axis Control 

GENERAL DESCRIPTION 
The AD2S83 is a monolithic 10-, 12-, 14- or 16-bit tracking 
resolver-to-digital converter contained in a 44-pin PLCC pack
age. It is manufactured on Analog Devices' BiMOS II process 
that combines the advantages of CMOS logic and bipolar high 
accuracy linear circuits on the same chip. 

The converter allows users to select their own resolution and 
dynamic performance with external components. This allows the 
users great flexibility in defining the converter that best suits 
their system requirements. The converter allows users to select 
the resolution to be 10, 12, 14 or 16 bits and to track resolver 
signals rotating at up to 1040 revs per second (62,400 rpm) 
when set to 10-bit resolution. 

The AD2S83 converts resolver format input signals into a paral
lel natural binary digital word using a ratiometric tracking con
version method. This ensures high noise immunity and tolerance 
of long leads allowing the converter to be located remote from 
the resolver. 

The position output from the converter is presented via 3-state 
output pins which can be configured for operations with 8- or 
16-bit bus. BYTE SELECT, ENABLE and INHIBIT pins 
ensure easy data transfer to 8- and 16-bit data bus, and outputs 
are provided to allow for cycle or pitch counting in external 
counters. 

A precise analog signal proportional to velocity is also available 
and will replace a tachogenerator. 

The AD2S83 operates over reference frequencies in the range 
0 Hz to 20,000 Hz. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.B 

Variable Resolution, Monolithic 
Resolver-to-Digital Converter 

AD2S83 I 
FUNCTIONAL BLOCK DIAGRAM 

"' GND 

RIPPLE 
CLOCK 

PRODUCT HIGHLIGHTS 

REFERENCE .. 

High Accuracy Velocity Output. A precision analog velocity 
signal with a typical linearity of ±0.1 % and reversion error less 
than ±0.3% is generated by the AD2S83. The provision of this 
signal removes the need for mechanical tachogenerators used in 
servo systems to provide loop stabilization and speed control. 

Monolithic. A one-chip solution reduces the package size and 
increases the reliability. 

Resolution Set by User. Two control pins are used to select 
the resolution of the AD2S83 to be 10, 12, 14 or 16 bits 
allowing the user to use the AD2S83 with the optimum 
resolution for each application. 

Ratiometric Tracking Conversion. This technique provides 
continuous output position data without conversion delay and is 
insensitive to absolute signal levels. It also provides good noise 
immunity and tolerance to harmonic distortion on the reference 
and input signals. 

Dynamic Performance Set by the User. By selecting external 
resistor and capacitor values the user can determine bandwidth, 
maximum tracking rate and velocity scaling of the converter to 
match the system requirements. The external components re· 
quired are all low cost, preferred value resistors and capacitors, 
and the component values are easy to select using the free com
ponent selection software design aid. 

MODELS AVAILABLE 
Information on the models available is given in the section 
"Ordering Information." 
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AD2S83-SPEClflCATIQNS (±Vs= ±12 v de± 5%; VL = +5 v de± 10%; TA= -40°C to +85°Cl 

AD2S83J 
Parameter Conditions Min Typ Max Units 

SIGNAL INPUTS (SIN, COS) 
Frequency1 0 20,000 Hz 
Voltage Level l.S 2.0 2.2 V rms 
Input Bias Current 60 150 nA 
Input Impedance 1.0 Mil 

REFERENCEINPUT(REF) 
Frequency 0 20,000 Hz 
Voltage Level 1.0 s.o Vpk 
Input Bias Current 60 150 nA 
Input Impedance 1.0 Mil 

PERFORMANCE 
Repeatability I LSB 
Allowable Phase Shift (Signals to Reference) -10 +10 Degrees 
Max Tracking Rate 10 Bits 1040 rps 

12 Bits 260 rps 
14 Bits 65 rps 
16 Bits 16.25 rps 

Bandwidth User Selectable 

ACCURACY 
Angular Accuracy A ±8 +l LSB arc min 
Monotonicity Guaranteed Monotonic 
Missing Codes (16-Bit Resolution) A 4 Codes 

VELOCITY SIGNAL 
Linearitr' 3' 4 VCO Rate 0-500 kHz ±0.I ±0.25 % 

VCO Rate 500 kHz-1000 kHz ±0.25 ±1.0 % 
Reversion Error ±0.3 ±1.0 % Output 
DC Zero Offset' ±3 mV 
Gain Scaling Accuracy ±1.5 ±3 % FSR 
Output Voltage I mA Load ±S v 
Dynamic Ripple Mean Value 1.0 % rms O/P 

INPUT/OUTPUT PROTECTION 
Analog Inputs Overvoltage Protection ±S v 
Analog Outputs Short Circuit O/P Protection ±5.6 ±S ±10.4 mA 

DIGITAL POSITION 
Resolution 10, 12, 14, and 16 Bits 
Output Format Bidirectional Natural Binary 
Load 3 LS TTL 

INHIBIT6 ---
Sense Logic LO to INHIBIT 
Time. to Stable Data 240 390 490 ns 

ENABLE6 Logic LO Enables Position Output 
Logic HI. Outputs in High 

ENABLE6/Disable Time Impedance State 35 llO ns 

BYTE SELECT6 

Sense 
Logic HI MS Byte DBI-DBS 
Logic LO LS Byte DBI-DBS 
Time to Data Available 60 140 ns 

SHORT CYCLE INPUTS Internally Pulled High via 100 kil 
100 kl1 to +v, 

SCI SC2 
0 0 10-Bit Resolution 
0 I 12-Bit Resolution 
I 0 14-Bit Resolution 
I I 16-Bit Resolution 

COMPLEMENT Internally Pulled High via 100 kil 
to +V5 • Logic LO to Activate; 
No Connect for N orrnal Operation 
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Parameter Conditions 

DATA LOAD 
Sense Internally Pulled High via 100 k!1 

to +V,. Logic LO Allows 
Data to be Loaded into the Counters 

from the Data Lines 

BUSY6 • 7 

Sense Logic HI When Position O/P Changing 
Width 
Load Use Additional Pull-Up (See Figure 2) 

DIRECTION6 

Sense Logic HI Counting Up 
Logic LO Counting Down 

Max Load 

RIPPLE CLOCK6 

Sense Logic HI 
All ls to All Os 
All Os to All ls 

Width Dependent on Input Velocity 
Reset Before Next Busy 
Load 

DIGIT AL INPUTS ---- ----
Input High Voltage, Vm INHIBIT, ENABLE 

DBI-DB16, Byte Select 
±Vs= ±11.4 V, VL = 5.0 V 

Input Low Voltage, VIL INHIBIT, ENABLE 
DBI-DB16, Byte Select 
±Vs= ±12.6 V, VL = 5.0 V 

DIGITAL INPUTS ---- ----
Input High Current, Im INHIBIT, ENABLE 

DBI-DB16 
±Vs= ±12.6 V, VL = 5.5 V 
---- ----

Input Low Current, I1L INHIBIT, ENABLE 
DBI-DB16, Byte Select 
±Vs= ±12.6 V, VL = 5.5 V 

DIGIT AL INPUTS ----
Low Voltage, v,L ENABLE= HI ------

SCI, SC2, DATA LOAD 
±Vs= ±12.0 V, VL = 5.0 V 

Low Current, 11L ENABLE= HI 
SCI, SC2, DATA LOAD 
±Vs= ±12.0 V, VL = 5.0 V 

DIGITAL OUTPUTS 
High Voltage, VoH DBI-DB16 

RIPPLE CLK, DIR 
±Vs= ±12.0 V, VL = 4.5 V 
loH = 100 µA 

Low Voltage, VoL DBI-DB16 
RIPPLE CLK, DIR 
±Vs= ±12.0 V, VL = 5.5 V 
loL = 1.2 mA 

NOTES 
1Angular accuracy is not guaranteed <50 Hz reference frequency. 
'Linearity Derates from 500 kHz-1000 kHz @i 0.0017%/kHz. 
3Refer to Definition of Linearity, "The AD2S83 as a Silicon Tachogenerator.'' 
4Worst case reversion error at temperature extremes. 
5Velocity output offset dependent on value for R6. 
6Refer to timing diagram. 
7Busy pulse guaranteed up to a VCO rate of 900 kHz. 

AD2S83 
Min Typ Max 

150 300 

200 350 
1 

3 

300 

3 

2.0 

0.8 

±100 

±100 

1.0 

-400 

2.4 

0.4 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 

AD2S83 

Units 

ns 

ns 
LS TTL 

LSTTL 

ns 

LS TTL 

v 

v 

µA 

µA 

v 

µA 

v 

v 
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. AD2S83-SPEClflCATIQNS (±Vs= ±12 V de± 5%; VL = +5 V de± 10%; TA= -41l°C to +85"Cl 

AD2S83 
Parameter Conditions Min Typ Max 

THREE-STATE LEAKAGE DB1-DB16 Only 
Current IL ±Vs = ±12.0 V, VL = 5,5 V ±20 

VoL = OV 
±Vs= ±12.0 V, VL = 5.5 V ±20 
VoH = 5.0V 

RATIO MULTIPLIER 
AC Error Output Scaling 10 Bit 177.6 

12Bit 44.4 
14Bit 11.l 
16Bit 2.775 

PHASE SENSITIVE DETECTOR 
Output Offset Voltage 12 
Gain 

In Phase w.r.t. REF -0.882 -0.9 -0.918 
In Quadrature w.r.t. REF ±0.02 

Input Bias Current 60 150 
Input Impedance 1.0 
Input Voltage ±8 

INTEGRATOR 
Open-Loop Gain At lOkHz 57 j)O 63 
Dead Zone Current (Hysteresis) 90 100 110 
Input Offset Voltage l 5 
Input Bias Current 60 150 
Output Voltage Range ±8 

vco 
Maximum Rate l.l 
VCO Rate +ve DIR 8.25 8.50 8.75 

-ve DIR 8.25 8.50 8.75 
VCO Power Supply Sensitivity 

Rate +Vs +0.5 
-Vs -0.5 

Input Offset Voltage 3 
Input Bias Current 12 50 
Input Bias Current Tempco +0.22 
Linearity of Absolute Rate 

0 kHz-500 kHz ±0.l ±0.15 
500 kHz-1000 kHz ±0.15 ±1.0 

Reversion Error ±0.3 ±0.5 

POWER SUPPLIES 
Voltage Levels 

+Vs +ll.4 +12.6 
-Vs -ll.4 -12.6 
+VL +4.5 +5 +Vs 

Current 
±Is ±Vs@±l2V ±12 ±23 
±Is ±Vs@ ±12.6 V ±19 ±30 
±IL +VL@ ±5.0 V ±0.5 ±1.5 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 

Specifications subject to change without notice. 

ORDERING GUIDE 

Temperature Package 
Model· Range Accuracy Option* 

AD2S83AP -40°C to +85°C 8 arc min P-44A 

*P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 
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µA 

µA 

mV/Bit 
mV/Bit 
mV/Bit 
mV/Bit 

mV 

V rms/V de 
V rms/V de 
nA 
MO 
v 

dB 
nA/LSB 
mV 
nA 
v 

MHz 
kHz/µA 
kHz/µA 

%IV 
%IV 
mV 
nA 
nA/°C 

o/o 
o/o 
o/o Output 

v 
v 
v 

mA 
mA 
mA 
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AD2S83 
ABSOLUTE MAXIMUM RATINGS1 (with respect to GND) PIN DESIGNATIONS 
+Vs2 ••••••••.•••••••••••••••••••••• +13 V de 
-Vs2 ••••••••.•••••••••••••••••.•••• -13 V de 
+VL ................................... +Vs 
Reference . . . . . . . . . . . . . . . . . . . . . . . . . + 13 V to - Vs 
SIN ............................. +13 V to -Vs 
COS ............................ +13 V to -Vs 
Any Logic Input ................ -0.4 V de to +VL de 
Demodulator Input ................... + 13 V to - Vs 
Integrator Input . . . . . . . . . . . . . . . . . . . . . + 13 V to - Vs 
VCO Input ........................ +13 V to -Vs 
Power Dissipation ........................ 800 mW 
Operating Temperature 

Industrial (AP) ................... -40°C to +85°C 
Storage Temperature ................ -65°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ........... + 300°C 
CAUTION: 
1. Absolute Maximum Ratings are those values beyond which damage to the 

device may occur. 
2. Correct polarity voltages must be maintained on the +Vs and - Vs pins. 

RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+Vs' -V sl ........ ± 12 V de ± 5% 
Power Supply Voltage VL .............. +5 V de± 10% 
Analog Input Voltage (SIN and COS) ...... 2 V rms ± 10% 
Analog Input Voltage (REF) . . . . . . . . . . . . 1 V to 8 V peak 
Signal and Reference Harmonic Distortion ....... 10% (max) 
Phase Shift Between Signal and Reference . ± 10 Degrees (max) 
Ambient Operating Temperature Range 

Industrial (AP) ................... -40°C to + 85°C 

PIN CONFIGURATION 

(MSB) 081 

083 
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087 
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0 

NC" NO CONNECT 

!S 

8 

m 
c 

!S 
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AD2S83 
TOP VIEW 

(Not to Scale) 
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Pin 
Nos. Mnemonic 

DEMODO/P 
REFERENCE I/P 

AC ERROR O/P 

4 cos 
5 ANALOGGND 

6 SIGNAL GND 

7 SIN 

8 +Vs 

10-25 DB 1-DB 16 

26 +VL 
27 ENABLE 

28 BYTE SELECT 

30 INHIBIT 

31 DIGITAL GND 
32; 33 SC2-SCI 

34 DATA LOAD 

35 COMPLEMENT 

36 BUSY 

37 DIRECTION 

38 RIPPLE CLOCK 

39 -Vs 
40 VCO I/P 

41 VCO O/P 

42 INTEGRATOR O/P 

43 INTEGRATOR I/P 

44 DEMOD I/P 

ESD SENSITIVITY~----------------------
The AD2S83 features an input protection circuit consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charges Device Model). 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. For further information on ESD precautions, refer to Analog Devices ESD Prevention 
Manual. 

Description 

Demodulator Output 

Reference Signal Input 

Ratio Multiplier Output 

Cosine Input 

Power Ground 

Resolver Signal Ground 

Sine Input 

Positive Power Supply 

Parallel Output Data 

Logic Power Supply 

Logic HI-Output Data Pins in 
High Impedance State 
Logic LO-Presents Active Data 
to the Output Pins 

Logic HI-Most Significant Byte to 
DB1-DB8 
Logic LO-Least Significant Byte 
to DBI-DBS 

Logic LO Inhibits Data Transfer 
to Output Latches 

Digital Ground 

Select Converter Resolution 

Logic LO DB1-DB!6 Inputs 
Logic HI DBl-DB16 Outputs 

Active Logic LO 

Converter Busy, Data not Valid 
While Busy HI 

Logic State Defines Direction of 
Input Signal Rotation 

Positive Pulse When Converter Output 
Changes from ls to All Os or Vice Versa 
Negative Power Supply 

VCO Input 

VCO Output 

Integrator Output 

Integrator Input 

Demodulator Input 

WARNING! QJ 
~~EDEVICE 
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AD2S83 
Bit Weight Table 

Binary Resolution Degrees Minutes Seconds 
Bits (N) (NN) /Bit /Bit /Bit 

0 1 360.0 21600.0 1296000.0 
1 2 180.0 10800.0 648000.0 
2 4 90.0 5400.0 324000.0 
3 8 45.0 2700.0 162000.0 
4 16 22.5 1350.0 81000.0 

5 32 11.25 675.0 40500.0 
6 64 5.625 337.5 20250.0 
7 128 2.8125 168.75 10125.0 
8 256 1.40625 84.375 5062.5 
9 512 0.703125 42.1875 2531.25 

IO 1024 0.3515625 21.09375 1265.625 
II 2048 0.1757813 10.546875 632.8125 
12 4096 0.0878906 5.273438 316.40625 
13 8192 0.0439453 2.636719 158.20313 
14 16384 0.0219727 1.318359 79.10156 

15 32768 0.0109836 0.659180 39.55078 
16 65536 0.0054932 0.329590 19.77539 
17 131072 0.0027466 0.164795 9.88770 
18 262144 0.0013733 0.082397 4.94385 

CONNECTING THE CONVERTER 
The power supply voltages connected to +Vs and -Vs pins 
should be + 12 V de and -12 V de and must not be reversed. 
The voltage applied to VL can be +5 V de to +Vs. 

It is recommended that decoupling capacitors are connected in 
parallel between the power lines +Vs' - Vs and ANALOG 
GROUND adjacent to the converter. Recommended values are 
100 nF (ceramic) and 10 µF (tantalum). Also capacitors of 
100 nF and 10 µF should be connected between +VL and 
DIGITAL GROUND adjacent to the converter. 

SIN 

SIG GND 

cos 
GND 

t12V_ 

·12V 

DATA SC1 SC2 
LOAD 

SELECT 
GND 

When more than one converter is used on a card, separate 
decoupling capacitors should be used for each converter. 

The resolver signal connections. should be made to the SIN and 
COS inputs, REFERENCE INPUT and SIGNAL GROUND as 
shown in Figure 10 and described in section "CONNECTING 
THE RESOLVER." 

The two signal ground wires from the resolver should be joined 
at the SIGNAL GROUND pin of the converter to minimize the 
coupling between the sine and cosine signals. For this reason it 
is also recommended that the resolver is connected using indi
vidually screened twisted pair cables with the sine, cosine and 
reference signals twisted separately. 

SIGNAL GROUND and ANALOG GROUND are connected 
internally. ANALOG GROUND and DIGITAL GROUND 
must be connected externally and as close to the converter as 
possible. 

The external components required should be connected as 
shown in Figure 1. 

CONVERTER RESOLUTION 
Two major areas.of the AD2S83 specification can be selected by 
the user to optimize the total system performance. The resolu
tion of the digital output is set by the logic state of the inputs 
SCI and SC2 to be 10, 12, 14 or 16 bits; and the dynamic char
acteristics of bandwidth and tracking rate are selected by the 
choice of external components. 

The choice of the resolution will affect the values of R4 and R6 
which scale the inputs to the integrator and the VCO respec
tively (see section COMPONENT SELECTION). If the 
resolution is changed, then new values of R4 and R6 must be 
switched into the circuit: 

Note: When changing resolution under dynamic conditions, do 
so when BUSY is low, i.e., when data is not changing. 

PHASE 
SENSITIVE 
DETECTOR 

VCO +DATA 
TRANSFER 

OFFSET ADJUST 

vco 
VP 

vco 
O/P 

R9 

BANDWIDTH 
SELECTION 

C4 

VELOCITY 
SIGNAL 

Figure 1. Connection Diagram 
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CONVERTER OPERATION 
When connected in a circuit such as shown in Figure 10, the 
AD2S83 operates as a tracking resolver-to-digital converter. The 
output will automatically follow the input for speeds up to the 
selected maximum tracking rate. No convert command is neces
sary as the conversion is automatically initiated by each LSB 
increment, or decrement, of the input. Each LSB change of the 
converter initiates a BUSY pulse. 

The AD2S83 is remarkably tolerant of input amplitude and fre
quency variation because the conversion depends only on the 
ratio of the input signals. Consequently there is no need for 
accurate, stable oscillator to produce the reference signal. The 
inclusion of the phase sensitive detector in the conversion loop 
ensures high immunity to signals that are not phase or fre
quency coherent or are in quadrature with the reference signal. 

SIGNAL CONDITIONING 
The amplitude of the SINE and COSINE signal inputs should 
be maintained within 10% of the nominal values if full perfor
mance is required from the velocity signal. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than 10% 
will result in a loss in accuracy due to internal overload. Reduc
ing levels will result in a steady decline in accuracy. With the 
signal levels at 50% of the correct value, the angular error will 
increase to an amount equivalent to 1.3 LSB. At this level the 
repeatability will also degrade to 2 LSB and the dynamic re
sponse will also change, since the dynamic characteristics are 
proportional to the signal level. 

The AD2S83 will not be damaged if the signal inputs are 
applied to the converter without the power supplies and/or the 
reference. 

REFERENCE INPUT 
The amplitude of the reference signal applied to the converter's 
input is not critical, but care should be taken to ensure it is kept 
within the recommended operating limits. 

The AD2S83 will not be damaged if the reference is supplied 
to the converter without the power supplies and/or the signal 
inputs. 

HARMONIC DISTORTION 
The amount of harmonic distortion allowable on the signal and 
reference lines is 10%. 

Square waveforms can be used but the input levels should be 
adjusted so that the average value is I. 9 V rms. (For example, a 
square wave should be 1.9 V peak.) Triangular and sawtooth 
waveforms should have a amplitude of 2 V rms. 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

POSITION OUTPUT 
The resolver shaft position is represented at the converter out
put by a natural binary parallel digital word. As the digital posi
tion output of the converter passes through the major carries, 
i.e., all "ls" to all "Os" or the inverse, a RIPPLE CLOCK (RC) 
logic output is initiated indicating that a revolution or a pitch of 
the input has been completed. 
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AD2S83 
The direction of input rotation is indicated by the DIRECTION 
(DIR) logic output. This direction data is always valid in 
advance of a RIPPLE CLOCK pulse and, as it is internally 
latched, only changing state (I LSB min change in input) with a 
corresponding change in direction. 

Both the RIPPLE CLOCK pulse and the DIRECTION data are 
unaffected by the application of the INHIBIT. The static posi
tional accuracy quoted is the worst case error that can occur 
over the full operating temperature excluding the effects of 
offset signals at the INTEGRATOR INPUT (which can be 
trimmed out - see Figure 1), and with the following conditions: 
input signal amplitudes are within 10% of the nominal; phase 
shift between signal and reference is less than 10 degrees. 

These operating conditions are selected primarily to establish a 
repeatable acceptance test procedure which can be traced to 
national standards. In practice, the AD2S83 can be used well 
outside these operating conditions providing the above points 
are observed. 

VELOCITY SIGNAL 
The tracking converter technique generates an internal signal at 
the output of the integrator (INTEGRATOR OUTPUT) that is 
proportional to the rate of change of the input angle. This is a 
de analog output referred to as the VELOCITY signal. 

It is recommended that the velocity output be buffered. 

The sense is positive for an increasing angular input and nega
tive for decreasing angular input. The full-scale velocity output 
is ± 8 V de. The output velocity scaling and tracking rate are a 
function of the resolution of the converter; this is summarized 
below. 

Max Tracking Nominal Scaling 
Res Rate (rps) (rpsN de) 

10 1040 130 
12 260 32.5 
14 65 8.125 
16 16.25 2.03 

(Velocity O/P = ±8 V de nominal) 

The output velocity can be suitably scaled and used to replace a 
conventional DC tachogenerator. For more detailed information 
see "AD2S83 as a Silicon Tachogenerator" section. 

DC ERROR SIGNAL 
The signal at the output of the phase sensitive detector 
(DEMODULATOR OUTPUT) is the signal to be nulled by 
the tracking loop and is, therefore, proportional to the error 
between the input angle and the output digital angle. As the 
converter is a Type 2 servo loop, the demodulator output signal 
will increase if the output fails to track the input for any reason. 
This is an indication that the input has exceeded the maximum 
tracking rate of the converter or, due to some internal or exter
nal malfunction, the converter is unable to reach a null. By con
necting two external comparators, this voltage can be used as a 
"built-in-test." 
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AD2S83 
COMPONENT SELECTION 
The following instructions describe how to select the external 
components for the converter in order to achieve the required 
bandwidth and tracking rate. In all cases the nearest "preferred 
value" component should be used, and a 5% tolerance will not 
degrade the overall performance of the converter. Care should 
be taken that the resistors and capacitors will function over the 
required operating temperature range. The components should 
be connected as shown in Figure 1. 

Free PC compatible software is available to help users select the 
optimum component values for the AD2S83, and display the transfer 
gain, phase and small step response. 

For more detailed information and explanation, see sec
tion "CIRCUIT FUNCTIONS AND DYNAMIC 
PERFORMANCE." 

1. HF Filter (Rl, RZ, Cl, CZ) 
The function of the HF filter is to remove any de offset and 
to reduce the amount of noise present on the signal inputs to 
the ADZS83, reaching the Phase Sensitive Detector and 
affecting the outputs. RI and CZ may be omitted - in which 
case R2 = R3 and Cl = C3, calculated below - but their use 
is particularly recommended if noise from switch mode 
power supplies and brushless motor drive is present. 

Values should be chosen so that 

15 kn " Rl = RZ -o; 56 kn 

l 
Cl= CZ= Z 1T RlfREF 

and fREF = Reference frequency (Hz) 

This filter gives an attenuation of 3 times at the input to the 
phase sensitive detector. 

Z. Gain Scaling Resistor (R4) (See Phase Sensitive Demodulator 
Section) 
If Rl, CZ are fitted then: 

Eve I 
R4 = 100 x 10 9 x 3 n 

where 100 x l 0-9 = current/LSB 
If RI, CZ are not fitted then: 

Eve 
R4 = 100 x 10-9 n 

where Enc = 160 x 10-3 for 10 bits resolution 
= 40 x 10-3 for IZ bits 
= 10 x 10-3 for 14 bits 
= Z.5 x 10-3 for 16 bits 
= Scaling of the DC ERROR in volts/LSB 

3. AC Coupling of Reference Input (R3, C3) 
Select R3 and C3 so that there is no significant phase shift at 
the reference frequency. That is, 

with R3 inn. 

R3 = 100 kn 

l 
C3 > R3 ,. F 

X JREF 

4. Maximum Tracking Rate (R6) 
The VCO input resistor R6 sets the maximum tracking rate 
of the converter and hence the velocity scaling as at the max 
tracking rate, the velocity output will be 8 V. 
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Decide on your maximum tracking rate, "T," in revolutions 
per second. When setting the value for R6, it should be 
remembered that the linearity of the velocity output is 
specified across 0 kHz-500 kHz and SOO kHz-'1000 kHz. 
The following conversion can be used to determine the 
corresponding rps: 

rps = 
VCO Rate (Hz) 

zN 
Note that "T" must not exceed the maximum tracking rate or 
1/16 of the reference frequency. 

6.81 x 1010 

R6 = T x n n 

where n = bits per revolution 
= l,OZ4 for 10 bits resolution 
= 4,096 for lZ bits 
= 16,384 for 14 bits 
= 65,536 for 16 bits 

S. Closed-Loop Bandwidth Selection (C4, CS, RS) 
a. Choose the closed-loop bandwidth (fsw) required 

ensuring that the ratio of reference frequency to band
width does not exceed the following guidelines: 

Resolution 
10 

Ratio of Reference Frequency/Bandwidth 
z.s : l 

lZ 4 : l 
14 6 : l 
16 7.5 : l 

Typical values may be 100 Hz for a 400 Hz reference fre
quency and 500 Hz to 1000 Hz for a S kHz reference 
frequency. 

b. Select C4 so that 
Zl 

C4 = F 
R6 x fBw2 

with R6 in n and fsw in Hz selected above. 

c. CS is given by 

CS= 5 x C4 

d. RS is given by 
4 

RS = Z x 1T x fsw x CS n 
6. VCO Phase Compensation 

The following values of C6 and R7 should be connected as 
close as possible to the VCO output, Pin 41. 

C6 = 390 pF, R7 = 3.3 kn 

7. VCO Optimization 
To optimize the performance of the VCO a capacitor, C7, 
should be placed across the VCO input and output, Pins 40 
and 41. 

C7 = 150 pF 

8. Offset Adjust 
Offsets and bias currents at the integrator input can cause an 
additional positional offset at the output of the converter of l 
arc minute typical, S.3 arc minutes maximum. If this can be 
tolerated, then R8 and R9 can be omitted from the circuit. 

If fitted, the following values of RS and R9 should be used: 
RS = 4.7 Mn, R9 = l Mn potentiometer 
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To adjust the zero offset, ensure the resolver is disconnected 
and all the external components are fitted. Connect the COS 
pin to the REFERENCE INPUT and the SIN pin to the 
SIGNAL GROUND and with the power and reference 
applied, adjust the potentiometer to give all "Os" on the digi
tal output bits. 

The potentiometer may be replaced with select on test resistors 
if preferred. 

DATA TRANSFER 
To transfer data the "'1N=H""I"'B"'IT= input should be used. The data 
will be valid 490 ns after the application of a logic "LO" to the 
INHIBIT. This is regardless of the time when the INHIBIT is 
applied and allows time for an active BUSY to clear. By using 
the ENABLE input the two bytes of data can be transferred 
after which the INHIBIT should be returned to a logic "HI" 
state to enable the output latches to be updated. 

BUSY Output 
The validity of the output data is indicated by the state of the 
BUSY output. When the input to the converter is changing, the 
signal appearing on the BUSY output is a series of pulses at 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of one LSB and the internal 
counter is incremented or decremented. 

INHIBIT Input 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and, therefore, does 
not interrupt the operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
output data. 

ENABLE Input 
The ENABLE input determines the state of the output data. A 
logic "HI" maintains the output data pins in the high impedance 
condition, and the application of a logic "LO" presents the data 
in the latches at the output pins. The operation of the 
ENABLE has no effect on the conversion process. 

BYTE SELECT Input 
The BYTE SELECT input selects the byte of the position data 
to be presented at the data output pins DBI to DB8. The least 
significant byte will be presented on data output pins DB9 to 
DB16 (with the ENABLE input taken to a logic "LO") regard
less of the state of the BYTE SELECT pin. Note that when the 
AD2S83 is used with a resolution less than 16 bits the unused 
data lines are pulled to a logic "LO." A logic "HI" on the 
BYTE SELECT input will present the eight most significant 
data bits on data output pins DBI through DB8. A logic "LO" 
will present the least significant byte on data outputs I to 8, 
i.e., data outputs I to 8 will duplicate data outputs 9 to 16. 

The operation of the BYTE SELECT has no effect on the con
version process of the converter. 
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RIPPLE CLOCK 
As the output of the converter passes through the major carry, 
i.e., all "ls" to all "Os" or the converse, a positive going edge on 
the RIPPLE CLOCK (RC) output is initiated indicating that a 
revolution, or a pitch, of the input has been completed. 

The minimum pulse width of the ripple clock is 300 ns. 
RIPPLE CLOCK is normally set high before a BUSY pulse and 
resets before the next positive going edge of the next busy pulse. 

The only exception to this is when DIR changes while the RIP
PLE CLOCK is high. Resetting of the RIPPLE clock will only 
occur if the DIR remains stable for two consecutive positive 
BUSY pulse edges. 

If the AD2S83 is being used in a pitch and revolution counting 
application, the ripple and busy will need to be gated to prevent 
false decrement or increment (see Figure 2). 

RIPPLE CLOCK is unaffected by INHIBIT. 

+5V --tt----<-

10k 

RIPPLE 
IN4148 

CLOCK-4---.... -e-.... -~ 

+5V 

5k1 
IN4148 

BUSY_ .... __ __. 

TO COUNTER 
(CLOCK) 

NOTE: DO NOT USE ABOVE CCT WHEN INHIBIT IS LOW. 

Figure 2. Diode Transistor Logic Nand Gate 
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BUSY 

RIPPLE 
CLOCK 

DATA 

iNHiBiT 

DIR 

INHIBIT 

ENABLE 

DATA 

BYTE 
SELECT 

DATA 

Parameter TMIN * 
t1 200 
tz 10 
t, 470 
t4 16 
ts 3 

t6 70 
t7 485 
tg 515 

t, -

t10 40 

tu 35 

t12 60 
t13 60 

*ns 

DIRECTION Output 

TMAX 

350 
25 
580 
45 
25 

140 
625 
670 

490 

llO 
llO 
140 
125 

v, 
1~-----• 1 VH 

Digital Timing 

* Condition 

BUSY WIDTH VwVH 
RIPPLE CLOCK VH to BUSY VH 
RIPPLE CLOCK VL to Next BUSY VH 
BUSY VH to DATA VH 
BUSY VH to DATA VL 
INHIBIT V H to BUSY V H 
MIN DIR VH to BUSY VH 
MIN DIR VH to BUSY VH 
INHIBIT VL to DATA STABLE 

ENABLE VL to DATA VH 
ENABLE VL to DATA VL 
BYTE SELECT VL to DATA STABLE 
BYTE SELECT VH to DATA STABLE 

Fo'r Example: 

Initial Counter State 
Applied Data Word 
Counter State after DATA LOAD 

1 0 1 0 1 
1 1 0 0 0 
1 1 0 0 0 

The DIRECTION (DIR) output indicates the direction of the 
input rotation. Any change in the state of DIR precedes the cor
responding BUSY, DATA and RIPPLE CLOCK updates. DIR 
can be considered as an asynchronous output and can make 
multiple changes in state between two consecutive LSB update 
cycles. This occurs when the direction of rotation of the input 
changes but the magnitude of the rotation is less than 1 LSB. 

Initial Counter State 1 0 1 0 1 

COMPLEMENT 
The COMPLEMENT input is an active low input and is inter
nally pulled to +Vs via 100 kO. 

Strobing DATA LOAD and COMPLEMENT pins to logic LO 
will set the logic HI bits of the AD2S83 counter to a LO state. 
Those bits of the applied data which are logic LO will not 
change the corresponding bits in the AD2S83 counter. 
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Applied Data Word 1 1 0 0 (} 
Counter State after DATA LOAD and Complement 0 0 1 0 1 

In order to read the counter following a DATA LOAD, the pro
cedure below should be followed: 

I. Place Outputs in high impedance state (ENABLE = HI). 

2. Present data to pins. 

3. Pull DATA LOAD and COMPLEMENT pins to ground. 

4. Wait 100 ns. 

5. Remove data from pins. 

6. Remove outputs from high impedance state (ENABLE 
=LO). 

7. Read outputs. 
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VELOCITY ERRORS 
Some "ripple" or noise will always be present in the velocity 
signal. Velocity signal ripple is caused by, or related to, the fol
lowing parameters. The resulting effects are generally additive. 
This means diagnosis needs to be an iterative process in order to 
define the source of the error. 

1.0 Reference Frequency 
A ripple content at the reference frequency is superimposed 
on the velocity signal output. The amplitude depends on the 
loop bandwidth. This error is a function of a de offset at the 
input to Phase Sensitive Demodulator (PSD). 

2.0 Resolver Inaccuracies 
Impedance mismatch occur in the sine and cosine windings 
of the resolver. These give rise to differential phase shift 
between the sine and cosine inputs to the RDC and varia
tions in the resolver output amplitudes. 

2.1 Sine and Cosine Amplitude Mismatch 
This is normally identified by the presence of asymmetrical 
ripple voltages. 

2.2 Differential Phase Shift between the Sine and Cosine Inputs 
The frequency of this ripple is usually twice the input veloc
ity, and the amplitude is proportional to the magnitude of 
the velocity signal. The phase shift is normally induced 
through the connections from the resolver to the converter. 
Maintaining equal lengths of screened twisted pair cable 
from the resolver to the AD2S83 will reduce the effects of 
resistive imbalance, and therefore, reduce differential phase 
shift. 

3.0 LSB Update Ripple 
LSB update noise occurs as the resolver rotates and the dig
ital outputs of the RDC are updated. For a correctly scaled 
loop, this ripple component has a magnitude of approxi
mately 2 m V peak at 16-bit resolution. 

3.1 Ripple due to the LSB rate given by: 
LSB rate = N x Reference Frequency 

The PSD generates sums and differences of all its compo
nent input frequencies, so when the LSB. update rate is an 
multiple of the reference frequency, a beat frequency is gen
erated. The magnitude of this ripple is a function of the 
LSB weighting, i.e., ripple is less at 16 bits. 

4.0 Torque Ripple 
Torque ripple is a phenomenon associated with motors. An 
ac motor naturally exhibits a sinusoidal back emf. In an 
ideal system the current fed to the motor should, in order to 
cancel, also be sinusoidal. In practice the current is often 
trapezoidal. Consequently, the output torque from the 
motor will not be smooth and torque ripple is created. If 
the loading on a motor is constant, the velocity of the motor 
shaft will vary as a result of the cyclic variation of motor 
torque. The variation in velocity then appears on the veloc
ity output as ripple. This is not an error but a true velocity 
variation in the system. 
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Offset Errors 
The limiting factor in the measuring of low or "creep" speeds is 
the level of de offset present at zero velocity. The zero velocity 
de offset at the output of the AD2S83 is a function of the input 
bias current to the VCO and the value for the input resistor R6. 
See "Circuit Functions and Dynamic Performance VCO." 

The offset can be minimized by reducing the maximum tracking 
rate so reducing the value for R6. Offset is a function of track
ing rate and therefore resolution; the de offset is lowest at 16 
bits. To increase the dynamic range of the velocity dynamic res
olution switching can be employed. (Contact MCG Applications 
for more information.) 

CONNECTING THE RESOLVER 
The recommended connection circuit is shown in Figure 10. 

In cases where the reference phase relative to the input sig-
nals from the resolver requires adjustment, this can be easily 
achieved by varying the value of the resistor R2 of the HF filter 
(see Figure 1). 

Assume that RI = R2 = R and Cl = C2 = C 
1 

and Reference Frequency = 2 7T RC . 

By altering the value of R2, the phase of the reference relative 
to the input signals will change in an approximately linear man
ner for phase shifts of up to 10 degrees. 

Increasing R2 by 10% introduces a phase lag of 2 degrees. 
Decreasing R2 by 10% introduces a phase lead of 2 degrees. 

PHASE LEAD= ARC TAN - 1 -
2nfRC 

C R 

PHASE LAG= 
ARC TAN 2rtfRC 

o-1T 
PHASE SHIFT CIRCUITS 

Figure 9. Phase Shift Circuits 
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AD2S83 
TYPICAL CIRCUIT CONFIGURATION 
Figure 10 shows a typical circuit configuration for the AD2S83 
with 12-bit resolution. Values of the external components have 
been chosen for a reference frequency of 5 kHz and a maximum 
tracking rate of 260 rps with a bandwidth of 520 Hz. Placing 
the values for R4, R6, C4 and CS in the equation for KA gives a 
value of 2.7 x 106 • The resistors are 0.125 W, 5% tolerance pre
ferred values. The capacitors are 100 V ceramic, 10% tolerance 
components. 

(REFERENCE ___,1----+--H·-e----li--. 
1 · INPUT 

RESOLVER 100nF 

SIGNAL 

COS HIGH ___,t---+-------. REF LOW _,I-_____ _, 

COS LOW -.ii-------. 
SIN LOW _,1------

R2 
15kll 

For signal and reference voltages greater than 2 V rms a simple 
voltage divider circuit of resistors can be used to generate the 
correct signal level at the converter. C!U"e should be taken to 
ensure that the ratios of the resistors between the sine signal line 
and grounc! and the cosine signal line and ground are the same. 
Any difference will result in an additional position error. 

R9 
1MO 

RB 
4.7Mll 

C5 
6.BnF 

100nF 

6 5 4 3 2 1 44 43 42 41 40 
$1N HIGH -li-o----~ 

+121/ -----'I 
r~· 

DATA 
OUTPUT 

l 
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39 

38 

37 

36 

AD2S83 35 

TOP VIEW 34 
(Not to scale) 33 

32 

31 

30 

29 

RIPPLE CLOCK 

DIRECTION 

BUSY 

DATii Lc5Aii 

SC2 ---------.--- ov· 

iNtiiiiiT 

NOTE: R7, CG AND C.7 SHOULD BE CONNECTED AS 
CLOSE AS POSSIBLE TO THE CONVERTER PINS. 
SIGNAL SCREENS SHOULD BE CONNECTED TO PIN 5 

Figure 10. Typical Circuit Configuration 
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~ANALOG 
WDEVICES 

FEATURES 
Complete Monolithic Resolver-to-Digital Converter 
Incremental Encoder Emulation (1024-Line) 
Absolute Serial Data (12-Bit) 
Differential Inputs 
12-Bit Resolution 
Industrial Temperature Range 
20-Pin PLCC 
Low Power (50 mW) 

APPLICATIONS 
Industrial Motor Control 
Servo Motor Control 
Industrial Gauging 
Encoder Emulation 
Automotive Motion Sensing and Control 
Factory Automation 
Limit Switching 

GENERAL DESCRIPTION 
The AD2S90 is a complete 12-bit resolution tracking resolver-to
digital converter. No external components are required to oper
ate the device. 

The converter accepts 2 V rms ± 10% input signals in the range 
3-20 kHz on the SIN, COS and REF inputs. A Type II servo 
loop is employed to track the inputs and convert the input SIN 
and COS information into a digital representation of the input 
angle. The bandwidth of the converter is set internally at I kHz. 
The maximum tracking rate is 375 rps at 12-bit resolution. 

Angular position output information is available in two forms, 
absolute serial binary and incremental A quad B. 

The absolute serial binary output is 12-bit (l in 4096). The data 
output pin is high impedance when Chip Select CS is logic HI. 
This allows the connection of multiple converters onto a com
mon bus. Absolute angular information in serial pure binary 
form is accessed by CS followed by the application of an exter
nal clock (SCLK) with a maximum rate of 2 MHz. 

The encoder emulation outputs A, B and NM continuously pro
duce signals equivalent to a 1024 line encoder. When decoded 
this corresponds to 12-bits resolution. Three common north 
marker pulse widths are selected via a single pin (NMC). 

An analog velocity output signal provides a representation of 
velocity from a rotating resolver shaft travelling in either a 
clockwise or counterclockwise direction. 

REV. B 

Low Cost, Complete 12-Bit 
Resolver-to-Digital Converter 

AD2S90 I 
FUNCTIONAL BLOCK DIAGRAM 

SIN 

SINLO 

cos 
COS LO 

NMC ..,._..,.,,,_,... ___ 

A 

B 
NM _......_ _~ -' 

cso-----+(~~~ 

REF 

The AD2S90 operates on a ±5 V de± 5% power supplies and 
is fabricated on Analog Devices' Linear Compatible CMOS pro
cess (LC2MOS). Lc2MOS is a mixed technology process that 
combines precision bipolar circuits with low power CMOS logic 
circuits. 

PRODUCT HIGHLIGHTS 
Complete Resolver-Digital Interface. The AD2S90 provides 
the complete solution for digitizing resolver signals (12-bit reso
lution) without the need for external components. 

Dual Format Position Data. Incremental encoder emulation in 
standard A QUAD B format with selectable North Marker 
width. Absolute serial 12-bit angular binary position data 
accessed via simple 3-wire interface. 

Single High Accuracy Grade in Low Cost Package. ± 10.6 arc -
minutes of angular accuracy available in a 20-pin PLCC. 1 

Low Power. Typically 50 mW power consumption. 

MOTION CONTROL PRODUCTS 16-27 



AD2s90 -SPEClflCAJIQNS (Yoo= +5 V ± 53 •. Yss = -5 V ± 53, AGND = OGND = o V, TA= -40°C to 
+85°C unless otherwise noted) . 

Parameter Min 

SIGNAL INPUTS 
Voltage Amplitude 1.8 

Frequency 3 
Input Bias Current 
Input Impedance 1.0 
Common-Mode Volts1 

CMRR 60 

REFERENCE INPUT 
Voltage Amplitude 1.8 
Frequency 3 
Input Bias Current 
Input Impedance 100 
Permissible Phase Shift -10 

CONVERTER DYNAMICS 
Bandwidth 700 
Maximum Tracking Rate 375 
Maximum VCO Rate (CLKOUT) 1.536 
Settling Time 

1° Step 
179° Step 

ACCURACY 
Angular Accuracy2 

Repeatability' 

VELOCITY OUTPUT 
Scaling 127.S 
Output Voltage at max rps ±2.17 
Load Drive Capability 

LOGIC INPUTS SCLK, CS 
Input High Voltage (V INH) 3.5 
Input Low Voltage (V INL) 
Input Current (I IN) 
Input Capacitance 

LOGIC OUTPUTS DATA, A, B,4 

NM, CLKOUT, DIR 
Output High Voltage 4.0 
Output Low Voltage 

SERIAL CLOCK (SCLK) 
SCLK Input Rate 

NORTH MARKER CONTROL (NMC) 
90° +4.75 
180° -0.75 
360° -4.75 

POWER SUPPLIES 
Yoo +4.75 
Vss -4.75 
loo 
lss 

NOTES 
11fthe tolerance on signal inputs= ±5%, then CMV = 200 mV. 
21 LSB = 5.3 arc minute. 
3Specified a~ constant temperature. 
40utput load drive capability. 
Specifications subject to change without notice. 
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Typ Max Units Test. Condition 

2.0 2.2 Vrms Differential SIN to SIN LO, 
COS to COS LO 

20 kHz 
100 nA VIN= 2 ± 10% Vrms 

Mn VIN = 2 ± 10% V rms 
100 mVpeak CMV@ SINLO, COSLO w.r.t. 

dB AGND@ lOkHz 

2.0 3.35 Vrms 
20 kHz 
100 nA 

kn 
+10 Degrees Relative to SIN, COS Inputs 

840 1000 Hz 
rps 
MHz 

7 ms 
20 ms 

±10.6 +I LSB arc min 
1 LSB 

ISO 172.S rpsNdc 
±2.875 V de 
±250 µA VouT = :±.2.5 V de 

V de V00 = +S V de, Vss = -5 V de 
1.5 V de V00 = +S V de, Vss = -5 V de 
10 µA 
10 pF 

V00 = +5 V de, Vss = -5 V de 
V de loH=lmA 

1.0 V de loL=lmA 
0.4 V de loL = 400 µA 

2 MHz 1: 1 Mark Space Ratio 

+s.o +S.25 V de North Marker Width Relative to 
DGND +0.75 V de to "A" Cycle 
-s.o -5.25 V de 

+5.00 +5.25 Vdc 
-5.00 -5.25 Vdc 

7 mA 
9 mA 
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AD2S90 
TIMING CHARACTERISTICS1, 2 CVaa = +5 Y.± 5% Yss = -5 V ± 5%, AGND = DGND = 0 V, TA= -40°C to +85°C 

unless otherwise noted.) 

CSB 

*THE MINIMUM ACCESS TIME: USER DEPENDENT 

Serial Interface 

Parameter AD2S90 Units 

t1 150 nsmax 
ti• 600 nsmin 
t, 250 nsmin 

ti 250 nsmin 
ts 100 nsmax 
t,; 600 nsmin 
t1 150 nsmax 

1SCLK can only be applied after t2 has elapsed. 

A 

el __ L 
/

90· n --- ----

""( 
t 

NUMBER OF DEGREES REFERS TO WIDTH RELATIVE TO 'A ' CYCLE 

Incremental Encoder 

AD2S90 
Parameter Min Max Units 

tmR 200 ns 

1:ct.K 250 400 ns 
tABN 250 ns 

NOTES 

CK OUT 

A,B,NM 

DIR 

Test Conditions/Notes 

CS to DAT A Enable 
CS to lst SCLK Negative Edge 
SCLK Low Pulse 
SCLK High Pulse 
SCLK Negative Edge to DATA Valid 
CS High Pulse Width 
CS High to DATA High Z (Bus Relinquish) 

COUNTER IS CLOCKED ON 
THIS EDGE 

to1R 

DIRICLKOUT/AB and NM Timing 

Test Conditions/Notes 

DIR to CLKOUT Positive Edge 
CLKOUT Pulse Width 
CLKOUT Negative Edge to A, B & NM Transition 

'Timing data are not 100% production tested. Sample tested at + 25"C only to ensure conformance to data sheet limits. Logic output timing tests carried out 
using 10 pF, 'UX) kO load. 

'Capacitance of data pin in high impedance state = 15 pF. 
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AD2S90 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (V00-Vssl ......... ±S V de± S% 
Analog Input Voltage (SIN, COS & REF) ... 2 V rms ± 10% 
Signal and Reference Harmonic Distortion ........... 10% 
Phase Shift between Signal and Reference ........... ± 10° 
Ambient Operating Temperature Range 

Industrial (AP) . . . . . . . . . . . . . . . . . . . -40°C to + 8S°C 

ABSOLUTE MAXIMUM RATINGS* 
V00 to AGND ............... -0.3 V de to +7.0 V de 
Vss to AGND ................ +0.3 V de to -7.0 V de 
AGND to DGND ......... -0.3 V de to V00 + 0.3 V de 
Analog Inputs to AGND 

REF ............. Vss - 0.3 V de to V00 + 0.3 V de 
SIN, SIN LO ....... Yss - 0.3 V de to V00 + 0.3 V de 
COS, COS LO ...... Vss - 0.3 V de to V00 + 0.3 V de 

Analog Output to AGND 
VEL ............................. Vss to V00 

Digital Inputs to DGND, CSB, 
SCLK, RES ........... -0.3 V de to V 00 + 0.3 V de 

Digital Outputs to DGND, NM, A, B, 
DIR, CLKOUT DATA .... -0.3 V de to V00 + 0.3 V de 

Operating Temperature Range 
Industrial (AP) ................... -40°C to +8S°C 

Storage Temperature Range ........... -6S°C to + lS0°C 
Lead Temperature (Soldering 10 secs) ............. 300°C 
Power Dissipation to +7S°C ................. 300 mW 
Derates above +7S°C by .................. 10 mWl°C 
*Stresses above those listed in "Absolute Maximum Ratings" may cause per
manent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

ORDERING INFORMATION 

Model Temperature Range Accuracy Package Option* 

AD2S90AP -40°C to +8S°C 8 arc min P-20A 

*P = Plastic Leaded Chip Carrier. For outline information see 
Package Information section. 

g Q g 

~ ~ ~ 8 8 

PIN DESCRIPTIONS 

Pin 
No. Mnemonic Function 

AGND 

2 SIN 

3 SIN LO 

4 DATA 

SCLK 

6 cs 

7 A 

8 B 

9 NM 

10 DIR 

11 DGND 

12 Yss 
13 Yoo 
14 Yoo 

IS NMC 

16 CLKOUT 

17 VEL 

Analog ground, reference ground. 

SIN channel noninverting input connect 
to resolver SIN HI output. SIN to SIN 
LO = 2 V rms ± 10%. 

SIN channel inverting input connect to 
resolver SIN LO. 

Serial interface data output. High impedance 
with CS = HI. Enabled by CS = 0. 

Serial interface clock. Data is clocked out on 
"first" negative edge of SCLK after a LO transi
tion on CS. 12 SCLK pulses to clock data out. 

Chip select. Active LO. Logic LO transi-
tion enables DATA output. 

Encoder A output. A leads B for increasing 
angular rotation. 

Encoder B output. 

Encoder North Marker emulation output. 
Pulse triggered as code passes through zero. 
Three common pulse widths available. 

Indicates direction of rotation of input. 
Logic HI = increasing angular rotation. 
Logic LO = decreasing angular rotation. 

Digital power ground return. 

Negative power supply, -S V de± S%. 

Positive power supply, +S V de ± S%. 

Positive power supply, +S V de ± S%. 
Must be connected to Pin 13. 

North marker width control. Internally 
pulled HI via SO kO nominal. 

Internal VCO clock output. Indicates 
angular velocity of input signals. Max 
nominal rate = l.S36 MHz. CLKOUT is a 
300 ns positive pulse. 

Indicates angular velocity of input signals. 
Positive voltage w.r.t. AGND indicates 
increasing angle. FSD = 37S rps. 

18 REF Converter reference input. Normally 
derived from resolver primary 
excitation. REF = 2 V rms nominal. 
Phase shiftw.r.t. COS and SIN= ±10°max 

19 COS LO COS channel inverting input. Connect 
to resolver COS LO. 

20 COS COS channel noninverting input. 
Connect to resolver COS HI output. 
COS = 2 V rms ± 10%. 

ESDSENSITIVITY~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
The AD2S90 features an input protection circuit consisting of large "distributed" diodes and 
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast, 
low energy pulses (Charges Device Model). 

Proper ESD precautions are strongly recommended to avoid functional damage or performance 
degradation. For further inforrnation on ESD precautions, refer to Analog Devices ESD Prevention 
Manual. 
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RESOLVER FORMAT SIGNALS 
A resolver is a rotating transformer which has two stator wind
ings and one rotor winding. The stator windings are displaced 
mechanically by 90° (see Figure 1). The rotor is excited with an 
ac reference. The amplitude of subsequent coupling onto the 
stator windings is a function of the position of the rotor (shaft) 
relative to the stator. The resolver, therefore, produces two out
put voltages (S3-Sl, S2-S4) modulated by the SINE and 
COSINE of shaft angle. Resolver format signals refer to the sig
nals derived from the output of a resolver. Equation I illustrates 
the output form. 

S3-SI = Ea SIN wt • SINO 
SZ-S4 = Ea SIN wt • COSO 

where: 0 = shaft angle 
SIN wt = rotor excitation frequency 
Ea = rotor excitation amplitude 

Principle of Operation 

(1) 

The AD2S90 operates on a Type 2 tracking closed-loop princi
ple. The output continually tracks the position of the resolver 
without the need for external convert and wait states. As the 
transducer moves through a position equivalent to the least sig
nificant bit weighting, the output is updated by one LSB. 

On the AD2S90, CLKOUT updates corresponding to one LSB 
increment. If we assume that the current word state of the 
up-down counter is <f>, S3-Sl is multiplied by COS <f> and S2-S4 
is multiplied by SIN <f> to give: 

Ea SIN wt • SIN 0 COS<f> 
Ea SIN wt • COS 0 SIN<!> 

An error amplifier subtracts these signals giving: 

or 
Ea SIN 0 • (SIN 0 COS <f>-COS 0 SIN <f>) 

Ea SIN wt • SIN (6-<f>) 
where (6-<f>) = angular error 

(2) 

(3) 

POWER RETURN 

AD2S90 
A phase sensitive detector, integrator and voltage controlled 
oscillator (VCO) form a closed loop system which seeks to null 
sin ( 0-<f>). When this is accomplished the word state of the 
up/down counter, <f>, equals within the rated accuracy of the 
converter, the resolver shaft angle 0. 

For more information on the operation of the converter, see 
Circuit Dynamics section. 

S2TOS4 l+lf++t+t.,....._.~rt+~~++~l++_,.,,rtt-t+++-H-1 
(COS) 

S3TOS1 ""''*+-H++++++H-f+l-'......,'\-+-l+-i+++t-++H-f-\.f.1.....-1 
(SIN) 

R2TOR4 1+1f-H+J--t+il+-"H-1++-l+H-1f-H+J--t+HHH-l++H-1-H 
(REF) 

90" 180" 270" 360" 

Figure 1. Electrical and Physical Resolver Representation 

Figure 2. Connecting the AD2590 to a Resolver 
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AD2S90 
Connecting The Ccmverter 
Refer to Figure 2. Positive power supply V00 = +5 V de ± 
5% should be connected .to Pin 13 & Pin 14 and negative power 
supply V ss = -5 V de ± 5% to Pin 12. Reversal of these 
power supplies will destroy the device. S3 (SIN) and S2 (COS) 
from the resolver should be connected to the SIN and COS pins 
of the converter. S 1 (SIN) and S4 (COS) from the resolver 
should be connected to the SINLO and COSLO pins of the 
converter. The maximu!Jl signal level of either the SIN or COS 
resolver outputs should be 2 V rms ± 10%. The AD2S90 
AGND pin is the point at which all analog signal grounds 
should be star connected. The SIN LO and COS LO pins on 
the AD2S90 should be connected to AGND. Separate screened 
twisted cable pairs are recommended for all analog inputs SIN, 
COS, and REF. The screens should terminate at the converter 
AGNDpin. 

North marker width selection is controlled by Pin 15, NMC. 
Application of Vorn 0 V, or Vss to NMC will select standard 
90°, 180° and 360° pulse widths. If unconnected, the NM pulse 
defaults to 90°. For a more detailed description of the output 
formats available see the Position Output section. 

ABSOLUTE POSITION OUTPUT 
SERIAL INTERFACE 
Absolute angular position is represented by serial binary data 
and is extracted via a three wire interface, DATA, CS and 
SCLK. The DAT A output is held in a high impedance state 
when CS is HI. 

Upon the application of a Logic LO to the CS pin, the DATA 
output is enabled and the current angular information is trans
ferred from the counters to the serial interface. Data is retrieved 
by applying an external clock to the SCLK pin. The maximum 
data rate of the SCLK is 2 MHz. To ensure secure data retrieval 
it is important to note that SCLK should not be applied until a 
minimum period of 600 ns after the application of a Logic LO 
to CS. Data is then clocked out, MSB first, on successive nega
tive edges of the SCLK; 12 clock edges are required to extract 
the full 12 bits of data. Subsequent negative edges greater than 
the defined resolution of the converter will clock zeros from the 
data output if CS remains in a low state. 

If a resolution of less than 12 bits is required, the data access 
can be terminated by releasing CS after the required number of 
bits have been read. 

*THE MINIMUM ACCESS TIME: USER DEPENDENT 

Figure 3. Serial Read Cycle 

CS can be released a minimum of 100 ns after the last negative 
edge. If the user Is reading data continuously, CS can be reap
plied a minimum of 250 ns after it is released (see Figure 3). 
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The maximum read time is given by: (12-bits read @ 2 MHz) 
Max RD Time = [600 + (12 x 500) + 600 + 100] = 7.30 µ.s. 

INCREMENTAL ENCODER OUTPUTS 
The incremental encoder emulation outputs A, B and NM are 
free running and are always valid, providing that valid resolver 
format input signals are applied to the converter. 

A 

B 

INCREASING ANGLE -
;oo·-~n~---,--

·NM 180° nL------\_.____. L 
t 

NUMBER OF DEGREES REFERS TO WIDTH RELATIVE TO " A "CYCLE 

*SELECT ABLE WITH THREE • LEVEL 
CONTROL PIN" MARKER" DEFAULT 
TO 00° USING INTERNAL PULL· UP. 

LEVEL 

+Voo 
0 

-Vss 

Figure 4. A, B & NM Timing 

WIDTH oo· 
180" -· 

The AD2S90 emulates a 1024-line encoder. Relating this to con
verter resolution means one revolution produces 1024 A, B 
pulses. A leads B for increasing angular rotation. The addition 
of the DIR output negates the need for external A and B direc
tion decode logic. DIR is HI for increasing angular rotation. 

The north marker pulse is generated as the absolute angular 
position passes through zero. The AD2S90 supports the three 
industry standard widths controlled using the NMC pin. Figure 
4 details the relationship between A, B and NM. The width of 
NM is defined relative to the A cycle. 

Unlike incremental encoders, the AD2S90 encoder output is not 
subject to error specifications such as cycle error, eccentricity, 
pulse and state width errors, count density and phase <p. 

The maximum speed rating, n, of an encoder is calculated from 
its maximum switching frequency, fmax• and its ppr (pulses per 
revolution). 

60 X fmax 
n = PPR 

The AD2S90 A, B pulses are initiated from CLKOUT which 
has a maximum frequency of 1.536 MHz. The equivalent 
encoder switching frequency is: 

114 x 1.536 MHz = 384 kHz (4 updates = 1 pulse) 

At 12 bits the ppr = 1024, therefore the maximum speed, n, of 
the AD2S90 is: 

60 x 384000 
n = 1024 = 22500 rpm 

This compares favorably with encoder specifications where fmax 
is specified from 20 kHz (photo diodes) to 125 kHz (laser based) 
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depending on the light system used. A 1024 line laser-based 
encoder will have a maximum speed of 7300 rpm. 

The inclusion of A, B outputs allow the AD2S90 + resolver 
solution to replace optical encoders directly without the need to 
change or upgrade existing application software. 

VELOCITY OUTPUT 
The analog velocity output VEL is scaled to produce ISO rps/V 
de ± I 5%. The sense is positive V de for increasing angular 
rotation. VEL can drive a maximum load combination of 10 k!1 
and 30 pF. The internal velocity scaling is fixed. 

POSITION CONTROL 
The rotor movement of de or ac motors used for servo control is 
monitored at all times. Feedback transducers used for this pur
pose detect either relative position in the case of an incremental 
encoder or absolute position and velocity using a resolver. An 
incremental encoder only measures change in position not actual 
position. 

Closed Loop Control Systems 
The primary demand for a change in position must take into 
account the magnitude of that change and the associated acceler
ation and velocity characteristics of the servo system. This is 
necessary to avoid "hunting" due to over- or underdamping of 
the control employed. 

A position loop needs both actual and demand position informa
tion. Algorithms consisting of proportional, integral and deriva
tive control (PID) may be implemented to control the velocity 
profile. 

A simplified position loop is shown in Figure S. 

Figure 5. Position Loop 

MOTION CONTROL PROCESSES 
Advanced VLSI designs mean that silicon system blocks are 
now availab.le to achieve high performance motion control in 
servo systems. 

I 
I 
I 
I 
I 

OP~ONAL I 
VELOCITY I 

iN, A, B L--=:======--f7,;:;;;;;;l FEEDBACK I 

ABSOLUTE 
POSITION 

_ ~S~L~~ _: 

Figure 6. Practical Implementation of the AD2S90 
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AD2S90 
A digital position control system using the AD2S90 is shown in 
Figure 6. In this system the task of determining the acceleration 
and velocity characteristics is fulfilled by programming a trape
zoidal velocity profile via the I/O port. 

As can be seen from Figure 6 encoder position feedback infor
mation is used. This is a popular format and one which the 
AD2S90 emulates thereby facilitating the replacement of encod
ers with an AD2S90 and a resolver. However, major benefits 
can be realized by adopting the resolver principle as opposed to 
the incremental technique. 

Incremental feedback based systems normally carry out a peri
odic check between the position demanded by the controller and 
the increment position count. This requires software and hard
ware comparisons and battery backup in the case of power fail
ure. If there is a supply failure and the drive system moves, 
unless all parts of the system are backed up, a reset to a known 
datum point needs to take place. This can be extremely hazard
ous in many applications. The AD2S90 gets round this problem 
by supplying an absolute position serial data stream upon 
request, thus removing the need to reset to a known datum. 

DSP Interfacing 
The AD2S90 serial output is ideally suited for interfacing to 
DSP configured microprocessors. Figures 7 to IO illustrate how 
to configure the AD2S90 for serial interfacing to the DSP. In all 
cases the AD2S90 is configured for 12-bit operation. 

ADSP-2105 Interfacing 
Figure 7 shows the AD2S90 interfaced to an ADSP-2105. The 
on-chip serial port of the ADSP-2105 is used in alternate fram
ing receive mode with internal framing (internally inverted) and 
internal serial clock generation (externally inverted) options 
selected. In this mode the ADSP-2105 provides a .CS and a 
serial clock to the AD2S90. The serial clock is inverted to pre
vent timing errors as a result of both the AD2S90 and ADSP-
2105 clock data on the negative edge of SCLK. The first data 
bit is void; 12-bits of significant data then follow on each con
secutive negative edge of the clock. Data is clocked from the 
AD2S90 into the data receive register of the ADSP-2105. This is 
internally set to 13 bit (12 bits and one "dummy" bit) when 13 
bits are received. The serial port automatically generates an 
internal processor interrupt. This allows the ADSP-2105 to read 
12 significant bits at once and continue processing. 

The ADSP-2101, ADSP-2102, ADSP-2111 and 21msp50 can all 
interface to the AD2S90 with similar interface circuitry. 

SCLK 
_,.,, 

SCLK ~ 

ADSP 
RFS cs AD2S90 

2105 

DR~ DATA 

*ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 7. ADSP-2105/AD2S90 Serial Interface 
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AQ2S90 
TMS32020 Interfacing 
Figure 8 shows the serial interface bet\veen the AD2S90 and the 
TMS32020. The interface is configured in alternate internal 
framing, external clock (externally inverted) mode. Sixteen bits 
of data are clocked from the AD2S90 into the data: receive regis
ter (DDR) of the TMS32020. Tb,e DRR is fixed at 16 bits. To 
obtain the 12-significant bits, the processor needs to 1µ1:ecute 
three right shifts. (First bit read is void, the last three will be 
zeros). When 16 bits have been received by the TMS32020, it 
generates an internal interrupt to read the data from the DRR. 

SCLK Jo. SCLK ..... 
TMS 

FSR 32o2o .... Ci AD2S90 

DRR DATA 

•ADDITIONAL PINS. OMITTED FOR CLARITY 

Figure 8. TMS32020/AD2S90 Serial Interface 

DSP56000 Interface 
Figure 9 shows a serial interface be~een the AD2S9<) and the 
DSP56000. The DSP in configured for normal mode synchro
nous operation with gated clock with SCK and SCI as outputs. 
SCI is applied to CS. 

SCLK ... SCLK 

DSP 
SC1 Ci AD2S90 

58000 

SRD DATA 

• ADl;>mONAL PINS OMITTED FOR CLARITY 

Figure 9. DSP560001AD2S90 Serial Interface 

The DSP56000 assumes valid data on the first falling edge of 
SCK. SCK is inverted to ensure that the valid data is clocked in 

. after one leading bit. The receive data shift register (SRD) is set 
for a 13-bit word. 

When this register has received 13. bits of data, it generates an 
internal interrupt on the DSPS6000 to read the 12-bits of signifi
cant data from the register. 

NEC7720 Interface 
Figure 10 shows the serial interface between the NEC7720 and 
the AD2S90, The NEC7720 elipects 'data on the rising edge of 
its SCK output, and therefore unlike the previous interfaces no 
inverter is required to clock data into the SI register. There is 
no need to ignore the first data bit read. SIEN is used to Chip 

CHA A 

A 
EDGE GENERATOR B 

CHB B 

DIRECTION 

Select the AD2S90 and frame the data. The SI register is fixed 
at 16 bits, therefore, to obtain the l2•significalit bits the proces
sor needs to execute four right shifts. Once the NEC7720 has· 
read 16 bits, an internal int~pt is generated to read the inter
nal contents of the SI register. 

SCLK SCLK 

µPD 
SIEN Ci AD2S90 

7720 

S1 DATA 

• ADDmONAL PINS, OMITTED FOR CLARITY 

Figure 10. µPD7720/AD2S90 Serial Interface 

EDGE TRIGGERED 4 x DECODING LOGIC 
In most data acquisition or control systems the A, B incremental 
outputs must be decoded into absolute information, normally a 
parallel word; before they can be utilized effeCtively. 

To decode the A, B outputs on the AD2S90 the user must 
implement a 4 x decoding architecture. The principle states 
that one A, B cycle represents .4 !,.SB weighted increments of 
the converter. (see Equation 4). . 

Up = ( i A) • B + 0 LI.) • B + (j B) • A + 0 B) · A 

Down= (j A)· B + (i A)· B + (1 B) ·LI. +OB)· A (4) 

CLOCKWISE ROTATION COUNTER CLOCKWISE RO'l'ATION 

CHA 

CHB 

I I I I I I I I I I I I 
Figure 11. Principles of 4 x Decoding 

The algorithms in Equation 4 can be implemented using the 
architecture shown in Figure 12. Traditionally the dii-ection of 
the shaft is decoded by determining whether A leads B. The 
AD2S90 removes the need to derive direction by supplying a 
direction output state which can be fed straight into the 
up-down counter. · 

For further information on this topic please refer to the applica
tion note "Circuit Applications of the AD2S90 Resolvei'-to
Digital Converters." 

U/D 

RESET. 

UP/DOWN 
COUNTER 

PARALLEL 
DIGITAL 
OUTPUT 

Figure 12. 4 x Decoding Incremental to Parallel Conversion 
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REMOTE MULTIPLE SENSOR INTERFACING 

The DATA output of the AD2S90 is held in a high impedance. 
state until CS is taken LO. This allows a user to operate the 
AD2S90 in an application with more than one converter con
nected on the same line. Figure 13 shows four resolvers inter
faced to four AD2S90s. Excitation for the resolvers is provided 
locally by an oscillator. 

SCLK, DAT A and two address lines are fed down low loss 
cables suitable for communication links. The two address lines 
are decoded locally into CS for the indi~idual converters. Data is 
received and transmitted using transmitters and receivers. 

2-4 DECODING 
(74HC139) ~-:._Ag 

~ I - I 
I I 
I 

Voo---..0 
Yss---..0 
ov~ 

Figure 13. Remote Sensor Interfacing 

CIRCUIT DYNAMICS/ERROR SOURCES 
Transfer Function 
The AD2S90 operates as a Type 2 tracking servo loop. An inte
grator and VCO/counter perform the two integrations inherent 
in a Type 2 loop. 

The overall system response of the AD2S90 is that of a unity 
gain second order low-pass filter, with the angle of the resolver 
as the input and the digital position data as the output. Fig
ure 14 illustrates the AD2S90 system diagram. 

VELOUT 

~ .... __ A_,_<s_> -~---A2-<_s,_T__.oouT 
Figure 14. AD2S90 Transfer Function 

The open loop transfer function is given by; 

6ouT Ki Ki (1 + sti) 

where: 

REV. B 

a;-=-r~ 

ti = 1.0 ms 
t2 = 90 µs 

(5) 

(6) 

AD2S90 
Ki = 364s-2 

K 2 = 200,ooos-2 (7) 

The AD2S90 acceleration constant is given by: 

K. = K1 • K2 = 72.8 x UJ6 sec-2 (8) 

The AD2S90's design has been optimized with a critically 
damped response. The closed-loop transfer function is given by: 

6ouT 
6/N 

(9) 

The normalized gain and phase diagrams are given in Figures 15 
and 16. 

5 r----,..----r-:::=::--r----., 
ol---~-+~-_........,"'--ji---'--~~++~~~ 

-5 1------.,f-----f-----1-----1 
-10 t-----+----t-----... ~----t 

-15 i-------+-----+-----+--u-+-,---< 

-20t-----+----1-----1--~~,~--t 
-251------+-----+-----+---~~,__, 

-3Qt-----+----1-----1---~~,----t 

~51------+-----+---+--~~1:--. 
-40 1-----t----1-----1-----.... 
-45 ..._ ___ .__ ___ ..._ ____ ,___ __ ____, 

1 10 100 
FREQUENCY - Hz 

1k 

Figure 15. AD2S90 Gain Plot 

10k 

0 ..----.----==-.-----.------. 
~ -201-----t----1-'..,__--t-----1 

-40 1-----1-----1-~~---+----I 
-60 1-----t----1-----1------1 

-IQ t-----+-------+-----\-\+-----t 
-1001-----1-----1-----1------1 

-120 1-----1-----1-----1"~-----1 
-140 1-----1-----1-----r~~..,__--1 
-1601------+----+-----r--"--~~..-I 
-180 ..._ ___ .__ ___ ..._ ___ ,___ __ ____, 

1 10 100 
FREQUENCY - Hz 

1k 

Figure 16. AD2S90 Phase Plot 

10k 
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AD2S90 
The small step response is given in Figure 17, and is the time 
taken for the converter to settled to within I LSB. 

ts = 7.00 ms (12-bit resolution) 

The large step response (steps> 20°) applies when the error volt
age will exceed the linear range of the converter. Typically it will 
take three times longer to reach the first peak for a 179° step. 

In response to a velocity step [VELOUT/(d0/dt)] the velocity 
output will exhibit the same response characteristics as outlined 
above. 

_e..J 

10° 
J_ 

::i w 

~ 
c 

oo 

\/-
0 4 8 12 16 20 

Figure 17. Small Step Response 
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SOURCES OF ERROR 
Acceleration Error 
A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant K. of the converter. 

Input Acceleration 
Ka= Error in Output Angle 

(10) 

The numerator and denominator's units must be consistent. Ka 
does not define maximum input acceleration, only the error due to 
its acceleration. The maximum acceleratfon allowable before the 
converter loses track is dependent on the angular accuracy 
requirements of the system. 

Angular Error x Ka = degrees/sec2 (11) 

K. can be used to predict the output position error for a given 
input acceleration. The AD2S90 has a fixed K. = 72.S x 106 

sec-2 if we apply an input accelerating at 100 revs/sec2 in 12-bit 
mode. 

. Input Acceleration [LSB/sec2] 
Error in LSBs = Ka [sec 2] 

100 [rev/sec2] x 212 = 5.62 x 10-3 LSBs 
72,g x 106 

(12) 
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FEATURES 
Full Function Monolithic LVDT-to-Digital Converter 
Absolute Serial Data Output 
Uncommitted Differential Input 
Repeatability 
Remote Diagnostics 
14-Bit Resolution 
Industrial Temperature Range 
28-Pin PLCC 
Low Power 

APPLICATIONS 
Industrial Gauging 
Industrial Process Control 
Linear Positioning Systems 
Linear Actuator Control 
Automotive Motion Sensing and Control 
Torque Sensing Conditioner 
AC Strain Gages Conditioning 
Avionics 

GENERAL DESCRIPTION 
The AD2S93 is a complete 14-bit resolution tracking LVDT-to
digital converter. A Type II tracking loop is employed to track 
the A-B input and produce a digital output equal to (A-B)/ 
(REF/2), where REF is a fixed amplirude ac reference phase co
herent with the A-B input. This allows the measurement of any 
2-, 3-, 4- and 5-wire LVDT or linear amplitude modulated in
put. The operating frequency range is from 360 Hz to 10 kHz 
with user definable bandwidth set externally within a range of 
45 Hz to 1250 Hz. 

The AD2S93 has a 16-bit serial output. The MSB (LOS), read 
first, indicates a loss of the signal A, B, or reference inputs to the 
converter or transducer. The second and third MSBs are flags 
indicating whether [-REF/2 (UNR) :s; A-B :s; +REF/2 (OVR]) is 
outside the linear operating range of the converter. The dis
placement data is presented as 13-bit offset binary giving a± 12-
bit operating range. LOS, OVR and UNR are pinned out on 
the device, in addition a NULL flag is available which is set 
when (A-B) = 0. 

Absolute displacement information is accessed when CS is taken 
LO followed by the application of an external clock (SCLK) 
with a maximum rate of 2 MHz. Data is read MSB first. When 
CS is high the DATA output is high impedance; this allows 
daisy chaining of more than one converter onto a common bus. 

The A, B differential input allows the user to scale the A, B in
puts between 1 and 10. This enables the user to accurately set 
up the inputs matching the REF input to the DIFF output. The 

REV.A 

Low Cost 
LVDT-to-Digital Converter 

AD2S93 I 
FUNCTIONAL BLOCK DIAGRAM 

REFERENCE 
(PRIMARY 

EXCITATION) 

'--+-----0 DIR 
~----OCLKOUT 

AD2S93 

DIFF output is the resultant A-B. The AD2S93 operates using 
± 5 V ± 5% power supplies and is fabricated on Analog Devices' 
linear compatible CMOS process (LC2MOS). The (LC2MOS) 
is a mixed technology process that combines precision bipolar 
circuits with low power logic. 

PRODUCT HIGHLIGHTS 
Complete LVDT-to-Digital Interface. The AD2S93 pro
vides the complete solution for digitizing LVDT signals to 14-
bit resolution. 

Serial 16-Bit Output Data. One 16-bit read from the 
AD2S93 determines input signal continuity (LOS), over and 
underrange detection and 13 bits of offset binary displacement 
information. 

High Accuracy Grade in Low Cost Package. 0.05% and 
0.1 % integral linearity over the full -40°C to +85°C operating 
temperature range. 

Uncommitted Differential Input. Allows configuration of 2-, 
3-, 4- and 5-wire LVDTs. 

Multiple Converter Interfacing. High impedance data out
put and a simple three-wire interface reduces cabling and elimi
nates bus contention. 

Low Power. 70 mW power consumption (typ). 
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Parameter Test Conditions Min Typ Max Units • 

SIGNAL INPUTS 
Frequency 0.36 1.0 10 kHz 
Max Voltage Level' 0.8 1.0 1.2 Vnns 
Nominal Full Scale2 1.0 Vnns 
Input Bias Current @+25°C 1.1 µA 
Input Impedance 1.0 Mn 
CMRR 57 dB 
Maximum Sensitivity3 VA_8 = 1Vnns,G=1 342 µVpk/LSB 

REFERENCE INPUT 
Frequency 0.36 10 kHz 
Voltage Level 1.8 2.0 2.2 Vnns 
Input Bias Current @OV+25°C 1 µA 
Input Impedance 1.0 Mn 
Permissible Phase Shift4 Signal to Reference -10 +10 Degrees 

CONVERTER DYNAMICS 
Bandwidth Set by User 

VCOMode = 1 VCO Gain Connected to 
VCO I/P 500 1250 Hz 

VCOMode= 2 VCO Gain No Connect 45 500 Hz 
Maximum Slew Rate 

Mode= 1 2400 3000 LSB/ms 
Mode= 2 800 1000 LSB/ms 

ACCURACY 
Integral Linearity AP. 0.1 %FSD 

BP 0.05 %FSD 
Differential Linearity AP <2 LSB 

BP <l LSB 
Repeatability ±1 .. LSB 
Zero Position Offset AP@+25°C -3 3 LSB 

BP@+25°C -1 1 LSB 
AP @ -40°C to +85°C -4 4 LSB 
BP @ -40°C to +85°C -2 2 LSB 

Gain Ettor ±0.7 %FS 

VELOCITY OUTPUT 
Max Output Voltage Denotes Max Input Speed ±4.0 Vdc 
Load Drive Capability ±250 µA~ 

LOGIC INPUTS SCLK, CS 
Input High Voltage VINH 3.5 V de 
Input Low Voltage VINL 1.5 V de 
Input Current IIN 500 nA 
Input Capacitance 10 pF 

LOGIC OUTPUTS 
OVR, UNR, NULL, DATA, A, B CLKOUT DIR 
Output High Voltage @lmA 4.0 V de 
Output Low Voltage @lmA 1.0 Vdc 

LOS OUTPUT Open Drain Output 
Pull-Up to +V00 via 12 kn 400 µA 

Drive Capability 
Signal Threshold (A-B) 0.1 0.2 Vnns 
REF Threshold 0.22 Vnns 
Timeout Threshold 50 ms 
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Parameter Test Conditions 

SERIAL CLOCK (SCLK) 
SCK Input Rate 
Maximum Read Rate (16 Bits) Continuous 

POWER SUPPLY 
loo 
lss 

NOTES 
1The signal input voltage maximum should always be set at I 0% less than the reference input. 
'Nominal+ FS =VA•= V"'.,12, FS = -V ,..8 = V.,.,12 
'With G = IO; Sensitivity 34.2 µV pk/LSB 
4Phase shift cause gain errors. "See Phase Shift and Quadrative Effects." 

Specifications subject to change without notice. 

Min 

5 
5 

AD2S93 

Typ Max Units 

2 MHz 
9.2 µs 

7 10 mA 
7 10 mA 

TIMING CHARACTERISTICS (V00 = +5 V ± 5%, AGND = DGND = 0 V, TA =--40°C to +85°C unless otherwise noted) 

Parameter AD2S93 

ti' 150 
t, 600 
t, 250 
t. 250 
t, 100 
t, 600 
t, 150 

NOTE 
1 SCLK can only be applied after t2 bas elapsed. 

SCLK 

DATA 

REV.A 

Units 

nsmax 
nsmin 
nsmin 
nsmin 
nsmax 
nsmin 
nsmax 

I • = THE MINIMUM ACCESS TIME: USER DEPENDENT 

TOTAL MAX READ TIME= t,, + 16. ~+I,)+ t, 
TOTAL MAX READ TIME= 600 +16 (250 + 250) + 150 ns 
TOTAL MAX READ TIME= 600 + 8000 + 150 ns 
TOTAL MAX READ TIME= 8.750 J1S (SINGLE READ ONLY) 

Timing Diagram 

Test Conditions 

CS to DATA Enable 
CS to 1st SCLK Positive Edge 
SCLK High Pulse 
SCLK Low Pulse 
SCLK Positive Edge to DATA Valid 
CS High Pulse Width 
CS High to DATA High Z (Bus Relinquish) 
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AD2S93 
RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage CVnn-Vss) ........... ±5 V de± 5% 
Analog Input Voltage (A, B) .............. 1 V rms ± 10% 
Analog Reference Input (REF) ............ 2 V rms ± 10% 
Signal and Reference Harmonic Distortion ........... < 10% 
Operating Temperature Range 

Industrial (AP, BP) ................... -40°C to +85°C 

ABSOLUTE MAXIMUM RA TINGS* 
V00 to AGND .................... -0.3 V de to+ 7.0 V de 
Vss to AGND ................... +0.3 V de to - 7.0 V de 
AGND to DGND ............ -0.3 V de to V00 + 0.3 V de 
Analog Inputs to AGND REF .... V55 - 0.3 V to V00 + 0.3 V 
A,B ......................... Vss-0.3VtoVnn+0.3V 
Analog Output to AGND VEL ................ Vss to Vnn 
Digital Inputs to DGND 

CS, SCLK ..................... -0.3 V to Vnn + 0.3 V 
Digital Outputs to DGND 

NULL, DIR, CLKOUT, DATA .... -0.3 V to Vnn + 0.3 V 
Operating Temperature Range 

Industrial (A, B) ..................... -40°C to +85°C 
Lead Temperature (Soldering 10 sec) ............. +300°C 
Power Dissipation to +75°C .................. +100 mW 
Derates above +75°C by ..................... 10 mWl°C 

*stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. - This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Model 

AD2S93AP 
AD2S93BP 

"' z g ~ 

a: ... 
> ... 
c :::> z 

AD2S93 
TOP VIEW 

(Not to Scale) 

!§ c } z 
"' Q 

NC = NO CONNECT 

0 .... 
0 :::> 

> 0 
Q 
0 
:;; 
w c 

ORDERING GUIDE 

Temperature 
Range Linearity 

-40°C to +85°C 0.1% 
-40°C to +85°C 0.05% 

*For outline information see Package Information section. 

Package 
Option* 

P-28A 
P-28A 

Pin 
No. 

1 
2 
3 

4 

5 

6 
7 

9, 12 

10 
13 
14 

15 
16 

17 

18 

19 

20 
21 

22 

23 
24 

27, 28 

PIN DESIGNATIONS 

Mnemonic Description 

AGND Analog Ground. 
DIFF Output of Signal Input Preamplifier. 
GAIN Connect GAIN Pin to DIFF for 

nominal x I. Gains greater than 
1 can be resistively scaled. 
Do not leave unconnected. 

LOS Denotes A or B lines loss of 
connection and/or loss of reference 
to transducer or converter. 

DATA 16-bit serial data output 13 bits of 
absolute position information plus 
overrange and underrange plus LOS. 

SCLK Serial Clock. Maximum rate = 2 MHz. 
cs Chip Select. Loads serial interface 

with current positional information 
and enable output. 

UNR,OVR Two pins that denote whether the 
input signals are underrange or 
overrange. 

CLKOUT Updates every LSB. 
NULL Denotes Null Position. 
DIR Indicates direction. DIR is HI for 

positive displacement and LO for 
negative displacement. 

DGND Digital Ground. 

Vss Negative Power Supply-5.0 V de 
± 5%. 

VDD Positive Power Supply +5.0 V de 
± 5%. 

DEMODOUT Output of the Phase Sensitive 
Demodulator. 

DEM ODIN Input to Phase Sensitive 
Demodulator. 

ACERROR AC Error Output. 
VCOGAIN Sets the VCO gain internally. 

Connect to VEL for 2400 LSB/s. 
Disconnect for 800 LSB/s. 

INTIN Determines system dynamics connect 
C and RC (serial) parallel 
combination across INTIN and 
VEL to determine loop dynamics. 

VEL Analog Velocity Output. 
REF Single ended input for fixed 

amplitude reference. 
B,A Uncommitted differential inputs 

for the A, B signal inputs. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD2S93 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~QJ 
ESD SENSITIVE DEVICE 
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GLOSSARY OF TERMS 
INTEGRAL LINEARITY 
Integral linearity deviation as a percent of full scale. A 0.1 % de
viation is equivalent to 8-LSB change on the output. 

Gain 
The converter gain is the maximum variation in the ratio of 
A-B/REF/2 to the maximum digital input. 

Output Offset 
The output offset is the digital output code when the analog in
put signal A-B = 0. 

Overrange (OVR) 
OVR goes high when A-B is in phase with REF and larger than 
REF/2. 

Underrange (UNR) 
UNR goes high when A-B is out of phase with REF and larger 
than REF/2. 

PRINCIPLE OF OPERATION 
The AD2S93 is based on a Type 2 tracking closed-loop prin
ciple. The output tracks the position of the LVDT without the 
need for external convert and wait states. As the transducer 
moves through a position equivalent to the least significant bit 
weighting, the output is updated by one LSB. On the AD2S93, 
CLKOUT updates corresponding to one LSB increment. Fig
ure 1 illustrates the principle of operation. 

REFERENCE 
(PRIMARY 

EXCITATION) 

'-+-----0 DIR 
~----<>CLKOUT 

AD2S93 

Figure 1. Functional Block Diagram 
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AD2S93 
Because the conversion depends on the ratio of the input signals 
(ratiometric ac bridge), the AD2S93 is remarkably tolerant of 
input amplitude and frequency. This, combined with the defin
able Type 2 tracking closed-loop guarantees the AD2S93's re
peatability for a given input. A phase sensitive detector, 
integrator and voltage controlled oscillator (VCO) form a closed 
loop system which seeks to null the output of the ACERROR. 
When this is accomplished the word state of the up/down 
counter equals within the rated accuracy of the converter, the 
LVDT position output. 

For more information on the operation of the converter, see 
"Circuit Dynamics" section. 

DATA FORMAT 
OPERATING RANGE 
The AD2S93 operating range is defined in Figure 2. The lin
earity and specified operating range of the converter is the cen
tral two 12-bit quadrants through zero. The corresponding 
input relationship is -REF/2 $ A-B $ +REF/2, (± is used to de
note phase coherency). The sign bit is low for inputs with A-B 
in phase with REF. The two remaining 12-bit quadrants are 
used to denote over (OVR) and underrange (UNR). OVR goes 
high when A-B is in phase with REF and larger than REF/2. 
UNR goes high when A-B is out of phase with REF and larger 
than REF/2. LOS is an open drain output which pulls high 
when A and/or B are removed or REF is removed (see "Inbuilt 
Diagnostics"), or A+ Bis less than 100 mV. 

SCALING THE INPUTS 
In order to match the LVDT output to the AD2S93 output, the 
inputs to the AD2S93 need to be scaled. The operating range is 
illustrated in Figure 2. The AD2S93 operates across± 12-bit 
range where the remaining 12-bit quadrants are used to denote 
overrange and underrange. The output position word is a func
tion of the ratio between A-Band VREF (see Figure 2) where: 

±FSR = (A-B) 
J'REp/2 
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AD2S93 
OUTPUT CODES 

MAGNITUDE 

0100 0000 0000 0000 

0100 1111 1111 1111 
0100 0000 0000 0000 +VE POSITION 0000 0000 0000 0001 FULL SCALE 

0000 1111 111'1 1111 
0001 0000 0000 0000 

NULL 0001 0000 0000 0001 
POSmON 

0001 1111 1111 1110 
0001 1111 1111 1111 
0011 0000 0000 0000 -VE POSITION 
0011 0000 0000 0001 FULL SCALE 

LOS-----. 
0011 1111 1111 1111 -1 

=~ 
RATIO OF A- BIREF/2 

SIGN 

Figure 2. Output Code Format 

If the· maximum operating stroke of an L VDT yielded a 1 V rms 
A-B output, the weighting of the LVDT to AD2S93 digital out
put would be: 

Input Signal Full Scale 

Full-Scale Operating Range (±212 ) 

lx2-./2 

213 
Input Scaling = 345 µ VILSB 

This can be equated directly to the L VDT sensitivity specifica
tion in mm/v/v. 

Note: The overrange and underrange quadrants can be utilized 
by decoding the overrange and underrange MSBs and decoding 
the 12 magnitude bits. This will increase the operating range of 
the AD2S93 accordingly. However, ifthe input A-B > VREF 
then the converter will lose track of the input and will only re
gain track when the input signal returns to within the operating 
range of the converter. 

INPUT GAIN 
Since the transformation ratio of an LVDT or RVDT from exci
tation voltage to signal voltage can be 1:0.15, provision for gain 
scaling has been provided. The gain can, therefore, be selected 
to ensure that the full-scale output of converter represents the 
maximum stroke position of the transducer. 

The gain setting is accomplished by connecting Pin 2, (DIFF) 
and Pin 3 (GAIN) together (unity gain) or conflecting two resis
tors as shown in Figure 3. 

The gain of the input stage is calculated using the following 
equation: 

DIFF(A-B) =l+ R3 

(A-B)IN R, 

e.g., For a gain of 5, R3 = 12 kn, R4 = 3 kn 
For a gain of 10, R3 = 18 kn, R4 = 2 kn 
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R3 
AGND DIFF 

Figure 3. Pre-Amp Gain Block 

SETTING THE CONVERTER BANDWIDTH 
The AD2S93 bandwidth is set by placing three external compo
nents, C 1, C2; and R2, around the integrator as illustrated by 
the figure below. 

C1 

TH0 

Figure 4. Integrator and VCO 

Before the bandwidth can be set, the corresponding VCO gain 
setting must be determined. The VCO gain is directly related to 
the slew rate of the converter. This is set internally to two dif
ferent rates defined internally by Rv. 

Typical converter slew rates are defined below, 

G (1) = 2400 LSB/ms-Mode 1 
G (2) = 800 LSB/ms-Mode 2 
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Calculation of the component values for the bandwidth is de
tailed below. For more detailed information on component 
value selection for the AD2S93, please consult the "Passive 
Component Selection and Dynamic Modeling Software for the 
AD2S93 LVDT-to-Digital Converter." 

VCO Gain G (1) Mode 1 
The available bandwidth with this option is from 0.5 kHz to 
1.25 kHz. 

PREF> 8 x Po 
Cl = 1/(800 x Po2) 

C2 = 8 x Cl 
R2 = 45 x Po 

Where PREF is the reference frequency, Fo is the closed-loop 
3 dB point. 

VCO Gain G (2) Mode 2 
The available bandwidth with this option is from 45 Hz 
to 500 Hz. 

PREF> 8 xPo 
Cl = 1/(2400 x Po2) 

C2 = 8 Cl 
R2 =45 x Po 

Where PREF is the reference frequency, Fo is the closed-loop 
3 dB point. 

INTERFACING TO THE AD2S93 (SEE "TIMING 
CHARACTERISTICS") 
The absolute position information is extracted via a three-wire 
interface, DATA, .C.S. and SCLK. The DATA output is held in 
a high impedance state when CS is high. 

Upon the application of logic low to the CS pin, the DATA is 
enabled and the current position information is transferred from 
the counters to the serial interface. Data is retrieved by applying 
an external clock to the SCLK pin. The maximum data rate of 
the SCLK is 2 MHz. To ensure secure data retrieval, it is 
important to note that SCLK should not be applied until a 
minimum period of 600 ns after the application of logic low to 
CS. Data is then clocked out on successive positive edges of 
SCLK: 16 clock edges are required to extract the entire data 
word. Subsequent positive edges greater than the defined reso
lution of the converter will clock zeros from the data output if 
CS remains in a low state. The format of the data read is shown 
in Table I. 

Table I. 

DBO DBI DB2 DB3 DATA DB4-D15 
MSBLSB 

Function LOS OVR UNR SIGN MAGNITUDE 

Ifless than the full 16-bit word is required, then the data read 
can be terminated by releasing CS after the required number of 
bits have been read. 

CS can be released a minimum of 100 ns after the last positive 
edge. If the user is reading data continuously, CS can be reap
plied after a minimum of 600 ns after it is released. The mini
mum repetitive read time of the same converter is given by (16 
bits read@ 2 MHz). Min RD Time= (600 + (16 x 500) + 
600] = 9.2 µs. 
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AD2S93 
IN-BUILT DIAGNOSTICS 
The first three bits read from the serial interface preceding the 
sign and magnitude data can be used to determine whether the 
data is valid or not. Over and underrange (OVR, UNR) denote 
the two extremes of the LVDT stroke where linearity of the 
LVDT may degrade. Loss of signal LOS is an open drain out
put which pulls high (12 kQ pull up) when one of the following 
conditions is satisfied: 

1. A and/or Bis disconnected. 
2. REF is disconnected. 

Note: LOS has a response time of 50 ms max to the conditions 
stated above, see "Specifications." 

CONNECTING THE CONVERTER 
Positive power supply V00 = +5 V de± 5% should be con
nected to Pin 17 and negative power supply Vss = -5 V de± 5% 
to Pin 16. Reversal of these power supplies will destroy this device. 
For LVDT connections to the converter please refer to Figures 
5 through 7. On all connections, the maximum input reference 
signal VREF = 2.0 V rms ± 10%. To operate within the standard 
operating range, A-B should not exceed 1.0 V rms ± 10%. The 
AD2S93 AGND point is the point at which all analog signal 
grounds should be connected. Ground returns from the LVDT 
should be connected to AGND. The AD2S93 DGND pin 
should be connected to the AD2S93 AGND pin. Ancillary Digi
tal circuitry must be connected to the Star Point and not to the 
AD2S93 AGND pin. 

In all cases, the AD2S93 has been configured with the following 
dynamics. 

Reference Frequency 
3 dB Bandwidth 

5 kHz 
625 Hz 

Vco Gain is set in MODE 1 where VCO GAIN is connected to 
VEL. 

Using the procedure described in "setting the converter band
width" the following preferred values (El2 series) were calcu
lated: 

Cl= 3.3 nF 
C2 = 27 nP 
R2 = 27 kD. 

CALCULATING HF FILTER (C3, C4, RS, R6) 

15kQ ~R5=R6~56kQ 

C3=C4= l 
2rr R5FREF 

So, C3 = 1 nF, RS = R6 = 33 kQ, C4 = 1 nF and in all cases 
R7=15kQ. 

Half-Bridge Type LVDT Connection 
In this method of connection, it is necessary to add two addi
tional bridge completion resistors Re and Re, in order to derive 
a reference for the AD2S93. In selecting the bridge completion 
resistor, it is important to remember that mismatch between Rei 
and Rc2 will cause nonzero errors at null. If two LVDTs are be
ing used for differential measurements, the resistors can be re
placed by the second LVDT. 
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AD2S93 
Three- or Four-Wire LVDT Connection 
In this method of connection, shown in Figure 6, the converters 
digital output is proportional to the ratio: 

(A-B) 

(A+B)/2 

where A and Bare the individual LVDT secondary output volt
ages. Inspection of Figure 6 should demonstrate why this rela
tionship is true. (A-B) is simply the voltage across the series 
connected secondaries of the LVDT and is applied to the A, B 
input to the converter. (A + B)/2 is effectively the average of 
the two secondary voltages as computed by the balanced bridge 
completion resistors and the grounding of the secondary 
center-tap. 

Note: This method of connection is appropriate only for where 
(A + B) is a constant, independent of LVDT position. Any lack 
of constancy in (A + B) will be reflected as an additional non-

NC 

lineariry in the output. It is up to the user to determine if (A.+ 
B) is sufficiently constant over the particular stroke length 'em
ployed. 

This method will usually restrict the usa]Jle L VDT range to half 
of its full range. The restriction can be eliminated, however, by 
attenuating DIFF by a factor of 2 or increasing VREF by a factor 
of 2. This connection method has the tremendous advantage of 
being insensitive to temperature related phase shifts and excita
tion oscillator instabiliry effects usually associated with more 
conventional L VDT conversion systems. 

As in the case of the half-bridge type LVDT connection, Rc1 

and Rc2 are the bridge completion resistors and are matched to 
a degree sufficient to ensure that the digital output representing 
the null position does not vary from the LVDT's natural null 
position. If null adjustment is required, a potentiometer can be 
used in place of the common connection between the two 
resistors. 

C1 

AD2S93 
TOP VIEW 

(Not to Scale) 

~ g I~ ~ ~ ~ ~ 
u 

C4 

Figure 5. Half-Bridge Type LVDT Connection 

C1 

NC 

Q' 
AD2S93 

AGND TOP VIEW 
(Not to Scale) 

~DIFF 3 
GAIN 

-"II/:- LOS 
Voe 

Figure 6. Three- or Four-Wire LVDT Connection 
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Two-Wire LVDT Connection 
This method should be used in cases where the sum of the 
LVDT secondary output voltages (A + B) is not constant with 
LVDT displacement over the desired stroke length. This method 
of connection, shown in Figure 7, still maintains the ratiometric 
operation and the insensitivity to variations in reference ampli
tude and frequency. However, the phase shift between VREF 
and Vl should be minimized to maintain accuracy (see Section 
"PHASE SHIFT AND QUADRATURE EFFECTS"). Sug
gested phase compensation circuits are shown in Figure 7. 

PHASE SHIFT AND QUADRATURE EFFECTS 
Reference to signal phase shift can be high in L VDTs, some
times in the order of 70 degrees. If the converter is connected 
as in Figures 5 and 6, any effects due to this phase shift are 
minimized. This connection method, therefore, provides out
standing benefits. 

The additional gain error caused by reference to signal phase 
shifts is given by: 

(1 - cos 8) x 100% of FSR 

where 

e =phase shift between VREF and DIFF. 

When the phase shift between VREF and VI is zero, additional 
quadrature on the signal will have no effect on the converter. 
This is another benefit ofthe conversion method. For example, 
when a REF lags (A-B) by approximately 10°, the gain error is 
approximately 1 %. When (A-B) lags REF by approximately 
I 0°, the gain error is approximately 2%. 

NC 

~1----+-----AGND 

1 
PHASE LEAD= ARCTAN 2,;jAc 

~t 
PHASE LAG= ARCTAN 

R 

~ 
~ 

AD2S93 
REMOTE MULTIPLE SENSOR INTERFACING 
The DATA output of the AD2S93 is held in a high impedance 
state until CS is taken LO. This allows a user to operate the 
AD2S93 in an application with more than one converter con
nected on the same line. Figure 8 shows four LVDTs interfaced 
to four AD2S93s. Excitation for the LVDT is provided locally 
by an oscillator. 

SCLK, DATA and two address lines are fed down low loss 
cables suitable for communication links. The two address lines 
are decoded locally into CS for the individual converters. Data 
is received and transmitted using transmitters and receivers. 

C1 

2-4 DECODING 
(74HC139) 

Voo .....-...a 
Vss ....--o 

ov -+--<> 

Figure 8. Remote Sensor Interface 

NC = NO CONNECT 

Figure 7. Two-Wire L VDT Connection 
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AD2S93 
CIRCUIT DYNAMICS/ERROR SOURCES 
TRANSFER FUNCTION 
The AD2S93 operates as a Type 2 tracking servo loop. An inte
grator and VCO/counter perform the.two integrations inherent 
in a Type 2 loop. 

The overall system response of the AD2S93 is that of a unity 
gain second order low-pass filter, with the position of the LVDT 
as the input and the digital position data as the output. Figure 9 
illustrates the AD2S93 system diagram. 

VELOUT 

~ G1(s)~ 
OUT 

G2(s) T 
Figure 9. AD2593 Transfer Function 

Note: The AD2S93 has been configured with the following dy
namics. 

Reference Frequency 
3 dB Bandwidth 

lOkHz 
1250 Hz 

VCO Gain is set in MODE 1 where VCOGAIN is connected to 
VEL. 

Using the procedure described in "SETTING THE CON
VERTER BANDWIDTH," the following preferred values (El2 
series) were calculated: 

Cl= 820pF 
C2 = 6.8 nF 
R2 = 56kQ 

C3 = C4 = 470 pF, R7 = 15 kQ, RS = R6 = 33 Jill, C4 = 
470pF 

The open-loop transfer function is given by: 

where: 

Gl(s) = K 1 __ l_+_st~1-
s 1 + St2 

=R (C1xCz) 
t2 z C +C 

I 2 

K G2(s)=_i 
s 

Note A2 has two values depending on which mode is being used 

K 2 (MODEJJ = 640 x 103 

Kz (MODE2J = 160 x 103 

The AD2S93 acceleration constant is given by: 
Ka=K1XK2 

Therefore in the example given, 

Ka= K1 X Kz = 21X640X103 = 13.44 X 106 s-2 
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The AD2S93's design has been optimized with a critically 
damped response. The closed-loop transfer function is given 
by: 

0our 1 + st1 0our _ K1K2 (1 + st1) 

0JN = l+st1 +-s2_+~ 0/N --s2- l+st2 
K 1K 2 K 1K 2 

The normalized gain and phase diagrams are given in Figures 10 
and 11 with a bandwidth of 1.25 kHz. 

5 ..----r----r--:::::=-r-----. 
Ol--~-+-~~-1~~1---~-41---~~ 

-5 1----1-----1-----~1\---~ 

-10 1----1----1----rl...i+---, 

-15 1-----+---+-----+-_l_,,:I _ __, 
-20 1----1----1----1-~--,--t 

-25 t---+-----+-----+-~+,___. 
-30 1----1----1----1--~~-,--t 

-35 I---+-----+-----+----\ ....... 
-40 1----1-----1-----1------1~ 
-45 ...._ ___ ..._ ___ ..._ ___ ..._ __ __.. 

10 100 
FREQUENCY - Hz 

1k 10k 

Figure 10 . .AD2593 Gain Plot 
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Figure 11. AD2593 Phase Plot 
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The small step response is given in Figure 12, and is the time 
taken for the converter to settled to within 1 LSB. 

ts = 7 ms ( 14-bit resolution) 

The large step response (steps >5% of FSR) applies when the 
error voltage will exceed the linear range of the converter. Typi
cally it will take three times longer to reach the first peak FSR. 

In response to a velocity step [VELOUT/(d0/dt)) the velocity 
output will exhibit the same response characteristics as outlined 
above. 

2%FS 

z 
0 
E 

~ 

REV.A 

0 

0 

f 

2 
4 8 12 16 20 

Figure 12. Small Step Response 

SOURCES OF ERROR 
ACCELERATION ERROR 

AD2S93 

A tracking converter employing a Type 2 servo loop does not 
suffer any velocity lag, however, there is an additional error due 
to acceleration. This additional error can be defined using the 
acceleration constant Ka of the converter. 

K = input acceleration 
a position 

The numerator and denominator's units must be consistent. 
Ka does not define maximum input acceleration, only the error due 
to its acceleration. The maximum acceleration allowable before 
the converter loses track is dependent on the positional accuracy 
requirement of the system. 

Position Error X Ka = LSBI sec2 

Ka can be used to predict the output position error for a 
given input acceleration. The AD2S93 in the example has 
a Ka= 13.44 x 106 sec-2 if we apply an input accelerating at 
100 x 214 LSB/sec2• 

input acceleration { LSB I sec2 } 

Error in LSBs = 
Ka{sec-2 } 

100 x i4 =0.12LSBs 
13.44x106 
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r"'I ANALOG 
a.II DEVICE$ 

FEATURES 
Programmable Sinusoidal .Oscillator 
Synthesized Synchronous Reference Output 
Programmable Output Frequency Range: 2 kHz - 20 kHz 
Wide Power Supply Range 
"Loss-of-Signal& Indicator 
20-Pin PLCC·Package 
Low Cost 

APPLICATIONS 
Primary Excitation of: 

Resolvers 
Synchros 
LVDTs 
RVDTs 
Pressu.re Transducers 
Load Cells 
lnductosyns 
AC Bridges 

GENERAL DESCRIPTION 
The AD2S99 is a programmable sinusoidal oscillator availabl 
in a 20-pin PLCC package, with an operating temperature range 
of -40°C to +85°C. 

The AD2S99 provides a sine wave excitation output for resolv
ers and a wide variety of ac transducers. The AD2S99 also pro
vides a synthesized reference output signal which is phase locked 
to the Sin and Cos inputs of the AD2S99. These inputs are 
provided by the secondary windings of a resolver. The synthe
sized reference eliminates the need for preset phase shift circuits 
and allows synchronous demodulation schemes such as type II 
tracking converters to be implemented without additional cali
bration of the total system. 

By providing a Synchronous Reference output, the AD2S99 
eliminates the temperature dependent phase shifts found with 
inductive transducers, and their resultant errors. 

The AD2S99 requires only one external resistor for operation. 
The AD2S99 is manufactured on a LC2MOS process that com
bines high density, low power CMOS logic with bipolar linear 
circuitry. 

This is a preliminary data sh-. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

Programmable 
Oscillator 
AD2S99 I 

FUNCTIONAL BLOCK DIAGRAM 

FBIAS 

SEL1 

SEL2 r"L----.J 

EXC}TO 
EXc RESOLVER 

r-;;;;~;-1---'---W ~~N:,'° 
CONVERTER) 

AD2S99 t......~::...._J-~~~-+jLOS 

Compensation 
9 dynamically compensates for any phase variation 

in the transducer by phase locking the outputs of the transducer 
to the synthesized reference output of the AD2S99. 

Programmable Frequency 
The oscillator frequency is easily programmed to 2 kHz, 5 kHz, 
10 kHz or 20 kHz by using the frequency select pins. 

Loss of Signal Pin 
The "LOS" output indicates a signal failure if both the sensor 
outputs feeding back to the AD2S99 are lost. 

Wide Power Supply Range 
The AD2S99 operates over the ± 5 V to ± 15 V power supply 
range. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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SPEC If I CATIONS (Vs= ±4.75 V to ±15.75 V@-40°C to +85°C unless otherwise noted) AD2S99 
Parameter Min Typ Max Units Test Conditions 

FREQUENCY OUTPUT RANGE SELi SELZ 
2 kHz 2000 Hz Vss Vss 
5 kHz 5000 Hz Vss GND 
10 kHz 10000 Hz GND Vss 
20 kHz 20000 Hz GND GND 

ACCURACY 
Frequency ±10 % AP Grade @ +25°C 

±20 % AP Grade -40°C to +85°C 
±5 % BP Grade @ +25°C 
±10 % BP Grade -40°C to +85°C 

Amplitude ±3 ±10 % AP Grade @ +25°C 
±20 % AP Grade -40°C to +85°C 

±3 ±5 % BP Grade @ +25°C 
±10 % BP Grade -40°C to +85°C 

Power Supply Rejection Ratio 0.002 Vp-pN Output Variation as Function of 
Change in Power Supply Voltage 

EXCITATION OUTPUT Square Wave 
EXC, EXC 2 RwAD = 14.5 Q to GND 
SYNREF ±3 CwAD = 1000 pF 

OUTPUT DRIVE CAPABILITY 
EXC,EXC 

Current Drive Vss = -5 V, V00 = +5 V 
Vss = -15 V, Von= +15 V 

Capacitive Drive 

PHASE LOCK RANGE 
SIN Input to REF Output 
Additional Phase Delay 

AP Grade Degrees 
BP Grade ±5 Degrees 

LOS Detector Threshold 0.5 0.7 Vrms 

TOTAL HARMONIC DISTORTION 
EXC, EXC 

AP Grade -25 dB @2kHz 
BP Grade -30 dB RwAD = 145 Q to GND 

CwAD = 1000 pF 

FREQUENCY SELECT INPUTS 
SELi, SEL21 Vss AGND V de 

LOS OUTPUT 
Output Low Voltage 0.4 V de IoL = 400 µA 
Output High Voltage Vnn-0.4 V de 50 kfl Pull Up to V00 (Open 

Drain Output) 

POWER SUPPLIES 
Supply Currents +4.75 +15.75 V de Von= +15.75 V, Vss = -15.75 V 

-4.75 -15.75 V de Von= +4.75 V, Vss = -4.75 V 

TEMPERATURE RANGE 
-40 +85 oc Operating 
-65 +150 oc Storage 

NOTES 
1Frequency select pins SELl and SEL2 must be connected to appropriate voltage levels before power is applied. 

Specifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD2S99 
RECOMMENDED OPERATING CONDITIONS PIN DESIGNATIONS 
Power Supply Voltage (V00 to Vss) ..... ±4.75 V to ±15.75 V 
Analog Input Voltage (SIN and COS) ........ 2 V rms ± 10% 
Frequency Select (SELi and SEL2) ......... V ss to AGND 
Operating Temperature Range ............. -40°C to +85°C 

ABSOLUTE MAXIMUM RA TINGS* 
Voo ...................................... +16.5 V 
Vss ........................................ -16.5 V 
Operating Temperature .................. -40°C to +85°C 
Storage Temperature ................... -65°C to +150°C 
Analog Input Voltages (SIN and COS) ......... Vss - 0.3 V 

.................................... to Voo + 0.3 V 
Frequency Select (SELi, SEL2) .............. Vss - 0.4 V 

................................. to AGND + 0.4 V 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ORDERING GUIDE 

Model Temperature Range Package Option* 

AD2S99?P -40°C to +ss0 c P-20A 

*For outline information see Package Information section. 

CAUTION 

Pin 
No. 

2 

3 

5 

6* 

7 

10 

11 

12 

16* 

17 

18 

Mnemonic 

SEL2 

SELi 

FBIAS 

SIN 

DGND 

cos 
SYN REF 

LOS 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD2S99 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performa.nce degradation or loss of functionality. 

., 
~ 
ID 
u. 

0 z 

Description 

Frequency Select 2 

Frequency Select 1 

External Freq. Adjust Pin 

Resolver Output SIN 

Digital Ground 

Resolver Output COS 

Synthesized Reference Output 

Indicates When Both the SIN and 
COS Are Below the Threshold. 

Positive Power Supply 

Analog Ground 

esolver Reference (Plus) 

esolver Reference (Minus) 

egative Power Supply 

gative Power Supply 

::: :; ,: ii! w w ., ., > 

EXC 

EXC 

AGND 

NC 

NC 

u. ., c 0 w 0 ~z a: ...! z 
>-., 

NC = NO CONNECT 

WARNING! QJ 
~~EDEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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r.ANALOG 
WDEVICES 

FEATURES 
Complete Vector Coordinate Transformation on Silicon 
Mixed Signal Data Acquisition 
Three-Phase 120° and Orthogonal 90° Signal 

Transformation 
Three-Phase Balance Diagnostic- Homopolar Output 

APPLICATIONS 
AC Induction and DC Permanent 

Magnet Motor Control 
HVAC, Pump, Fan Control 
Material Handling 
Robotics 
Spindle Drives 
Gyroscopes 
Dryers 
Washing Machines 
Electric Cars 
Actuators 
Three-Phase Power Measurement 

Digital-to-Resolver & Synchro Conversion 

GENERAL DESCRIPTION 
The AD2Sl00 performs the vector rotation of three phase 120 
degree or two-phase 90 degree sine and cosine signals by trans
ferring these inputs into a new reference frame which is con
trolled by the digital input angle <!>. Two transforms are 
included in the AD2S 100. The first is the Clarke transform 
which computes the sine and cosine orthogonal components of a 
three phase input. These signals represent real and imaginary 
components which then form the input to the Park transform. 
The Park transform relates the angle of the input signals to a 
reference frame controlled by the digital input port. The digital 
input is a 12-bit parallel binary representation. 

If.the input current signals are represented by Vds and Vqs, 
respectively, where V ds and V qs are the real and imaginary 
components, then the transformation can be described as 
follows: 

Vds' = Vds Cos<!> - Vqs Sin<!> 
Vqs' = Vds Sin<!> + Vqs Cos<!> 

Where Vds' and Vqs' are the output of the Park transform and 
Sin<!>, and Cos<!> are the values internally derived by the 
AD2S JOO from the binary digital data. 

The input section of the device can be configured to accept 
either three-phase inputs, two-phase inputs of a three-phase sys
tem, or two 90 degree input signals. The homopolar output 
detects the imbalance of a three-phase input only. Under normal 
conditions, this output will be zero. 

REV.A 

Cos (II+ 120") lb ,, 
COS(U+H0°) 

Sln11 

AC Vector Processor 
AD2Sl00 I 

FUNCTIONAL BLOCK DIAGRAM 

CONV1 _J_..l....!:=,.;::i;'.;];:;j;~ 
CONV2""""1:!::====!....-=l::::::~~~-e,.._..9-.... ~j 

HOMOPOLAR HOMOPOLAR +SV GND -5V 
OUTPUT REFERENCE 

The digital input section will accept a resolution of up to 12 bits 
(AD2SIOO). An input data strobe signal is required to synchro
nize the position data and load this information into the device 
counters. A busy output is provided to identify the conversion 
status of the AD2Sl00. The busy period represents the conver
sion time of the vector rotation. 

Two analog output formats are available. A two-phase rotated 
output facilitates multiple rotation blocks. Three phase format 
signals are available for use with a PWM inverter. 

PRODUCT HIGHLIGHTS 
Hardware Peripheral for Standard Microcontrollers and DSP 
Systems 
The AD2Sl00 removes the time consuming cartesian transfor
mations from digital processors and benchmarks a speed 
improvement of 30:1 on standard 20 MHz processors. AD2Sl00 
transformation time = 2 µs ( typ). 

Field Orientated Control of AC and DC Brushless Motors 
The AD2S 100 accommodates all the necessary functions to pro
vide a hardware solution for ac vector control of induction 
motors and de brushless motors. 

Three•Phase Imbalance Detection 
The AD2Sl00 can be used to sense overcurrent situations or 
imbalances in a three-phase system via the homopolar output. 

Resolver to Digital Converter Interface 
The AD2Sl00 provides general purpose interface for position 
sensors used in the application of de brushless and ac induction 
motor control. 
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AD2s100 -SPEClflCA'JIQNS (V00 = +5V ± 5%; Vs~= -5V ± 5%.AG'tuf;: DGNQ ~'DV;T~ ~.:.,..4o'•c , 
K to + 85°C unless otherwise noted) , . . ... _ . . ' 

-'. ' 
Paramet~~ ·~. . Min Typ Max Units Conditions ·.· 
SIGNAL INPUTS 

~ 

P~PJ; 2, 3, .4 Vo(tage Level ±2.8 ±3.3 Vp-p DC to 50 kHz 
PH/IPHl, 2, 3 Voltiige Level ±4.25 Vp-p ~to 50kHz 
Input Impedance 

' PH/IPl, 2, 3 . 7.5 10 kO 
PH/IPHl, 2, 3 13.5 18 kO 

. . . • ! 

PH/IPl, 4 1 MO Mo.de 1 Only (2 Phase) Sin &Cos 
Gain 

PH/IPl, 2, 3, 4 0.98 1 1.02 
PH/IPHl, 2, 3 0.56 

VECTOR PE&RORMANCE 
... ·. 

36 Input-Output ' 
Radius Error 0.35 0.7 % DC to 600 Hz 
(Any Phase) 
Angular Error'· 2 (PH/IP) 9 18 arc min DC to 600 Hz 

(PH/IPH) 24 arc min DC to 600 Hz 
Monotonicity Guaranteed Monotonic 
Full Power BandWidth 50 kHz 
Small Signal Bandwidth 200 kHz 

ANALOG SIGNAL OUTPUTS 
PH/OPl, 2, 3, 4 PH/IP, PH/IPH INPUTS 

Output Voltage3 ±2.8 ±3.3 Vp-p DC to 50 kHz 
Offset Voltage 2 5 mV Inputs= ·o V 
Slew Rate 2 V/µs 
SmalLSignalStep Response 1 µs 1 • Input to Settle to ± 1 LSB 

(Input to Output)· ,. .. 
Output Resistance 15 n 
Output Prive Cµrrent 3.0 .. 4.0 mA Outputs to AGND 
Resistive Load .2 kO 
Capacitive Load 50 pF 

STROBE 
Write 100 ns Positive Pillse 
Max Update Rate 366 kHz 

BUSY 
. 

Pullie Width L7 2.5 µs Conversion in Process 
VoH 4 Vdc loH = 0.5 mA 
VoL 1 Vdc loL = 0.5 mA 

DIGITAL INPUTS '· 
-;., 

DB1-DB12 
VIH . 3.5 Vcfo 
VIL. 1.5 Vdc 

Input Current, 11N , ±10 ·µA 
Input Capacitance, c,N 10 pF 

CONVERT MODE 
(CONVl, CONV2) ; 

V1H · 3.5 Vdc 
VIL· 1.5 V de Internal 50 kO Pull-Up Resistor I 

Input Cunent 100 ... µA 
Input· Capacitance •, 10 pF 

CONVERT LOGIC ·,· 

OONYI CONVZ 
NO CONNECT DGND 2-Phase Orthogonal With 2 Inputs 

Nominal Input Level 
DGND Von 3-Phase (O", 120", 240") With 3 Inputs 

Nominal/High Input Level 
Von Von 3-Phase (0°, 120", 240") With 2 Inputs 

Nominal Input Level 

16-52 MOTION CONTROL PRODUCTS REV.A 



AD2S100 
Parameter Min Typ Max Units Conditions 

HOMOPOLAR OUTPUT 
HPOP-Output 

VoH 4 V de IoH = 0.5 mA 
VoL 1 V de IoL = 0.5 mA 

HPREF-REFERENCE 0.5 V de Homopolar Output-Internal 
IsouRcE = 25 µA and 20 kn 
to AGND 

HPFIL T-FILTER 100 kn Internal Resistor with External 
Capacitor = 220 nF 

POWER SUPPLY 
Yoo 4.75 5 5.25 V de 
Vss -5.25 -5 -4.75 V de 
loo 4 10 mA Quiescent Current 
lss 4 10 mA Quiescent Current 

NOTES 
1 Angular accuracy includes offsets and gain errors. Stationary digital input and maximum analog frequency inputs. 
'Included in the angular error is an allowance for the additional error caused by the phase delay as a function of the input frequency. For example if 
f1NPUT = 600 Hz, the contribution to the error due to phase delay in 650 ns x f 1NPUT x 60 x 360 = 8.4 arc minures. 

'Output subject to input voltage and gain. 

Specifications in boldface are production tested. 
Specifications subject to change without notice. 

RECOMMENDED OPERATING CONDITIONS 
Power Supply Voltage (+V00, -Vssl ; ..... ±5 V de± 5% 

Analog Input Voltage (PH/IPl, 2, 3, 4) ..... 2 V rms ± 10% 
Analog Input Voltage (PH/IPHl, 2, 3) ...... 3 V rms ± 10% 
Ambient Operating Temperature Range 

Industrial (AP) . . . . . . . . . . . . . . . . . .. -40°C to + 85°C 

ORDERING GUIDE 

Temperature Package 
Model Temperature Range Accuracy Option* 

AD2SlOOAP -40°C to +85°C 18 arc min P-44A 

*P = Plastic Leaded Chip Carrier. For outline information see Package 
Information section. 

ABSOLUTE MAXIMUM RATINGS (TA= +25°C) 
V00 to AGND .................. -0.3 V to +7 V de 
Vss to AGND ................... +0.3 V to -7 V de 
AGND to DGND ...................... ±0.3 V de 

Analog Input Voltage to AGND ............. Vss to V00 

Digital Input Voltage to DGND .. -0.3 V to V00 + 0.3 V de 
Digital Output Voltage to DGND . -0.3 V to V00 + 0.3 V de 
Analog Output Voltage to AGND 

.................. Vss - 0.3 V to V00 + 0.3 V de 
Analog Output Load Condition (PH/OPl, 2, 3, 4 

SIN0, COS0) ............................ 2 kn 
Power Dissipation ......................... 60 mW 
Operating Temperature 

Industrial (AP) ................... -40°C to +85°C 
Storage Temperature .............. -,65°C to + 150°C 

Lead Temperature (Soldering, 10 sec) ........... + 300°C 

CAUTION 
l. Absolute Maximum Ratings are those values beyond which 

damage to the device may occur. 

2. Correct polarity voltages must be maintained on the + V 00 

and -Vss pins. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD2Sl00 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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AD2S100 
PIN DESIGNATIONS 

Pin Mnemonic Description 

3 STROBE Start Conversion 
4 Yoo Positive Power Supply 
5 Yss Negative Power Supply 
6 PH/OP4 Sin (O + <!>) 
7 PH/OPI Cos (0 + <!>) 
8 PH/OP3 Cos (O + 240° + <!>) 
9 PH/OP2 Cos (O + I20° + <!>) 
IO AGND Analog Ground 
11 PH/IP4 Sin 0 Input 
I2 PH/IPH3 High Level Cos (0 + 240°) Input 
13 PH/IP3 Cos (O + 240°) Input 
I4 PH/IPH2 High Level Cos (0 + 120°) Input 
I5 PH/IPZ Cos (0 + I20°) Input 
I6 PH/IPHI High Level Cos 0 Input 
I7 PH/IPI Cos (O) Input 
I9 Yss Negative Power Supply 
20 HPREF Homopolar Reference 
2I HPOP Homopolar Output 
22 HPFILT Homopolar Filter 
23 CONVI Select Input Format (3 Phase/3 Wire, Sin 0 
24 CONV2 Cos 9/Input, 3 Phase/2 Wire) 
25 cos Cos Output 
26 SIN Sin Output 
27 DBI2 (DBI = MSB DBI2 = LSB 
38 DBI Parallel Input· Data) 
4I Yoo Positive Power Supply 
42 DGND ·Digital Ground 
44 BUSY Conversion in Progress 

NOTES 
Signal, Inputs PH/IP and PH/IPH on Pin Nos. II through 17. 

L 90" orthogonal signals = Sin 8, Cos 8 (Resolver) = PH/IP4 and PH/IP!. 

2. Three phase, 120', three wire signals 
= cosA\, Cos (8 + 120'), Cos (8 + 240°). 
=PH/IP!, PH/IP2, PH/IP3 
High Level= PH/IPHI, PH/IPHZ, PH/IPH3. 

3. Three Phase, 120', two wire signals =Cos (8 + 120'), Cos (8 + 240') = 
PH/IP2, PH/IP3. 

In all cases where any of the input Pins 11 through 17 are not used, they 
must be left unconnected. 
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PH/IPH3 

PH/IP3 

PH/IPH2 

PH/IPZ 

PH/IPH1 

PH/IP1 

NC = NO CONNECT 

PIN CONFIGURATION 

AD2S100 

TOP VIEW 
(NOT TO SCALE) 
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THEORY OF OPERATION 
A fundamental requirement for high quality induction motor 
drives is that the magnitude and position of the rotating air-gap 
rotor flux be known. This is normally carried out by measuring 
the rotor position via a position sensor and establishing a rotor 
reference frame that can be related to stator current coordinates. 

To generate a flux component in the rotor, stator current is 
applied. A build-up of rotor flux is concluded which must be 
maintained by controlling the stator current, id,, parallel to the 
rotor flux. The rotor flux current component is the magnetizing 
current, imr· 

Torque is generated by applying a current component which is 
perpendicular to the magnetizing current. This current is nor
mally called the torque generating current, i.,,. 

To orient and control both the torque and flux stator current 
vectors a coordinate transformation is carried out to establish a 
new reference frame related to the rotor. This complex calcula
tion is carried out by the AD2SIOO vector processor. 

To expand upon the vector operator a description of a single 
vector rotation is of assistance. If it is considered that the mod
uli of a vector is OP and that through the movement of rotor 
position by c;p, we require the new position of this vector it can 
be deduced as follows: 

Let original vector OP = A (Cos 0 + jSIN 0) where A is a 
constant; 

so if, OQ = Op ei"' 

and: ei"' = Cos <I> + jSin <I> 

OQ = A (Cos 10 + <!>I + j Sin 10 + <!>II 

(I) 

=A [Cos 0 Cos<!> - Sin 0 Sin <fl + jSin 0 Cos <I> + jCos 0 Sin <Pl 
= A [!Cos 0 + jSin 01 ICos <I> + jSin <!>I] (2) 

Q 

p 

0 

Figure 1. Vector Rotation in Polar Coordinate 

The complex stator current vector can be represented 'IS i, := i., + 
j21T j41T . 

ai6, + a2ics where a = e 3 and a2 = e 3· This can be replaced 

by rectangular coordinates as 

(3) 

In this equation i.i. and iqs represent the equivalent of a two
phase stator winding which establishes the same magnitude of 
MMF in a three-phase system. These inputs can be seen after 
the three-phase to two-phase transformation in the AD2Sl00 
block diagram. Equation (3) therefore represents a three-phase 
to two-phase conversion. 
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To relate these stator current to the moving reference frame the 
rotor currents assume the same rectangular coordinates, but are 
now rotated by the operator ei'1', where ei'~ = Cos <I> + jSin <!>. 

Here the term vector rotator comes into play where the stator 
current vector can be represented in rotor-based coordinates or 
visa versa. 

The AD2Sl00 uses d'1' as the core operator. Here<!> represents 
the digital position angle which rotates as the rotor moves. In 
terms of the mathematical function, it rotates the orthogonal id, 
and iqs components as follows: 

id,'+ jiq,' =!Ids+ jI9sl ei" 
where id,', i9,' = stator currents in the rotor reference frame. 
And 

ei" = Cos <I> + }Sin <!> 

lh + jI9sllCos <I> + jSin <Pl 
The output from the AD2Sl00 takes the form of: 

id,' = Ids Cos <!> - Iqs Sin <fl 

i9,' = Ids Sin <!> + Iqs Cos <!> 
The matrix equation is: 

[~ds:] =[Cos <I> 
19s Sin<!> 

-Sin <!>] [Ids] 
Cos<!> Iqs 

and it is shown in Figure 2. 

Figure 2. AD25100 Vector Rotation Operation 

DJGITAL 

• I 
I 
I 
I 

INPUT CLARK 
r------------ ..... 1 
I cosu COStt + 120· COSH + 240° SINO I 
I I 
I I 
: TRAN;;R2~TION : 

L---- -- -----1 

I I I I 

L----------------~ 
L ____ J 

PARK OUTPUT CLARK 

Figure 3. Converter Operation Diagram 

Cu(ff+(240°+it)) 
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AD2S100 

CONVERTER OPERATION 
The architecture Qf the AD2Sl00 is illustrated in Figure 3. The 
AD2Sl00 is configured in the forward transformation which 
rotates the rotor frame·coordinates to the 'stator frame. 

Forward Rotation 
In this configuration the 3<f>-2<1> Clark is bypassed, and inputs 
are fed directly into the quadrature (PH/IP4) and direct (PHI 
IPl) inputs to the Park transform, ei<t>, where <I> is defined by 
the AD2SlOO's digital input. Position data, <!>,is loaded into the 
input latch on the positive edge of the strobe pulse. (For detail 
on the timing, please refer to the "tinting diagram.") The nega
tive edge of the strobe signifies that conversion has commenced. 
A busy pulse is subsequently produced as data is passed from 
the input latches to the Sin and Cos multipliers. During the 
loading of the multiplier, the busy pulse remains high to ensure 
sinlultaneous setting of <I> in both the Sin and Cos registers. 

The negative edge of the busy pulse signifies that the multipliers 
are set up and the orthogonal analog inputs are multiplied real 
time. The resultant two outputs are accessed via the PH/OP! 
(Pin 7) and PH/OP4 (Pin 6), alternatively they can be directly 
applied to the output Clark transform. The Clark output is 
the vector sum of the analog input vector (Cose (PH/OPl), Cos 
(6 + 120°) (PH/OP2), Cos (0 + 240°) (PH/OP3) and the digital 
input vector <j>. 

For other configurations, please refer to "Forward and Reverse 
Transformation." 

CONNECTING THE CONVERTER 
Power Supply Connection 
The power supply voltages connected. to V 00 and V ss pins 
should be +5 V de and -5 V de and must not be reversed. 
Pin 4 (V00) and Pin 41 (V00) should both be connected to 
+ 5 V; sinlilarly, Pin 5 (V ss) and Pin 19 (V ss) should both be 
connected to -5 V de. 

It is recommended that decoupling capacitors, 100 nF (ceramic) 
and 10 µF (tantalum) or other high quality capacitors, are con
nected in parallel between the power line V 00, V ss and AGND 
adjacent to the converter. Separate decoupling capacitors should 
be used for each converter. The connections are shown in Fig
ure 4. 

10µF 

GND~l--... --,.-t--a 

10µF 
AD2$100 
TOP VIEW 

Figure 4. AD2S100 Power Supply Connection 
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ANALOG SIGNAL INPUT AND OUTPUT 
CONNECTIONS 
Input.Analog Signals . 
All analog. signal inputs to AD2Sl00 are voltages. There are two 
different voltage levels of three-phase (0°, 120°, 240°) signal 
inputs. One is the nominal level, which is ±2.8 V de or 2 V rms 
and the corresponding input pins are PH/IPl (Pin 17), PH/IP2 
(Pin 15), PH/IP3 (Pin 13) and PH/IP4 (Pin 11). . 

The high level inputs can accommodate voltages from nominal 
up to a maximum of ±V0 ofVss· The corresponding input pins 
are PH/IPHl (Pin 16), PH/IPH2 (Pin 14) and PH/IPH3 (Pin 
12). The homop.olar output can only be used in. the three-phase 
connection mode. 

The converter can accept both two-phase format and three-phase 
format input signals. For the two-phase format input, the two 
inputs must be orthogonal to each other. For the three-phase 
format input, there is the choice of using all three inputs 'or 
using two of the three inputs. In the latter case, the third input 
signal will be generated internally by using the information of 
other two inputs. The high level input mode, however, can only 
be selected with three-phase/three-input format. All these differ
ent conversion modes, including nominal/high input level and 
two/three-phase input format can be selected using two select 
pins (Pin 23, Pin 24). The functions are sllillllllifized in Table I. 

Table I. Conversion Mode Selection 

CONVI CONV2 
Mode Description (Pin 23) (Pin 24) 

MODEi 2-Phase Orthogonal with 2 Inputs NC DGND 
Nominal Input Level 

MODE2 3-Phase (0°, 120°, 240°) with 3 Inputs DGND Von 
NominaVHigh Input Level* 

MODE3 3-Phase (0°, 120°, 240°) with 2 Inputs Von Von 
Nominal Input Level 

*The high level input mode can only be selected with MODE2. 

MOPEI: 2-Phase/2 Inputs with Nominal Input Level 
In this mode, PH/IPl and PH/IP4 are the inputs and the Pins 
12 through 16 must be left unconnected. 

MODE2: 3-Phase/3 Inputs with NominaVHigh Input Level 
In this mode, .either nominal or high level inputs can be used. 
For nominal level input operation, PH/IP!, PH/IP2 and PH/IP3 
are the inputs, and there should be no connections to PH/IPHl, 
PH/IPH2 and PH/IPH3i similarly, for high level input opera
tion, the PH/IPHl, PH/IPH2 and PH/IPH3 are the inputs, and 
there should be no connections to PH/IPl, PHIIP2 and PH/IP3. 
In both cases, the PH/IP4 should be left unconnected. For high 
level signal input operation, select MODE2 only. 

MODE3: 3-Phase/2 Inputs with Nominal Input Level 
In this mode, PH/IP2 and PH/IP3 are the inputs and the third 
signal will be generated internally by using the information of 
other !Wo inputs. It is recommended that PH/IPl, PH/IPHl, 
PH/IPH2, .PH/IP4 imd PH/IPH3 should be left unconneCted. 
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Output Analog Signals 
There are three forms of analog output from the AD2Sl00. 

Sin/Cos orthogonal output signals are derived from the Clark/ 
three-to-two-phase conversion before the Park angle rotation. 
These signals are available on Pin 25 (Cos 6) and Pin 26 (Sin 6), 
and occur before Park angle rotation. 

Three-Phase Output Signals 
(Cos (6 + <!>), Cos(<!> + 6 + 120°), Cos (<!> + 6 + 240°)), where 
<!> represents digital iii.put angle. These signals are available on 
Pin 7 (PH/OPl), Pin 9 (PH/OP2) and Pin 8 (PH/OP3), 
respectively. 

Two-Phase (Sin (6 + cl>), Cos (6 + cl>)) Signals 
These represent the output of the coordinate transformation. 
These signals are available on Pin 6 (PH/OP4, Sin (6 + <!>))and 
Pin 7 (PH/OPl, Cos (6 + <!>)). 

HOMOPOLAR OUTPUT 
Homopolar Reference 
In a three-phase ac system, the sum of the three inputs to the 
converter can be used to indicate whether or not the phases are 
balanced. 

If V suM = PH/IPl + PH/IP2 + PH/IP3 (or PH/IPHl + 
PH/IPH2 +PH/IPH3) this can be rewritten as VsuM = [Cos6,+ 
Cos (6 + 120°) + Cos (6 + 240°)) = 0. Any imbalances in the 
line will cause the sum V suM °"' 0. The AD2Sl00 homopolar 
output (HPOP) goes high when V suM > 3 x V,,. The voltage 
level at which the HPOP indicates an imbalance is determined 
by the HPREF threshold, V.,. This is set internally at ±0;5 V 
de (±0.l V de). The HPOP goes high when 

(Cos6 + Cos (6 + 120°) + Cos (6 + 240°)) 
~< 3 xv 

where Vis the nominal input voltage. 

With no external components VsuM must exceed ± 1.5 V de in 
order for HPOP to indicate an imbalance. The sensitivity of the 
threshold can be reduced by connecting an external resistor 
between HPOP and ground as shown in Figure 5, where, 

0.5 RExT v ------
ts - RExT + 20000 

RExT= n 
V,, = V de. 

HOMO POLAR 
REFERENCE 

EXTERNAL~ 
RESISTOR i" 

~ 

TO TRIGGER 

Figure 5. The Equivalent Homopolar Reference Input 
Circuitry 
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Example: From the equivalent circuit, it can be seen that the 
inclusion of a 20 k!l resistor will reduce V., to ±0.25 V de. This 
corresponds to an imbalance of ±0. 75 V de in the inputs. 

Homopolar Filtering 
The equation VsuM = CosH + Cos (6 + 120°) + Cos (6 + 240°) 
= 0 denotes an imbalance when V suM °"' 0. There are condi
tions, however, when an actual imbalance will occur and the 
conditions as define by V suM will be valid. For example, if the 
first phase was open circuit when 6 = 90° or 270°, the first 
phase is valid at 0 V de. VsuM is valid, therefore, when Cos6 is 
close to 0. In order to detect an imbalance 6 has to move away 
from 90° or 270°, i.e., when on a balanced line Cos 6 °"' 0. 

Line imbalance is detected as a function of HPREF, either set 
by the user or internally set at ±0.5 V de. This corresponds to a 
dead zone when<!>= 90° or 270° ± 30°, i.e., VsuM = 0, and, 
therefore, no indicated imbalance. If an external 20 k!l resistor 
is added, this halves V,, and reduces the zone to ± 15°. Note 
this example only applies if the first phase is detached. 

In order to prevent this false triggering an external capacitor 
needs to be placed from HPFIL T to ground, as shown in Fig
ure 5. This averages out the perceived imbalance over a com
plete cycle and will prevent the HPOP from alternatively 
indicating balance and imbalance over 6 = 0° to 360°. 

For 

d6 

dt 

d6 

dt 

1000 rpm CExT = 200 nF 

100 rpm CExT = 2.2 µF 

Note: The slower the input rotational speed, the larger the time 
constant required over which to average the HPOP output. Use 
of the homopolar output at slow rotational speeds becomes 
impractical with respect to the increased value for Crun• 

Figure 6. AD2S100 Homopolar Output Connections 
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AD2S100 
TIMING DIAGRAMS 
Busy Output 
The state of converter is indicated by the state of the BUSY out
put (Pin 44). The BUSY output will go HI at the negative edge 
of the STROBE input. This is used to synchronize digital input 
data and load the digital angular rotation information into the 
device counter. The BUSY output will remain HI for 2 µ.s, and 
go LO until the next strobe negative edge occurs. 

Strobe Input 
The width of the positive STROBE pulse should be at least 
100 ns, in order to successfully start the conversion. The maxi
mum frequency of STROBE input is 366 kHz, i.e., there should 
be at least 2. 73 µ.s from the negative edge of one STROBE 
pulse to the next rising edge. This is illustrated by the following 
timing diagram and table. 

STROBE 

BUSY 

Figure 7. AD25100 Timing Diagram 

Note: Digital data should be stable 25 ns before and after posi
tive strobe edge. 

Parameter 

t, 
t, 
t, 
t4 
tr 

tr 

Table II. AD2SIOO Timing Table 

Min Typ Max 

100 ns 
30 ns 

l. 7 µ.s 2.5 µ.s 
100 ns 
20 ns 

150 ns 

10 ns 

120 ns 

3 PHASE - 3 PHASE 

2 PHASE - 2 PHASE 

2 PHASE - 3 PHASE 

3 PHASE - 2 PHASE 

Condition 

STROBE Pulse Width 
STROBE t to BUSY i 
BUSY Pulse Width 
BUSY t to STROBE i 
BUSY Pulse Rise Time 
with No Load 
BUSY Pulse Rise Time 
with 68 pF Load 
BUSY Pulse Fall Time 
with No Load 
BUSY Pulse Fall Time 
with 68 pF Load 

FORWARD 
TRANSFORMATION 

AD2S100 

TYPICAL CIRCUIT CONFIGURATION 
Figure 8 shows a typical circuit configuration for the AD2S 100 
in a three phase, nominal level input mode (MODE2). 

10µF +5V 

! (---t"t--U 
a: 
I!' 

GND 

Figure 8. Typical Circuit Configuration 

APPLICATIONS 
Forward and Reverse Transformation 
The AD2Sl00 can perform both forward and reverse transfor
mations. The section "Theory of Operation" explains how the 
chip operates with the core operator e +j<t>, which performs a for
ward transformation. The reverse transformation, e-i<t>, is not 
mentioned in the above sections of the data sheet simply to 
avoid the confusion in the functionality and pinout. However, 
the reverse transformation is very useful in many different appli
cations, and the AD2Sl00 can be easily configured in a reverse 
transformation configuration. Figure 9 shows four different 
phase input/output connections for AD2S 100 reverse transfor
mation operation. 

REVERSE 
TRANSFORMATION 

AD2S100 

Figure 9. Reverse Transformation Connections 
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y'In Figure 9, " - l" operator performs a 180° phase shift opera
tion. It can be illustrated by a 2-phase-to-3-phase reverse trans
formation. An example is shown in Figure 10. 

cooe 

Sine 

PH/IP1 (Coll&) PH/OP1 Coo(9-op) 

R 
Cos(O +op) 

AD2S100 
PH/OP3 Cos(e + 120° - op) 

Cos(9 + 240• + .p) 

PH/IP4 (SlnO) PH/OP2 
Cos(e + 240" - o) Cos(O + 120° + o) 

Figure 10. Two-Phase to Three-Phase Reverse 
Transformation 

Field Oriented Control of AC Induction Machine in a Rotor 
Flux Frame 
The architecture shown in Figure 11 identifies a simplified 
scheme where the AD2Sl00 permits the DSP computing core to 
execute the motor control in what is normally termed the rotor 
reference frame. This reference frame actually operates in syn
chronism with the rotor of a motor. This has significant benefits 

POSITION 
FEEDBACK 

VELOCITY 
FEEDBACK 

POSITION 
SET POINT 

111 coJ:gg~;SOR 
(• + Jb)e-Jp 

182 -t 
REVERSE 
ROTATION 

183 lqs 

AD2S100 
Ida 

CONTROL SOFTWARE ADSP2101 

AD2S100 
regarding motor control efficiency and economics. The calculat
ing power required in the rotor reference frame is significantly 
reduced because the currents and flux are rotating at the slip 
frequency. This permits calculations to be carried out in time 
frames of, 100 µs, or under by a fixed-point DSP. Benchmark 
timing in this type of architecture can attain floating-point speed 
processing with a fixed-point processor. Perhaps the largest 
advantage is in the ease with which the rotor flux position can 
be obtained. A large amount of computation time is, therefore, 
removed by the AD2Sl00 vector processors due to the split 
architecture shown in Figure 11. Motor control systems employ
ing one DSP to carry out the cartesian to polar transformations 
required for vector control are, therefore, tasked with additional 
duties due to the fact that they normally operate in the flux ref
erence frame. 

The robustness of the control system can also be increased by 
carrying out the control in the rotor reference frame. This is 
achieved through the ability to increase and improve both the 
algorithm quality in nonlinear calculations attributed to magne
tizing inductance and rotor time constant for example. An 
increase in sampling time can also be concluded with this archi
tecture by avoiding the additional computing associated with 
number truncation and rounding errors which reduce the signal 
to noise rejection ratio. 

VECTOR 
Vs1 

CO-PROCESSoR 

(• + Jb)e'-lp' 

p' -f Vs2 

FORWARD 
ROTATION 

Vs3 

AD2S100 

Figure 11. Rotor Reference Frame Architecture 
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AD2S100 
SIMPLE SLIP CONTROL 
In an adjustable-frequency drive, the control strategy must 
ensure that motor operation is restrkced to low slip frequencies, 
resulting in stable operation with a high power factor and a high 
torque per stator ampere. Figure 12 shows the block diagram of 
simple slip control using the AD2Sl00. Here, the slip frequency 
command w2 and the. current amplitude command are sent to 
the microprocessor to generate two orthogonal signals, III Sin 0 
and III Cos 0 here (0 = w2 .) With the actual shaft position angle, 
cj>, (resolver-to-digital converter) and the orthogonal signals from 

(QSET PWM 
+ 

INVERTER 

Figure 12. Slip Control of AC Induction Motor with 
AD2S100 

the µP, the AD2Sl00 generates the inverter frequency and 
amplitude command into a three-phase format. The three-phase 
sine wave reference currents are reproduced in the stator phases. 
For general applications, both the steady-state and dynamic per
formance of this simple control scheme is satisfactory. For 
detailed information about this application, please refer to the 
bibliography at the end of the data sheet. 

ADVANCED PMSM SERVO CONTROL 
Electronically commutated permanent magnet synchronous 
motors (PMSM) are used in high performance drives for 
machine tools and robotics. When a field orientated control 
scheme is deployed, the resulting brushless drive has all the 
properties required for servo applications in machine tool fed 
drives, industrial robots, and spindle drives. These properties 
include large torque/inertia ratio, a high peak torque capability 
for fast acceleration and deceleration with high torsional stiffness 
at standstill. 

Figure 13 shows the AD2Sl00 configured for both forward and 
reverse transformations. This architecture concludes both flux 
and torque current components independently. The additional 
control of V d (flux component) allows for the implementation of 
field weakening schemes and maintenance of power factor. 

Figure 13. PMSM Servo Control Using AD2S100 
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For more detailed information, please refer to the application 
note "Vector Control Using a Single Vector Rotation Semicon
ductor for Induction and Permanent Magnet Motors." 

MOTION CONTROL DSP COPROCESSOR 
AC induction motors are superior to de motors with respect to 
size/power ratio, weight, rotor inertja, maximum rotating veloc
ity, efficiency and cost for motor ratings greater than 5 HP. 
However, because of nonlinear and the highly interactive multi
variable control structure, ac induction motors have been con
sidered difficult to control in applications demanding variable 
speed and torque. 

Field orientated control theory and practice, under development 
since 1975, has offered the same level of control enjoyed by tra
ditional de machines. Practical implementation of these algo
rithms involves the use of DSP and microprocessor based 
architectures. The AD2S 100 removes the needs for software 
implementation of the rotor-to-stator and stator-to-rotor trans
formations in the DSP or µP. The reduction in throughput 
times from typically 100 µs (µP) and 40 µs (DSP) to 2 µs 
increases system bandwidths while also allowing additional fea
tures to be added to the CPU. The combination of the fixed· 
point ADSP-2101 and the AD2Sl00, the "advanced motion con
trol engine" shown in Figure 14, enables bandwidths previously 
attainable only through the use of floating point devices. 

For more detailed information on the AD2Sl00 vector control 
application and on this advanced motion control engine, please 
refer to application notes "Vector Control Using a Single Vector 
Rotation Semiconductor for Induction and Permanent Magnet 
Motors." 

MEASUREMENT OF HARMONICS 
Three-phase ac power systems are widely used in power genera
tion, transmission and electric drive. The quality of the elec
tricity supply is affected by harmonics injected into the power 
main. In inverter fed ac machines, fluxes and currents of various 
frequencies are produced. Predominantly in ac machines the 5th 
and 7th harmonics are the most damaging; their reaction with 
the fundamental flux component produces 6th harmonic torque 
pulsations. The subsequent pulsating torque output may result 
in uneven motion of the motor, especially at low speeds. 

The AD2Sl00 can be used to monitor and detect the presence 
and magnitude of a particular harmonic on a three-phase line .. 
Figure 15 shows the implementation of such a scheme using the 
AD2Sl00. Note, the actual line voltages will have to be scaled 
before applying to the three-phase input of the AD2Sl00. 

Selecting a harmonic is achieved by synchronizing the rotational 
frequency of the park digital input, cj>, with the frequency of the 
fundamental flux component and the integer harmonic selected. 
The update rate, r, of the counters is determined by: 

nxw 
r=4096X~ 

Here, r = input clock pulse rate (pulses/second); 
n = the order of harmonics to be measured; 
w = fundamental angular frequency of the ac signal. 
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VECTOR 
COPROCESSOR ADC 

HOST COMPUTER 

ADSP-21011 
ADSP-2105 

DAC 
VECTOR 

COPROCESSOR 

la, lb, le 

AD2S80A 
RID 

CONVERTER 

AD2S100 

Figure 14. Advanced Motion Control Engine 

The magnitude of the n-th harmonic as well as the fundamental 
component in the power line is represented by the output of the 
low-pass filter, ak. In concert with magnitude of the harmonic 
the AD2S100 homopolar output will indicate whether the 
three phases are balanced or not. For more details about this 
application, refer to the related application note listed in the 
bibliography. 

AD2S100 

Vd 

TWO-TO-THREE 

TRAN;~:~TION Vq 

HOMOPOLAR 
OUTPUT 

.-Joi> PARK 
TRANSFORMATION 

LOW PASS 
FILTER 

PULSE INPUTS 

DIRECTION 

Figure 15. Harmonics Measurement Using AD2S100 

MULTIPLE POLE MOTORS 
For multi-pole motor applications where a single speed resolver 
is used, the AD2S100 input has to be configured to match the 
electrical cycle of the resolver with the phasing of the motor 
windings. The input to the AD2Sl00 is the output of a resolver
to-digital converter, e.g., AD2SSOA series. The parallel output 
of the converter needs to be multiplied by 2°-1, where n = the 
number of pole parts of the motor. In practice this is imple
mented by shifting the parallel output of the converter left rela
tive to the number of pole pairs. 

Figure 16 shows the generic configuration of the AD2S80A with 
the AD2S100 for a motor with n pole pairs. The MSB of the 
AD2S100 is connected to MSB-(n-1) bit of the AD2SSOA digital 
output, MSB-1 bit to MSB-(n-2) bit, ..• , LSB bit to LSB bit 
of AD2SSOA, etc. 

Figure 17 shows the AD2SSOA configured for use with a four 
pole motor, where n = 2. Using the formula described the MSB 
is shifted left once. 
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AD2SBOA 

MSB 

MSB-1 

MSB-(n-1) 

LSB+ (n-1) 

12,14 OR 16-BIT RESOLUTION MODE 

AD2S100 
MSB 

MSB-1 

MSB-2 

LSB 

Figure 16. A General Consideration in Connecting RID 
Converter and AD2S100 for Multiple Pole Motors 

AD2S80A 

(MSB) BIT1 

BIT2 

BIT13 

(LSll) BIT14 

AD2S100 

MSB 

MSB-1 

LSB 

14-BIT RESOLUTION MODE 

Figure 17. Connecting of RID Converter AD2SBOA and 
AD2S100 for Four-Pole Motor Application 
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AD2Sl00 
DIGITAL-TO-RESOLVER AND SYNCHRO 
CONVERSION 
The AD2Sl00 can be configured for use as a 12-bit digital-to
resolver (DRC) or synchro converter (DSC). DRCs and DSCs 
are used to simulate the outputs of a resolver or a synchro. The 
simulated outputs are represented by the transforms outlined 
below. 

Resolver Outputs 
Asinwt.cos<!> 
Asinwt.sin<!> 

Synchro Outputs 
Asinwt.sin<!> 
Asinwt.sin ( <!> + 120°) 
Asinwt.sin ( <!> + 240°) 

where: Asinwt = fixed ac reference 

<!> = digital input angle, i.e., shaft position 

The waveforms are shown in Figures 18 and 19. 

o• 90• 100• 210• 360• 

Figure 18. Electrical Representation and Typical Resolver 
Signals 

Figure 19. Electrical Representation and Typical Synchro 
Signals 
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Configuring the AD2Sl00 for DRC and DSC operation is done 
by the following. 
DRC-Must Select Mode 1 
Inputs PH/IP4 Pin 11 AGND 

PH/IPl Pin 17 Reference Asinwt 
Outputs PH/OPl Pin 7 

PH/OP4 Pin 6 
DSC--,Must Select Mode 1 
Inputs PH/IP4 Pin 11 

PH/IPl Pin 17 
Outputs PH/OPl Pin 7 

PH/OP2 Pin 9 
PH/OP3 Pin 8 

NOTES 

Asinwt Cos<!> 
Asinwt Sin<!> 

Reference Asinwt 
AGND 

-Asinwt Sin<!> 
-Asinwt Sin(<!> + 120°) 
-Asinwt Sin ( <!> + 240°) 

I. Valid information is only available after the strobe pulse and BUSY go 
low. For more information on DRCs see the AD2S65/AD2S66 data sheet. 

2. To correct for inverse phasing of the DSC outputs the reference should be 
inverted, or the MSB can be inverted. 

APPLICATION NOTES LIST 
1. "Vector Control Using a Single Vector Rotation Semiconduc

tor for Induction and Permanent Magnet Motors," by F. P. 
Flett, Analog Devices. 

2. "Gamana - DSP Vector Coprocessor for Brushless Motor 
Control," by Analog Devices and Infosys Manufacturing 
System. 

3. "Silicon Control Algorithms for Brushless Permanent Magnet 
Synchronous Machines," by F. P. Flett. 

4. "Single Chip Vector Rotation Blocks and Induction Motor 
Field Oriented Control," by A. P. M. Van den Bossche and 
P. J.M. Coussens. 

5. "Three Phase Measurements with Vector Rotation Blocks in 
Mains and Motion Control," P. J. M. Coussens, et al. 

6. "Digital to Synchro and Resolver Conversion with the AC 
Vector Processor AD2Sl00," by Dennis Fu. 

7. "Experiment with the AD2Sl00 Evaluation Board," by 
Dennis Fu. 
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~ANALOG 
WDEVICES 

FEATURES 
Single Chip Solution, Contains Internal Oscillator and 

Voltage Reference 
No Adjustments Required 
Insensitive to Transducer Null Voltage 
Insensitive to Primary to Secondary Phase Shifts 
DC Output Proportional to Position 
20 Hz to 20 kHz Frequency Range 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Will Operate a Remote LVDT at Up to 300 Feet 
Position Output Can Drive Up to 1000 Feet of Cable 
Will Also Interface to an RVDT 
Outstanding Performance 

Linearity: 0.05% of FS max 
Output Voltage: ±11 V min 
Gain Drift: 50 ppm/°C of FS max 
Offset Drift: 50 ppm/°C of FS max 

PRODUCT DESCRIPTION 
The ADS98 is a complete, monolithic Linear Variable Differen
tial Transformer (L VDT) signal conditioning subsystem. It is 
used in conjunction with L VDTs to convert transducer mechan
ical position to a unipolar or bipolar de voltage with a high 
degree of accuracy and repeatability. All circuit functions are 
included on the chip. With the addition of a few external pas
sive components to set frequency and gain, the ADS98 converts 
the raw L VDT secondary output to a scaled de signal. The 
device can also be used with RVDT transducers. 

The ADS98 contains a low distortion sine wave oscillator to 
drive the LVDT primary. The LVDT secondary output consists 
of two sine waves that drive the ADS98 directly. The ADS98 
operates upon the two signals, dividing their difference by their 
sum, producing a scaled unipolar or bipolar de output. 

The ADS98 uses a unique ratiometric architecture (patent pend
ing) to eliminate several of the disadvantages associated with 
traditional approaches to L VDT interfacing. The benefits of this 
new circuit are: no adjustments are necessary, transformer null 
voltage and primary to secondary phase shift does not affect sys
tem accuracy, temperature stability is improved, and transducer 
interchangeinterchangeabilityability is improved. 

The ADS98 is available in two performance grades: 

Grade Temperature Range Package 

ADS98JR 0 to +70°C 20-Pin Small Outline (SOIC) 
ADS98AD -40°C to. +ss•c 20-Pin Ceramic DIP 

It is also available processed to MIL-STD-883B, for the military 
range of -ss·c to + 125°C. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

LVDT Signal 
Conditioner 

AD598 I 
FUNCTIONAL BLOCK DIAGRAM 

EXCITATION (CARRIER) 

PRODUCT HIGHLIGHTS 
1. The ADS98 offers a monolithic solution to L VDT and 

RVDT signal conditioning problems; few extra passive com
ponents are required to complete the conversion from 
mechanical position to de voltage and no adjustments are 
required. 

2. The ADS98 can be used with many different types of 
L VDTs because the circuit accommodates a wide range of 
input and output voltages and frequencies; the ADS98 can 
drive an L VDT primary with up to 24 V rms and accept sec
ondary input levels as low as 100 mV rms. 

3. The 20 Hz to 20 kHz LVDT excitation frequency is deter
mined by a single external capacitor. The ADS98 input signal 
need not be synchronous with the L VDT primary drive. 
This means that an external primary excitation, such as the m 
400 Hz power mains in aircraft, can be used. 

4. The ADS98 uses a ratiometric decoding scheme such that 
primary to secondary phase shifts and transducer null voltage 
have absolutely no effect on overall circuit performance. 

5. Multiple L VDTs can be driven by a single ADS98, either in 
series or parallel as long as power dissipation limits are not 
exceeded. The excitation output is thermally protected. 

6. The ADS98 may be used in telemetry applications or in hos
tile environments where the interface electronics may be 
remote from the LVDT. The ADS98 can drive an LVDT at 
the end of 300 feet of cable, since the circuit is not affected 
by phase shifts or absolute signal magnitudes. The position 
output can drive as much as 1000 feet of cable. 

7. The ADS98 may be used as a loop integrator in the design of 
simple electromechanical servo loops. 
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AD598 . SPECIFICATIONS (typical@ +_25°C and ±15 ~de, Cl= 0.015 µF, R2 = 80 kfi, RL = 2 kfi, 
- unless otherwise noted. See Figure 7.) 

AD598J AD598A 
Model Min Typ Max Min Typ Max Unit 

TRANSFER FUNCTION1 VouT = 
VA-VB 
---
VA+Vn 

x 500 µA x R2 v 

OVERALL ERROR2 

Tmin to Tmax 0.6 2.35 0.6 1.65 % ofFS 

SIGNAL OUTPUT CHARACTERISTICS 
Output Voltage Range CT min to Tmaxl ±11 ±11 v 
Output Current (T min to T maxl 8 6 mA 
Short Circuit Current 20 20 mA 
Nonlinearity3 (T min to T maxl 75 ±500 75 ±500 ppm of FS 
Gain Error4 0.4 ±1 0.4 ±1 % ofFS 
Gain Drift 20 ±100 20 ±50 ppm/°C of FS 
Offset5 0.3 ±1 0.3 ±1 % ofFS 
Offset Drift 7 ±200 7 ±50 ppm/°C ofFS 
Excitation Voltage Rejection6 100 100 ppm/dB 
Power Supply Rejection ( ± 12 V to ± 18 V) 

PSRR Gain (T min to T maxl 300 100 400 100 ppmN 
PSRR Offset (T min to T maxl 100 15 200 15 ppmN 

Common Mode Rejection (±3 V) 
CMRR Gain (T min to T maxl 100 25 200 25 ppmN 
CMRR Offset (T min to T maxl 100 6 200 6 ppmN 
Output Ripple7 4 4 mVrms 

EXCITATION OUTPUT CHARACTERISTICS(@ 2.5 kHz) 
Excitation Voltage Range 2.1 24 2.1 24 V rms 
Excitation Voltage 

(RI= Open)8 1.2 2.1 1.2 2.1 V rms 
(Rl = 12. 7 k!1)8 2.6 4.1 2.6 4.1 Vrms 
(RI = 487 !1)8 14 20 14 20 V rms 

Excitation Voltage TC9 600 600 ppm/°C 
Output Current 30 30 mArms 

Tmin tO Tmax 12 12 mArms 
Short Circuit Current 60 60 mA 
DC Offset Voltage (Differential, RI = 12.7 k!1) 

Tmin to Tmax 30 ±100 30 ±100 mV 
Frequency 20 20k 20 20k Hz 
Frequency TC, (RI = 12.7 k!1) 200 200 ppm/°C 
Total Harmonic Distortion -so -so dB 

SIGNAL INPUT CHARACTERISTICS 
Signal Voltage 0.1 3.5 0.1 3.5 Vrms 
Input Impedance 200 200 k!1 
Input Bias Current (AIN and BIN) I 5 1 5 µA 
Signal Reference Bias Current 2 10 2 10 µA 
Excitation Frequency 0 20 0 20 kHz 

POWER SUPPLY REQUIREMENTS 
Operating Range 13 36 13 36 v 
Dual Supply Operation (±10 V Output) ±13 ±13 v 
Single Supply Operation 

0 to + 10 V Output 17.5 17.5 v 
0 to -10 V Output 17.5 17.5 v 

Current (No Load at Signal and Excitation Outputs) 12 15 12 15 mA 
Tmin to Tmax 16 18 mA 

TEMPERATURE RANGE 
JR (SOIC) 0 70 oc 
AD (DIP) -40 +85 oc 

PACKAGE OPTION10 

SOIC (R-20) AD598JR 
Side Brazed DIP (D-20) AD598AD 
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AD598 
NOTES 

1V A and V 8 represent the Mean Average Deviation (MAD) of the detected sine waves. Note that for this Transfer Function to linearly represent positive dis
placement, the sum of VA and V 8 of the LVDT must remain constant with stroke length. See "Theory of Operation." Also see Figures 7 and 12 for R2. 

2From T min to T max the overall error due to the AD598 alone is determined by combining gain error, gain drift and offset drift. For example, the worst case 
overall error for the ADS98AD from Tmin to Tmax is calculated as follows: overall error= gain error at +25°C (±1% full scale)+ gain drift from -40°C to 
+25'C (50 ppm/'C of FS x +65'C) + offset drift from -40'C to + 25'C (50 ppm/'C of FS x 65'C) ~ ± 1.65% of full scale. Note that 1000 ppm of full scale 
equals 0.1 % of full scale. Full scale is defined as the voltage difference between the maximum positive and maximum negative output. 

3Nonlinearity of the ADS98 only, in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the ADS98 output voltage from 
a straight line. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive 
voltage. 

4See Transfer Function. 
5This offset refers to the (VA - V 8 )/(V A+ V 8 ) input spanning a full-scale range of ± 1. [For (VA - V 8 )/(V A+ V 8 ) to equal + 1, V 8 must equal zero volts; and corre
spondingly for (VA -V 8)/(V A+ Vu) to equal -1, VA must equal zero volts. Note that offset errors do not allow accurate use of zero magnitude inputs; practical 
inputs are limited to 100 mV rms.] The ± 1 span is a convenient reference point to define offset referred to input. For example, with this input span a value of 
R2 = 20 kH would give Vmn span a value of ± 10 volts. Caution, most LVDTs will typically exercise less of the (VA -V 8 )/(V A+ V 8 ) input span and thus 
require a larger value of R2 to produce the ± 10 V output span. In this case the offset is correspondingly magnified when referred to the output voltage. For 
example, a Schaevitz EIOO LVDT requires 80.2 kn for R2 to produce a ±10.69 V output and (VA-V8 )/(VA+V8 ) equals 0.27. This ratio may be determined 
from the graph shown in Figure 18, (VA-V8 )/(VA+V8 ) ~ (l.71 V rms-0.99 V rms)/(1.71 V rms+0.99 V rms). The maximum offset value referred to the 
±10.69 V output may be determined by multiplying the maximum value shown in the data sheet (±1% of FS by 110.27 which equals ±3.7% maximum. Simi
larly, to detefmine the maximum values of offset drift, offset CMRR and offset PSRR when referred to the ±10.69 V output, these data sheet values should 
also be multiplied by (1/0.27). For this example, for the AD598AD the maximum values of offset drift, PSRR offset and CMRR offset would be: 185 ppm/'C 
of FS; 741 pprnN and 741 pprnN respectively when referred to the ± 10.69 V output. 

6For example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm. 
'Output ripple is a function of the AD598 bandwidth determined by CZ, C3 and C4. See Figures 16 and 17. 
8Rl is shown in Figures 7 and 12. 
9Excitation voltage drift is not an important specification because of the ratiometric operation of the ADS98. 

1°For outline information see Package Information section. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

THERMAL CHARACTERISTICS 

SOIC Package 
Side Brazed Package 

61c 

22°C/W 
25°C/W 

6JA 

80°C/W 
85°C/W 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage +Vs to -Vs 
Storage Temperature Range 

R Package .......... . 
D Package .......... . 

Operating Temperature Range 

......... 36 v 

-65°C to + 150°C 
-65°C to + l 50°C 

AD598JR .......................... Oto +70°C 
AD598AD ...................... -40°C to +85°C 

Lead Temperature Range (Soldering 60 Seconds) .... + 300°C 
Power Dissipation Up to +65°C ................ 1.2 W 
Derides Above +65°C .................... 12 mW/°C 

REV.A 

CONNECTION DIAGRAM 
Plastic SOIC (R) Package 

and 
Side Brazed Ceramic DIP (D) Package 
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AD598 
THEORY OF OPERATION 
A block diagram of the ADS98 along with an L VDT (Linear 
Variable Differential Transformer) connected to its input is 
shown in Figure 5. The LVDT is an electromechanical trans
ducer whose input is the mechanical displacement of a core and 
whose output is a pair of ac voltages proportional to core posi
tion. The transducer consists of a primary winding energized by 
an external sine wave reference source, two secondary windings 
connected in series, and the moveable core to couple flux 
between the primary and secondary windings. 

EXCITATION (CARRIER) 

Figure 5. AD598 Functional Block Diagram 

The AD598 energizes the LVDT primary, senses the LVDT 
secondary output voltages and produces a de output voltage pro
portional to core position. The AD598 consists of a sine wave 
oscillator and power amplifier to drive the primary, a decoder 
which determines the ratio of the difference between the L VDT 
secondary voltages divided by their sum, a filter and an output 
amplifier. 

The oscillator comprises a multivibrator which produces a tri
wave output. The triwave drives a sine shaper, which produces 
a low distortion sine wave whose frequency is determined by a 
single capacitor. Output frequency can range from 20 Hz to 
20 kHz and amplitude from 2 V rms to 24 V rms. Total har
monic distortion is typically -50 dB. 

The output from the L VDT secondaries consists of a pair of 
sine waves whose amplitude difference, (VA-VB), is proportional 
to core position. Previous L VDT conditioners synchronously 
detect this amplitude difference and convert its absolute value to 

a voltage proportional to position. This technique uses the pri
mary excitation voltage as a phase reference to determine the 

polarity of the output voltage. There are a number of problems 
associated with this technique such as ( 1) producing a constant 
amplitude, constant frequency excitation signal, (2) compensat
ing for L VDT primary to secondary phase shifts, and (3) com
pensating for these shifts as a function of temperature and 
frequency. 

The AD598 eliminates all of these problems. The AD598 does 
not require a constant amplitude because it works on the ratio of 
the difference and sum of the L VDT output signals. A constant 
frequency signal is not necessary because the inputs are rectified 
and only the sine wave carrier magnitude is processed. There is 
no sensitivity to phase shift between the primary excitation and 
the L VDT outputs because synchronous detection is not 
employed. The ratiometric principle upon which the AD598 
operates requires that the sum of the L VDT secondary voltages 
remains constant with L VDT stroke length. Although L VDT 
manufacturers generally do not specify the relationship between 
VA+ VB and stroke length, it is recognized that some L VDTs do 
not meet this requirement. In these cases a nonlinearity will 
result. However, the majority of available LVDTs do in fact 
meet these requirements. 

The AD598 utilizes a special decoder circuit. Referring to the 
block diagram and Figure 6 below, an implicit analog comput
ing loop is employed. After rectification, the A and B signals are 
multiplied by complementary duty cycle signals, d and (1-d) 
respectively. The difference of these processed signals is inte
grated and sampled by a comparator. It is the output of this 
comparator that defines the original duty cycle, d, which is fed 
back to the multipliers. 

As shown in Figure 2, the input to the integrator is [(A+ B)d]
B. Since the integrator input is forced to 0, the duty cycle 
d = B/(A+B). 

The output comparator which produces d = B/(A + B) also con
trols an output amplifier driven by a reference current. Duty 
cycle signals d and (1-d) perform separate modulations on the 
reference current as shown in Figure 6, which are summed. The 
summed current, which is the output current, is IREF x (l-2d). 
Since d = B/(A + B), by substitution the output current equals 
IREF x (A-B)/(A + B). This output current is then filtered and 
converted to a voltage since it is forced to flow through the scal
ing resistor R2 such that: 

Vour =!REF x (A-B)l(A+B) x R2 

Figure 6. Block Diagram of Decoder 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Single Chip Solution, Contains Internal Oscillator and 

Voltage Reference 
No Adjustments Required 
Interfaces to Half-Bridge LVDT, 4-Wire LVDT 
DC Output Proportional to Position 
20 Hz to 20 kHz Frequency Range 
Unipolar or Bipolar Output 
Will Also Implement AC Bridge 
Outstanding Performance 

Linearity: 0.05% 
Output Voltage: ±11 V 
Gain Drift: 20 ppm/°C (typ) 
Offset Drift: 5 ppm/°C (typl 

PRODUCT DESCRIPTION 
The AD698 is a complete, monolithic Linear Variable Differen
tial Transformer (L VDT) signal conditioning subsystem. It is 
used in conjunction with L VDTs to convert transducer mechan
ical position to a unipolar or bipolar de voltage with a high 
degree of accuracy and repeatability. All circuit functions are 
included on the chip. With the addition of a few external pas
sive components to set frequency and gain, the AD698 converts 
the raw L VDT output to a scaled de signal. The device will 
operate with half-bridge LVDTs, LVDTs connected in the 
series opposed configuration, (4-wire), RVDTs. 

The AD698 contains a low distortion sine wave oscillator to 
drive the L VDT primary. Two synchronous demodulation 
channels of the AD698 are used to detect primary and secondary 
amplitude. The part divides the output of the secondary by the 
amplitude of the primary and multiplies by a scale factor. This 
eliminates scale factor errors due to drift in the amplitude of 
the primary drive, improving temperature performance and 
stability. 

The AD698 uses a unique ratiometric architecture to eliminate 
several of the disadvantages associated with traditional 
approaches to L VDT interfacing. The benefits of this new cir
cuit are: no adjustments are necessary; temperature stability is 
improved;.and transducer interchangeability is improved. 

The AD698 is available in two performance grades: 

Grade Temperature Range Package 
AD698AP -40°C to +ss·c 28-Pin PLCC 
AD698SQ -ss·c to + 12s·c 24-Pin Cerdip 

REV.A 

Universal 
LVDT Signal Conditioner 

AD69B- I 
FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD698 offers a single chip solution to L VDT signal 

conditioning problems. All active circuits are on the mono
lithic chip with only passive components required to com
plete the conversion from mechanical position to de voltage. 

2. The AD698 can be used with many different types of posi
tion sensors. The circuit is optimized for use with any 
LVDT, including half-bridge and series opposed, (4 wire) 
configurations. The AD698 accommodates a wide range of 
input and output voltages and frequencies. 

3. The 20 Hz to 20 kHz excitation frequency is determined by a 
single external capacitor. The AD698 provides up to 24 volts 
rms to differentially drive the LVDT primary, and the 
AD698 meets its specifications with secondary input levels as • 
low as 100 millivolts rms. 

4. Change in oscillator amplitude with temperature will not 
affect overall circuit performance. The AD698 computes the 
ratio of the secondary voltage to the primary voltage to deter
mine position and direction. No adjustments are required. 

5. Multiple LVDTs can be driven by a single AD698 either in 
series or parallel as long as power dissipation limits are not 
exceeded. The excitation output is thermally protected. 

6. The AD698 may be used as a loop integrator in the design of 
simple electromechanical servo loops. 

7. The sum of the secondaries' voltages do not need to be 
constant. 
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AD698-SPEClflCATIQNS @TA = + 25°&, YcM = 0 V, and V+, V- = ±15 V de, unless otherwise' noted) 

AD698SQ AD698AP 
Parameter Min Typ Max Min Typ Max Unit. 

TRANSFER FUNCTION1 Vour 
A 

= B x soo µA x R2 v 

OVERALL ERROR T MIN to TMAX 0.4 1.65 0.4 1.65 %ofFS 
.. 

SIGNAL OUTPUT CHARACTERISTICS 
Output Voltage Range ±11 ±11 v 
Output Current, T MIN to T MAX 11 11 mA. 
Shon Circuit Current 20 20 mA 
Nonlinearity2 T MIN to T MAX 7S ±500 75 ±500 ppm ofFS 
Gain Error3 0.1 ±1.0 0.1 :tl.O % ofFS. 
Gain Drift 20 ±100 20 :!:100 ppm/°C ofFS 
Output Offset 0.02 ±1 0.02 :!:l %ofFS 
Offset Drift s :!:25 s ±25 ppm/°C ofFS 
Excitation Voltage Rejection4 100 100 ppm/dB 

Power Supply Rejection (±12 V to ±18 V) 
PSRR Gain so 300 50 300 ppm/V 
PSRR Offset 15 100 15 100 ppm/V 

Common-Mode Rejection (±3 V) 
CMRRGain 25 100 25 100 ppm/V 

· CMRR Offset 2 100 2 100 ppm/V 
Output Ripple5 4 4 mVrms 

EXCITATION OUTPUT CHARACTERISTICS (@ 2.5 kHz) 
Excitation Voltage Range 2.1 24 2.1 24 Vrms 
Excitation Voltage (Resistors Are I% Absolute Values) 

(Rl = Open)6 1.2 2.15 1.2 2.15 Vrms 
(RI = 12.7 kn) 2.6 4.35 2.6 4.35 Vrms 
(RI= 487 n) 14 21.2 14 21.2 Vrms 

Excitation Voltage Tc7 100 100 ppm/°C 
Output Current 30 so 30 50 mArms 

TMIN.to TMAX 40 40 mArms 
Shon Circuit Current 60 60 mA 
DC Offset Voltage (Differential, RI = 12.7 kn) 

TMIN toTMAx 30 :!:100 30 :!:100 mV 
Frequency 20 20 k 20 20 k Hz 
Frequency TC 200 200 ppm/°C 
Total Harmonic Distonion -50 -50 dB 

SIGNAL INPUT CHARACTERISTICS 
A/B Ratio Usable Full-Scale Range 0.1 0.9 0.1 0.9 
Signal Voltage B Channel 0.1 3.S 0.1 3.5 Vrms 
Signal Voltage A Channel 0.0 3.5 0.0 3.5 V rtns 
Input Impedance 200 200 kn 
Input Bias Current (BIN, AIN) I 5 1 5 µA 
Signal Reference Bias Current 2 10 2 10 µA 
Excitation Frequency 0 20k 0 20k Hz 

POWER SUPPLY REQUIREMENTS 
Operating Range 13 36 13 36 v 
Dual SupJ>ly Operation (±10 V Output) :!:13 ±13 v 
Single Supply Operation 

0 V to + 10 V Output 17.5 17.5 v 
0 V to -10 V Output 17.5 17.5 v 

Current (No Load at Signal and Excitation Outputs) 12 15 12 15 mA 
TMINtoTMAX 18 18 mA 

OPERATING TEMPERATURE RANGE -5S +125 -40 +SS •c 
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AD698 
NOTES 
1 A and B represent the Mean Average Deviation (MAD) of the detected sine waves VA and V 8 • The polarity of V ouT is affected by the sign of the A compara
tor, i.e., multiply VouT X + 1 for AcoMP+ > AcoMP-' and VouT x -1 for AcoMP- > AcoMP+· 

'Nonlinearity of the AD698 only in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the AD698 output voltage from a straight 
line. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive voltage. 

3See Transfer Function. 
4For example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm. 
'Output ripple is a function of the AD698 bandwidth determined by Cl and C2. A 1000 pF capacitor should be in parallel with R2 to reduce the output ripple. 
See Figures 7 and 13. 

6Rl is shown in Figures 7 and 13. 
7Excitation voltage drift is not an important specification because of the ratiometric operation of the AD698. 
'From T MIN to T MAX the overall error due to the AD698 alone is determined by combining gain error, gain drift and offset drift. For example, the typical over
all error for the AD698AP from TMIN to TMAX is calculated as follows: Overall Error= Gain Error at 25°C (±0.2% Full Scale)+ Gain Drift from -40°C to 
25°C (20 ppm/"C x 6S0C) + Offset Drift from -40°C to 25°C (S ppmf'C x 6S°C) = ±0.36% of full scale. Note that 1000 ppm of full scale equals 0.1 % of full 
scale. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS 
Total Supply Voltage (+Vs to -Vs) .............. 36 V 
Storage Temperature Range 

P Package ...................... -6S°C to + 1so0c 
Q Package ..................... -6S°C to + 1so0 c 

Operating Temperature Range 
AD698SQ ..................... -ss0c to + 12s0 c 
AD698AP ...................... -40°c to +ss0 c 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
Power Dissipation Derates above +6S°C 

P Package .......................... 12 mW/"C 
Q Package ..................•.•..... 12 mW/"C 

THERMAL CHARACTERISTICS 

P Package 
Q Package 

Model 

AD698AP 
AD698SQ 

61c 

30°crw 
26°CfW 

OJA 

60°CfW 
62°crw 

ORDERING GUIDE 

Package Description 

28-Pin PLCC 
24-Pin Double Cerdip 

Package Option* 

P-28A 
Q-24A 

*For outline information see Package Information section. 

LEV1 

LEV2 

FREQ1 

FRE02 

N/C 

BFILTI 

28-PinPLCC 

fil ~ ~ =r -::' 1i: .. 
w + 0 

AD698 
TOP VIEW 

(Not to Scale) 

!,! ~ ~ ~ ~ 
0.. 

z ::& 
I + 0 

() 
c 

N/C = NO CONNECT + 

24-Pin Cerdip 

-v. 

-BIN 

+BIN 

-AIN 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ .. 
0 

N/C 

SIG REF 

SIG OUT 

FEEDBACK 

OUTFILT 

AFILTI 

AFILT2 

0.. 
::& 

~ 

+Vs 

OFFSETI 

OFFSET2 

SIG REF 

SIG OUT 

FEEDBACK 

OUTFILT 

AFILT1 

AFILT2 

-ACOMP 

+ACOMP 

+AIN 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD698 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss or'functionality. 

WARNING! ~ 

~~EDEVICE 
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Typical Characteristics Cat +25°C and Vs= ±15 v unless otherwise noted) 

Figure 1. Gaifl and Offset PSRR vs. Temperature 
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Figure 2. Gain and Offset CMRR vs. Temperature 
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Figure 3. Typical Gain Drift vs. Temperature 
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Figure 4. Typical Offset Drift vs. Temperature 
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THEORY OF OPERATION 
A block diagram of the AD698 along with an L VDT (linear 
variable differential transformer) connected to its input is shown 
in Figure 5 below. The L VDT is an electromechanical 
transducer-its input is the mechanical displacement of a core, 
and its output is an ac voltage proportional to core position. 
Two popular types of LVDTs are the half-bridge type and the 
series opposed or four-wire L VDT. In both types the moveable 
core couples flux between the windings. The series-opposed 
connected L VDT transducer consists of a primary winding ener
gized by an external sine wave reference source and two second
ary windings connected in the series opposed configuration. The 
output voltage across the series secondary increases as the core is 
moved from the center. The direction of movement is detected 
by measuring the phase of the output. Half-bridge LVDTs have 
a single coil with a center tap and work like an autotransformer. 
The excitation voltage is applied across the coil; the voltage at 
the center tap is proportional to position. The device behaves 
very similar to a resistive voltage divider. 

Figure 5. Functional Block Diagram 

The AD698 energizes the L VDT coil, senses the L VDT output 
voltages and produces a de output voltage proportional to core 
position. The AD698 has a sine wave oscillator and power 
amplifier to drive the LVDT. Two synchronous demodulation 
stages are available for decoding the primary and secondary volt
ages. A decoder determines the ratio of the output signal voltage 
to the input drive voltage, (A/B). A filter stage and output 
amplifier are used to scale the resulting output. 

The oscillator comprises a multivibrator which produces a tri
wave output. The triwave drives a sine shaper which produces a 
low distortion sine wave. Frequency and amplitude are deter
mined by a single resistor and capacitor. Output frequency can 
range from 20 Hz to 20 kHz and amplitude from 2 V to 24 V 
rms. Total harmonic distortion is typically -50 dB. 

The AD698 decodes LVDTs by synchronously demodulating 
the amplitude modulated input (secondaries), A, and a fixed 
input reference (primary or sum of secondaries or fixed input), 
B. A common problem with earlier solutions was that any drift 
in the amplitude of the drive oscillator corresponds directly to a 
gain error in the output. The AD698, eliminates 
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these errors by calculating the ratio of the L VDT output to its 
input excitation in order to cancel out any drift effects. This 
device differs from the AD598 L VDT signal conditioner in that 
it implements a different circuit transfer function and does not 
require the sum of the L VDT secondaries (A + B) to be con
stant with stroke length. 

The AD698 block diagram is shown below. The inputs consist 
of two independent synchronous demodulation channels. The B 
channel is designed to monitor the drive excitation to the 
L VDT. The full wave rectified output is filtered by C2 and sent 
to the computational circuit. Channel A is identical except that 
the comparator is pinned out separately. Since the A channel 
may reach 0 V output at L VDT null, the A channel demodula
tor is usually triggered by the primary voltage, (B Channel). In 
addition, a phase compensation network may be required to add 
a phase lead or lag to the A Channel to compensate for the 
L VDT primary to secondary phase shift. For half-bridge cir
cuits the phase shift is noncritical, and the A channel voltage is 
large enough to trigger the demodulator. 

-BIN 

+BIN 

-A COMP 

+A COMP 

-AIN 

@-+ 
+AIN 

A CHANNEL 
AD698 

Figure 6. AD698 Block Diagram 

Once both channels are demodulated and filtered a division cir
cuit, implemented with a duty cycle multiplier, is used to calcu
late the ratio A/B. The output of the divider is a duty cycle. 
When A/Bis equal to 1, the duty cycle will be equal to 100%. 
(This signal can be used as is if a pulse width modulated output 
is required.) The duty cycle drives a circuit that modulates and 
filters a reference current proportional to the duty cycle. The 
output amplifier scales the 500 µA reference current converting 
it to a voltage. The output transfer function is thus, 

VouT = !REF x AIB x R2, where !REF= 500 µA 
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CONNECTING THE AD698 
The AD698 can easily be connected for dual or single supply 
operation as shown in Figures 7 and 13. The following general 
design procedures demonstrate how external component values 
are selected and can be used for any L VDT that meets AD698 
input/output criteria. The connections for the A and B channels 
and the A channel comparators will depend on which transducer 
is used. In general follow the guidelines below. 

Parameters set with external passive components include: excita
tion frequency and amplitude, AD698 input signal frequency, 
and the scale factor (V/inch). Additionally, there are optional 
features; offset null adjustment, filtering, and signal integration, 
which can be implemented by adding external components. 

Figure 7. Interconnection Diagram for Half-Bridge L VDT 
and Dual Supply Operation 

DESIGN PROCEDURE 
DUAL SUPPLY OPERATION 
Figure 7 shows the connection method for half-bridge LVDTs. 
Figure 8 demonstrates the connections for 3- and 4-wire L VDTs 
connected in the series opposed configuration. Both examples 
use dual ± 15 volt power supplies. 

A. Determine the Oscillator Frequency 
Frequency is often determined by the required BW of the sys
tem. However, in some system the frequency is set to match the 
L VDT zero phase frequency as recommended by the manufac
turer; in this case skip to Step 4. 

1. Determine the mechanical bandwidth required for L VDT 
position measurement subsystem, fsussYSTEM· For this 
example, assume fsussYSTEM = 250 Hz. 

2. Select minimum LVDT excitation frequency approximately 
10 x fsussYSTEM· Therefore, let excitation frequency = 
2.5 kHz. 
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3. Select a suitable LVDT that will operate with an excitation 
frequency of 2.5 kHz. The Schaevitz ElOO, for instance, will 
operate over a range of 50 Hz to 10 kHz and is an eligible 
candidate for this example. 

4. Select excitation frequency determining component Cl. 

Cl = 35 µF HzlfExcITATION 

PHASE LAG PHASE LEAD 

'AMB -. I C I 

I I 
I R, I 
I Rs Rs I 

L - J 
C D C D 

PHASE LAG =Arc Tan (Hz RC); 

PHASE LEAD =Arc Tan 1/(Hz RC) 
WHERE R = Rs// (Rs+ RT) 

Figure 8. AD698 Interconnection Diagram for Series 
Opposed L VDT and Dual Supply Operation 

B. Determine the Oscillator Amplitude 
Amplitude is set such that the primary signal is in the 1.0 V to 
3.5 V rms range and the secondary signal is in the 0.25 V to 
3.5 V rms range when the L VDT is at its mechanical full-scale 
position. This optimizes linearity and minimizes noise suscepti
bility. Since the part is ratiometric, the exact value of the excita
tion is relatively unimportant. 

5. Determine optimum LVDT excitation voltage, VExc· For a 
4-wire LVDT determine the voltage transformation ratio, 
VTR, of the LVDT at its mechanical full scale. VTR = 
L VDT sensitivity x Maximum Stroke Length from null. 

LVDT sensitivity is listed in the LVDT manufacturer's cata
log and has units of volts output per volts input per inch dis
placement. The ElOO has a sensitivity of 2.4 mVN/mil. In 
the event that L VDT sensitivity is not given by the manufac
turer, it can be computed. See section on determining LVDT 
sensitivity. 
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Multiply the primary excitation voltage by the VTR to get 
the expected secondary voltage at mechanical full scale. For 
example, for an LVDT with a sensitivity of Z.4 mVN/mil 
and a full scale of ±0.1 inch, the VTR = O.OOZ4 VN/Mil x 
100 mil = O.Z4. Assuming the maximum excitation of 3.5 V 
rms, the maximum secondary voltage will be 3.5 V rms x 
0.Z4 = 0.84 V rms, which is in the acceptable range. 

Conversely the VTR may be measured explicitly. With the 
L VDT energized at its typical drive level V PR" as indicated 
by the manufacturer. Set the core displacement to its 
mechanical full-scale position and measure the output V sEc 
of the secondary. Compute the L VDT voltage transformation 
ratio, VTR. VTR = VsEcNPRI· For the ElOO, VsEc = 
0.72 V for VPRI = 3 V. VTR = O.Z4. 

For situations where LVDT sensitivity is low, or the 
mechanical PS is a small fraction of the total stroke length an 
input excitation of more than 3. 5 V rms may be needed. In 
this case a voltage divider network may be placed across the 
L VDT primary to provide smaller voltage for the +BIN and 
-BIN input. If, for example, a network was added to divide 
the B Channel input by 112 then the VTR should also be 
reduced by l/Z for the purpose of component selection. 

Check the power supply voltages by verifying that the peak 
values of VA and Vs are at least Z.5 volts less than the volt
ages at +Vs and -Vs. 

6. Referring to Figure 9, for Vs = ± 15 V, select the value of 
the amplitude determining component Rl as shown by the 
curve in Figure 9. 

25 t--+-+.io++--+-+++t--t--r+t+--+--+-r+t--+-++tt 

N 
0 2ot--l---l-+++--~~nN++t--t-+++1-+-+-++t--+--+-Hi 

E 
~ 15 1--+-+-t-H--f--f-+~'H---t--t-++t--t--t-+i+-+-+-++I 
~ 

> 
Vrms 

1ot--+-+-+-i+-+-+++r~..,_-+-ttt--t--t-H+-+-+-++1 
I'{ 

o~+-~~~~~~~~~~~~~~~ 

0.01 0.1 10 100 1k 
R1 =kQ 

Figure 9. Excitation Voltage VExc vs. R1 

C. Choose the Filter Capacitors: C2, C3, C4 
7. CZ, C3 and C4 are a function of the desired bandwidth of the 

AD698 position measurement subsystem. They should be 
nominally equal values. 

C2 = C3 = C4 = 10-4 Farad HzlfsuBSYSTEM (Hz) 

If the desired system bandwidth is Z50 Hz, then 

CZ = C3 = C4 = 10-4 Farad Hz/250 Hz = 0.4 µF 

See Figures 14, 15 and 16 for more information about 
AD698 bandwidth and phase characterization. 

D. Set the Full-Scale Output Voltage 
8. Compute RZ, which sets the AD698 gain or full-scale output 

range, several pieces of information are needed: 
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a. LVDT sensitivity, S 

b. Full-scale core displacement from null, d 

S x d = VTR and also equals the ratio NB at mechanical 
full scale. The VTR should be converted to units of VN. 

For a full-scale displacement of d inches, voltage out of the 
AD698 is computed as 

VouT = S X d X 500 µA x RZ. 

VouT is measured with respect to the signal reference, Pin 
17 shown in Figure 7. 

Solving for R2, 

VouT 
RZ = S x d x 500 µA (l) 

For VouT = ± 10 V full-scale range, (20 V span) and d 
= ±0.1 inch full-scale displacement, (0.2 inch span) 

20 v 
RZ = Z.4 x 0.2 x 500 µA = 833 kn 

V ouT as a function of displacement for the above example is 
shown in Figure 10. 

-10 

Figure 10. VouT (±10 V Full Scale) vs. Core Displacement 
(±0.1 Inch) 

E. Optional Offset of Output Voltage Swing 
9. Selections of R3 and R4 permit a positive or negative output 

voltage offset adjustment. 

Vos = l.Z v x RZ x (R3 +1 z kn - R4 +1 z kn) (Z) 

For no offset adjustment R3 and R4 should be open circuit. 

To design a circuit producing a 0 V to + 10 V output for a dis
placement of ±0.1 inch, set VouT to +10 V, d = O.Z inch and 
solve Equation (I) for RZ. 

RZ = 37.6 kO 

VOUT (VOLTS) 

-0.1 •
5 r /0.1~ T(INCHES) 

Figure 11. V0 ur (±5 V Full Scale) vs. Core Displacement 
(±0.1 Inch) 

This will produce a response shown in Figure 11. 

In Equation (Z) set V 0s = 5 V and solve for R3 and R4. Since a 
positive offset is desired, let R4 be open circuit. Rearranging 
Equation (Z) and solving for R3 

R3 = 1.2 x RZ - Z kn = 4.02 kn 
Vos 
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Note that Vos should be chosen so that R3 cannot have negative 
value. 

Figure 12 shows the desired response. 

V OUT (VOL TS) 

+10 

-0.1 

Figure 12. Vour (O V-10 V Full Scale) vs. Displacement 
(±0.1 Inch) 

DESIGN PROCEDURE 
SINGLE SUPPLY OPERATION 
Figure 13 shows the single supply connection method. 

PHASE LAG PHASE LEAD 

r AMB -; r A*i~ - -; PHASE LAG= Arc Tan (Hz RC); 
I C I I Rs I 
t I I \ PHASE LEAD= Arc Tan 1/{Hz RC) 

t ~. t I cT Tc I WHERER=R.//(Rs+R,I 

\Rs R5 1 I I 
L - J L - __ J 

C D C D 

Figure 13. Interconnection Diagram for Single Supply 
Operation 

For single supply operation, repeat Steps 1 through 10 of the 
design procedure for dual supply operation. RS, R6 and CS are 
additional component values to be determined. V ouT is mea
sured with respect to SIGNAL REFERENCE. 

10. Compute a maximum value of RS and R6 based upon the 
relationship 

RS ± R6 :S VPS/100 µA 
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11. The voltage drop across RS must be greater than 

( 1.2 V Vour) 
2 + 10 kn R4 + 2 kO + 2SO µA + 4 x R2 Volts 

Therefore 

( 1.2 V · Vour ) 
> 2 + 10 kO R4 + 2 kO + 2SO µA + 4XRz 

RS - 100 µA Ohms 

Based upon the constraints of RS + R6 (Step 11) and RS 
(Step 12), select an interim vaiue of R6. 

12. Load current through RL returns to the junction of RS and 
R6, and flows back to Vps· Under maximum load condi
tions, make sure the voltage drop across RS is met as 
defined in Step 11. 

As a final check on the power supply voltages, verify that 
the peak values of VA and V 8 are at least 2 .S volts less than 
the voltages at +Vs and -Vs. 

13. CS is a bypass capacitor in the range of 0. I µF to 1 µF. 

Gain Phase Cha,acteristics 
To use an LVDT in.a closed loop mechanical servo application, 
it is necessary to know the dynamic characteristics of the trans
ducer and interface elements. The transducer itself is very quick 
to respond once the core is moved. The dynamics arise prima
rily from the interface electronics. Figures 14, IS and 16 show 
the frequency response of the AD698 L VDT Signal Condi
tioner. Note that Figures lS and 16 are basically the same; the 
difference is frequency range covered. Figure lS shows a wider 
range of mechanical input frequencies at the expense of accuracy. 
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Figure 14. Gain and Phase Characteristics vs. Frequency 
(O kHz-10 kHz) 
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Figure 15. Gain and Phase Characteristics vs. Frequency 
(O kHz-50 kHz) 
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Figure 16. Gain and Phase Characteristics vs. Frequency 
(0 kHz-10 kHz) 
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Figure 16 shows a more limited frequency range with enhanced 
accuracy. The figures are transfer functions with the input to be 
considered as a sinusoidally varying mechanical position and the 
output as the voltage from the AD698; the units of the transfer 
function are volts per inch. The value of C2, C3, and C4, from 
Figure 7, are all equal and designated as a parameter in the 
figures. The response is approximately that of two real poles. 
However, there is appreciable excess phase at higher frequen
cies. An additional pole of filtering can be introduced with a 
shunt capacitor across R2, Figure 7; this will also increase 
phase lag. 

When selecting values of C2, C3 and C4 to set the bandwidth of 
the system, a trade-off is involved. There is ripple on the "de" 
position output voltage, and the magnitude is determined by the 
filter capacitors. Generally, smaller capacitors will give higher 
system bandwidth and larger ripple. Figures 17 and 18 show the 
magnitude of ripple as a function of C2, C3 and C4, again all 
equal in value. Note also a shunt capacitor across R2, Figure 7 
is shown as a parameter. The value of R2 used was 81 kO with 
a Schaevitz ElOO LVDT. 

1' .SkHz, CsHUNT 1 nF 
i-r--t I I I I 

l---t--+-+-t-t---t--+-+-to2.SkHz, CsHUNT 10nF 

0.1 ~~~--....... -~----~-----
0.01 0.1 10 

C2. C3, C4; C2= C3 = C4 - µF 

Figure 17. Output Voltage Ripple vs. Filter Capacitance 

1k 

100 

0.1 
0.001 

I' 

:::x 

" ~ 
!'-.. 

10kHz, CsHUNT 1n~ 
-31 

1~Cs~UNT11!F 
0.01 0.1 10 

C2, C3, C4; C2= C3 = C4 - µF 

Figure 18. Output Voltage Ripple vs. Filter Capacitance 
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Determining L VDT Sensitivity 
L VDT sensitivity can be determined by measuring the L VDT 
secondary voltages as a function of primary drive and core posi
tion, and performing a simple computation. 

Energize the LVDT at its recommended primary drive level, 
VPRI (3 V rms for the ElOO). Set the core displacement to its 
mechanical full-scale position and measure secondary voltages 
VA and V8 . 

Sensitivity 
VsECONDARY 

VPRI X d 

From Figure 19, 

Sensitivity 
0.84 

3.5 V x 100 mils 

VsEC WHEN Ypn1 3V rms 

Z.4 mV!Vmil 

v. 
1.71Vrms 

0.99V rms 

Ve 

d=-100mils d=D d=+100mlls 

Figure 19. LVDT Secondary Voltage vs. Core Displacement 

Thermal Shutdown and Loading Considerations. 
The AD698 is protected by a thermal overload circuit. If the die 
temperature reaches 165°C the sine wave excitation amplitude 
gradually reduces, thereby lowering the internal power dissipa
tion and temperature. 

Due to the ratiometric operation of the decoder circuit, only 
small errors result from the reduction of the excitation ampli
tude. Under these conditions the signal-processing section of the 
AD698 continues to meet its output specifications 

The thermal load depends upon the voltage and current deliv
ered to the. load as well as the power supply potentials. An , 
L VDT Primary will present an inductive load to the sine wave 
excitation. The phase angle between the excitation voltage and 
current must also be considered, further complicating thermal 
calculations. 

APPLICATIONS 
Most of the applications for the AD598 can also be implemented 
with the AD698. Please refer to the applications written for the 
AD598 for a detailed explanation. 

See AD598.data sheet for: 

- Proving Ring-Weigh Scale 
- Synchronous Operation of Multiple L VDTs 
- High Resolution Position-to-Frequency Circuit 
- Low Cost Setpoint Controller 
- Mechanical Follower Servo Loop 
- Differential Gaging and Precision Differential Gaging 
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AC BRIDGE SIGNAL CONDITIONER 
Bridge circuits which use de excitation are often plagued by 
errors caused by thermocouple effects, l/f noise, de drifts in the 
electronics, and line noise pickup. One way to get around these 
problems is to excite the bridge with an ac waveform, amplify 
the bridge output with an ac amplifier, and synchronously 
demodulate the resulting signal. The ac phase and amplitude 
information from the bridge is recovered as a de signal at the 
output ofthe synchronous demodulator. The low frequency sys
tem noise, de drifts, and demodulator noise all get mixed to the 
carrier frequency and can be removed by means of a low pass 
filter. 

The AD698 with the addition of a simple ac gain stage can be 
used to implement an ac bridge. Figure ZO shows the connec
tions for such a system. The AD698 oscillator provide ac excita
tion for the bridge. The low level bridge signal is amplified by 
the gain stage created by Al, AZ to provide a differential input 
to the A Channel of the AD698. The signal is then synchro
nously detected by A Channel. The B Channel is used to detect 
the level of the bridge excitation. The ratio of A/B is then calcu
lated and converted to an output voltage by RZ. An optional 
phase lag/lead network can be added in front of the A compara
tor to adjust for phase delays through the bridge and the 
amplifier, or if the phase delay is small it can be ignored or 
compensated by a gain adjustment. 

This circuit can be used for resistive bridges such as strain 
gages, or for inductive or capacitive bridges that are commonly 
used for pressure or flow sensors. The low level signal outputs 
of these sensors are susceptible to noise and interference and are 
good candidates for ac signal processing techniques. 

Component Selection 
Amplifiers A 1, AZ will be chosen depending on the type of 
bridge that is.conditioned. Capacitive bridges should use an 
amplifier with low bias current; a large bleeder resistor will be 
required from the amplifier inputs to ground to provide a path 
for the de bias current. Resistive and inductive bridges can use a 
more general purpose amplifier. The de performance of Al, AZ 
are not as important as their ac performance. DC errors such as 
voltage offset will be chopped out by the AD698 since they are 
not synchronous to the carrier frequency. 

The oscillator amplitude and span resistor for the AD698 may 
be chosen by first computing the transfer function or sensitivity 
of the bridge and the ac amplifier. This ratio will correspond to 
the A/B term in the AD698 transfer function. For example, sup
pose that a resistive strain gage with a sensitivity, S, of Z mVN 
at full scale is used. Select an arbitrary target value for A/B that 
is close to its maximum value such as A/B = 0.8. Then choose a 
gain for the ac amplifier so that the strain gage transfer function 
from excitation to output also equals 0.8. Thus the required 
amplifier gain will be [A/BV S; or 0.8 I O.OOZVN = 400. Then 
select values for Rs and Ra. For the gain stage: 

VouT = [!Gx +R~] x Vm 

Solving for VouTNIN = 400 and setting Ra= 100 n then: 

Rs= [400-1] x RdZ=19.95 kn 

REV.A 



Choose an oscillator amplitude that is in the range of 1 V to 
3.5 V rms. For an input excitation level of 3 V rms the output 
signal from the amplifier gain stage will be 3.5 V rms x 0.8 V 
or 2.4V rms, which is in the acceptable range. 

Since A/B is known, the value of R2, the output FS resistor 
may be chosen by the formula: 

Vour = AIB x 500 µA x R2 

For a 10 V output at FS, with an A/B of 0.8; solve for R2. 

R2 = 10 V/[0.8 x 500 µA] = 25.0 kn 

RESISTORS. INDUCTORS 
OR CAPACITORS 

I 
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This will result in a V ouT of 10 V for a full-scale signal from 
the bridge. The other components, Cl, C2, C3, C4 may be 
selected by following the guidelines on general device operation 
mentioned earlier. 

If a gain trim is required, then a trim resistor can be used to 
adjust either R2 or RG. Bridge offsets should be adjusted by a 
trim network on the OFFSET 1 and OFFSET 2 pins of the 
AD698. 

L 
c D 

PHASE LAG PHASE LEAD 

'AMB -, I C I 

I I 
I R I 
1Rs T Rsl 

L - J 
C D 

A B 

]~B 
C D 

PHASE LAG= Arc Tan (Hz RC); 

PHASE LEAD =Arc Tan 1/(Hz RC) 
WHERE R = Rsll (Rs+ RT) 

Figure 20. AD698 Interconnection Diagram for AC Bridge Applications 
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Selection Tree - Multipliers and Dividers 

MULTIPLIERS/DIVIDERS 
SQUARE ROOTERS 

Voltage Output 

AD534 (1 MHz, Precision) 

AD633 (1 MHz, Low Cost) 

AD734 (10 MHz) 

AD835 (250 MHz) 

MLT04 (8 MHz, Quad) 

Current Output 

AD834 (500 MHz) 
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Selection Guides-Multipliers and Dividers 

Multipliers/Dividers 

BW Accuracy 
Model MHz typ1 o/oFSmax 

AD834 >500 ±2 
AD835 150 
AD539 60 ±1.5-2.5 
AD734 10 ±0.25-0.4 
AD633 1 ±2 
AD532 I ±1-2 
AD632 1 ±0.5-1 
AD534 1 ±0:2s-1 
AD538 0.4 ±0.5-1 
MLT04 8 ±1 

Modulator/Demodulator 

Model 

AD630 

Unity Gain 
BW 
MHz1 

2 

Gain 

±1, ±2 

1Unity gain small signal bandwidth. 

Supply Output Voltage Package Temp 
Voltage Swing Options2 Ranges' Comments 

+4 V to ±9 V N,Q,R C, I, Mis Very High Speed, 4-Quadrant Mult/Div 
±4.5 V to ±5.5 V ±2 N,Q,R I,M High Speed Voltage Output, 4-Quadrant Multiplier 
±4.S V to ±IS V D,E,N C,Mlo High Speed, 2-Channel, 2-Quadrant Mult/Div 
±8 V to ±16.5 V ±12 v min N,Q I, Mi Very High Accuracy Replacement for AD534 
±8 V to ±18 V ±11 V min N,R c Low Cost, 4-Quadramt Multiplier 
±10Vto±22V ±IO V min D,E,H c, Mf1 Accurate 4-Quadrant Mult/Div 
±8 V to ±22 V ±11 V min D,H I, Mis High Accuracy Replacement for AD532 
±8 V to ±22 V ±11 V min D,E,H C, Mf1s High Accuracy, 4-Quadrant Mult/Div 
±4.S V to ±18 V ±11 v D I, Ml Simultaneous Mult/Div/Exponentiator 
±4.75 to ±5.25 ±3.0 N,R I Quad, High Speed Multiplier for CRT Correction 

Slew Rate 
V/µs 

Output 
Voltage 
Swing 

Package 
Options2 

Temp 
Ranges' Comments 

45 ±10 v min D,E,N C, I, M/0 Balanced Modulator/Demodulator with 10 V FS Output 

Page4 

17-14 
17-17 
SL 2-27 
17-11 
17-9 
SL 2-9 
SL 2-43 
17-5 
SL 2-23 
17-23 
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SL 2-35 

2Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M ~ Hermetic Metal Can DIP; N ~ Plastic or Epoxy Sealed DIP; P ~ Plastic Leaded Chip Carrier; Q ~ Cerdip; R ~ Small Outline "SOIC" Package; RS ~ SSOP-Shrink Small Outline Package; S ~ Plastic 
Quad Flatpack; ST ~ Thin Quad Flatpack; T ~ T0-92; U ~ TSOP-Thin Small Outline Package; W ~ Nonhermetic Ceramic/Glass DIP; Y ~ Single-In-Line "SIP" Package; Z ~ Ceramic Leaded Chip Carrier. 

3Temperature Ranges: C = Commercial, 0°C to + 70°C; I ~ Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, J for JAN, 0 for SMD, ands for space level. 

4 SL = Special Linear Reference Manual. All other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 
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1111111111 ANALOG 
LlllllDEVICES 

FEATURES 
Pretrimmed to ±0.25% max 4-Quadrant Error (AD534L) 
All Inputs (X, V and ZI Differential, High Impedance for 

[(X1 -X2HY1 -Y2 l/10V) +Z2 Transfer Function 
Scale-Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: 90µV rms, 10Hz-10kHz 
Low Cost, Monolithic Construction 
Excellent Long Term Stability 

APPLICATIONS 
High Quality Analog Signal Processing 
Differential Ratio and Percentage Computations 
Algebraic and Trigonometric Function Synthesis 
Wideband, High-Crest rms-to-dc Conversion 
Accurate Voltage Controlled Oscillators and Filters 
Available in Chip Form 

PRODUCT DESCRIPTION 
The ADS34 is a monolithic laser trimmed four-quadrant multi
plier divider having accuracy specifications previously found 
only in expensive hybrid or modular products. A maximum 
multiplication error of ±0.25% is guaranteed for the ADS 34L 
without any external trimming. Excellent supply rejection, low 
temperature coefficients and long term stability of the on-chip 
thin film resistors and buried zener reference preserve accuracy 
even under adverse conditfons of use. It is the first multiplier 
to offer fully differential, high impedance operation on all in
puts, including the Z-input, a feature which greatly increases 
its flexibility and ease of use. The scale factor is pretrimmed 
to the standard. value of 10.00V; by means of an external resis
tor, this can be reduced to values as low as 3V. 

The wide spectrum of applications and the availability of sev
eral grades commend this multiplier as the first choice for all 
new designs. The AD534J (±1 % max error), AD534K (±O.S% 
max) and ADS34~ (±0.2S% max) are specified for operation 
over the 0 to +70 C temperature range. The ADS34S (±1% max) 
and ADS 34T (±O.S% max) are specified over the extended 
temperature range, -ss"c to +12S°C. All grades are available 
in hermetically sealed T0-100 metal cans and T0-116 ceramic 
DIP packages. ADS 34}, K, Sand T chips are also available. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·80fl..446.6212. 
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Internally Trimmed 
Precision IC Multiplier 

AD534 I 
FUNCTIONAL BLOCK DIAGRAM. 

t-------o() +Vs 
SF 0-------I 

STABLE 
REFERENCE 
AND BIAS 

z, 

z, 

1-------o() -Vs 
'---~--' 

TRANSL IN EAR 
MULTIPLIER 

ELEMENT 

0.75ATTEN 

TRANSFER FUNCTION 

Vo"' A [ IX1 - Xz~~v, - Yz) - IZ1 - z21] 

OUT 

PROVIDES GAIN WITH LOW NOISE 
The ADS 34 is the first general purpose multiplier capable of 
providing gains up to XIOO, frequently eliminating the need 
for separate instrumentation amplifiers to precondition the 
inputs. The AD534 can be very effectively employed as a 
variable gain differential input amplifier with high common 
mode rejection. The gain option is available in all modes, and 
will be found to simplify the implementation of many function· 
fitting algorithms such as those used to generate sine and tan· 
gent. The utility of this feature is enhanced by the inherent low 
noise of the ADS34: 90µV, rms (depending on the gain), a 
factor of 10 lower than previous monolithic multipliers. Drift 
and feedthrough are also substantially reduced over earlier 
designs. 

UNPRECEDENTED FLEXIBILITY 
The precise calibration and differential Z-input provide a 
degree of flexibility found in no other currently available mul- Ill 
tiplier. Standard MDSSR functions (multiplication, division, 
squaring, square-rooting) are easily implemented while the 
restriction to particular input/output polarities imposed by 
earlier designs has been eliminated. Signals may be summed in-
to the output, with or without gain and with either a positive 
or negative sense. Many new modes based on implicit-function 
synthesis have been made possible, usually requiring only ex· 
ternal passive components. The output can be in the form of a 
current, if desired, facilitating such operations as integration. 
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AD534-SPEClflCATIONS CT - +25°C +V - 15V R>2kfil A- ' - s- ' - l,_ 

Model ADS34J 
Min Typ Max 

MULTIPLIER PERFORMANCE 

Transfer Function 
(X 1 -X2)(Y 1 ~Y2) 

+z, lOV 

Tota1Error1 (-fov~x. Ys + lOV) ±1.0 
TA=mintomax ± 1.5 
Total Error vs Temperature ±0.022 
Scale Factor Error 
(SF~ 10.000V Nominal)' ±0.2S 

Temperature-Coefficient of 
Scaling Voltage ±0.02 

Supply Rejection(± lSV ± 1.V) ±0.0l 
Nonlinearity, X(X =20Vpk-pk, Y = lOV) ±0.4 
Nonlinearity, Y (Y = 20V pk-pk, X = lOV) ±0.2 
Feedthrough3, X (Y Nulled, 

X ~ 20V pk-pk SOHz). ±0.3 
Feedthrough3, Y (X Nulled, 

Y ~ 20V pk-pk SOHz) ±0.01 
OUtput Offset Voltage ±S ±30 
Output Offset Voltage Drift 200 

DYNAMICS 
Small Signal BW,(VouT"""O.l hns) I 
1%AmplitudeError(CLoAD = lOOOpF) 50 
Slew Rate (V OUT 20 pk-pk) 20 
SettlingTime(to 1%,dVouT=20V) 2 

NOISE 
Noise Spectral-Density SF= lOV 0.8 

SF~3v' 0.4 
Wideband Noise f = lOHzto SMHz 1 

f = lOHz to lOkHz 90 

OUTPUT 
Output Voltage Swing ±11 
Output Impedan~ (f:5lkHz) 0.1 
Output Short Circuit Current 

(RL=O, TA=mintomax) 30 
Amplifier Open Loop Gain (f = SO Hz) 70 

INPUT AMPLIFIERS (X, Y andZ)5 

Signal Voltage Range (Diff. or CM ±10 
Operating Diff.) ±12 

OffsetVoltageX, Y ±5 ±20 
OffsetVoltageDriftX, Y 100 
OffsetVoltageZ ±5 ±30 
Offset VoltagC Drift Z 200 
CMRR 60 80 
Bias Current 0.8 2.0 
Offset Current 0.1 
Diffefential Resistance 10 

DIVIDER PERFORMANCE 

Transfer Function (X 1 > X2) 
(Zz-Z1) 

lOV (X1 - x,j+ y I 

Tota1Error1 (X= IOV, -10V~Z5': + lOV) ±0.75 
(X-lV, ~ lV,;Z,; + lV) ±2.0 
(O.lVsX::s;lOV, -lOV::s; 

Z,;JOV) ±2.5 

SQUARE PERFORMANCE 

Transfer Function 
(X1-X2)2 
--:wy-+z, 

Total Error( - lOVsX::SlOV) .±0.6 

SQUARE-ROOTER PERFORMANCE 
Transfer F.unction (Z1 sZ2) YlOV(Z, -Z1l + x, 
Total Error1'(1VsZs lOV) ±1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance ±IS 
Operating ±8 ±18 

Supply Current 
Quiescent 4 6 

NOTES 
1Figures given are percent of full scale, ± lOV (i.e., 0.01% = lmV). 
2May be reduced down to 3V using external resistor between -Vs and SF. 
3lrreducible component due to nonlinearity: excludes effect of offsets. 
4Using external resistor adjusted tc give SF = 3V. 
5See functional block diagram for definition of sections. 

Specifications subject to change without notice. 
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ADS34K ADS34L 
Min Typ Max Min Typ Max ,.Unili 

(X1-Xz)(Y1-Y2) (X1~Xz)(Y 1 -Y2) 
+z, lOV +Zz lOV 

±0.S ±0.2S % 
±1.0 ±0.5 % 
±0.015 ±0.008 %PC 

±0.I ±0.l % 

±0.01 ±0.005 %/'C 
±0.01 ±0.01 % 
±0.2 ±0.3 ±0.10 ±0.12 % 
±0.l ±0.1 ±0.005 ±0.1 % 

±0.15 ±0.3 ±0.05 ±0.12 % 

±0.01 ±0.1 ±0.003 ±0.1 % 
±2 ±IS ±2 ±10 mV 
100 100 l'V/'C 

I I MHz 
so 50 kHz 
20 20 V/tJ.S 
2 2 "' 
0.8 0.8 .,.v1v'Hz 
0.4 0.4 .,.v1v'Hz 
I l mV/rms 
90 90 µ,V/nns 

±11 ±11 v 
0.1 0.1 n 

30 30 mA 
70 70 dB 

±lO ± 10 v 
±12 ±12 v 
±2 ±10 ±2 ±10 rnV 
50 50 .,.vrc 
±2 ±15 ±2 ±10 mV 
100 100 .,.vrc 

70 90 70 90 dB 
0.8 2.0· 0.8 2.0 .,.A 
0.1 0.05 0.2 .,.A 
10 10 Mfi 

(Zz-Z1) 
lOV (X1-X2) + Y1 

(Z2-Z1) 
lOV (X1 -X,) + Y1 

±0.35 ±0.2 % 
±1.0 ±0.8 % 

±1.0 ±0.8 % 

(X1-Xzl' 
--:wy-+z, 

(X1-X2)2 
--:wy-+z, 

±0.3 ±0.2 % 

V10V(Z2 -Z1) + X2 YlOV(Z,-Z1)+ x, 
±0.S ±0.25 % 

± lS ± 15 v 
±8 ±18 ±8 ±18 v 

4 6 4 6 mA 

Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. AU min and max specifications are guaranteed, although only those 
shown in ~ldface are tested on all production units. 
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Model AD534S AD534T 
Min Typ Mu Min Typ Mu Units 

MULTIPLIER PERFORMANCE 

Transfer Funccion 
(X1-X1)(Y1-Y1) 

!OV +z, 
(X1-X1)(Y 1-Y1) 

+z, 
!OV 

Total Error1 ( ~ 10v~x. Y:"'f + lOV) ±1.0 ±0.5 % 
T1t=min1omax ±2.0 ±1.0 % 
Total Error vs Temperature ±0.02 ±0.0I o/ol°C 
Scale Factor Error 
(SF~ 10.000V Nominal)1 ±0.2S ±0.l % 

Temperature-Coefficient of 
Scaling Voltage ±0.02 ±0.005 %!°C 

Supply Rejeccion ( :!: I SV :t l V) ±0.01 ±0.01 % 
Nonlinearicy,X (X = 20Vpk-pk, Y = IOV) ±0.4 ±0.2 ±0.3 % 
Nonlinearity, Y (Y = 20Vpk-pk, X = IOV) ±0.2 ±0.1 ±0.l % 
Feedthrough3, X (Y Nulled, 

X ~ 20V pk-pk SOHz) ±0.3 ±0.IS ±0.3 % 
Feedthrough3, Y (X Nulled, 

Y ~ 20V pk-pk SOHz) ±0.01 ±0.01 ±0.1 % 
Outpm Offset Voltage ±S ±30 ±2 ±15 mV 
Output Offset Voltage Drm 500 300 µW'C 

DYNAMICS 
Small Signal BW,(VouT=O.l nns) I I MHz 
1%AmplicudeError(CLoAD = lOOOpF) so so kHz 
Slew Rate (VouT 20 pk-pk) 20 20 V/µ.s 
SettlingTime(to 1%,h.VouT= 20V) 2 2 µs 

NOISE 
Noise Spectral-Density SF= IOV 0.8 0.8 µVi\/Hz 

SF~3V4 0.4 0.4 µVivHZ 
WidebandNoisef= 10Hzto5MHz 1.0 1.0 mV/nns 

f = lOHz to lOkHz 90 90 µ.V/nns 

OUTPUT 
Output Voltage Swing ±II ±11 v 
Output Impedance(fs lkHz) 0.1 0.1 n 
Output Short Circuit Current 

(Ri. =0, TA= min to max) 30 30 mA 
Amplifier Open Loop Gain (f = SO Hz) 70 70 dB 

-
INPUT AMPLIFIERS (X, Y and Z)5 

Signal Voltage Range (Diff. or CM ±IO ± 10 v 
Operating Diff.) ±12 ± 12 v 

Offset Voltage X, Y ±S ±20 ±2 ±10 mV 
OffsetVoltageDriftX, Y 100 150 µVf'C 
Offset Voltage Z ±5 ±30 ±2 ±15 mV 
Offset Voltage Drift Z 500 300 µVf'C 
CMRR 60 80 70 90 dB 
Bias Current 0.8 2.0 0.8 2.0 µA 
Offset Current 0.1 0.1 µA 
Differential Resistance 10 10 Mfi 

DIVIDER PERFORMANCE 

Transfer Function (X 1 > X2) 
(Z1-Z1) 

!OV (X,-X,/ Y, 
(Z,-Z1) 

IOV (X,-X,) + Y1 

Tota1Error1 (X= IOV, - lOVsZs + lOV) ±0.7S 
(X~lV, IVsZs+ IV) ±2.0 
(O.lVsXslOV, - lOVs 

Zs!OV) ±2.5 

SQUARE PERFORMANCE 

Transfer Function 
(X1-X1)' 

----WV- +z, 

TotalError(-lOV:sXslOV) ±0.6 

SQUARE-ROOTER PERFORMANCE 
Transfer Function (Z1 sZ2) YIOV(Z,-Z,) + x, 
Tota1Error1 (lV:sZ:slOV) ±1.0 

POWER SUPPLY SPECIFICATIONS 
Supply Voltage 

Rated Performance ±15 
Operating ±8 

Supply Current 
Quiescent 4 

NOTES 
1Figuresgivenarepercentoffullscale, ± lOV(i.e.,0.01% = lmV). 
2May be reduced down to 3V using external resistor between - Vs and SF. 
'Irreducible component due to nonlinearity: excludes effect of offsets. 
4Using external resistor adjusted to give SF = 3V. 
5Sce functional block diagram for definition of sections. 
Specifications subject to change without notice. 

±22 

6 

±0.35 % 
±1.0 % 

±1.0 % 

(X1-X1)1 

-----iov-+Zz 

±0.3 % 

Y!OV(Z,-Z,) + x, 
±0.S % 

± lS v 
±8 ±22 v 

4 6 mA 

Specifications shown in boldface arc tested on all production units at fmal electri
cal test. Results from those tests are used to calculate outgoing qualicy levels. AU 
min and max specifications arc guaranteed, although only those shown in 
boldface are tested on all production units. 
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AD534 
C1DP DIMENSIONS AND BONDING DIAGRAM 

Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 

THE AD534 IS AVAILABLE IN LASER· TRIMMED CHIP fORM 

Thermal Characteristics. 
Thermal Resistance6Jc = 2S"CIW for H-lOA, 

OJA = lSO"C/W for H-lOA 
OJc = 2S"CIW for D-14 or E-20A 
OJA = 95°C/W for D-14 or E-20A 

ORDERING GUIDE 

Temperature Package 
Model Range Description 

ADS34JD O°C to + 70"C Side Brazed DIP 
ADS34KD O°Cto+70°C Side Brazed DIP 
ADS34LD 0°Cto +70°C Side Brazed DIP 
ADS34JH O°C to + 70"C Header 
ADS34KH O°Cto +70°C Header 
ADS34LH O°Cto +70°C Header 
ADS34JChip O°Cto +70°C Chip 
ADS34KChip O°Cto +70°c Chip 
ADS34SD - SS°C to + 12s0 c Side Brazed DIP 
ADS34SD/883B - SS°C to + 12s°C Side Brazed DIP 
AD534TD - 55°C to + 125°C Side Brazed DIP 
ADS34TD/883B - SS°C to + 12S°C Side Brazed DIP 
JM38510113902BCA -SS°Cto +125°C Side Brazed DIP 
JM38510113901BCA - SS°C to + 12s0c Side Brazed DIP 
ADS34SE - SS°C to + 125°C LCC 
ADS34SE/883B - SS°C to + 125°C LCC 
ADS34TE - ss0c to + 12s0c LCC 
ADS34TE/883B - SS°C to + 12S°C LCC 
ADS34SH - 55°C to + 12S°C Header 
ADS34SH/883B -SS°Cto +125°C Header 
ADS34TH - SS°C to + 12S°C Header 
AD534THl883B -ss°Cto + 12s0c Header 
JM38510/13902BIA - SS°C to + 12s0 c Header 
JM38510113901BIA - SS°C to + 12s0c Header 
ADS34SChip - 55°C to + 125°C Chip 
ADS34TChip - ss0c to + 12s0c Chip 

*For outline information see Package Information section. 
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ABSOLUTE MAXIMUM RATINGS 

ADS34J,K,L ADS34S,T: 

Supply Voltage ±18V 
SOOmW 
Indefinte 
±Vs 

±22V 

* 
'* 

* 

Internal Power Oissipation 
Output Short-Circuit to Ground 
InputVoltages,X1X2 Y1 Y2Z1Z2 
RatedOperatingTemperature 

Range 
Oto +70°C -SS°Cto 

+ 12S°C 

Storage Temperature Range 
Lead Temperature, 60s Soldering 
ESDRating 

-65°Cto + 1so0c * 
+300°C * 
lOOOV 

*SameasADS34Jspecs. 

Package 
Option* 

D-14 
D-14 
D-14 
H-lOA 
H-lOA 
H-lOA 

D-14 
D-14 
D-14 
D-14 
D-14 
D-14 
E-20A 
E-20A 
E-20A 
E-20A 
H-lOA 
H-lOA 
H-lOA 
H-lOA 
H-IOA 
H-lOA 

OPTIONAL TRIMMING CONFIGURATION 

+Vs 

1k 

-Vs 

PIN CONFIGURATIONS 

T0-100 (H·lOA) 
Package 

X1 

-Vs 

NC 4 

NC 5 

.SF 6 

NC 7 

NC 8 

LCC (E-20A) 
Package 

N ,,... CJ ~ CJ 
x x z + 2 
3212019 

AD634 
TOP VIEW 

(Not to Scalel 

9 10 11 12 13 

> N ~ '!( " > z 
NC = NO CONNECT 

T0-116 (D'l4) 
Package 

NC = NO ·CONNECT 

18 OUT 

17 NC 

16 Z1 

15 NC 

14 Z2 
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~ANALOG 
WDEVICES 

FEATURES 
Four-Quadrant Multiplication 
Low Cost 8-Pin Package 
Complete-No External Components Required 
Laser-Trimmed Accuracy and Stability 
Total Error Within 2% of FS 
Differential High Impedance X and Y Inputs 
High Impedance Unity-Gain Summing Input 
Laser-Trimmed 10 V Scaling Reference 

APPLICATIONS 
Multiplication, Division. Squaring 
Modulation/Demodulation. Phase Detection 
Voltage-Controlled Amplifiers/ Attenuators/Filters 

PRODUCT DESCRIPTION 
The AD633 is a functionally complete, four-quadrant, analog 
multiplier. It includes high impedance, differential X and Y 
inputs and a high impedance summing input (Z). The low 
impedance output voltage is a nominal 10 V full scale provided 
by a buried Zener. The AD633 is the first product to offer 
these features in modestly priced 8-pin plastic DIP and SOIC 
packages. 

The AD633 is laser calibrated to a guaranteed total accuracy of 
2% of full scale. Nonlinearity for the Y-input is typically less 
than 0 .1 % and noise referred to the output is typically less than 
100 µ V rms in a 10 Hz to 10 kHz bandwid_th. A 1 MHz band
width, 20 V/µs slew rate, and the ability to drive capacitive 
loads make the AD633 useful in a wide variety of applications 
where simplicity and cc;ist are key concerns. 

The AD633's versatility is not compromised by its simplicity. 
The Z-input provides access to the output buffer amplifier, en
abling the user to sum the outputs of two or more multipliers, 
increase the multiplier gain, convert the output voltage to a cur
rent, and configure a variety of applications. 

The AD633 is available in an 8cpin plastic mini-DIP package 
(N) and 8-pin SOIC (R) and is specified to operate over the 0°C 
to +70°C commercial.temperature range. 

This is an abridged data sbeet. To obtain tbe most recent version or 
complete data sbeet, call OW' fax retrieval system at 1-800-446-6212. 
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Low Cost 
Analog Multiplier 

AD633 I 
CONNECTION DIAGRAMS 

8-Pin Plastic DIP (N) Package 

8-Pin Plastic SOIC (R) Package 

X2 

X1 

+Vs 

w 

PRODUCT HIGHLIGHTS 
1. The AD633 is a complete four-quadrant multiplier offered in 

low cost 8-pin plastic packages. The result is a product that 
is cost effective and easy to apply. 

2. No external components or expensive user calibration are 
required to apply the AD633. 

3. Monolithic construction and laser calibration make the device 
stable and reliable. 

4. High (10 MO) input resistances make signal source loading 
negligible. 

5. Power supply voltages can range from ±8 V to ±18 V. The 
internal scaling voltage is generated by a stable Zener .diode; 
multiplier accuracy is essentially supply insensitive. 
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AD633-SPECIFICATIQNS (TA= +25°C, Vs= ±15 V, RL 2: 2 kOl 

Model AD633J 
".· 

TRANSFER FUNCTION w = 
(X1-X2) lY1-Y2) 

+Z 
10 v 

Parameter Conditions Min Typ Max Unit 

MULTIPLIER PERFORMANCE 
Total Error 

.. 
-10 V :s X, Y :s + 10 V ±1 ±2 % Full Scale 

Tmu. to Tmax. ±3 % Full Scale 
Scale Voltage Error SF= 10.00 V Nominal ±0.25% % Full Scale 
Supply Rejection Vs= ±14Vto ±16V ±0.01 % Full S~ale 
Nonlinearity, X X=±lOV,Y=+lOV ±0.4 ±1 % Full Scale 
Nonlinearity, Y Y= ±lOV,X= +lOV ±0.1 ±0.4 % Full Scale 
X Feedthrough Y Nulled, X = ±10 V ±0.3 ±1 % Full Scale 
Y Feedthrough X Nulled, Y = ±10 V ±Q,l ±0.4 % Full Scale 
Output Offset Voltage ±5 ±50 mV 

DYNAMICS 
Small Signal BW · V0 = 0.1 V rms, 1 MHz 
Slew Rate V0 = 20Vp-p 20 V/µs 
Settling Time to 1 % '1V0 =20V 2 µs 

OUTPUT NOISE 
Spectral Density 0.8 µV/VHz 
Wideband Noise f=lOHzto5MHz 1 mVrms 

f= lOHztolOkHz 90 'µVrms 

OUTPUT 
Output Voltage _Swing ±ll v 
Short Circuit Current RL =on 3() 40 mA 

INPUT AMPLIFIERS 
Signal Voltage Range Differential ±10 v 

Common Mode ±10 v 
Offset Voltage X, Y ±5 ±30 mV 
CMRRX, Y VCM = ±10 V, f = 50 Hz 60 80 . dB 
Bias Current X, Y, Z 0.8 2.0 µA 
Differential Resistance 10 ..::. MO 

POWER SUPPLY 
Supply Voltage 

Rated Performance ±15 v 
Operating Range ±8 ±18 v 

Supply Current Quiescent 4 6 mA 

NOTES 
Specifications shown in boldface are tested on all production units at electrical test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notke. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage : .......................... ±18 V 
Internal Power Dissipation2 •••••••••••••••••• 500 mW 
InputVoltages3 •..••••••• ·• ·: ••••••••••••••• ±18 v· 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range ........... -65°C to + 150°C 
Operating Temperature Range ............. O°C to + 70°C 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
ESD Rating .................. , .......... 1000 V 

NOTES 
'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not inlplied. 

28-Pin Plastic Package: 01A = 16S"C/W; 8-Pin Small Outline Package: 01A = 
ISS'C/W. 

'For supply voltages less than ± 18 V, the absolute maximum input voltage is 
equal to the supply voltage. 
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ORDERING GUIDE 

Model 

AD633JN 
AD633JR 
AD633JR-REEL 

Description 

8-Pin Plastic DIP 
8-Pin Plastic SOIC 
8-Pin Plastic SOIC 

Package 
Option* 

N-8 
R-8 
R-8 

*For outline information see Package Information section. 
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1'1111111 ·ANALOG 
WDEVICES 

FEATURES 
High Accuracy 

0.1% Typical Error 
High Speed 

10 MHz Full-Power Bandwidth 
450 V 1,...s Slew Rate 
200 ns Settling to 0.1% at Full Power 

Low Di11tortion 
-80 dBc from Any Input 
Third-Order IMO Typically -75 dBc at 10 MHz 

Low Noise 
94 dB SNR. 10 Hz to 20 kHz 
70 dB SNR. 10 Hz to 10 MHz 

Direct Division Mode 
2 MHz BW at Gain of 100 

APPLICATIONS 
High Performance Replacement for AD534 
Multiply, Divide, Square, Square Root 
Modulator. Demodulator 
Wideband Gain Control. RMS-DC Conversion 
Voltage-Controlled Amplifiers, Oscillators, and Filters 
Demodulator with 40 MHz Input Bandwidth 

PRODUCT DESCRIPTION 
The AD734 is an accurate high speed, four-quadrant analog 
multiplier that is pin-compatible with the industry-standard 
ADS34 and provides the transfer function W = XY/U. The 
AD734 provides a low-impedance voltage output with a full
power (20 V pk-pk) bandwidth of 10 MHz. Total static error 
(scaling, offsets, and nonlinearities combined) is 0.1 % of Full· 
Scale. Distortion is typically less than -80 dBc and guaranteed. 
The low-capacitance X, Y and Z inputs are fully differential. In 
most applications, no external components are required to define 
the function. 

The internal scaling (denominator) voltage U is 10 V, derived 
from a buried-Zener voltage reference. A new feature provides 
the option of substituting an external denominator voltage, 
allowing the use of the AD.734 as a two-quadrant divider with a 
1000: I denominator range and a signal bandwidth that remains 
10 MHz to a gain of 20 dB, 2 MHz at a gain of 40 dB and 
200 kHz at a gain of 60 dB, for a gain-bandwidth product of 
200MHz. 

The advanced performance of the AD734 is achieved by a com
bination of new circuit techniques, the use of a high speed 
complementary bipolar process and a novel approach to laser
trimming based on ac signals rather than the customary de 
methods. The wide bandwidth (>40 MHz) of the AD734's in
put stages and the 200 MHz. gain-bandwidth product of the 
multiplier core allow the AD734 to be used as a low distortion 
demodulator with input frequencies as high as 40 MHz as long 
as the desired output frequency is less than 10 MHz. . 

The AD734AQ and AD734BQ are specified for the industrial 
temperature range of -40"C to +85°C and come in a 14-pin 

This is an abridged data sbeet. To obtain tbe most recent version or 
complete data sbeet, call our faz retrieval system at 1-800-446-6212. 
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10 MHz, 4-Quadrant 
Multiplier/Divider 

AD734 I 
CONNECTION DIAGRAM 

14-Pin DIP 
(Q Package) & (N Package) 

VP POSITIVE SUPPLY 

DD DENOMINATOR DISABLE 

W -OUTPUT 
[ 

uo 3 
DENOMINATOR Ul 

INTERFACE Zl] Z INPUT 
Z2 

X1 

X2 

uo 
U1 

U2 

Y1 

Y2 

U2 

9 ER REFERENCE VOLTAGE 

8 VN - NEGATIVE SUPPLY 

FUNCTIONAL BLOCK DIAGRAM 

w-~ 

' Z1 _J 

Z2 -~ 

* 
ceramic DIP. The AD734SQ/883B, available processed to MIL
STD-883B for the military range of - SS°C to + 125°C, is avail
able in a 14-pin ceramic DIP. 

PRODUCT HIGHLIGHTS 
The AD734 embodies more than two decades of experience in 
the design and manufacture of analog multipliers, to provide: 
1. A new output amplifier design with more than twenty times 

the slew-rate of the ADS34 (450 V/µs versus 20 V/µs) for a 
full power (20 V pk-pk) bandwidth of IO MHz, 

2. Very low distortion, even at full.power, through the use of 
circuit and trimming techniques that virtually eliminate all of 
the spurious nonlinearities found in earlier designs. ' 

3. Direct control of the denominator, resulting in higher multi
plier accuracy and a gain-bandwidth product at small denom
inator values that is typically 200 times greater than that of 
the ADS34 in divider modes. 

4. Very clean transient response, achieved through the use of a 
novel input stage design and wide-band output amplifier, 
which also ensure that distortion remains low even at high 
frequencies. 

S. Superior noise performance by careful choice of device geom
etries and operating conditions, which provide a guaranteed 
88 dB of dynamic range in a 20 kHz bandwidth. 
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A0734-SPEC If ICATIQNS (T~ = +25"C, +vs = VP = + 15 V, -Vs = YN = -15 Y, RL ;:;, 2 kO) 
TRANSFER FUNCTION 

W =A {IX,-X,l(Y,-Y,l - IZ - Z 1} 
0 IU,-U,) I 2 

~ Conditions 

MULTIPLIER PERFORMANCE 
Transfer Function 
Total Static Error' -IOV,,;X,Y,,; lOV 

OverTm1ntoT,... 
vs. Temperature Tmin to Tma:11 
vs. Either Supply :tV5 = 14 V to 16 V 

Peak Nonlinearity -10 v "' x "' + 10 v, y = +10 v 
-10 v "' y "' + 10 v, x = +10 v 

THD2 x = 7 v rDIS, y = + 10 v, f"' s kHz 
Tmin to Tma.: 
Y = 7 V rDIS, X = +10 V, f,,; S kHz 
TmintoTmax 

Feedthrough X = 7 V rDIS, Y = nulleil, f,,; S kHz 
Y = 7 V m1S, X = nulled, f ,,; S kHz 

Noise(RTO) X=Y=O 
Spectral Density 100 Hz to. I MHz 
Total Output Noise 10 Hz to 20 kHz 

Tmin toTmax· 

DMDER PERFORMANCE (Y = 10 V) 
Transfer Function 
Gain Error Y = IOV, U = IOOmVto IOV 
X Input Clipping Level Y,,; IOV 
U Input Scalins Error' 

Tmin to Tm.x 

(Output to 1%) U = I V to 10 V Step , X = I V 

INPUT INTERFACES (X, Y, & Z) 
3 dB Bandwidth 
Operatins Range Differential or Common Mode 

X Input Offset Voltage 
Tmin tO Tmax 

Y Input Offset Voltaae 
Tmin tQ Tr1111x 

Z Input Offset Voltage 
Tmin to Tmax 

Z Input PSRR (Either Supply) f,,; I kHz 
Tmin to Tmax 

CMRR f=SkHz 
Input Bias Current (X, Y, Z Inputs) 

Tmin to Tmax 
Input Resistanee Differential 
Input Capacitance DiiJerential 

DENOMINATOR INTERFACES (UO, Ul, & U2) 
Operatins Range 
Denominator Range 
Interface Resisror Ul to U2 

OUTPUT AMPLIFIER (W) 
OutpUt Voltage Swins Tmin to Tmax 
Open-Loop Voltage Gain X = Y = 0, Input to Z 
Dynamic Response From X or Y Input, CL ,,; 20 pF 

3 dB Bandwidth W,,;7Vm1S 
Slew Rate 

Settling Time +20 V or -20 V Output Step 
Toi% 
To0.1% 

Short-Circuit Current Tmia. to Tm.in 

POWER SUPPLIES, :tV5 

Operatins Supply Range 
Quiescellt Current T,...toT,... 

NOTES 
'Figures given are percent of full scale (e:g., 0.01% = I mV). 
2dBc refers to deciBels relative to the full scale input (carrier) level of 7 V rrns. 
'See Figure 10 for,test circuit. 

A B 
Mia Typ Max Mia Typ Max 

W= XY/10 W= XY/10 
0.1 0.4 0.1 0.2S 

I 0.6 
0.004 0.003 
0.01 o.os 0.01 o.os 
o.os o.os 
0.02S 0.02S 

-58 -66 
-SS -63 
-60 -80 
-S7 -74 

-8S -60 -85 -70 
-8S -66 -85 -76 

1.0 1.0 
-94 -88 -94 -88 

-as -as 

W= XY/U W = XY/U 
I I 

l.2S x u l.2S x u 
0.3 us 
0.8 0.65 

100 100 

40 40 
:tl2.S :tl2.S 

IS 5 
25 15 
10 s 
12 6 
20 10 
so sil 

S4 70 66 70 
so S6 
70 85 70 8S 

so 300 50 ISO 
400 300 

so 50 
2 2 

VNtoVP-3 VN to VP-3 
1000:1 1000:1 

28 28 

:tl2 :tl2 
72 72 

8 10 8 10 
450 450 

125 12S 
200 200 

20 so 80 20 so 80 

:t8 ±16.5 ±8 ±16.S 
6 9 12 6 9 12 

All min and max specifications are guUanteed .. Specifications in Boldface are tested on all production units at final electrical. test. 
Specifications subject .to change without notice. 
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s 
Mia Typ Max 

W= XY/10 
0.1 0.4 

l.2S 
0.004 
0.01 o.os 
o.os 
0.02S 

-58 
-SS 
-60 
-57 

-8S -60 
-8S -66 

1.0 
-94 -88 

-'8S 

W= XY/U 
I 

l.2S x u 
0.3 
1 

100 

40 
:tl2.5 

IS 
25 
10 
u 
20 
90 

S4 70 
so 
70 85 

50 300 
500 

50 
2 

VNtoVP-3 
1000:1 

28 

:tl2 
72 

8 10 
450 

12S 
200 

20 50 80 

:t8 ±16.5 
6 9 12 

Vails 

% 
% 
%l"C 
%/V 
% 
% 
dBc 
dBc 
dBC 
dBc 
dBc 
dBc 

.. vivH. 
dilc 
dBc 

% 
v 
% 
% 
ns 

MHz 
v 
mv 
mV 
mV, 
mV 
mV 
inV 
dB 
dB 
dB 
~ 
nA 
kO 
pF 

v 

kO 

v 
dB 

MHz 
Vl .. s 

ns 
ns 
mA 

v 
mA 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ........................... ± 18 V 
Internal Power Dissipation2 

for T1 max = 175°C ..................... 500 mW 
X, Y and Z Input Voltages ................. VN to VP 
Output Short Circuit Duration ............... Indefinite 
Storage Temperature Range 

Q ........................... -65°C to + 150°C 
Operating Temperature Range 

AD734A, B (Industrial) ............. -40°C to +85°C 
AD734S (Military) ................ -55°C to + 125°C 

Lead Temperature Range (soldering 60 sec) ........ + 300°C 
Transistor Count ............................. 81 
ESD Rating ............................. 500 V 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" niay cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. 

214-Pin Ceramic DIP: 91A = l lO"C/W 

AD734 
ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD734AN -40°C to +85°C Plastic DIP N-14 
AD734BN -40°C to +85°C Plastic DIP N-14 
AD734AQ -40°C to +85°C Cerdip Q-14 
AD734BQ -40°C to +85°C Cerdip Q-14 
AD734SQ -55°C to + 125°C Cerdip Q-14 
AD734SQ/883B -55°C to + l25°C Cerdip Q-14 
AD734S Chip -55°C to + 125°C Chip 

*For outline information see Package Information section. 

CHIP DIMENSIONS & BONDING DIAGRAM 
Dimensions shown in inches and (mm). 
(Contact factory for latest dimensions.) 

I 0.093 ~~3622) =:I 
w~, m 

VPC 14 ~: .. l 
0.122 

-----~-&-y~~·r 
uo U1 

N 
U2 
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NANALOG 
WDEVICES 

FEATURES 
DC to >500MHz Operation 
Differential :t1V Full Scale Inputs 
Differential :t4mA Full Scale Output Current 
Low Distortion (s0.05% for OdBm Input) 
Supply Voltages from :t4V to ::!:9V 
Low Power (280mW typical at V5 =:t5VI 

APPLICATIONS 
High Speed Real Time Computation 
Wideband Modulation and Gain Control 
Signal Correlation and RF Power Measurement 
Voltage Controlled Filters and Oscillators 
Linear Keyers for High Resolution Television 
Wideband True RMS 

PRODUCT DESCRIPTION 
The AD834 is a monolithic laser-trimmed four-quadrant analog 
multiplier intended for use in high frequency applications, 
having a transconductance bandwidth (RL =500) in excess of 
500MHz from either of the differential voltage inputs. In multi
plier modes, the typical total full scale error is 0.5%, dependent · 
on the application mode and the external circuitry. Performance 
is relatively insensitive to temperature and supply variations, 
due to the use of stable biasing based on a bandgap reference 
generator and other design features. 

To preserve the full bandwidth potential of the high speed 
bipolar process used to fabricate the AD834, the outputs appear 
as a differential pair of currents at open collectors. To provide a 
single ended ground referenced voltage output, some form of 
external current to voltage conversion is needed. This may take 
the form of a wideband transformer, balun, or active circuitry 
such as an op amp. In some applications (such as power mea
surement) the subsequent signal processing may not need to 
have high bandwidth. 

The transfer function is accurately trimmed such that when 
X=Y=::!:lV, the differential output is ::!:4mA. This absolute 
calibration allows the outputs of two or more AD834s to be 
summed with precisely equal weighting, independent of the. 
accuracy of the load circuit. 

The AD834J is specified for use over the commercial tempera
ture range of 0 to + 70"C and is available in an 8-pin plastic DIP 
package and an 8-pin plastic SOIC package. AD834A is avail
able in cerdip for operation over the industrial temperature 
range of -40"C to +85°C. The AD834S/883B is specified for 
operation over the military temperature range of -55°C to 
+ 125°C and is available in the 8-pin cerdip package. S-Grade 
chips are also available. 

This is an abridged data sheet. To obtain the !D08t recent version or 
complete data sheet, call our fu retrieval SJSkm at 1-800-446-6212. 
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500MHz Four-Quadrant Multiplier 
AD834 I 

FUNCTIONAL BLOCK DIAGRAM 

Y1 Y2 -v. W2 

Two application notes featuring the AD834 (AN-212 and 
AN-216) can now be obtained by calling 1-800-ANALOG-D. 
For additional applications circuits, consult the AD811 data 
sheet. 

PRODUCT HIGHLIGHTS 
1. The AD834 combines high static accuracy (low input and 

output offsets and accurate scale factor) with very high band
width. As a four-quadrant multiplier or squarer, the response 
extends from de to an upper frequency limited mainly by 
packaging and external board layout considerations. A large 
signal bandwidth of over 500MHz is attainable under opti
mum conditions. 

2. The AD834 can be used in many high speed nonlinear opera
tions, such as square rooting, analog division, vector addition 
and rms-to-dc conversion. In these modes, the bandwidth is 
limited by the _external active components. 

3. Special design techniques result in low distortion levels (bet
ter than -60dB on either input) at high frequencies and low 
signal feedthrough (typically -65dB up to 20MHz). 

4. The AD834 exhibits low differential phase error over the 
input range-typically 0.08° at SMHz and 0.8° at 50MHz. 
The large signal transient response is free from overshoot, 
and has an intrinsic rise time of 500ps, typically settling to 
within 1 % in under 5ns. 

5. The nonloading, high impedance, differential inputs simplify 
the application of the AD834. 
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SPECIFICATIONS (TA=+25°C and ±Vs=±5V, unless otherwise noted; dBm assumes 500 load.) 

AD834J AD834A, S 
Model Conditions Mio Typ Max Mio Typ Max 

MULTIPLIER PERFORMANCE 
XY XY 

Transfer Function w =(IV)' x 4mA W = (IV)' x 4mA 

Total Error1 (Figure 6) -IV-o;X,Y<+IV ±0.5 ±2 
vs. Temperature Tmin to Tmax 
vs. Supplies2 ±4V to ±6V 0.1 0.3 

Lioearity3 ±0.5 ±1 
Bandwidth4 See Figure 5 500 500 
Feedthrough, X X=±IV, Y=Nulled 0.2 0.3 
Feedthrough, Y X=Nulled, Y=±IV 0.1 0.2 
AC Feedthrough, X' X=OdBm, Y=Nulled 

f=IOMHz -65 
f=IOOMHz -50 

AC Feedthrough, Y5 X=Nulled, Y=OdBm 
f=!OMHz -70 
f=!OOMHz -50 

INPUTS (XI, X2, YI, Y2) 
Full Scale Range Differential ±I 
Clipping Level Differential ±1.l ±1.3 ±1.l 
Input Resistance Differential 25 
Offset Voltage 0.5 3 

vs. Temperature Tmin to Tmax 10 
4 

vs. Supplies' ±4V to ±6V 100 300 
Bias Current 45 
Common Mode Rejection fa !OOkHz; IV p--p 70 
Nonlinearity, X Y=IV; X=±IV 0.2 0.5 
Nonlinearity, Y X=IV; Y=±IV 0.1 0.3 
Distortion, X X=OdBm, Y=IV 

f=!OMHz -60 
f=!OOMHz -44 

Distortion, Y X=IV, Y=OdBM 
f=!OMHz -65 
f=IOOMHz -50 

OUTPUTS (WI, W2) 
Zero Signal Current Each Output 8.5 
Differential Offset X=O, Y=O ±20 ±60 

vs. Temperature Tmin to Tmax 40 

Scaling Current Differential 3.96 4 4.04 3.96 
Output Compliance 4.75 9 4.75 

Noise Spectral Density f= lOHz to !MHz 16 
Outputs into 500. Load 

POWER SUPPLIES 
Operating Range ±4 ±9 ±4 
Quiescent Current6 Tmin to Tmax 

+Vs II 14 
-Vs 28 35 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70°C) AD834J, JR-REEL 
Military (-55°C to + 125°C) 
Industrial (-40°C to +85°C) 

PACKAGE OPTIONS 
8-Pin SOIC (R) AD834JR 
8-Pin Cerdip (Q) 
8-Pio Plastic DIP (N) AD834JN 

NOTES 
'Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full scale output. 
2Both supplies taken simultaneously; sinusoidal input at f~ lOkHz. 

±0.5 
±1.S 
0.1 
±0.5 

0.2 
0.1 

-65 
-so 

-70 
-50 

±I 
±1.3 
25 
0.5 
10 

100 
45 
70 
0.2 
0.1 

-60 
-44 

-65 
-50 

8.5 
±20 
40 

4 

16 

II 
28 

AD834S 
AD834A 

AD834AQ 
AD834SQ/883B 

3Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors. 
4Bandwidth is guaranteed when configured in squarer mode. See Figure 5. 
5Sine input; relative to full scale output; zero input port nulled; represents feed.through of the fundamental. 

±2 
±3 
0.3 
±1 

0.3 
0.2 

3 

4 
300 

0.5 
0.3 

±60 

±60 
4.04 
9 

±9 

14 
35 

AD834 

Units 

o/o FS 
o/o FS 
o/oFSN 
o/o FS 
MHz 
o/o FS 
o/o FS 

dB 
dB 

dB 
dB 

v 
v 
kO. 
mV 
µ,Vl°C 
mV 
µ,VN 
µ,A 
dB 
o/o FS 
o/oFS 

dB 
dB 

dB 
dB 

mA 
µ,A 
nAl°C 
µ,A 
mA 
v 
nV/vTu 

v 

mA 
mA 

6Negative supply current is equal to the sum of positive supply current, the signal currents into each output, WI and W2, and the input bias currents. 

Specifications in boldface are tested on all production units at final electrical test. Results ffom those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 
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AD834 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage (+Vs to -Vs) ................... 18V 
Internal Po~er Dissipation ..... .' ............ , SOOmW 
Input Voltages (XI, X2, YI, Y2) ................. +Vs 
Operating Temperawre Range 

AD834J ........................... o to + 70°C 
AD834A ..... , .................. -40°C to +85°C 
AD834S/883B ................... -55°C to + 12s0c 

Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (R, N) ....... -65°C to + 125°C 
Lead Temperature, Soldering 60sec ............. +300°C 
ESD Rating .............................. 500 V 

NOTE 
1Stresses .. above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

THERMAL CHARACTERISTICS 

8-Pin Cerdip Package (Q) 
8-Pin Plastic SOIC (R) 
8-Pin Plastic Mini-DIP (N) 

61c 

30°C/W 
45°C/W 
S0°C/W 

0JA 

ll0°C/W 
165°C/W 
99°C/W 

ORDERING GUIDE 

Temperature 
Model Range 

AD834JN Oto +70°C 
AD834JR Oto +70°C 
AD834JR-REEL Oto +70°C 
AD834AQ -40°C to +85°C 
AD834SQ/883B -SS°C to + 125°C 
AD834S Chips 

Package 
Option* 

N-8 
R-8 
R-8 
Q-8 
Q-8 
Chips 

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC) Package. For 
outline information see Package Info~ section. 

\ 
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CONNECTION DIAGRAM 

Small Outline (R) Package 
Plastic DIP (N) Package 

Cerdip (Q) Package 

METALIZATION PHOTOGRAPH 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Dimensions shown in inches and (mm). 
Contact factory for latest dimensions. 
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1'11111111 ANALOG 
WDEVICES 

FEATURES 
Simple: Basic Function is W = XV + Z 
Complete: Minimal External Components Required 
Very Fast: Settles to 0.1 % of FS in 20 ns 
DC-Coupled Voltage Output Simplifies Use 
High Differential Input Impedance X, Y and Z Inputs 
Low Multiplier Noise: 50 nV /;/Hz 

APPLICATIONS 
Very Fast Multiplication, Division, Squaring 
Wideband Modulation and Demodulation 
Phase Detection and Measurement 
Sinusoidal Frequency Doubling 
Video Gain Control and Keying 
Voltage Controlled Amplifiers and Filters 

PRODUCT DESCRIPTION 
The AD835 is a complete four-quadrant voltage output analog 
multiplier fabricated on an advanced dielectrically isolated 
complementary bipolar process. It generates the linear product 
of its X and Y voltage inputs, with a -3 dB output bandwidth of 
250 MHz (a small signal rise time of Ins). Full-scale (-1 V to 
+IV) rise/fall times are 2.5 ns (with the standard RL of 150 Q) 
and the settling time to 0.1 % under the same conditions is typi
cally 20 ns. 

Its differential multiplication inputs (X, Y) and its summing in
put (Z) are at high impedance. The low impedance output volt
age (W) can provide up to ±2.5 V and drive loads as low as 
25 Q. Normal operation is from ±5 V supplies. 

Though providing state-of-the-art speed, the AD835 is simple 
to use and versatile. For example, as well as permitting the addi
tion of a signal at the output, the Z input provides the means 
to operate the AD835 with voltage gains up to about x!O. In 
this capacity, the very low product noise of this multiplier 
(50 nVfflz) makes it much more useful than earlier products. 

The AD835 is available in an 8-pin plastic mini-DIP package 
(N) and an 8-pin SOIC (R) and is specified to operate over the 
--40°C to +85°C industrial temperature range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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250 MHz, Voltage Output 
4-Quadrant Multiplier 

AD835 I 
FUNCTIONAL BLOCK DIAGRAM 

X1 

X2 

Y1 

Y2 

PRODUCT HIGHLIGHTS 

AD835 

ZINPUT 

WOUTPUT 

1. The AD835 is the first monolithic 250 MHz four quadrant 
voltage output multiplier. 

2. Minimal external components are required to apply the 
AD835 to a variety of signal processing applications. 

3. High input impedances (100 kQ//2 pF) make signal source 
loading negligible. 

4. High output current capability allows low impedance loads 
to be driven. 

5. State of the art noise levels achieved through careful device 
optimization and the use of a special low noise bandgap volt
age reference. 

6. Designed to be easy to use and cost effective in applications 
which formerly required the use of hybrid or board level 
solutions. 
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A0835-SPEC If I CATIONS !T, = +25°C, V, = ±5 V, R, = 150 Q, C, ~ 5 pf unless otherwise noted) 

Model AD835AN/AR 

TRANSFER FUNCTION 
(Xl-· X2)(Yl - Y2) 

W; +Z 

Parameter 

INPUT CHARACTERISTICS (X, Y) 
Differential Voltage Range 
Differential Clipping Level 
Low Frequency Nonlinearity 

vs. Temperature 

Common-Mode Voltage Range 
Offset Voltage 

vs. Temperature 
CMRR 
Bias Current 

vs. Temperature 
Offset Bias Current 
Differential Resistance 
Single-Sided Capacitance 
Feedthrough, X 
Feedthrough, Y 

DYNAMIC CHARACTERISTICS 
-3 dB Small-Signal Bandwidth 
-0.1 dB Gain Flatness Frequency 
Slew Rate 
Differential Gain Error, X 
Differential Phase Error, X 
Differential Gain Error, Y 
Differential Phase Error, Y 
Harmonic Distortion 

Settling Time, X or Y 

SUMMING INPUT (Z) 
Gain 
-3 dB Small-Signal Bandwidth 
Differential Input Resistance 
Single Sided Capacitance 
Maximum Gain 
Bias Current 

OUTPUT CHARACTERISTICS 
Voltage Swing 

vs. Temperature 
Voltage Noise Spectral Density 
Offset Voltage 

vs. Temperature2 

Short Circuit Current 
Scale Factor Error 

vs. Temperature 
Linearity (Relative Error)' 

vs. Temperature 

POWER SUPPLIES 
Supply Voltage 

For Specified Performance 
Quiescent Supply Current 

vs. Temperature 
PSRR at Output vs. Vp 
PSRR at Output vs. Vn 

NOTES 
1T MIN = -40°C, T MAX = +85°C. 
2Normalized to zero at +25°C. 

Conditions 

VcM=O 

X=±l V, Y= 1 V 
Y =±1 V, X= 1 V 
TMJN to TMAX I 

X=±l V, Y= 1 V 
Y=±l V, X= 1 V 

TMINto TMAX I 

fs; 100 kHz; ±1 V p-p 

TMIN to TMAX I 

X=±l V, Y=OV 
Y=±l V,X=OV 

W = -2.5 V to +2.5 V 
f= 3.58 MHz 
f= 3.58 MHz 
f= 3.58 MHz 
f= 3.58MHz 
X or Y = 10 dBm, 2nd and 3rd Harmonic 
Fund= 10 MHz 
Fund= 50MHz 
To 0.1 %, W = 2 V p-p 

From Z to W, fs; 10 MHz 

X, Y to W, Z Shorted to W, f = 1 kHz 

TMIN to TMAX I 

X=Y= O,f< lOMHz 

TMIN to TMAX I 

TMIN to TMAX I 

TMIN to TMAX I 

TMIN to TMAX I 

+4.5 V to +5.5 V 
-4.5 V to -5.5 V 

31.inearity is defined as residual error after compensating for input offset, output voltage offset and scale factor errors. 

Min 

±1.2 

-2.5 

70 

150 

0.990 

±2.2 
±2.0 

±4.5 

All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. 
Specifications subject to change without notice. 
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u 
Typ Max 

±1 
±1.4 
0.3 0.5 
0.1 0.3 

0.7 
0.5 
+3 

±3 ±20 
±25 

10 20 
27 

2 
100 
2 

-46 
-60 

250 
15 
1000 
0.3 
0.2 
0.1 
0.1 

-70 
-40 
20 

0.995 
250 
60 
2 
50 
50 

±2.5 

50 
±25 ±75 

±10 
75 
±5 ±8 

±9 
±0.5 ±1.0 

±1.25 

±5 ±5.5 
16 25 

26 
0.5 
0.5 

Unit 

v 
v 
% FS 
%FS 

% FS 
%FS 
v 
mV 
mV 
dB 
µA 
µA 
µA 
kQ 
pF 
dB 
dB 

MHz 
MHz 
V/µs 
% 
Degrees 
% 
Degrees 

dB 
dB 
ns 

MHz 
kQ 
pF 
dB 
µA 

v 
v 
nV/{Hz 
mV 
mV 
mA 
%FS 
% FS 
%FS 
%FS 

v 
mA 
mA 
o/oN 
o/oN 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .................................. ±6 V 
Internal Power Dissipation' .................... 300 mW 
Operating Temperature Range ............. -40°C to +85C 
Storage Temperature Range ............ -65°C to+ 150°C 
Lead Temperature, Soldering 60 sec .............. +300°C 
ESD Rating .................................. 1500 V 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress racing only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reliability. 

2Thermal Characteristics: 
8-Pin Plastic DIP (N): 81c = 35'C/W; 81A = 90°C/W 
8-Pin Plastic SOIC (R): 81c = 45'C/W; 81A = l 15'C/W. 

Typical Performance Characteristics 
OG OP (NTSC) FIELD= 1 LINE= 18 Wfm_.FCC COMPOSITE 
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Figure 1. Typical Composite Output Differential Gain & 
Phase, NTSC for X Channel; f = 3.58 MHz, R, = 150 Q 
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Figure 2. Typical Composite Output Differential Gain & 
Phase, NTSC for Y Channel; f = 3.58 MHz, R, = 150 Q 
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AD835 
PIN CONNECTIONS 
8-Pin Plastic DIP (N) 

8-Pin Plastic SOIC (R) 

ORDERING GUIDE 

Model Temperature Range Package Options* 

AD835AN 
AD835AR 

-40°C to +85°C 
-40°C to +85°C 

N-8 
R-8 

*N =Plastic DIP; R = Small Outline IC Plastic Package (SOIC). For outline 
information see Package information section 

T ""ITT .J 
I---+- X, Y, Z CH= OdBm --'---""-'--1---+---+--l-+-t 

RL = 1500 

I---+-cl < spF 

-10l--l--l----ll--f-++--+--+-+-++--+---l--.,\--H 

180 

90 

-90 

-180 

1M 10M 100M 1G 
FREQUENCY - Hz 

Figure 3. Gain & Phase vs. Frequency of X, Y, Z Inputs 
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Figure 4. Gain Flatness to 0. 1 dB 
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AD835 

~--J v cl Je}T 
RL = 1500 

f--CL <5pF 

-10 

m -40 ... 
I ~o 

w 
Q 
:::> -40 
t:: z 

" -60 .. 
:& 

YFEEDTHRlv rf r.'I\ 
~DTHROUGH ~' TI X FEEDTHROUGH 

-60 
~ flEEDTHRO~GH 

1M 10M 100M 1G 
FREQUENCY - Hz 

Figure 5. X and Y Feedthrough vs. Frequency 

o.2oov 

GND 

-0.200V 

Figure 6. Small Signal Pulse Response at W Output, R, = 
150 n, C,,.; 5 pf, X Channel= ±0.2 V, Y Channel=± 1.0 V 

1V 

GND 

-1V 

Figure 7. Large Signal Pulse Response at W Output, R, = 

1500, C,,.; 5 pf, X Channel =±1.0 V, Y Channel =±1.0 V 
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1M 10M 100M 1G 
FREQUENCY - Hz 

Figure 8. CMRR vs. Frequency for X or Y Channel, 
R, = 150 n, C, ,.; 5 pf 
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Figure 9. PSRR vs. Frequency for V+ and V- Supply 

10dB/DIV 

Figure 10. Harmonic Distortion at 10 MHz; 10 dBm Input 
to Xor Y Channels, R, = 150 n, C, =,.; 5 pf 
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10dBIDIV 

Figure 11. Harmonic Distortion at 50 MHz, 10 dBm Input 
to X or Y Channel, R, ; 150 n, C, '.'O: 5 pF 

10dBIDIV 

Figure 12. Harmonic Distortion at 100 MHz, 10 dBm Input 
to X or Y Channel, R,; 150 n, C, '.'O: 5 pF 

+2.SV 

GND 

-2.5V 

Figure 13. Maximum Output Voltage Swing, R,; 500, 
C, '.'0:5pF 
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Figure 14. V08 Output Drift vs. Temperature 
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Figure 15. Fixed LO on Y Channel vs. RF Frequency 
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Figure 16. Fixed IF vs. LO Frequency on Y Channel 
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AD835 
PRODUCT DESCRIPTION 
The AD835 is a four-quadrant, voltage output, analog multi
plier fabricated on an advanced, dielectrically isolated, comple
mentary bipolar process. In its basic mode, it provides the linear 
product of its X and Y voltage inputs. In this mode, the -3 dB 
output voltage bandwidth is 250 MHz (a small signal rise time 
of 1 ns). Full-scale (-1 V to + 1 V) rise/fall times are .2.5 ns (with 
the standard Ri, of 150 Q) and the settling time to 0.1 % under 
the same conditions is typically 20 ns. 

As in earlier multipliers from Analog Devices, a unique sum
ming feature is provided at the Z-input. As well as providing in
dependent ground references for inputs and output, and 
enhanced versatility, this feature allows the AD835 to operate 
with voltage gain. Its X-, Y- and Z-input voltages are all nomi
nally± 1 V FS, with overrange of at least 20%. The inputs are 
fully differential and at high impedance (JOO kQ\\2 pF) and pro
vide a 70 dB CMRR (f ~ 1 MHz). 

The low impedance output is capable of driving loads as small 
as 25 Q. The peak output can be as large as ±2.2 V minimum 
for RL = 150 Q, or ±2.0 V minimum into RL = 50 Q. The 
AD835 has much lower noise than the AD534 or AD734, mak
ing it attractive in low level signal-processing applications, for 
example, as a wideband gain-control element or modulator. 

Basic Theory 
The multiplier is based on a classic form, having a translinear 
core, supported by three (X, Y, Z) linearized voltage-to-current 
converters, and the load driving output amplifier. The scaling 
voltage (the denominator U, in the equations below) is provided 
by a bandgap reference of novel design, optimized for ultralow 
noise. Figure 17 shows the functional block diagram. ' 

In general terms, the AD835 provides the function 

W = (Xl-X2)(Yl-Y2) +Z 
u 

(1) 

where the variables W, U, X, Y and Z are all voltages. Con
nected as a simple multiplier, with X = Xl - X2, Y = Yl - Y2 
and Z = 0, and with a scale factor adjustment (see below) which 
sets U = 1 V, the output can be expressed as 

W=XY (2) 

WOUTPUT 

ZINPUT 

Figure 17. Functional Block Diagram 

17-22 MULTIPLIERS AND DIVIDERS 

Simplified representations of this sort, where all signals are pre
sumed to be expressed in volts, are used throughout this data 
sheet, to avoid the needless use ofless-intuitive subscripted vari
ables (such asVx1). We can view all variables as being normal
ized to I V. For example, the input X can either be stated as 
being in the range -1 V to + 1 V, or simply -1 to + 1. The latter 
representation wilJ be found to facilitate the development of new 
functions using the AD835. The explicit inclusion of the de
nominator, U, is also Jess helpful, as in the case of the AD835, if 
it is not an electrical input variable. 

Scaling Adjustm!)nt 
The basic value of U in Equation 1 is nominally 1.05 V. Figure 
18, which shows the basic multiplier connections, also 
shows how the effective value of U can be adjusted to have any 
lower voltage (usually 1 V) through the use of a resistive-divider 
between W (Pin 5) and Z (Pin 4). Using the general resistor val
ues shown, we can rewrite Equation 1 as 

W= XY +kW+(l-k)Z' 
u (3) 

(where Z' is distinguished from the signal Z at Pin 4). It follows 
that 

W=~+Z' 
(1-k)U 

In this way, we can modify the effective value of U to 

U'=(l-k)U 

without altering the scaling of the Z' input. (This is to be ex
pected, since the only "ground reference" for the output is 
through the Z' input.) 

(4) 

(5) 

Thus, to set U' to 1 V, remembering that the basic value of U is 
1.05 V, we need to choose Rl to have a nominal value of 20 
times R2. The values shown here allow U to be adjusted 
through the nominal range 0. 95 V to 1.05 V, that is, R2 pro
vides a 5% gain adjustment. 

+SV 

.... 

Figure 18. Multiplier Connections 

Note that in many applications, the exact gain of the multiplier 
may not be very important; in which case, this network may be 
omitted entirely, or R2 fixed at 100 Q. 
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FEATURES 
Four Independent Channels 
Voltage IN, Voltage OUT 
No External Parts Required 
8 MHz Bandwidth 
Four-Quadrant Multiplication 
Voltage Output; W = (Xx YJ/2.5 V 

0.2% Typical Linearity Error on X or Y Inputs 
Excellent Temperature Stability: 0.005% 
±2.5 V Analog Input Range 
Operates from ±5 V Supplies 
Low Power Dissipation: 150 mW typ 
Spice Model Available 

APPLICATIONS 
Geometry Correction in High-Resolution CRT Displays 
Waveform Modulation & Generation 
Voltage Controlled Amplifiers 
Automatic Gain Control 
Modulation and Demodulation 

GENERAL DESCRIPTION 
The ML T04 is a complete, four-channel, voltage output analog 
multiplier packaged in an 18-pin DIP or SOIC-18. These complete 
multipliers are ideal for general purpose applications such as voltage 
controlled amplifiers, variable active filters, "zipper" noise free 
audio level adjustment, and automatic gain control. Other applica
tions include cost-effective multiple-channel power calculations 
(Ix V), polynomial correction generation, and low frequency 
modulation. The MLT04 multiplier is ideally suited for generating 
complex, high-order waveforms especially suitable for geometry 
correction in high-resolution CRT display systems. 

Vcc=+SV fl 
I-- VEE= -SV --1-+-1+-+-++++--+--+-+-H--i---l..++1 

20 t---- TA = +2soc-l-l-f+--+--H-++--+-+++l--t-jl-J'+! 90 

'll 1-+-+-+-H--+-+++l--l--l-l-f+--+-+-a.9MHz 
I Av (XOR Y) -3dB 
~ 0 1-+-+t+t--+-++t-t-t--=-t-'*-'=--.--t-t-tl 
~ c::bll t---h 
.1( rr0;rOR~)h_ I\ 
-201-+-+-+-H--+-+++l--l--l-+h--1-~ctt--"<f--+-l\t-l-90 

I-- ~~P~:.~~~~~~~ENTS ~ 
X = 100mV RMS. Y = 2.SV DC +++1---1--t-H+---+---+ \-Hi 

-40 1-l = ~ R~si..iir 1c 
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FREQUENCY - Hz 
10M 100M 

Figure 1. Gain & Phase vs. Frequency Response 
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Four-Channel, Four-Quadrant 
Analog Multiplier 

MLT04 I 
FUNCTIONAL BLOCK DIAGRAM 

18-Lead Epoxy DIP (P Suffix) 
18-Lead Wide Body SOIC (S Suffix) 

W1 W4 

GND1 GND4 

X1 X4 

Y1 Y4 

v •• 
Y3 

X3 

GND3 

W3 

W = (X • Y)/2.SV 

Fabricated in a complementary bipolar process, the ML T04 
includes four 4-quadrant multiplying cells which have been laser
trimmed for accuracy. A precision internal bandgap reference 
normalizes signal computation to a 0 .4 scale factor. Drift over 
temperature is under 0.005%/°C. Spot noise voltage of 0.3 µV/;/Hz 
results in a THD + Noise performance of 0.02% (LPF = 22 kHz) 
for the lower distortion Y channel. The four 8 MHz channels 
consume a total of 150 mW of quiescent power. 

The MLT04 is available in 18-pin plastic DIP, and SOIC-18 
surface mount packages. All parts are offered in the extended 
industrial temperature range (-40°C to +85°C). 
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Figure 2. THO + Noise vs. Frequency 
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MLTQ4-SPEC I flCATIQNS (Vee= +5 V, Vu =-5 V, V,N = ±2.5 Vp, RL = 2 kn, TA= +25°C unless otherwise noted.) 

Parameter Symbol Conditions Min Typ Ma)!: Units 

MULTIPLIER PERFORMANCE1 
Total Error' X Ex -2.5 v < x < +2.5 v, y = +2.5 v -5 ±2 5 %FS 
Total Error' Y Ev -2.5 v < y < +2.5 v, x = +2.5 v -5 ±2 5 %FS 
Linearity Error' X LEx -2.5 v < x < +2.5 v, y = +2.5 v -1 ±0.2 +1 %FS 
Linearity Error' Y LEy -2.5 v < y < +2.5 v, x = +2.5 v -1 ±0.2 +l %FS 
Total Error Drift TCEx X = -2.5 V, Y = 2.5 V, TA = -40°C to +85°C 0.005 %!°C 
Total Error Drift TC Ev Y = -2.5 V, X = 2.5 V, TA= -40°C to +85°C 0.005 %!°C 
Scale Factor' K X = ±2.5 V, Y = ±2.5 V, TA= -40°C to +85°C 0.38 0.40 0.42 IN 
Output Offset Voltage Zos X = O V, Y = O V, TA= --40°C to +85°C -50 ±10 50 mV 
Output Offset Drift TCZ08 X = O V, Y = O V, TA= --40°C to +85°C 50 µV/°C 
Offset Voltage, X Xos X = o V, Y = ±2.5 V, TA= -40°C to +85°C -50 ±10.5 50 mV 
Offset Voltage, Y Yos Y = o v, x = ±2.5 v, TA= -40°C to +85°C -50 ±10.5 50 mV 

DYNAMIC PERFORMANCE 
Small Signal Bandwidth BW V0ur=0.1 Vrms 8 MHz 
Slew Rate SR Vour = ±2.5 V 30 53 V/µs 
Settling Time ts V 0ur = .1.2.5 V to 1 % Error Band 1 µs 
AC Feedthrough FT Ac X = 0 V, Y = 1 V rms@ f = 100 kHz -65 dB 
Crosstalk@ 100 kHz CT Ac X = Y = 1 V rms Applied to Adjacent Channel -90 dB 

OUTPUTS 
Audio Band Noise ~ f= 10 Hz to 50 kHz 76 µV rms 
Wide Band Noise ~ Noise BW = 1. 9 MHz 380 µV rms 
Spot Noise Voltage eN f= 1 kHz 0.3 µVi'1Hz 
Total Harmonic Distortion THDx f= 1 kHz, LPF = 22 kHz, Y = 2.5 V 0.1 % 

THDv f= 1 kHz, LPF = 22 kHz, X = 2.5 V 0.02 % 
Open Loop Output Resistance Rcur 40 Q 
Voltage Swing VPK Vcc=+5V, VEE=-5V ±3.0 ±3.3 Vp 
Shorr Circuit Current lsc 30 mA 

INPUTS 
Analog Input Range NR GND=OV -2.5 +2.5 v 
Bias Current 1. X=Y=OV 2.3 10 µA 
Resistance R1N 1 MQ 
Capacitance Cm 3 pF 

SQUARE PERFORMANCE 
Total Square Error EsQ X=Y=l 5 %FS 

POWER SUPPLIES 
Positive Current Ice Vee= 525 V, VEE=-5.25 V 15 20 mA 
Negative Current IEE Vee= 5.25 V, VEE=-5.25 V 15 20 mA 
Power Dissipation Pmss Calculated = 5 V x Ice+ 5 V x IEE 150 200 mW 
Supply Sensitivity PSSR X = Y = 0 V, Vee= .1.5% or VEE= .1.5% 10 mVN 
Supply Voltage Range VRANGE For Vee & VEE ±4.75 ±5.25 v 

NOTES 
1Specifications apply to all four multipliers. 
2Error is measured as a percent of the ±2.5 V full scale, i.e., 1 % FS = 25 mV. 
3Scale Factor K is an internally set constant in the multiplier transfer equation W = K x Xx Y. 

Specificatio11s subject to change without notice. 

ORDERING INFORMATION1 

ABSOLUTE MAXIMUM RATINGS* 
Supply Voltages Vw VEE to GND ..................... ±7 V 
Inputs X1, Y1 •••••••••••••••••••••••••••••••••• Yeo VEE 

Temperature Package Package 

Model Range Description Option' 

Outputs W1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • V co VEE 
Operating Temperature Range . . . . . . . . . . . . . . -40°C to +85°C 
Maximum Junction Temperature (T1 max) ... : ........ + 150°C 
Storage Temperature ..................... -65°C to +150°C 

MLT04GP --40°C to +85°C 18-Pin P-DIP N-18 

MLT04GS -40°C to +85°C 18-Lead SOIC SOL-18 

MLT04GBC +25°C Die 

Lead Temperature (Soldering, 10 sec) ................ +300°C NOTES 

Package Power Dissipation . . . . . . . . . . . . . . . . . . . (T1 max-T A)/01A 
Thermal Resistance eJA 

l FOr die specifications contact your local Analog sales office. The MLT04 
contains 211 ·transistors~ 

PDIP-18 (N-18) .............................. 74°C/W 
SOIC-18 (SOL-18) ............................ 89°C/W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause perma
nent damage to the device. This is a stress rating only and functional operation of 
the device at these or any other conditions above those indicated in the operational 
section of this specification are not implied. 
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2For outline information see Package Information section. 
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FUNCTIONAL DESCRIPTION 
The MLT04 is a low cost quad, 4-quadrant analog multiplier with 
single-ended voltage inputs and voltage outputs. The functional 
block diagram for each of the multipliers is illustrated in Figure 3. 
Due to packaging constraints, access to internal nodes for externally 
adjusting scale factor, output offset voltage, or additional summing 
signals is not provided. 

X1, X2, X3, X4 

G1, G2, G3, G4 W1, W2, W3, W4 

Y1, Y2, Y3, Y4 

Figure 3. Functional Block Diagram of Each ML T04 
Multiplier 

Each of the MLT04's analog multipliers is based on a Gilbert cell 
multiplier configuration, a 1.23 V bandgap reference, and a unity
connected output amplifier. Multiplier scale factor is determined 
through a differential pair/trimmable resistor network external to 
the core. An equivalent circuit for each of the multipliers is shown 
in Figure 4. 

XIN 

GND0--+-~~1--.... -+~~-+-~ 

YIN0--+-~~1---'---+~~-+-~ 

Figure 4. Equivalent Circuit far the ML T04 

w 
OUT 

Details of each multiplier's output-stage amplifier are shown in 
Figure 5. The output stages idles at 200 µA, and the resistors in 
series with the emitters of the output stage are 25 0. The output 
stage can drive load capacitances up to 500 pF without oscillation. 
For loads greaterthan 500 pF, the outputs of the MLT04 should 
be isolated from the load capacitance with a 100 0 resistor. 

Figure 5. Equivalent Circuit for ML T04 Output Stages 
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MLT04 
ANALOG MULTIPLIER ERROR SOURCES 
Multiplier errors consist primarily of input and output offsets, scale 
factor errors, and nonlinearity in the multiplying core. An expres
sion for the output of a real analog multiplier is given by: 

V0 = (K+M<){(Vx+X08 )(Vv+Y08 )+Zos+ /(X, Y)} 

where: K Multiplier Scale Factor 
l:ll( Scale Factor Error 
Vx X-Input Signal 
Xos X-Input Offset Voltage 
VY Y-Input Signal 
Y os Y-Input Offset Voltage 
Z0s Multiplier Output Offset Voltage 
f(X, Y) Nonlinearity 

Executing the algebra to simplify the above expression yields 
expressions for all the errors in an analog multiplier: 

Term Description Dependence on Input 

KVXVY True Product Goes to Zero· As Either or 
Both Inputs Go to Zero 

IJ.KVvVv Scale-Factor Error Goes to :Zero at V x' V v = 0 

VXYOS Linear "X" Feedthrough Proportional to V x 
Due to Y-Input Offset 

v~os Linear "Y" Feedthrough Proportional to V v 
Due to X-Input Offset 

xosyos Output Offset Due to X-, Independent of V x' V v 
Y-Input Offsets 

zos Output Offset Independent of V x' V v 

/(X, Y) Nonlinearity Depends on Both V x' V v· 
Contains Terms Dependent 

-on V ~' VY'· Their Powers 
and Cross ·Products 

As shown in the table, the primary static errors in an analog 
multiplier are input offset voltages, output offset voltage, scale 
factor, and nonlinearity. Of the four sources of error, only two are 
externally trimmable in the MLT04: the X- and Y-input offset 
voltages. Output offset voltage in the MLT04 is factory-trimmed to 
±50 mV, and the scale factor is internally adjusted to ±2.5% of full 
scale. Input offset voltage errors can be eliminated by using the 
optional trim circuit of Figure 6. This scheme then reduces the net 
error to output offset, scale-factor (gain) error, and an irreducible 
nonlinearity component in the multiplying core. 

+~Vs t100mV 

50kn FOR X05, Y OS TRIM 

CONNECT TO SUM 
NODE OF AN EXT OP AMP 

Figure 6. Optional Offset Voltage Trim Configuration 
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MLT04 

Feedthrough 
In the ideal case, the output of the multiplier should be zero if 
either input is zero. In reality, some portion of the nonzero input 
will "feedthrough" the multiplier and appear at the output. This is 
caused by the product of the nonzero input and the offset voltage of 
the "zero" input. Introducing an offset equal to and opposite of the 
"zero" input offset voltage will null the linear component of the 
feedthrough. Residual feedthrough at the output of the multiplier 
is then irreducible core nonlinearity. 

Typical X- and Y-input feedthrough curves for the MLT04 are 
shown in Figures 7 and 8, respectively. These curves illustrate 
MLT04 feedthrough after "zero" input offset voltage trim. 
Residual X-input feedthrough measures 0.08% of full scale, 
whereas residual Y-input feedthrough is almost immeasurable. 

I 
I 

I 
HORIZONTAL-0.SVIDIV 

Figure 7. X-lnput Feedthrough with Y05 Nulled 

HORIZONTAL-0.SVIDIV 

Figure 8. Y-lnput Feedthrough with X05 Nulled 

Nonlinearity 
Multiplier core nonlinearity is the irreducible component of error. 
It is the difference between actual performance and "best-straight
line" theoretical output, for all pairs of input values. It is expressed 
as a percentage of full scale with all other de errors nulled. Typical 
X- and Y-input nonlinearities for the MLT04 are shown in Figures 
9 through 12. Worst-case X-input nonlinearity measured less than 
0.2%, and Y-input nonlinearity measured better than 0.06%. For 
modulator/demodulator or mixer applications it is, therefore, 
recommended that the carrier be connected to the X-input while 
the signal is applied to the Y-input. 
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I 
I 

I 
HORIZONTAL -0.SVIDIV 

Figure 9. X-lnput Nonlinearity@ Y = +2.5 V 

HORIZONTAL- 0.SVIDIV 

Figure 10. X-lnput Nonlinearity@ Y = .,-2.5 V 

I 
I 

! 
> 

HORIZONTAL-0.SVIDIV 

Figure 11. Y-lnput Nonlinearity@ X = +2.5 V 

> 

I 
I 

! 
> 

HORIZONTAL -0.SV/DIV 

Figure 12. Y-lnput Nonlinearity@ X = -2.5 V 
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c 
w 100 
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I NBW = 1 OHz -50kHz 
- - - - - - - T = +25 C 

100 A 

o ' I 

TIME= 10ms/DIV 

Figure 13. Broadband Noise 

TIME = 1 Oms/DIV 

Figure 14. Broadband Noise 

i.'.' ~5v' I' 
h.1' 

TA= +25°C 

""' 

10 100 1k 10k 100k 
FREQUENCY - Hz 

Figure 15. Noise Density vs. Frequency 
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Typical Performance Characteristics - MLT04 

1M 

12 r---i---r--r""T'"r----r---r--r""T"r----r---r--r""M 180 

TA= +25°C 
1----t--+-t--t-t----t--t---r-r-r---V8 =~SV 

VX = 100mV 

t----t--+-+-+-t---t--+-t--t-t---Vy = +2.SV 

135 

90 

m t---1--+--t-+t--t--+-+-+t--f-r-t-t-H 45 ~ 
'i' GAIN E 
Z 0 I 

~ ~----..._N w 

-3 1---t--+-+++--+--t-H-t~--+~,,...:f"'H --45 ~ 
PHASE~N -

-61--t--+--+-++--+--+-+-;-+--_j_+--_j_-+--+-H-90 

-9 t---IC---t--t-t-1--t--+-+--r-t- PH1SE = J8.3° -135 
@7.142MHz 

-12 .___.__..__ ........ ..___.__..__,_,_..__ _ _l....___......l_...l...._..~ -180 

10k 100k 1M 10M 
FREQUENCY - Hz 

Figure 16. X-lnput Gain and Phase vs. Frequency 
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180 
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45 ~ 
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-9 
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Figure 17. Y-lnput Gain and Phase vs. Frequency 

Jil Jll J 

100k 1M 10M 100M 
FREQUENCY - Hz 

Figure 18. Amplitude Response vs. Capacitive Load 
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MLT04 - Typical .Performance Characteristics 

l.1JTT 
-20 t- TA= +25°C -+--+-t-Hl--+--+-t-Hl--+--+-t-tt 

'II 
1 -40 1--+--+-++l--+--+-++I- Yx = OV I Vy=1~vr 
S -ea H--t-t+HH-++t-.....,---±-..-t"'IH+-+-+-t-ti 
~ 

100k 1M 3M 
FREQUENCY - Hz 

Figure 19. Feedthrough vs. Frequency 

o~.,.._.,...,,..........,,.._.,...,..,.,.._,.___,_~-.;:r~~~2-~-c-T.,...,T..,., 

Vs=tSV 
-20 1--+--+-++l--+--+-++I--+--+-Yx = ±2.5V pk 

Vy=+2.511DC 

·, .• 1"' 
::-190 l--+--+-+-+->--+--+-+-+-l--+--+-+-+-1--+--+-++I 

-120 ._.._ ............ ._.._ ............ ._.._ ............ ._.._ .............. 
1k 10k 100k 1M 10M 

FREQUENCY - Hz 

Figure 20. Crosstalk vs. Frequency 

::: :::::::11:rrrr==:::~1~~-±5V~::r-.-... l\_=2kn 
1.0 1--1-f-+-H--+y ~= +100-+m+Vl-R-MSl--IH-1+-+ TA = +25•c 

O.& 1---i,__.-++,_ X = 2.5VDC 

'II o~;;m;;;:;~i:+:t~~~U-J_~ 
~ -0.5 t----1---+-+->+-J= ll.)J Rl +-++<,_......~~>-+--+-++1 
Cl V:2.5VDC I ' 
~ -1.0 l--l-f-+-H--+-+-++1--+--+-H+-+-+11-+1-+-+-++1 

-1.5 1---+,-t-t-++--+--+-+-H--+---+--"'*"-+-tt,....--+--+-++t 

' -2.0 1--+-t-t-++--+--+-+-H--+---+--"'*"-+-+'K+<--+--+-++t 

-2.&l--+-:-++++-+-+.+-+1--+-+H+-+-+fi+lf--1-,-f-++t 

-3~._..._ ............................ _,__,_.....___. ...... .MW.._. ............. 

1k 10k 100k 1M 10M 100M 
FREQUENCY - Hz 

Figure 21. Gain Flatness vs. Frequency 
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TIME-100ns/DIV 

Figure 22 .. Y-lnpufSmall-Signa/ Transient Response, 
CL='30pF ' 

,(., '· 

I 
I 

I 
Figure 23. Y~/nput Small~Signai Transient Response, 
CL= 100pF 

TIME = 100ns/DIV 

Figure 24. Y-/nput Large-Signal Tr[/nsient Re
sponse, CL = 30 pF 

~ 
I 

I 
TIME = 100ns/DIV 

Figure 25. Y"/nput Large-Signal Transient Response, 
CL= 100pF 
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x~1uT.--+---++-+-< 
le,---+---+-+-+-! Y = +2.5VDC_+---+-.+-l 

111-0.1~ ~ 
I 

fiJ 
0 z 
+ t- Vs=±SV 
~ RL:2k.Q 
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r- 10 = 1kHz 

r FLPF J22kHz 

0.001 

Y·INPUT 
JtVDvD-l---+--1--+-t 

0.1 10 

INPUT SIGNAL LEVEL- Volts p.p 

Figure 26. THO + Noise vs. Input Signal Level 
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Figure 27. Linearity Error vs. Temperature 
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Figure 28. X-lnput Gain Bandwidth vs. Temperature 
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V5 :±5V 
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Figure 29. Y-lnput Gain Bandwidth vs. Temperature 
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Figure 30. Maximum Output Swing vs. Frequency 
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Figure 31. Maximum Output Swing vs. Resistive Load 
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300 

S~ = 100~ MU~~IPLl:RS TA= +25°C 
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-12.5 -10 -7.5 -5 -2.5 2.5 7.5 10 12.5 
OFFSET VOLTAGE- mv 

Figure 32. Offset Voltage Distribution 
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Figure 33. Offset Voltage vs. Temperature 
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Figure 34. Scale Factor Distribution 
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Figure 35. Scale Factor vs. Temperature 
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Figure 36. Output Offset Voltage (Z05) Distribution 
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Figure 37. Output Offset Voltage (Z05) vs. Temperature 
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Figure 38. Supply Current vs. Temperature 
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Figure 39. Power Supply Rejection vs. Frequency 
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Figure 40. Linearity Error (LE) Distribution Accelerated 
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MLT04 
APPLICATIONS 
The ML T04 is well suited for such applications as modulation/ 
demodulation, automatic gain control, power measurement, analog 
computation, voltage-controlled amplifiers, frequency doublers, 
and geometry correction in CRT displays. 

Multiplier Connections 
Figure 43 llustrates the ·basic connections for multiplication. Each 
of the four independent multipliers has single-ended voltage inputs 
(X, Y) and a low impedance voltage output (W). Also, each 
multiplier has its own dedicated ground connection (GND) which 
is connected to the circuit's analog common. For best perfor
mance, circuit layout should be compact with short component 
leads and well-bypassed supply voltage feeds. Io: applications whete 
fewer than four multipliers are used, all unused analog inputs must 
be returned to the analog common. 

GND4 

X4 

MLT04 Y4 

VEE 

Y3 

X3 

GND3 

W3 

Figure 43. Basic Multiplier Connections 

Squaring and Frequency Doubling 
As shown in Figure 44, squaring of an input signal, VIN' is achieved 
by connecting the X-and Y-inputs in parallel to produce an output 
ofV IN'/2.5 V. The input may have either polarity, but the 9utput 
will be positive. 

-SV 

Figure 44. Connections for Squaring 

When the input is a sine wave given by VIN sin rot, the squaring 
circuit behaves as a frequency doubler because of the trigonometric 
identity: 

~~---= -- - -cos rot (VIN sinrot)' VIN' (l)(l 2 ) 
2.5V 2.5V 2 
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The equation shows a de term at the output which will vary 
strongly with the amplitude of the input, VIN' The output de offset 
can be eliminated by capacitively coupling the MLT04's output 
with a high-pass filter. For optimal spectral performance, the 
filter's ciltoff frequency should be chosen to eliminate the input 
fundamental frequency. 

A source of error in this configuration is the offset voltages of the X 
and Y inputs. The input offset voltages produce cross products 
with the input signal to distort the outl>ut waveform. To circum
vent this problem, Figure 45 illustrates the use of inverting 
amplifiers configured with an OP285 to provide a means by which 
the X- and Y-input offsets can be trimmed. 

Figure 45. Frequency Doubler with Input Offset Voltage 
Trims 

Feedback Divider Connections 
The most commonly used analog divider circuit is the "inverted 
multiplier" configuration. As illustrated in Figure 46, an "inverted 
multiplier" analog divider can be configured with a multiplier 
operating in the feedback loop of an operational amplifier. The 
general form of the transfer function for this circuit configuration is 
given by: 

V.: =-2.5Vx(R2 )xvIN 
o Rl Vg 

Here, the multiplier operates as a voltage-controlled potentiometer 
that adjusts the loop gain of the op amp relative to a control signal, 
V x· As the control signal to. the multiplier decreases, the output of 
the multiplier decreases as well. This has the effect of reducing 
negative feedback which, in turn, decreases the amplifier's loop 
gain. The result is higher closed-loop gain and reduced circuit 
baridwidth. As V x is increased, the output of the multiplier 
increases which generates more negative feedback - closed-loop 
gain drops and circuit bandwidth increases. An example of an 
"inverted multiplier" analog divider frequency response is shown in 
Figure 47. 
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v,. 
V0 =-2.5V· Y,;' 

Figure 46. 0 lnverted-Multiplier" Configuration for 
Analog Division 
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Figure 47. Signal-Dependent Feedback Makes Vari
ables Out of Amplifier Bandwidth and Stability 

Although this technique works well with almost any operational 
amplifier, there is one caveat: for best circuit stability, the unity
gain crossover frequency of the operational amplifier should be 
equal to or less than the MLT04's 8 MHz bandwidth. 

Connection for Square Rooting 
Another application of the "inverted multiplier" configuration is the 
square-root function. As shown in Figure 48, both inputs of the 
ML T04 are wired together and are used as the output of the 
circuit. Because the circuit configuration exhibits the following 
generalized transfer function: 

the input signal voltage is limited to the range -2.5 V S V1N < O. To 
prevent circuit latchup due to positive feedback or input signal 
polarity reversal, a 1N4148-type junction diode is used in series 
with the output of the multiplier. 
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Figure 48. Connections for Square Rooting 

Voltage-Controlled Low-Pass Filter 
The circuit in Figure 49 illustrates how to construct a voltage
controlled low-pass filter with an analog multiplier. The advantage 
with this approach over conventional active-filter configurations is 
that the overall characteristic cut-off frequency, ro0 , will be directly 
proportional to a multiplying input voltage. This permits the 
construction of filters in which the capacitors are adjustable 
(directly or inversely) by a control voltage. Hence, the frequency 
scale of a filter can be manipulated by means of a single voltage 
without affecting any other parameters. The general form of the 
circuit's transfer function is given by: 

t-i, (R2)1 l l 
ViN =-ID s(R2;1Rl)(2.~RC)+1 

In this circuit, the ratio of R2 to Rl sets the passband gain, and the 
break frequency of the filter, roLP' is given by: 

Vo 
v,. ( 5RC) 

1+S Y; 

Figure 49. A Voltage-Controlled Low-Pass Filter 
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Selection Guide-RMS-to-DC Converters 

Conversion 
Accuracy Full-Scale dB Output 
mV ±%Read Range Error Package Temp 

Model max VRMS dB max Options' Ranges2 Comments Page 

AD737 (0.2±0.3)-(0.4±0.5) 0.2 N,Q,R C, I Low Cost, Low Power, Power Down 18-17 
AD736 (0.3±0.3)-(0.5±0.5) 0.2 N,Q,R C, I General Purpose, Low Cost, Low Power 18-14 
AD636 (0.2±0.3)-(0.5±0.6) 0.2 0.2-0.5 D,H c Low Power 18-8 
AD637 (0.5±0.2)-(1±0.5) 7 0.3 (typ) D,Q,R C,M/0 High Accuracy, Wide Bandwidth 18-11 
AD536A (2±0.2)-(5±0.5) 7 0.3-o.6 D,E,H,Q C,MJ General Purpose 18-5 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G =Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C = Commercial, 0°C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M = Military, -55°C to + 125°C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 8838, 1 for JAN, 0 for SMD, ands for space level. 

Boldface Type: Data sheet information in this volume. 

I 



18-4 RMS-TO-DC CONVERTERS 



1111111111 ANALOG 
WDEVICES 

FEATURES 
True RMS-to-DC Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes RMS of AC and DC Signals 
450kHz Bandwidth: V,ms > 100mV 
2MHz Bandwidth: V,ms > 1V 
Signal Crest Factor of 7 for 1 % Error 

dB Output with 60dB Range 
Low Power: 1.2mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
-55°C to +125°C Operation (AD536ASl 

PRODUCT DESCRIPTION 
The AD536A is a complete monolithic integrated circuit which 
performs true rms-to-dc conversion. It offers performance which 
is comparable or superior to that of hybrid or modular units 
costing much more. The AD536A directly computes the true 
rms value of any complex input waveform containing ac and de 
components. It has a crest factor compensation scheme which 
allows measurements with 1 % error at crest factors up to 7. The 
wide bandwidth of the device extends the measurement capabil
ity to 300kHz with 3dB error for signal levels above lOOmV. 

An important feature of the AD536A not previously available in 
rms converters is an auxiliary dB output. The logarithm of the 
rms output signal is brought out to a separate pin to allow the 
dB conversion, with a useful dynamic range of 60 dB. Using an 
externally supplied reference current, the OdB level can be con
veniently set by the user to correspond to any input level from 
0.1 to 2 volts rms. 

The AD536A is laser trimmed at the wafer level for input and 
output offset, positive and negative waveform symmetry (de re
versal error), and full-scale accuracy at 7V rms. As a result, no 
external trims are required to achieve the rated accuracy of the 
unit. 

There is full protection for both inputs and outputs. The input 
circuitry can take overload voltages well beyond the supply lev
els. Loss of supply voltage with inputs connected will not cause 
unit failure. The output is short-circuit protected. 

The AD536A is available in two accuracy grades (J, K) for com
mercial temperature range (0 to + 70°C) applications, and one 
grade (S) rated for the -55°C to + 125°C extended range. The 
AD536AK offers a maximum total error of ±2mV ±0.2% of 
reading, and the AD536AJ and AD536AS have maximum errors 
of ±5mV ±0.5% of reading. All three versions are available in 
either a hermetically sealed 14-pin DIP or 10-pin T0-100 metal 
can. The AD536AS is also available in a 20-pin hermetically 
sealed ceramic leadless chip carrier. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Integrated Circuit, 
True RMS-to-DC Converter 

AD536A I 
PIN CONFIGURATIONS AND 

FUNCTIONAL BLOCK DIAGRAMS 

T0-116 (D-14) and 
Q-14 Packages 

T0-100 (H-IOA) 
Package 

-v, 

LCC (E-20A) Package 

PRODUCT HIGHLIGHTS 
I. The AD536A computes the true root-mean-square level of a 

complex ac (or ac plus de) input signal and gives an equiva
lent de output level. The true rms value of a waveform is a 
more useful quantity than the average rectified value since it 
relates directly to the power of the signal. The rms value of a 
statistical signal also relates to its standard deviation. 

2. The crest factor of a waveform is the ratio of the peak signal 
swing to the rms value. The crest factor compensation 
scheme of the AD536A allows measurement of highly com
plex signals with wide dynamic range. 

3. The only external component required to perform measure
ments to the fully specified accuracy is the capacitor which 
sets the averaging period. The value of this capacitor deter
mines the low frequency ac accuracy, ripple level and settling 
time. 

4. The AD536A will operate equally well from split supplies or 
a single supply with total supply levels from 5 to 36 volts. 
The one milliampere quiescent supply current makes the de
vice well-suited for a wide variety of remote controllers and 
battery powered instruments. 

5. The AD536A directly replaces the AD536 and provides im
proved bandwidth and temperature drift specifications. 
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AD536A-SPECIFICATIONS (@ + 25°C, and ± 15V de unless otherwise noted.) 

Model AD536AJ AD536AK AD536AS 
Min Typ Mu Min Typ Mu Min Typ Mu Units 

TRANSFER FUNCTION VoUT ~ Yavg.(VJN)2 VoUT ~ Yavg.(VJNl' VoUT ~ Yavg.(VIN)' 

CONVERSION ACCURACY 
Total Error, Internal Trim1 (Figure1) ±5±0.5 ±2±11.2 ::t:S ±0.S mV ±%oflleading 

vs. Temperature, Tmin to+ 700C ±0.1 ±0.01 ±0.0S ±0.005 ±0.1'±0.005 mV ±%ofRcadingl'C 
+ 700C to + 12S"C ±0.3 ±0.005 mV ±%ofRcadingl'C 

vs. Supply Voltage ±0.1 ±0.01 ±0.1 ±0.01 ±0.1 ±0.01 mV ±%ofReading/V 
de Reversal Error ±0.Z ±0.1 ±0.2 ±%ofReadiq 

Total Error, External Trim1 (Figure2) ±3 ±0.3 ±2±0.l ±3 :!::0.3 inV ±%ofReading 

ERROR VS. CREST FACTOR' 
Crest Factor 1 to 2 Specified Accuracy Specified Accuracy Specified Accuracy 

Crest Factor = 3 -0.1 -0.1 -0.I %ofReading 
Crest F8ctor = 7 -1.0 -1.0 -1.0 %ofReadiq 

FREQUENCY RESPONSE' 
Bandwidth for 1 % additionalerror(0.09dB) 

VIN=lOmV 5 5 kHz 
VIN=lOOmV 45 45 45 kHz 
VIN=lV 120 120 120 kHz 

± 3dB Bandwidth 
vlN~10mv 90 90 90 kHz 
V1N=lOOmV 450 450 450 kHz 
VIN""lV 2.3 2.3 2.3 MHz 

AVERAGINGTIMECONSTANT(Figure5) 25 25 25 msil'FCAV 

INPUT CHARACTERISTICS 
Signal Range, ::!:: lSV Supplies 

ContinuousrmsLevel Oto7 Oto7 Oto7 Vrms 
Peak Transient Input ±20 ±20 ±20 Vpeak 
Continuous nns Level, ± SV Supplies Oto2 Oto2 Oto2 Vrms 
Peak Transient Input, ± SV Supplies ±7 ±7 ±7 Vpeak 

Maximum Continuous Nondestructive 
Input Level (All Supply Voltages) ±25 ±25 ±25 Vpeak 

Input Resistance 13.33 16.67 20 ll.ll 16.67 20 13.33 16.67 20 kfl 
Input Offset Voltage 0.8 ±2 0.5 ±I 0.8 ±2 mV 

OUTPUT CHARACTERISTICS 
()ffsetVoltage, VIN =COM(Figure 1) ±I ±2 ±0.5 ±I ±2 mV 

vs. Temperature ±0.1 ±0.1 ±0.2 mVl°C 
v~. Supply Voltage ±0.1 ±0.1 ±0.2 mVN 

Volt.gcSwing, ± 15VSupplies Oto +11 +12.5 Oto +11 +12.5 Oto +11 +12.S v 
:- SV Supply Oto +2 Oto+2 Oto +2 v 

dB OlJ'l"PUT(Figure 13) 
Error, V1N7mVto7Vnns,OdB= lVnns ±0.4 ±0.6 ±0.2 ±0.3 ±0.5 ±0.6 dB 
Scale Factor -3 -3 -3 mV/dB 
Scale hu.:tor TC(Uncompensated, see Fig-

urc l lor Temperature Compensation) -0.033 -0.033 -0.033 dlll°C 
+0.33 +0.33 +0.33 % ofReadingl'C 

IREFforOdB !Vrms 20 80 20 80 20 80 µA 
lRm,Rangc 100 100 100 µA 

louTTERMINAL 
lou..- Scale Fa{ wr 40 40 40 µA/Vrms 
IOuT Scale F11uorTolcrance ±IO ±20 ±10 ±20 ±IO ±20 % 
Output RcH1~1ancc:: 20 25 30 20 25 30 20 2S 30 kfl 
VoltagcComph1111.:c -Vsto(+Vs -Vsto(+Vs -Vsto(+Vs 

-2.5V) -2.5) -2.SV) v 

BUFFER AMPLil·l ER 
Input and Outp111 Voltage Range -Vsto(+Vs -V5 to(+Vs -Vsto(+Vs v 

-2.5V) -2.5V) -2.5V) 
lnputOffsc::1 Vnha11c, Rs= 2Sk ±0.5 ±4 ±0.S ±4 ±0.S ±4 mV 
Input Bias ( :urrcnt 20 60 20 60 20 60 nA 
Input Rcs1111ancc 10• lo' 10• ll 
Output Currcm (+5mA, (+SmA, (+SmA, 

-130µA) - llOµA) -130µ,\) 
ShortCircuitCurrent 20 20 20 mA 
Output Rc::sistance 0.5 0.5 0.5 ll 
Small Sigral Bandwidth MHz 
Slew Rate" V/µs 

POWER SUPPLY 
Voltage Rated Performance ±IS ::tlS ±IS v 

Dual Supply ±3.0 :!: 18 ±3.0 ±18 ±3.0 ±18 v 
Single Supply +5 +36 +5 +36 +5 +36 v 

Quiescent Curttnt 
Total Vs, 5Vto36V, TmmtoTmu 1.2 1.2 1.2 mA 

TEMPERATURE RANGE 
Rated Performance +70 +70 -55 +125 'C 

NUMBER OF TRANSISTORS 65 65 65 

NOTES 
1 Accuracy ii specified for Oto 7V nns, de or lkHz sincwave input with the A.D536Aconnccted u in the figure rcfcrcnced. Specifications shown in boldface arc tested on all production units at finalclcctri-
2Errorvs. crat factor is specifiedasanadditionalerrorfor IV nnsrecangular pulse input, pulse width .- 200µ.s. cal test. Results from those tests arc used to calculate outgeing quality levels. All 
31nput voltages arc expressed in volts rms, and error ii percent of reading. min and max specifications arc guaranteed., although only those shown in 
"With 2k extttnal pulldown resistor. boldface ue tested on all production units. 

Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage 

Dual Supply . . . . . . . . . . . . . . . . . . .. ± 18V 
Single Supply . . . . . . . . . . . . . . . . . . . + 36V 

Internal Power Dissipation2 ••••••••••••••.•.• SOOmW 
Maximum Input Voltage .................. ±25V Peak 
Buffer Maximum Input Voltage ................. ±Vs 
Maximum Input Voltage . . . . . .... ±25V Peak 
Storage Temperature Range .......... -55°C to + 150°C 
Operating Temperature Range 

AD536AJ/K ....................... 0°C to + 70°C 
AD536AS ...................... -55°C to + 125°C 

Lead Temperature Range 
(Soldering 60 sec) . . . . . . . . . . . . . . . . . . . . . . . . 300°C 

ESD Rating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . !000 V 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

'JO-Pin Header: 01A ~ IS0°C/W 
20-Pin LCC: 01A ~ 95°C/W 
14-Pin Size Brazed Ceramic DIP: 01A o= 95°C/W 

CHIP DIMENSIONS AND PAD LAYOUT 
Dimensions shown in inches a.pd (mm). 

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE T0-116 14-PIN CERAMIC DIP PACKAGE. 

Model' 

ADS36AJD 
ADS36AKD 
ADS36AJH 
ADS36AKH 
ADS36AJQ 
ADS36AKQ 
ADS36ASD 
ADS36ASD/883B 
ADS36ASE 
ADS36ASE/883B 
AD536ASH 
ADS36ASH/883B 

NOTES 

NOTE 
*BOTH PADS SHOWN MUST BE CONNECTED TO V,N 
THE AD536A IS AVAILABLE IN LASER TRIMMED CHIP FORM. 
suesmATE CONNECTED TO ~Vs 

ORDERING GUIDE 

Temperature Package 
Range Description 

o·c to +70°C Side Brazed Ceramic DIP 
o·c to +70°C Side Brazed Ceramic DIP 
0°c to + 70"C Header 
0°c to +70°c Header 
o·c to +70°c Cerdip 
o•c to +70°c Cerdip 
-ss0 c to + 12s•c Side Brazed Ceramic DIP 
-ss0c to + 125°C Side Brazed Ceramic DIP 
-ss0c to + 125°C LCC 
-ss0c to + 12s·c LCC 
-ss•c to + 12s0c Header 
-ss·c to + 125."C Header 

Package 
Option2 

D-14 
D-14 
H-IOA 
H-IOA 
Q-14 
Q-14 
D-14 
D-14 
E-20A 
E-20A 
H-IOA 
H-IOA 

1"S" grade chips are available tested at +2S"C and + 12S"C. "J" grade chips are also available. 
2For outline information see Package Information section. 

REV.A 

AD536A 
STANDARD CONNECTION 
The AD536A is simple to connect for the majority of high accu
racy rms measurements, requiring only an external capacitor to 
set the averaging time constant. The standard connection is 
shown in Figure 1. In this configuration, the AD536A will mea
sure the rms of the ac and de level present at the input, but will 
show an error for low frequency inputs as a function of the filter 
capacitor, CAv, as shown in Figure 5. Thus, if a 4µF capacitor 
is used, the additional average error at lOHz will be 0.1 %; at 
3Hz it will be 1 %. The accuracy at higher frequencies will be 
according to specification. If it is desired to reject the de input, 
a capacitor is added in series with the input, as shown in Figure 
3, the capacitor must be nonpolar. If the AD536A is driven with 
power supplies with a considerable amount of high frequency 
ripple, it is advisable to bypass both supplies to ground with 
O. lµF ceramic discs as near the device as possible. 

Figure 1. Standard RMS Connection 

RMS-TO-DC CONVERTERS 18-7 

Ill 



1111111111 ANALOG 
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FEATURES 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and de Signals 
1MHz -3dB Bandwidth: Vnn1>100mV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with 50dB Range 
Low Power: SOOµA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 
Low Cost 
Available in Chip Form 

PRODUCT DESCRIPTION 
The AD636 is a low power monolithic IC which performs true 
rms-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. The AD636 is speci
fied for a signal range of 0 to 200 millivolts rms. Crest factors 
up to 6 can be accommodated with less than 0.5% additional 
error, allowing accurate measurement of complex input 
waveforms. 

The low power supply current requirement of the AD636, 
typically 800µA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from ±2.5V to ±16.5V or a single +5V to +24V supply. 
The input and output terminals are fully protected; the in
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of therms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over lOkHz at -50dBm. 

The AD636 is designed for ease of use. The device is factory
trirnmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (de reversal error), and 
full scale accuracy at 200mV rms. Thus no external trims are 
required to achieve full rated accuracy. 

AD636 is available in two accuracy grades; the AD636J 
total error of ±0.5mV ±0.06% of reading, and the AD636K 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Level, 
True RMS-to-DC Converter 

AD636 I 
PIN CONNECTIONS & 

FUNCTIONAL BLOCK DIAGRAM 

"D" Package 
(T0-116) 

"H" Package 
(T0-100) 

-V, 

is accurate within ±0.2mV to ±0.03% of reading. Both versions 
are specified for the 0 to +70°C temperature range, and are 
offered in either a hermetically sealed 14-pin DIP or a 10-pin 
T0-100 metal can. Chips are also available. 

PRODUCT HIGHLIGHTS 
1. The AD636 computes the true root-mean-square of a com

plex ac (or ac plus de) input signal and gives an, equivalent 
de output level. The true rms value of a waveform is a 
mote useful quantity than the average rectified value since 
it is a measure of the power in the signal. The rms.value 
of an ac-coupled signal is also its standard deviation. 

2. The 200 miUivolt full scale range of the AD636 is com
patible with many popular display-oriented analog-to-digital 
converters. The low power supply current requirement 
permits use in battery-powered hand-held instruments. 

3. The only external component required to perform mea
surements to the fully specified accuracy is the averaging 
capacitor. The value of this capacitor can be selected for 
the desired trade-off of low frequency accuracy, ripple, and 
settling time. 

4. The on-chip buffer amplifier can be used to buffer either 
the input or the output. Used as an input buffer, it pro
vides accurate performance from standard lOMSJ input 
attenuators. As an output buffer, it can supply up to 5 
miUiamps of output current. 

5. The AD636 will operate over a wide range of power sup
ply voltages, including single +5V to +24V or split ±2.5V 
to ±16.5V sources. A standard 9V battery will provide 
several hundred hours of continuous operation. 

REV.A 



SPEC If I CATIONS (@ +25°C, and +Vs= +3V, -Vs= -5V unless otherwise noted) AD636 
Model AD636J AD636K 

Min Typ Max Min Typ Max Units 

TRANSFER FUNCTION VouT ~ Yavg. (VIN)' VoUT ~ Yavg. (VIN)' 

CONVERSION ACCURACY 
Total Error, Internal Trim1' 2 ±0.5±1.0 ±0.2±0.5 mV ±%ofReading 

vs. Temperature,Oto +70°C ±0.1 ±0.01 ±0.J ±0.005 mV-± %.ofReading/°C 
vs. Supply Voltage ±0.1 ±0.01 ±0.J ±0.01 mV ±%ofReadingN 
de Reversal Error at 200m V ±0.2 ±0.l %ofReading 

Total Error, External Trim 1 ±0.3 ±0.3 ±0.I ±0.2 mV ±%ofReading 

ERROR VS. CREST FACTOR3 

Crest Factor 1to2 Specified Accuracy Specified Accuracy 
Crest Factor = 3 -0.2 -0.2 %ofReading 
Crest Factor = 6 -0.5 -0.5 %ofReading 

A VERA GING TIME CONSTANT 25 25 ms/µFCAV 

INPUT CHARACTERISTICS 
Signal Range, All Supplies 

Continuous rms Level 0 to 200 Oto200 mVrms 
Peak Transient Inputs 

+3V, -SVSupply ±2.8 ±2.8 Vpk 
± 2.SV Supply ±2.0 ±2.0 Vpk 
±SVSupply ±5.0 ±5.0 Vpk 

Maximum Continuous Non~Destructive 
Input Level (All Supply Voltages) ±12 ± 12 Vpk 

Input Resistance 5.33 6.67 8 5.33 6.67 8 kll 
Input Offset Voltage ±0.5 ±0.2 mV 

FREQUENCY RESPONSE2 • 4 

Bandwidth for 1 % additional error (0.09dB) 
VrN~lOmV 14 14 kHz 
VrN~lOOmV 90 90 kHz 
VrN~200mV 130 130 kHz 

± 3dB Bandwidth 
VrN~lOmV 100 100 kHz 
VrN~lOOmV 900 900 kHz 
VIN~200mV 1.5 1.5 MHz 

OUTPUT CHARACTERISTICS' 
Offset Voltage, VrN ~COM ±0.5 ±0.2 mV 

vs. Temperature ±10 ±10 µV/"C 
vs. Supply ±0.1 ±0.l mV/V 

Voltage Swing 
+ 3V, -SVSupply 0.3 Oto +1.0 0.3 Oto+ 1.0 v 
ctSVto ±16.SVSupply 0.3 Oto+ 1.0 0.3 Oto+ 1.0 v 

Output Impedance 8 10 12 8 10 12 kl1 

dB OUTPUT 
Error, V1N = 7mVto300mVrms ±0.3 ±0.5 ±0.l ±0.2 dB 
Scale Factor -3.0 -3.0 mV/dB 
Scale Factor Temperature Coefficient +0.33 +0.33 % ofReading/°C 

-0.033 -0.033 dB/"C 
IREFforOdB ~ 0.IVrms 2 4 8 2 4 8 µA 
IREFRange I so 1 50 µA 

loUT TERMINAL m 
louT Scale Factor 100 100 µA/Vrms 
louT Scale Factor Tolerance -20 ±10 +20 -.20 ±10 +20 % 
Output Resistance 8 10 12 8 10 12 kl1 
Voltage Compliance ;-Vs to( +Vs -Vsto(+Vs 

.-2V) -2V) v 
BUFFER AMPLIFIER 

Input and Output Voltage Range -Vsto(+Vs "Vsto(+Vs 
-2V) -2V) v 

Input Offset Voltage, Rs~ !Ok ±0.8 ±2 ±0.5 ±1 mV 
Input Bias Current 100 300 100 300 nA 
Input Resistance 10' 10• l1 
Output Current (+SmA, (+SmA, 

-130µA) -130µA) 
Short Circuit Current 20 20 mA 
Small Signal Bandwidth I 1 MHz 
S!ewRate5 5 5 V/µs 

POWER SUPPLY 
Voltage, Rated Performance + 3, -5 +3, -5 v 

Dual Supply +2, -2.5 ± 16.5 +2,-2.5 ±16.5 v 
Single Supply +5 +24 +5 +24 v 

Quiescent Current6 0.80 1.00 0.80 1.00 mA 
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AD636 
TEMPERATURE RANGE 

Rated Performance 0 +70 0 
Storage -55 +150 -55 

TRANS.IS TOR COUNT 62 62 

NOTES 
1 Accuracy specified for 0 to 200m V rms, de or I kHz sinewave input. Accuracy is degraded at higher rms signal levels. 
2Measured at pin 8ofDIP(IoUT), with pin 9tied to common~ 
3Error vs. crest factor is specified as additional error for-a 200mV rms rect8ngular puise train .• pulse width= 200µs. 
4Input voltages are expressed in volts nns. 
'With !Okl1pulldownresistorfrompin6(BUFOUT)to -Vs. 
6With BUF input tied to Common. 

Specifications subject to change without notice. 

All min and max specificatioils are guaranteed. Specifications. shown in 
boldface are tested on all proch~ction units at final electrical test are used .to 
calculate outgoing quality levels. 

+70 oc 
+150 oc 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage 
ORDERING GUIDE 

Dual Supply .......................... ± 16.5 V Temperature Package 
Single Supply .......................... + 24 V 

Internal Power Dissipation2 •••••••••••••••••• 500 mW 
Maximum Input Voltage ................. ± 12 V Peak 
Storage Temperature Range ....•...... -55°C to + 150°C 
Operating Temperature Range 

AD636J/K ........................ 0°c to + 70°C 
Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
ESD Rating ............................. 1000 V 

Model 

AD6j6JD 
AD636KD 
AD636JH 
AD636KH 
AD636J Chip 
AD636KChip 

Range Description 

0°c to +70°C Side Brazed Ceramic DIP 
0°c to +70°C Side Brazed Ceramic DIP 
0°c to +70°C Header 
0°C to +70°C Header 
0°c to +70°C Chip 
0°Cto +70°C Chip 

*For outline information see Package Information section. 
NOTES 
1 Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation ofthe device _at these _or anyother conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

210-Pin Header: 01A = !50°C/W. 
14-Pin Sidebrazed Ceramic DIP: 01A = 95°C/W. 

METALIZATION PHOTOGRAPH 
Dimensions shown in inches and (mm). 

i+~~~~~~~~~~1~1ii\~~~C-O-M~~~~~--.t 

10 

3 4 5 
-V8 C4 v dB 

PAD NUMBERS CORRESPOND TO PIN NUMBERS 
FOR THE T0-116 14-PIN CERAMIC DIP PACKAGE. 

NOTE 
*BOTH PADS SHOWN MUST BE CONNECTED TO ViN· 

18-10 RMS-TO-DC CONVERTERS 

8 louT 

Package 
Option* 

D-14 
D-14 
H-lOA 
H-lOA 
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WDEVICES 

FEATURES 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V RMS Input 
0.10% Additional Error to Crest Factor of 3 

Wide Bandwidth 
BMHz at 1V RMS Input 
600kHz at 100mV RMS 

Computes: 
True RMS 
Square 
Mean Square 
Absolute Value 

dB Output (60dB Rangel 
Chip Select-Power Down Feature Allows: 

Analog "3-State" Operation 
Quiescent Current Reduction from 2.2mA to 350µA 

Side Brazed DIP, Low-Cost Cerdip and SOIC 

PRODUCT DESCRIPTION 
The AD637 is a complete high accuracy monolithic rms to de 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte
grated circuit rms to de converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to IO with less 
than 1% additional error. The circuit's wide bandwidth permits 
the measurement of signals up to 600kHz with inputs of 200m V 
rms and up to 8MHz when the input levels are above IV rms. 

As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to a separate 
pin allowing direct dB measurement with a useful range of 
60dB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between O.IV and 2.0V rms. 

A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2mA to 350µ.A during periods 
when the rms function is not in use. This feature facilitates the 

High Precision, 
Wideband RMS-to-DC Converter 

AD637 I 
addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 

The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 

The AD637 is available in two accuracy grades (J, K) for com
mercial (0 to + 70°C) temperature range applications; two accu
racy grades (A, B) for industrial ( -40°C to + 85°C) applications; 
and one (S) rated over the -55°C to + 125°C temperature range. 
All versions are available in hermetically-sealed, 14-pin side
brazed ceramic DIPs as well as low-cost cerdip packages. A 
16-pin SOIC package is also available. 

PRODUCT HIGHLIGHTS 
I. The AD637 computes the true root-mean-square, mean square, 

or absolute value of any complex ac (or ac plus de) input 
waveform and gives an equivalent de output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 

2. The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determinCs low frequency 
accuracy, ripple level and settling time. 

3. The chip select feature of the AD637 permits the user to 
power down the device down during periods i>f nonuse, 
thereby, decreasing battery drain in remote or hand-held 
applications. 

4. The on-chip buffer amplifier can be used as either an input 
buffer or in an active filter configuration. The filter can be •• 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 

SIMPLIFIED SCHEMA TIC 

I 
BUFFER I 

AMPLIFIER I 
I 
I 

--------------l 

ABSOLUTE VALUE VOLTAGE
CUARENT CONVERTER 

•·- I 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at l-Sll0-446-6212. 

REV.B 

ONE QUADRANT 
SQUARERIDNIDER 

...... +--+--..,.----~---;[&&) :r 
'-·H--+--+--~~~~~··1 g~ 
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AD637-SPECIFICATIONS (@ +25°C, and ±15V de unless otheiwise noted.) 

Madel Al>637J/A ~7K/B AD637S 
Mia Tn> Mas· Mia Mas Mia Tn> Mas Uaita 

TRANSFl!llFUNCTION VoUT = Vavg.(VJNl' Votrr = Vavg.(V.,J' Your= Vavg.(V,..J' 
CONVERSION ACCURACY 

TOll!Error,IDtemaiTrim'(Fic.2) :l :0.5 :0.5"'8.2 :l :0.5 mV ±%ofR.cadiog 
T•toT- :3.0:0.6 :2.0:0.J "'6±0.7 mV ±%oflladiag 
YI. Supply,+. Vm = + 300m.V 30 150 30 150 30 150 ~VN 
YI. Supply, - VIN = - 300mV 100 300 100 300 100 300 ~VN 
dcRevonalllnorot2V 0.25 D.l 0.25 %ofR<ading 

Nonlinearity lV Full Scale' 0.04 0.02 D.04 %ofFSR 
Nonlinearity 7V Full Scale D.05 1.05 0.05 %ofFSR 
Toul Error, Estcrml Trim :t:O.S ±0.1 ±0.25 ±0.05 ±0.S ±0.1 mV ±%ofReadiag 

ERllOR VS. CREST FACTOR' 
Cmt Factor l ro2 SpeciliedAccuncy Specified AccUlllCJ SpeciJied AccUlllCY 
CrestFoctor = 3 ±·0.1 ±0.1 ±0.l %oflladiag 
CrestFactor = 10 ±1.0 ±1.0 ±1.0 %oflladiag 

AVERAGINGTIMECONSTANT 25 25 25 ms/p.FCAv 

INPUT CHARACTERISTICS 
5iFa1Raag., ± 15VSupply 

C.OOtinuousrms Level Oro7 Oro7 Oro7 Vrms 
Peak Transient Input ±15 ±15 ±IS Vp-p 

5iFa1 Raag., ± 5VSupply 
Continuousrms Level Oro4 Oro4 Oro4 Vrms 
Peak Tnnsientlnput ±6 ±6 ±6 Vp-p 

.Maim.um Continuous Non-Destructive 
IDputLc.cl(AllSupplyVoltqc8) :!:IS ±15 ±IS Vp-p 

Input -
6.4 8 9.6 6.4 8 9.6 6.4 8 9.6 kll 

Input Olliet Vol- ±0.5 ±0.2 ±0.S mV 

FREQUENCY RESPONSE' 
Bondwidtbfor 1%additionalenor(0.09dB) 

VIN=20mV II II II kHz 
VIN=200mV 66' 66 66 kHz 
VIN=2V 200 200 200 kHz 

±3dBBondwidth 
V1N=20mV 150 150 150 kHz 
VIN=200mV I I I MHz 
VIN=2V 8 8 8 MHz 

OUTPIJTCHAllACTEIU$TICS 
OllietVol- "'1 d.5 :1 mV 

vs. Temperature ±0.0S :0.089 ±0.04 ±8.056 ±0.04 ±0.87 mVl'C 
Vol_S....,., ± 15VSupply, 

2ldll.ood Oto +12.0 +13.5 Oto +12.0 +13.5 Oto +12.0 +13.5 v 
VolugeSw_ing, :t3ysupply, 

2ldll.ood Oto+2 +2.2 Oto +2 +2.2 Oto+2 +2.2 v 
OutputCumnt 6 •6 6 mA 
Shon CiR:uit Current 20 20 20 mA 
Rcsistanc:c,ChipSelect"High" 0.5 0.5 0.5 0 
-.CbipSelect"Low'' 100 100 100 kO 

dBOUTPIJT 
Error, VIN7mVto7Vrma,OdB = lVrms ±0.5 ±0.3 ±0.S dB 
Scale Factor -3 -3 -3 mVldB 

ScaleFllCtDrT_....,Cocfficient +0.33 +0.33 +0.33 "'ofReadiagf'C 
-0.033 -0.033· -0.033 dBf'C 

IRBFforOdB = IVrms 5 20 ·so 5 20 88 5 20 80 ~ 
1 ... -.. I 100 I 100 I 100 ~ 

BUFFEllAMPLIFIER 
laputandOutputVol-Raag. -Vsto(+Vs -Vsto(+Vs -Vsto(+Vs 

-2.5V) -2.5V) -2.5V) v 
Input Olliet Vol- ±0.8 ±2 ±0.S ±1 ±0.8 ±2 mV 
IDputOurem ±2 ±10 ±2 ±5 ±2 ±10 uA 
lnputllcoisuroco lo' to' lo' 0 
OutputOunmt (+5mA, (+5mA, (+5mA, 

-130~) -130~) -130~) 

Sboncm:uitCUnent 20 20 20 mA 

Sniall SiFal Bandwidth I 1 1 MHz 
Slewllare' 5 5 5 V/JIS 

DENOMINATOR INPUT 
Input Rang. Oro+IO Om+lO Oto+IO v 
lnputRcsistanc:c 20 25 30 20 25 30 20 25 30 kO 

.OllietVol- ±0.2 :t:0.5 ±0.2 ±0.S ±0.2 ±0.5 mV 

CHIP SELECTPllOVISION (CS) 
ftllli''ON"Levd Openor +2.4V<Vc<+Vs Opcnor +2.4V<Vc<+Vs Openor +2.4V<Vc<+Vs 
nm"OFF"Lnd. Vc<+0.2V Vc<+0.2V Vc<+0.2V 
lotrrofCbipSelect 

~ CS"LOW'" 10 10 10 
CS''HIGH" 7.eiv 7.eiv 7.eiv 

On TlmeComtant IOJ1S+((25kO)xCAvl IOJ1S+'((25kO)xCAv) 1°"'+((25k0) xCAvl 
OJJTimeComtant IOJ1S+((25kO)xC.v) 1°"'+((25kO)xCAv) 1°"'+((25k0) xC.v) 

POWER SUPPLY 
Opc:raliusVoltqeRaag. ±3.1 ±18 ±3.8 ,.18 ±3.0 ,.18 v 
QuiacmtCum:nt 2.2 3 2.2 3 Z.2 3 mA 

StandbyOmmt 350 458 350 450 350 45t ~ 
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AD637J/A 
Model Min Typ Max Min 

TRANSISTOR COUNT 107 

NOTES 
1 Accuracy specified 0-7V rmsdc with AD637 connected as shown in Figure 2. 
2Nonlinearity is defined as the maximum deviation from the straight line connecting the readings at IOmV and 2V. 
1Error vs. crest factor is spedfied asadditioQal error for IV mu. 
4Input voltages are expressed in volts rms. % are in% of reading. 
'With external 2k0 puU down resistor tied co - V 5 • 

Specifications subject to change without notice. 

AD637 
AD637K/B AD637S 

Typ Max Mm Typ Max Units 

107 107 

Specifications shown in boldface are tested on all production units at final electrical test, Results from those tests are used co calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

ABSOLUTE MAXIMUM RATINGS 
ESD Rating ............................. 500 V 
Supply Voltage ......................... ±18 V de 
Internal Quiescent Power Dissipation ........... 108 mW 
Output Short-Circuit Duration ............... Indefinite 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature Range (Soldering 10 sec) ..... + 300°C 
Rated Operating Temperature Range 

AD637J, K ....................... 0°c to + 10°c 
AD637A, B ..................... -40°C to -i-8S°C 
AD637S, 5962-896370ICA ........... -ss0 c to + 12s0c 

ORDERING GUIDE 

Temperature Package 
Model'· 2 Range Description 

AD637AR -40'C to +ss0c SOIC 
AD637BR -40°C to +ss•c SOIC 
AD637AQ -40'C to +85'C Cerdip 
AD637BQ -40°c to + ss0c Cerdip 
AD637JR-Reel o•c to +10°c SOIC 
AD637JD 0°c to +70'C Side Brazed Ceramic DIP 
AD637KD O"C to +70'C Side Brazed Ceramic DIP 
AD637JQ 0°c to +70'C Cerdip 
AD637KQ o•c to +10°c Cerdip 
AD637JR 0°C to + 70"C SOIC 
AD637SD -ss0c to + 12S0c Side Brazed Ceramic DIP 
AD637SD/883B -ss0c to + 12s0c Side Brazed Ceramic DIP 
AD637SQ/883B -SS'C to + 12S'C Cerdip 

NOTES 
1"J" and "S" grade chips are also available. 
2A Standard Military Drawing, 5962-8%37, is also available. 
3For outline information see Package Information section. 

Package 
Option' 

R-16 
R-16 
Q-14 
Q-14 
R-16 
D-14 
D-14 
Q-14 
Q-14 
R-16 
D-14 
D-14 
Q-14 

CHIP DIMENSIONS AND BONDING DIAGRAM 
Dimensions shown in inches and (mm). 

3 
COM 

4 
OUTPUT 
OFFSET 

5 
cs 

7 8 
dB CAY 

OUT 

9 
RMS 
OUT 

11 
+Vs 

PIN CONFIGURATIONS 

REV. B 

Ceramic DIP (D) and 
Cerdip (Q) Packages 

NC= NO CONNECT 

SOIC (R) Package 

NC= NO CONNECT 
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FEATURES 
COMPUTES 

True RMS. Value 
Average Rectified Value 
Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 

(Larger Inputs with Input Attenuator) 
High Input Impedance of 1012fi 
Low Input.Bias Current: 25pA max 
High Accuracy: ±0.3mV ±0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.SV, -3.2V 

to ±16.5V 
low Power: 200p.A max Supply Current 
Buffered Voltage Output 
No External Trims Needed for Specified Accuracy 
AD737 ..:A.n Unbuffeied Voltage Output Version 

with Chip Power Down Is Alse> Available 

PRODUCT DESCRIPTlON 
The AD736 is a low power, precision,• monolithic true rms-to-dc 
converter. It is.laser trimmed to provide ii ma~um error of 
±0.3mV ±0.3% of reading with sine:-wave inputs. Furthermore, 
it maintains high accuracy while measuring a wide range of 
input waveforms, including variable duty cycle pulses and triac 
(phase) controlled sine waves. The low cost and small physical 
size of this converter m*e it suitable for upgrading the per
formance of Ii.on-rms "precision rectifiers" in many applications. 
Compared to these circuits, the AD736 offers higher accuracy at 
equal or lower cost. 

The AD736 can compute the rms value of both ac and de input 
voltages. It can also be operated ac coupled by adding one external 
capacitor. In this mode, the AD736 can resolve input signal 
levels of 100µ V rms or less, despite variations in temperature or 
supply voltage. High acccuracy is also maintained for input 
waveforms with crest factors of I to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only 2.5% 
additional error) at the 200mV full-scale input level. 

The AD736 has its own output buffer amplifier, thereby providing 
a great deal of design flexibility. Requiring only 200µA of power ' 
supply current, the AD736 is optimized for use in portable 
multimeters and other battery powered applications. 

The AD736 allows the choice of two signal input" terminals: a 
high impedance (10120) FET input which will directly interface 
with high Z input attenuators and a low impedance (8k0) input 

This is an abridged data sheet. To obtain the most receot version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

18-14 RMS-TO-DC CONVERTERS 

Low Cost, Low Power, 
True RMS-to-DC Converter 

AD736 I 
FUNCTIONAL BLOCK DIAGRAM 

which allows the measurement of 300mV input levels, while 
operating from the minimllI!l power supply voltage of +2.8V, 
-3.2V. The two inputs may be used either singly or 
differentially. 

The. AD736 achieves a 1% of reading error bandwidth exceeding 
lOkHz for input amplitudes from 20m V rms to. 200m V rms 
while consuming only !mW. 

The AD736 is available in four performance grades. The AD736J 
and AD736K grades are rated over the commercial temperature 
range of 0 to + 70°C. The AD736A and AD736B grades are 
rated over the industrial temperature range of -40°C to + 85°C. ' 

The AD736 is available in three low-cost 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT ffiGHLIGHTS 
I. The 1\D736 is capable of computing the average rectified 

value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD736 to perform true rms measurement. 

3. The low power consumption of lmW makes the AD736 
suitable for many battery powered applications. 

4. A high input impedance of 10120 eliminates the need for an 
external buffer when interfacing with input attenuators. 

5. A low impedance inpu,t is available for those applications 
requiring up to 300mV rms input signal operating from low 
power supply voltages. 
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SPECIFICATIONS (@ +25°C ±5V supplies, ac coupled with lkHz sine-wave input applied unless 
otherwise noted.) AD736 

AD736J/A AD736K/B 

Model Conditions Min Typ Max Min Typ Max Units 

TRANSFER FUNCTION VouT Y Avg. (V1N'l VouT Y Avg. (VJN2) 

CONVERSION ACCURACY I kHz Sine Wave 
Total Error, Internal Trim 1 acCoupled Using<~: 

All Grades 0-200mVnns 0.3/0.3 O.S/0.5 0.2/0.2 0.310.3 :::!:mV/±:%ofReading 
ZOOmV-lV rms 1.2 :t2.0 1.2 :t2.0 %ofReading 

Tmm·Tmu 
A&BGrades (a 200mV rms 0.110.1 0.5/0.5 ::!:: mV/:t%ofRea<lin~' 

J&KGrades (11 200mVrms 0.007 0.007 ::!:: % of Reading/"(: 
vs. Supply Voltage 

(u 200mV rms Input Vs = SV to = 16.SV 0 I 0.06 +0.1 0 +0.06 +0.1 %N 
(a 200mV nns Input Vs =SVto =3V 0 0.18 -0.3 0 0.18 -0.3 r'loN 

de- Reversal Error, de Coupled (ll 600mVdc 1.3 2.5 1.3 2.5 o/oofReading 
Nonlinearily2, 0-200mV (a IOOmVnns 0 + 0.2S +0.35 0 + 0.2S +0.35 %ofReading 
Total Error, External Trim 0-200mV nns 0.1/0.S 0.1/0.3 ::!:mV/:::t%ofReading 

ERROR vs. CREST F ACTOR 3 

Crest Factor l to 3 CAv. CF--'- lOOµF 0.7 0.7 % Additional Error 
Crest Factor = 5 C,v, Cr" lOOµF 2.S 2.S % Additional Error 

INPUT CHARACTERISTICS 
High Impedance Input (Pin 2) 

Signal Range 
Continuous nns Level Vs I 2.8V, 3.2V 200 200 mVrms 
Continuous rms Level Vs ;o SVto = 16.SV I I Vrms 
Peak Transient Input Vs + 2.8V, 3.2V ±0.9 :t0.9 v 
Peak Transient Input Vs ;oSV "2.7 ;o2.7 v 
Peak Transient Input Vs- = 16.SV ±4.0 ±4.0 v 
Input Resistance 1012 1012 n 
Input Bias Current ;oSV l 25 1 25 pA 

Low lmpedaoce Input (Pin l) 
Signal Raoge 

Continuous rms Level V,~ +2.8V, -3.2V 300 300 mVnns 
Continuous rms Level Vs~ ;oSVto;ol6.SV 1 1 Vrms 
Peak Transient Input v,~ +2.8V, -3.2V ± 1.7 ±1.7 v 
Peak Transient Input Vs~ ± 5V ±3.8 ±3.8 v 
Peak Transient Input Vs~ ± 16.SV ±11 ±ll v 
Input Resistance 6.4 8 9.6 6.4 8 9.6 k!l 

Maximum Continuous Non-
Destructive Input All Supply Voltages ±12 ±12 Vp-p 

Input Offset Voltage4 acCoupled 
J&KGrades ±3 ±3 mV 
A&BGrades ±3 :t3 mV 
vs. Temperature 8 30 8 30 µV/"C 
vs. Supply Vs~ ±SVto ± 16.SV so 150 so 150 µVN 
vs. Supply Vs~±5Vto±3V 80 80 µVN 

OUTPUT CHARACTERISTICS 
Output Offset Voltage 

J&KGrades ±0.1 ±0.5 ±0.l ±0.3 mV 
A&BGrades ±0.5 :t0.3 mV 

vs.Temperature 1 20 1 20 µVl"C 
vs. Supply Vs= ±SVto ± 16.SV so 130 so 130 µVN 

Vs= ±SVto ±3V 50 so µVN 
Output Voltage Swing 

2k!lLoad Vs= +2.8V, -3.2V Oto+ 1.6 +1.7 Oto +1.6 + 1.7 v 
2k!l Load Vs= ±SV Oto +3.6 +3.8 Oto+3.6 +3.8 v 
2k!lLoad Vs= ± 16.SV Oto +4 +5 Oto +4 +S v 
No Load Vs= ± 16.SV Oto +4 + 12 Oto +4 +12 v 

Output Current 2 2 mA 
Short-Circuit Current 3 3 mA 
Output Resistance @de 0.2 0.2 n 

FREQUENCY RESPONSE 
High Impedance Input (Pin 2) 

For I%Additiona1Error Sine-Wave Input 
Vm = lmVnns 1 1 kHz 
V1N = IOmVrms 6 6 kHz 
Vm = lOOmV rms 37 37 kHz 
V1N = 200mVnns 33 33 kHz 

± 3dB Baodwidth Sine-Wave Input 
Vm = lmVnns 5 5 kHz 
Vm = lOmV rms S5 SS kHz 
VIN= lOOmVnns 170 170 kHz 
Vm = 200mV rms 190 190 kHz 
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AD736 
AD736J/A AD736K/B 

Model Conditions Min Typ Max Min Typ Max Units 

FREQUENCY RESPONSE 
Low Impedance Input (Pin 1) 

For 1 % Additional Error Sine-Wave Input 
V1N= lmVrms 1 l kHz 
VIN~ lOmVrms 6 6 kHz 
VIN~ lOOmV rms 90 90 kHz 
VIN ~ 200mV rms 90 90 kHz 

± 3dB Bandwidth Sine-Wave Input 
V1N= lmVrms 5 5 kHz 
VIN~ lOmVrms 55 55 kHz 
VIN~ lOOmVrms 350 350 kHz 
VrN ~ 200mV rms 460 460 kHz 

POWER SUPPLY 
Operating Voltage Range +2.8,-3.2 ±5 ± 16.5 +2.8,-3.2 ±5 ±16.5 Volts 
Quiescent Current Zero Signal 160 200 160 200 µA 

200mV rms, No Load Sine-Wave Input 230 270 230 270 µA 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70"C) AD736J AD736K 
Industrial ( - 40"C to + 85°C) AD736A AD736B 

NOTES 
1Accuracy is specified with the AD736 connected as shown in Figwe 16 with capacitor Cc. 
2Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting 
the readings at 0 and 200mV rms. Output offset voltage is adjusted to zero. 

3Error vs. Crest Factor is specified as additional error for a 200mV rrns signal. C.F. = VPEAKN rms. 
4DC offset does not limit ac resolution. 

Specifications are subject to change without notice. 
Specifications shown in boldface ate tested on all production units at fmal electrical test. 
Results from those tests are used to calculate outgoing quality levels. 

ABSOLUTE MAXIMUM RATINGS1 

Supply Voltage ..... . 
Internal Power Dissipation2 

Input Voltage ...... . 
Output Short-Circuit Duration 
Differential Input Voltage 
Storage Temperature Range (Q) 
Storage Temperature Range (N, R) 
Operating Temperature Range 

AD736J/K 
AD736A/B ....... . 

± 16.SV 
ZOOmW 

. . ±Vs 
Indefinite 

+Vs and -Vs 
-65°C to+ IS0°C 
- 65°C to+ 125°C 

0 to +70°C 
- 40°C to + 85°C 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD736JN 0°Cto + 70°C Plastic Mini-DIP N-8 
AD736KN 0°Cto +70°C Plastic Mini-DIP N-8 
AD736JR 0°Cto +70°C Plastic SOIC R-8 
AD736KR 0°Cto +70°C Plastic SOIC R-8 
AD736AQ -40°Cto +8S°C Cerdip Q-8 
AD736BQ - 40°C to + 85°C Cerdip Q-8 
AD736JR-Reel 0°Cto +70°C Plastic SOIC R-8 
AD736KR-Reel 0°Cto +70°C Plastic SOIC R-8 

*For outline information see Package Information section. 
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Lead Temperature Range (Soldering 60sec) 
ESD Rating ............... . 

NOTES 

+300°C 
500 v 

1Stresses above those listed under "Absolute Maximum Ratings" may cause per
manent damage to the device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

28-PinPlasticPackage: 01A ~ 165'C/W 
8-PinCerdipPackage:01A ~ llO'C/W 
8-Pin Small Outline Package: a1A ~ 155'C/W 

PIN CONFIGURATIONS 
8-Pin Mini-DIP (N-8), 8-Pin SOIC (R-8) 

8-Pin Cerdip (Q-8) 

REV.B 
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FEATURES 
COMPUTES 

True RMS Value 
Average Rectified Value 
Absolute Value 

PROVIDES 
200mV Full-Scale Input Range 

(Larger Inputs with Input Attenuator) 
Direct Interfacing with 3 1/2 Digit 

CMOS A/D Converters 
Power Down Feature Which Reduces Supply Current 
High Input Impedance: 1012 n 
Low Input Bias Current: 25 pA max 
High Accuracy: ±0.2 mV ±0.3% of Reading 
RMS Conversion with Signal Crest Factors Up to 5 
Wide Power Supply Range: +2.8 V, -3.2 V 

to ±16.5 V 
Low Power: 160 µA max Supply Current 
No External Trims Needed for Specified Accuracy 
AD736 - A General Purpose, Buffered Voltage 

Output Version Also Available 

PRODUCT DESCRIPTION 
The AD737 is a low power, precision, monolithic true rms-to-dc 
converter. It is laser trimmed to provide a maximum error of 
±0.2 mV ±0.3% of reading with sine wave inputs. Further
more, it maintains high accuracy while measuring a wide range 
of input waveforms, including variable duty cycle pulses and 
triac (phase) controlled sine waves. The low cost and small 
physical size of this converter make it suitable for upgrading the 
performance of non-rms "precision rectifiers" in many applica
tions. Compared to these circuits, the AD737 offers higher accu
racy at equal or lower cost. 

The AD737 can compute the rms value of both ac and de input 
voltages. It can also be operated ac coupled by adding one exter
nal capacitor. In this mode, the AD737 can resolve input signal 
levels of 100 µ V rms or less, despite variations in temperature 
or supply voltage. High accuracy is also maintained for input 
waveforms with crest factors of 1 to 3. In addition, crest factors 
as high as 5 can be measured (while introducing only Vi% addi
tional error) at the 200 m V full-scale in put level. 

The AD737 has no output buffer amplifier, thereby significantly 
reducing de offset errors occurring at the output. This allows 
the device to be highly compatible with high input impedance 
ND converters. 

Requiring only 160 µA of power supply current, the AD737 is 
optimized for use in portable multimeters and other battery 

This is an· abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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POWER 
DOWN 

Low Cost, Low Power, 
True RMS-to-DC Converter 

AD737 I 
FUNCTIONAL BLOCK DIAGRAM 

- Vs 4 I------. 

powered applications. This converter also provides a "power 
down" feature which reduces the power supply standb1 current 
to less than 30 µA. 

The AD737 allows the choice of two signal input terminals: a 
high impedance (1012 fl) FET input which will directly interface 
with high Z input attenuators and a low impedance (8 kil) input 
which allows the measurement of 300 mV input levels while 
operating from the minimum power supply voltage of +2.8 V, 
-3.2 V. The two inputs may be used either singly or 
differentially. 

The AD737 achieves a 1 % of reading error bandwidth exceeding 
10 kHz for input amplitudes from 20 mV rms to 200 mV rms 
while consuming only 0.72 mW. 

The AD737 is available in four performance grades. The 
AD737J and AD737K grades are rated over the commercial 
temperature range of 0 to + 70°C. The AD737 A and AD737B 
grades are rated over the industrial temperature range of -40°C 
to +8S°C. 

The AD737 is available in three low cost, 8-pin packages: plastic 
mini-DIP, plastic SO and hermetic cerdip. 

PRODUCT HIGHLIGHTS 
I. The AD737 is capable of computing the average rectified 

value, absolute value or true rms value of various input 
signals. 

2. Only one external component, an averaging capacitor, is 
required for the AD737 to perform true rms measurement. 

3. The low power consumption of 0.72 mW makes the AD737 
suitable for many battery powered applications. 
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AD737 -SPEC If I CATIONS ~:e~~s~~o::.)v supplies, ac coupled with 1 kHz sine wave input applied unless 

Model AD737J/A AD737K/B 
Conditions Min Typ Max Min Typ Max pnits 

TRANSFER FUNCTION Vour = - V Avg.(Vm'I Vour = - VAvg.IVm'I 

CONVERSION ACCURACY 1 kHz Sine Wave 
Total Error, Internal Trim1 AC Coupled Using Cc 

All Grades 0-200 mV nns 0.2/0.3 0.4/0.5 0.2/0.2 0.2/0.3 ±mV/±% of Reading 
200 mV-1 V nns -1.2 :t2:0 -1.2 :!:2.0 % of Reading 

Tmin-Tmax 
A&B Grades @ 200mV rms 0.5/0.7 0.3/0.5 :tmV/±% of Reading 
J&K Grades @ 200 mV nns 0.007 0.007 ± % of Reading/"C 

vs. Supply Voltage 
@ 200 mV nns Input Vs= :t5Vto±l6.5V 0 +0.06 +0.1 0 +0.06 +0.1 %/V 
@ 200 mV nns Input V5 = ±5Vto±3V 0 -0.18 -0.3 0 -0.18 -0.3 %/V 

de Reversal Error, de Coupled @ 600 mV de 1.3 2.5 1.3 2.5 % of Reading 
Nonlinearity', 0-200 mV (ff IOOmV rms 0 +0.25 +0.35 0 +0.25 +0.35 % of Reading 
Total Error, External Trim 0-200 mV nns 0.1/0.2 0.1/0.2 ±mV/±% of RC:ading 

ERROR VS. CREST FACTOR' 
Crest Factor 1 to 3 CAV> Cp = 100 µF 0.7 0.7 % Additional Error 
Crest Factor = 5 CAV> Cp = 100 µF 2.5 2.5 % Additional Error 

INPUT CHARACTERISTICS 
High Impedance Input (Pin 2) 

Signal Range 
Continuous rms Level v, = +2.8 v, -3.2 v 200 200 ,mVrms 
Continuous rms Level V5 = ±5Vto±l6.SV 1 1 Vrms 
Peak Transient Input V, = +2.8V, -3.2V :!:0.9 :!:0.9 v 
Peak Transient Input v, = :!:5 v ±2.7 ±2.7 v 
Peak Transient Input v, = ±16.5 v :!:4.0 :!:4.0 v 
Input Resistance IO" 1012 n 
Input Bias Current v, = ±5 v 1 25 I 25 pA 

Low Impedance Input (Pin 1) 
Signal Range 

Continuous rms Level v, = +2.8 v, -3.2 v 300 300 mVrms 
Continuous rms Level V8 =±5Vto±l6.5V 1 I Vnns 
Peak Transient Input v, = +2.8 v, -3.2 v :!:l.7 ±1.7 v 
Peak TranSient Input V, = :t5V ±3.8 ±3.8 v 
Peak Transient Iilput v, = ±16.5 v ±II :!:II v 
Input Resistance 6.4 8 9.6 6.4 8 9.6 k!l 

Maximum Continuous • 
Nondestructi~e Input All Supply Voltages ±12 ±12 Vp-p 

Input Offset Voltage4 ac Coupled 
J&K Grades :!:3 :!:3 mV 
A&B Grades :!:3 :!:3 mV 
vs. Temperature 8 30 8 30 ""vrc 
vs. Supply V8 =±5Vto±l6.5V 50 150 50 150 !'-VIV 
vs. Supply Vs= ±5 V to ±3 V 80 80 i!-VIV 

OUTPUT CHARACTERISTICS 
Output Voltage Swing 
No Load V, = +2.8 V, -3.2 V Oto -1.6 -1.7 Oto -1.6 -1.7 v 
No Load v, d ±5 v 0 to -3.3 -3.4 Oto -3.3 -3.4 v 
No Load V, = ±16.SV Oto -4 -5 Oto -4 -5 v 
Output Resistance @de 6.4 8 9.6 6.4 8 9.6 k!l 

FREQUENCY RESPONSE 
High Impedance Input (Pin 2) 

For I% Additional Error Sine Wave Input 
V1N = l mVrms I I kHz 
VIN = 10 mV nns 6 6 kHz 
VIN = 100 mV rms 37 37 kHz 
VIN = 200 mV rms 33 33 kHz 

± 3 dB Bandwidth Sine Wave Input 
VrN = l mVrms 5 5 kHz 
V1N = 10 mV nns 55 55 kHz 
V1N = 100 mV rms 170 170 kHz 
VrN = 200 mV rms 190 190 kHz 

FREQUENCY RESPONSE 
Low Impedance Input (Pin I) 

For I% Additional Error Sine Wave Input 
V1N = lmVnns I I kHz 
VIN = 10 mV rms 6 6 kHz 
V1N = 100 mV rms 90 90 kHz 
V1N = 200 mV rms 90 90 kHz 

± 3 dB Bandwidth Sine Wave Input 
V1N = lmVnns 5 5 kHz 
V1N = 10 mV nns 55 55 kHz 
V1N = 100 mV nns 350 350 kHz 
VrN = 200 mV nns 460 460 kHz 
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AD737 
Model AD737J/A AD737K/B 

Conditions Min Typ Max Min Typ Max 

POWER SUPPLY 
Operating Voltage Range +2.8,-3.2 ±5 ±16.5 +2.8,-3.2 ±5 ±16.5 
Quiescent Current Zero Signal 120 160 120 160 

V1N = 200 mV rms, No Load Sine Wave Input 170 210 170 210 
Power Down Mode Current Pin 3 tied to +Vs 25 40 25 40 

TEMPERATURE R,'t.NGE 
Operating, Rated Performance 

Commercial (0 to + 71l"C) AD737J AD737K 
Industrial ( -40'C to + 85'C) AD737A AD737B 

NOTES 
'Accuracy is specified with the AD737 connected as shown in Figure 16 with capacitor Cc. 
2Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting the readings at 0 and 200 mV rms. 
3Error vs. Crest Factor is specified as additional error for a 200 mV rms signal. C.F. = VPEAK.N rms. 
4DC offset does not limit ac resolution. 

Units 

v 
,.A 
,.A 
,.A 

Specifications shown in boldface are tested on all production units at final electrical test.· Results from those tests are used to calculate outgoing quality levels. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage .......................... ± 16.5 V 
Internal Power Dissipation2 •••••••••••••••••• 200 mW 
Input Voltage ............................. ±Vs 
Output Short-Circuit Duration ............... Indefinite 
Differential Input Voltage ............... +Vs and -Vs 
Storage Temperature Range (Q) ......... -65°C to + 150°C 
Storage Temperature Range (N, R) ....... -65°C to + 125°C 
Operating Temperature Range 

AD737J/K ......................... Oto +70°C 
AD737AIB ...................... -40°C to +85°C 

Lead Temperature Range (Soldering 60 sec) ....... + 300°C 
ESD Rating ................. · ............ 500 V 

NOTES 
1 Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 
28-Pin Plastic Package: OJA = 165'C/W 
8-Pin Ceramic Package: OJA = I !O'C/W 
8-Pin SOIC: OJA= ISS'C/W. 

REV. B 
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Temperature Package 
Model Range Description 

AD737JN OOC to +700C Plastic Mini-DIP 
AD737KN 0°C to +700C Plastic Mini-DIP 
AD737JR o•c to +70°c SOIC 
AD737KR 0°C to + 70"C SOIC 
AD737AQ -40°C to +8S"C Cerdip 
AD737BQ -40°C to +8S"C Cerdip 
AD737JR-Reel -40°C to +85"C SOIC 
AD737KR-Reel -40°C to +85°C SOIC 

*For oudine information see Package Information section. 

PIN CONFIGURATIONS 
8-Pin Mini-DIP (N-8), 8-Pin SOIC (R-8) 

8-Pin Cerdip (Q-8) 

RMS-TO-DC CONVERTERS 

Package 
Option* 

N-8 
N-8 
R-8 
R-8 
Q-8 
Q-8 
R-8 
R-8 
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if Selection Tree - Sensors and Signal Conditioners 
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ACCELERATION 

ADXL05 (±5 g) 

ADXL50 (±50 g) 

ADXL181 (-125 to +250 g, 
-150 to +880 g) 

SENSORS & SIGNAL 
CONDITIONERS 

1 
TEMPERATURE 
TRANSDUCERS 

AD590 (1 µAl°C (T0-52)) 

AD592 (1 µAl°C (T0-92)) 

AD22100 (22.5 mV /°C) 

TMP03 (Pulse Width Modulated Output) 

L....--t Temperature 
Controller 

TMPOl (°F/°C) 

AD596 (J Thermocouple) 

AD597 (K Thermocouple) 

PROCESS 
CONTROL 

AD693 (4-20 mA Sensor Transmitter) 

AD694 (4-20 Transmitter) 

1 
SIGNAL 

CONDITIONERS 

H Temperature 

AD594 (J Thermocouples) 

AD595 (K Thermocouples) 

1B60 (4 Channel Thermocouple 
or 4 Channel m V or 1 RTD) 

4= LVDTs 

AD598 (4 Wire) 

AD698 (2 Wire) 
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Selection Guides-Sensors and Signal Conditioners 
Temperature Sensors 

foUT VoUT Cal Error Nonlin Package Temp 
Model pA/K mV/K ·cllllUi: •cmax Options1 Ranges2 Page3 Comments 

AC2626 1 - O.S-5 0.3-1.5 Steel Sheath 3/16" Stainless C,M SL 10-5 General Purpose Temperature Probe 4" and 6" Length 
AD590 1 - O.S-5 0.3-1.5 F,H M+los 19-5 Wide Temperature Range, Accurate 
AD592 1 - O.S-2.5 O.lS-0.35 N I+ 19-9 Low Cost, Accurate 
TMPOl - 5 1.S-3 O.S-2.0 H,N,R I,M+ 19-57 Complete Programmable Temperature Controller 
TMP03 - - 1.2-2.4 1.0 H,R,T M+ 19-72 3 Pins, Direct Serial Digital Output 
AD22100 - 22.5 2.0 1-2 R,T M+ 19-31 3 Pins, Output Proportional to V + 

Sensor Interfaces 
Package Temp 

Model Sensor Type Output Accuracy Options1 Ranges2 Page3 Comments 

AD594 Thermocouple Type J IOmVl°C 1-3°C D,Q c 19-:-12 Cold Junction Compensation, Alternate Thermocouple Types 
AD595 Thermocouple Type K IOmVl°C 1-3°C D,Q c 19-12 Cold Junction Compensation, Alternate Thermocouple Types 
AD596 Thermocouple Type J lOmVl°C 4°C H c 19-15 Lower Cost, Set Point Control 
AD597 Thermocouple Type K lOmVl°C 4°C H c 19-15 Lower Cost, Set Point Control 
AD693 RTD or Low Level mV 4-20 mA/0-20 mA 2°C/0.5% D,E,Q I 19-18 Loop Powered Sensor Transmitter 
AD694 High Level 4-20 mA Transmitter 4-20 mA/0-20 mA O.lS-0.3% N,Q,R C,I 19-24 5 V Supply, Wide Compliance 
AD598 L VDT Position Sensor V 0UT Prop. to Position 0.05% D,R C,I 16-63 Complete Interface with Oscillator/Driver 
AD698 L VDT Position Sensor VoUT Prop. to Position 0.05% P,Q I,M 16-67 Universal L VDT Interface 

Accelerometers 
Linearity Freq Power Package Temp 

Model Range Error Response Supply Options' Ranges2 Page3 Comments 

ADXL05 ±5g 0.5% DC to 4 kHz +5v H M 19-37 Complete Acceleration Sensor/Amplifier 
ADXL50 ±50g 0.2% DC to lOkHz +5v H M 19-39 500 µg Sensitivity 
ADXL181 -125 to +250 g 0.2% DCto3kHz +5V H M 19-55 2000 g Shock Survivable 

-150 to +880 g 0.2% DCto3kHz +12V 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F =Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = }-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

'Temperature Ranges: C = Commercial, O"C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M =Military, -ss•c to +125°C. If a device has nrilitary grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

'SL = Special Liru!ar Reference Manual. AU other entries refer to this volume. 
Boldface Type: Data sheet information in this volume. 

m 
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FEATURES 
Linear Current Output: 1µA/K 
Wide Range: -55°C to +150°C 
Probe Compatible Ceramic Sensor Package 
Two-Terminal Device: Voltage In/Current Out 
Laser Trimmed to ±0.5°C Calibration Accuracy (AD590M) 
Excellent Linearity: ±0.3°C Over Full Range (AD590M) 
Wide Power Supply Range: +4V to +30V 
Sensor Isolation from Case 
Low Cost 

PRODUCT DESCRIPTION 
The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional to 
absolute temperature. For supply voltages between +4V and 
+30V the device acts as a high impedance, constant current 
regulator passing lµNK. Laser trimming of the chip's thin film 
resistors is used to calibrate the device to 298.2µA output at 
298.2K (+25°C). 

The ADS 90 should be used in any temperature sensing applica
tion below +l50°C in which conventional electrical tempera
ture sensors are currently employed. The inherent low cost of 
a monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alternative 
for many temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance measuring 
circuitry and cold junction compensation are not needed in 
applying the AD590. 

In addition to temperature measurement, applications include 
temperature compensation or correction of discrete compo
nents, biasing proportional to absolute temperature, flow rate 
measurement, level detection of fluids and anemometry. The 
AD590 is available in chip form making it suitable for hybrid 
circuits and fast temperature measurements in protected en
vironments. 

The AD590 is particularly useful in remote sensing applica
tions. The device is insensitive to voltage drops over long lines 
due to its high impedance current output. Any well-insulated 
twisted pair is sufficient for operation hundreds of feet from 
the receiving circuitry. The output characteristics also make 
the AD590 easy to multiplex: the current can be switched by 
a CMOS multiplexer or the supply voltage can be switched by 
a logic gate output. 

•covered by Patent No. 4,123,698. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Two-Terminal IC 
Temperature Transducer 

AD590* I 
PIN DESIGNATIONS 

BOTIOMVIEW 

PRODUCT HIGHLIGHTS 
1. The AD590 is a calibrated two terminal temperature sensor 

requiring only a de voltage supply (+4V to +30V). Costly 
transmitters, filters, lead wire compensation and lineariza
tion circuits are all unnecessary in applying the device. 

2. State-of-the-art laser trimming at the wafer level in conjunc
tion with extensive final testing insures that ADS 90 units 
are easily interchangeable. 

3. Superior interference rejection results from the output 
being a current rather than a voltage. In addition, power 
requirements are low (1.SmW's@ SV@ +25°C). These 
features make the AD590 easy to apply as a remote sensor. 

4. The high output impedance (>lOMU) provides excellent 
rejection of supply voltage drift and ripple. For instance, 
changing the power supply from SV to lOV results in only 
a lµA maximum current change, or 1°C equivalent error. 

5. The AD590 is electrically durable: it will withstand a 
forward voltage up to 44V and a reverse voltage of 20V. 
Hence, supply irregularities or pin reversal will not damage 
the device. 
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AD590-SPEClflCATIQNS (@ +25°C and V5 = +5Y unless otherwise noted) 

Model AD590J AD590K 
Min Typ Mu Min Typ Mu Units 

ABSOLUTE MAXIMUM RA TINGS 
ForwardVollagC(E+ toE-) +44 +44 Volts 
Reversc:Voltage(E+ toE-) -20 -20 Volts 
BreakdownVoltage(CasetoE+ orE-) ±200 ±200 Volts 
Rated Performance Temperature Range1. -55 +150 -55 +150 "C 
Storsgc Temperature Range1 -65 +155 -65 +155 "C 
Lead Temperature (Soldering, 10 sec) +300 +300 •c. 

POWER SUPPLY 
Operating Voltage Range +4 +30 +4 +30 Volts 

OUTPUT 
Nomina!CurrentOutput@ +25"C(298.2K) 298.2 298.2 µA 
Nominal Temperature Coefficient 1 1 µA/K 
CslibrationError@ + 25"C :1:5.0 ±2.5 "C 
Absolute Error (over rated performance 

temperature range) 

Without External Calibration Adjusunent ±10 ±5.5 "C 
With + 25"C Cslibration Error Set to Zero ±3.0 ±2.0 ·c 
Nonlinearity ±1.5 ±0.8 ·c 
Repestability2 ±0.1 ±0.1 "C 
Long Term Drift3 ±0.1 ±0.l "C 

Current Noise 40 40 pAlVHz 
Power Supply Rejection 

+4V:sVs:s + 5V 0.5 0.5 µA/V 

+ 5V;sV5s + 15V 0.2 0.2 µA/V 

+ 15VsV5s+30V 0.1 0.1 µA/V 

Case Isolation to Either Lead 1010 1010 0 
Effective Shunt Capacitance 100 100 pF 
Electrical Turn-On Time 20 20 µs 
Reverse Bias Leakage Current4 

(Reversc:V~ltage= lOV) 10 10 pA 

PACKAGE OPTIONS5 

T0-52 (H-03A) AD590JH AD590KH 
Flat Pack (F-2A) AD590JF AD590KF 

NOTES 
1The AD590 has been used at - lOO"C and + ZOO"C for short periods of measurement with no physical damage to the device. However, .the absolute errors 
specified apply to only the rated performance temperature range. 

2Maximiim deviation between + 25"C readings afier temperature cycling between - 5S"C and + lSO"C; guaranteed not tested. 
3conditions: constant + SV, constant + 125"C; guaranteed, not tested. 
4Leakage cunent doubles every lO"C. 
5For outline information see Package lnformstion section. 
Specifications subject to change without notice. 

.,.:. 

Specifications shown in boldface are tested on all production units at final electrical test. Results .from those tests are used to calculate outgoing quslity levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
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Model AD590L AD590M 
Min Typ Max Min Typ 

ABSOLUTE MAXIMUM RA TINGS 
ForwardVoltage(E+ toE-) +44 
Reverse Voltage (E + to E - ) -20 
Breakdown Voltage(CasetoE+ orE-) ±200 
Rated Performance Temperature Range1 -55 + 150 -55 
Storage Temperature Range1 -65 +155 -65 
Lead Temperature(Soldering, lOsec) +300 

POWER SUPPLY 
Operating Voltage Range +4 +30 +4 

OUTPUT 
Nominal Current Output@ + 25°C (298.2K) 298.2 298.2 
Nominal Temperature Coefficient 1 1 
Calibration Error@ + 25°C ±1.0 
Absolute Error (over rated performance 

temperature range) 
Without External Calibration Adjustment ±3.0 
With + 25°C Calibration Error Set to Zero ±1.6 
Nonlinearity ±0.4 
Repeatability' ±0.1 
Long Term Drift3 ±0.l 

Current Noise 40 40 
Power Supply Rejection 

+4VsV8s+5V 0.5 0.5 
+5VsVss+l5V 0.2 0.2 
+ 15VsVss + 30V 0.1 0.1 

Case Isolation to Either Lead 1010 1010 

Effective Shunt Capacitance 100 100 
Electrical Turn-On Time 20 20 
Reverse Bias Leakage Current4 

(Reverse Voltage= lOV) 10 10 

PACKAGE OPTION5 

T0-52(H-03A) AD590LH AD590MH 
FlatPack(F-2A) AD590LF AD590MF 

K +223° +273° +298" +323° +373° +423° 
°C -50° 0° +25° +50° +100° +150° 

111 111!1 I 111111111!IIiif'ii1111111I1 111111! 1I1\1 1111I,1II1 11 
°F -100° 0° : : +100° +200°: +300° 

32° 70° 212c 

TEMPERATURE SCALE CONVERSION EQUATIONS 

°C=2_(°F-32) 
9 

°F = ~°C+32 
5 

K = °C +273.15 

0 R = °F +459.7 

AD590 

Max Units 

+44 Volts 
-20 Volts 
±200 Volts 
+ 150 oc 
+ 155 oc 
+300 oc 

+30 Volts 

µ.A 
µ.AIK 

±0.5 oc 

±1.7 oc 
±1.0 oc 
±0.3 oc 
±0.1 "C 
±0.1 oc 

pAVHz 

µ.AIV 
µ.AfV 
µ.AIV 
0 
pF 
µ.s 

pA 
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AD590 
The 590H has 60µ inches of gold plating on its Kovar leads and 
Kovar header. A resistance welder is used to seal the nickel cap 
to the header. The ADS90 chip is eutectically mounted to the 
header and ultrasonically bonded to with 1 MIL aluminum 
wire. Kovar composition: 53% iron nominal; 29% ±1% nickel; 
17% ±1 % cobalt; 0.65% manganese max; 0.20% silicon max; 
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco
nium max; 0.10% titanium max; 0.06% carbon max. 

The 590F is a ceramic package with gold plating on its Kovar 
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com
position is used for the 1.5 mil thick solder ring under the lid. 
The chip cavity has a nickel underlay between the metalization 
and the gold plating.The AD590 chip is eutectically mounted 
in the chip cavity at 410°C and ultrasonically bonded to with 
1 mil aluminum wire. Note that the chip is in direct contact 
with the ceramic base, not the metal lid. When using the 
AD590 in die form, the chip substrate must be kept elec
trically isolated, (floating), for correct circuit operation. 

METALIZATION DIAGRAM 

THE AD590 IS AVAILABLE IN LASER-TRIMMED CHIP 
FORM; CONSUL TTHE CHIP CATALOG FOR DETAILS. 

CIRCUIT DESCRIPTION1 

The AD590 uses a fundamental property of the silicon tran
sistors from which it is made to realize its temperature propor
tional characteristic: if two identical transistors are operated 
at a constant ratio of collector current densities, r, then the 
difference in their base-emitter voltages will be (kT/q)(In r). 
Since both k, Boltzman's constant and q, the charge of an 
electron, are constant, the resulting voltage is directly porpor
tional to absolute temperature (PTAT). 

1 For a more detailed circuit description see M.P. Timko, "A Two
Terminal IC Temperature Transduc,er," IEEE J. Solid State Circuits, 
Vol. SC-11, p. 784-788, Dec. 1976. 

19-8 SENSORS AND SIGNAL CONDITIONERS 

In the ADS 90, this PT AT voltage is converted to a PT AT cur-
, rent by low temperature coefficient thin film resistors. The 

total current of the device is then forced to be a multiple of 
this PTAT current. Referri11g to Figure 1, the schematic.dia
gram of the A0590, QS and Qll are the transistors that pro
duce the PTAT voltage. RS and R6 convert the voltage to 
current. QlO, whose collector current tracks the collector 
currents in Q9 and Qll, supplies all the bias and substrate 
leakage current for the rest of the circuit, forcing the total 
current to be PTAT. RS and R6 are laser trimmed.on the 
wafer to calibrate the device at +25°C. 

Figure 2 shows the typical V-1 characteristic of th.e circuit 
at +25°C and the temperature extremes. 

Figure 1. Schematic Diagram 

423 

•ouT 
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2 

+150°C 
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-55°C 
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SUPPLY VOLTAGE 

Figure 2. V-1 Plot 
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~ANALOG 
WDEVICES 

FEATURES 
High Precalibrated Accuracy: 0.5°C max @ 25°C 
Excellent Linearity: 0.15°C max (0 to +70°C) 
Wide Operating Temperature Range: -25°C to +105°C 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output: 1 p.A/K 
Two Terminal Monolithic IC: Temperature In/ 

Current Out 
Minimal Salf-Heetlng Errors 

PRODUCT DESCRIPTION 
The AD592 is a two terminal monolithic integrated circuit tem
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of lµA/K. Improved design and laser wafer 
trimming of.the IC's thin film resistors allows the ADS92 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The ADS92 can be employed in applications between - 25°C 
and + IOS°C where conventional temperature sensors (i.e., ther
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the AD592 the most cost effective ti:nl
perature transducer currently available. Expensive linearizatlon 
circuitry, precision voltage references, bridge components, resis
tance measuring circuitry and cold junction compensation are 
not required with the AD592. 

Typical application areas include; appliance temperature sensing, 
automotive temperature measurement and control, HV AC (heat· 
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction.compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the ADS92 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. ADS92s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer or the supply voltage 
can be enabled with a tri-state logic gate. 

*Protected by Patent No. 4,123,6911. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Low Cost, Precision IC 
Temperature Transducer 

AD592* I 
CONNECTION DIAGRAM 

PIN 3 PIN 2 PIN 1 

D D D 
(-1 (NCI (+) 

*PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 

BOTTOM VIEW 

The AD592 is available in three performance grades; the 
AD592AN, ADS92BN and AD592CN. All devices are packaged 
in a plastic T0-92 case rated from -45°C to + 12S°C. Performance 
is specified from - 2S°C to + 10S°C. ADS92 chips are also 
available, contact the factory for details. 

PRODUCT HIGHLIGHTS 
I. With a single supply (4V to 30V) the AD592 offers 0.5°C 

temperature measurement accuracy. 
2. A wide operating temperature range (-2S°C to + IOS°C) and 

highly linear output make the ADS92 an ideal substitute for 
older,' more limited sensor .technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The AD592 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V w.ill not damage the 
device. 

4. Because the ADS92 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

S. The high output impedance of the AD592 provides greater 
than 0.5°C/V rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
AD592 units are easily interchangeable. 

7. Initlai system accuracy will not degrade significantly over 
time. The AD592 has proven long term performance and 
repeatability advantages inherent in integrated· circuit design 
and construction. 
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AD592-SPEClflCATIQNS (typical@ +25°C, V5 = +5V unless otherwise noted) 

ADS92AN 
Model Min TJP 
ACCURACY 

Calibration &ror@2soc;1 l.S 
TA= Oto+ 70'C 

Enor owr Temperature 1.8 
Nonlinearitf O.IS 

TA= -2Sto +105'C 
EnorowrTemperaturc' 2.0 
Nonlinearity' 0.25 

OUTPUT CHARACTERISTICS 
Nomim!Cumnt OutpUt 

@2S'C (298.2K) 298.2 
TemperatureCoefticicnt I 
Repeatability4 
Long Term Stability' 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature -25 
J>ac:bae Temperature6 -45 
ForwudVolrage( +to-) 
Rcvcnc:Volrage( ~to'+) 
Lead Tempenrure 

(Solderills 10 tee) 

POWER SUPPLY 
Operating Voltqe Range 4 
Power Supply Rejection 

+4V<Vs<+5V 
+ 5V<Vs< + ISV 
+ 15V<Vs< + 30V 

NOTES 
I Aaenerml calibration trim CID be uaed IO zero tbeenor@2S'C. 
'Definedu the muimumdcYiation from amatbcmatically beat fit line. 
'l'lnmetertestec1m111Jproductioauaitsa1 +IOS'Conly.Cpldeat 
-2S'Cllao. ·---= +25'Cradinpaftera~cycle 
between -4S'Cond + 12S'C. l!nonoftbis iype""'llODCUllllllUll"'. 

'Opcration@l25'C,enor.,,,..timeis110t1CU1111Dulatift. 

METALIZATION DIAGRAM 

THE AD592 IS AVAILABLE IN LASER· TRIMMED CHIP FORM. 

MaxCal 

ADS92BN ADS9ZCN 
Mu Min TJP Mu Mill TJP Mu Uab 

2.S 0.7 1.8 0.3 o.s 'C 

3.0 0.8 l.S 0.4 0.8 'C 
0.35 0.1 0.25 o.os o.JS 'C 

3.S 0.9 2.0 0.5 1.0 'C 
0.5 0.2 0.4 0.1 0.35 'C 

298.2 298.2 

""' I I p.Al'C 
0.1 0.1 0.1 'C 
0.1 0.1 0.1 "Cimoath 

+!OS -25 +!OS -25 +IOS 'C 
+ 125 -45 +125 -45 +125 'C 
44 44 44 v 
20 20 20 v 

300 300 300 'C 

30 4 30 4 30 v 

o.s 8.S o.s 'C/V. 
0.2 8.2 0.2 'C/V 
0.1 8.1 u 'C/V 

6Aitboulbporformaaceis-llpecified~ tbe-tiagtanpaature._, ~ 
m:uniomwitbiatbe~tanpaature-willaot--thcdevice. 

Specificllions subject to c:lwl(IO without notiCe. 

Spec:ificldom sbown in boldface""'taledoaall.~llllitsllfioalelec:tri
col test. Results from tbooe tests .... uaed to c:alculate CRlqpiing quality kvell. All 
min Uld mu specifications lie IUltlDteed, altbouP only tbooe shown in 
boldface are tested on au production units. 

K +223° +rn° +298° +323° +373° +42r 
•c -50" O" +26" +so" +100" +1!;0" 

1'1t'1111l1111'1111!11i1f \ 1'1111I1'11 111'1~111 111'111 1/1I1'1 
°F -100° r I !.+100" +200°: •300° 

32" 70" 212" 

TEMPERATURE SCALE CONVERSION EQUATIONS 

°C = ~(°F-32) 
9 ' 

K = °C +273.15 

°F = ~ °C +32 

ORDERING GUIDE 

Max Error Max Nonlinearity Package 
Model Error@2s•c - 2s·c to + 1os·c -2s•cto + 1os•c Option* 
AD592CN 0.5°C 1.o·c o.3s0c T0-92 
AD592BN 1.0°c 2.0°c o.4°C T0-92 
AD592AN 2.5°C 3.5°C 0.5°C T0-92 

*For outline information see Package Informat~~n section. 
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Typical Performance Curves 
Typical @ V5 = + 5V 

+2.0 

+1.5 

+1.0 

~ +0.5 

............ ~ 

~ ::::::::::: i 
~ 

:! e -o.s 

-1. 0 
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-25 +25 +70 +105 
TEMPERATURE - "C 

AD592CN Accuracy Over Temperature 
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AD592AN Accuracy Over Temperature 
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Long-Term Stability @ 85°C and 85% Relative Humidity 
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REV.A SENSORS AND SIGNAL CONDITIONERS 19-11 

m 
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Monolithic Thermocouple· Amplifiers 
with Cold Junction Compensation 

AD594*/AD595* I 
FEATURES FUNCTIONAL BLOCK DIAGRAM 
Pretrimmed for fype J IAD594) or 

Type K IAD595) Thermocouples -ALM coM• 

Can Be Used with Type T Thermocouple l11puts 
Low Impedance Voltage Output: 10mV/"C 
Built-in Ice Point Compensation 
Wide Power Supply Range: + SV to· ± 1 SV 
Low Power: <1mW typical 
Thermooouple Failure Alarm 
Laser Wafer Trimmed to 1°C Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 
Side-Brazed DIP or Low Cost Cerdip 

PRODUCT DESC~PTION 
The ADS94/ADS9S is a complete instrumentation amplifier and 
thermocouple cold junction compensator on a monolithic chip. 
It combines ail. ice' point reference with a precalibrated amplifier 
to produce a high levcii (I Om V l°C) output directly from a ther
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output-set-point 
controller using either fixed or remote set-point control. It can 
be used to amplify its compensation voltage directly, thereby 
converting it to a stand-alone Celsius transducer with a low-im
pedance voltage output. 

The ADS94/ADS9S includes a thermocouple failure alarm that 
indicates if one or both thermocouple leads become open. The 
alarm output has a flexible format which includes TTL. drive 
capability. 

The ADS94/ADS9S can be powered from a single ended supply 
(including + SV) and by including a negative supply, temperatures 
below 0°C can be measured. To minimize self-heating, an unloaded 
ADS94/ ADS9S will typically operate with a total supply current 
of 160µA, but is also capable of delivering in excess of ± SmA 
to a load. · 

, The ADS94 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocoup\es and 
the ADS9S is laser trimmed for type K (chromel-alumel) inputs. 
The temperature transducer voltages and gain control resistors 
are available at the package pins so that the circuit can be re
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more·precise: cali
bration for both thermocouple and thermometer applications. 

*Protected by U.S. Patent No. 4,029,974. 

This is an abridged data sheet. To obtain the moat recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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The ADS94/ADS9S is available in two performance grades. The 
C and the A versions have calibration accuracies of ± 1°C and 
± 3°C, respectively. Both are designed to be used from 0 to 
+ so•c, and are available in 14-pin'., hermetically sealed, side
brazed ceramic DIPs as well as low cost cerdip packages:· 

PRODUCT HIGHLIGHTS 
1. The ADS94/ADS9S provides cold junction compensation, 

amplification, and an output buffer in a single IC package. 

2. Compensation, zero, and, scale factor are ~l precalibrated by 
laser wafer trimmi~g (LWT) of each IC chip. 

3. Flexible pin-out provides for operation as a .set-point controller 
or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of + SV to 
dual supplies spanning 30V. 

S. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 

REV.A 



SPECIFICATIONS (@ + 25°C and V5 = 5 V, Type J (AD594), Type K (AD595) 
Thermocouple, unless otherwise noted) AD594/AD595 

Model AD594A AD594C AD595A AD595C 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 

ABSOLUTE MAXIMUM RATINGS 
+Vs to -Vs 36 36 36 36 Volts 
Common-Mode Input Voltage -Vs -0.IS +Vs -Vs -0.15 +Vs -Vs -O.I5 +Vs -V5 -0.15 +Vs Volts 
Differential Input Voltage -Vs +Vs -Vs +Vs -Vs +Vs -Vs +Vs Volts 
Alarm Voltages 

+ALM -Vs -V5 +36 -Vs -V5 +36 -Vs -V5 +36 -Vs -Vs +36 Volts 
-ALM -Vs +Vs -Vs +Vs -Vs +Vs -Vs +Vs Volts 

Operating Temperature Range -55 +I25 -55 +I25 -55 +125 -55 +I25 ·c 
Output Shon Circuit to Common Indefinite Indefinite Indefinite Indefinite 

TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
0 to +SO"C) 

Calibration ErrOr at +25"C 1 ±3 ±I ±3 ±I ·c 
Stability vs. Temperature2 ±0.05 ±0.025 ±0.05 ±0.025 "Cl"C 
Gain Error ±1.S ±0.75 :1::).5 ±0.75 % 
Nominal Transfer Function IO IO IO IO mvrc 

AMPLIFIER CHARACTERISTICS 
Closed Loop Gain3 I93.4 193.4 247.3 247.3 
Input Offset Voltage (Temperature in °C)x51.70 µVrC (Temperature in "C)xSl.70 µVrc (Temperature in "C)x40.44 µ.Vrc (Temperarure in °C)x40.44 µV?C µV 

Input Bias Current O.I O.I O.I 0.I µA 
Differential Input Range -IO +50 -IO +50 -IO +50 mV 
Common-Mode Range -Vs -0.JS +Vs -4 -Vs -0.15 +Vs -4 -Vs -0.I5 +Vs-4 -v. -O.I5 +Vs -4 Volts 
Common-Mode Sensitivity - RTO IO IO 10 IO mVN 
Power Supply Sensitivity - RTO IO IO IO IO mVN 
Output Voltage Range 
Dual Supplies -Vs +2.5 +Vs-2 -Vs +2.5 +Vs -2 -Vs +2.S +Vs-2 -Vs +2.5 +Vs -2 Volts 
Single Supply 0 +Vs -2 0 +Vs -2 0 +Vs +2 0 +Vs -2 Volts 
Usable Output Current4 ±5 ±5 ±5 ±5 mA 
3 dB Bandwidth I5 I5 I5 I5 kHz 

ALARM CHARACTERISTICS 

VcE(sAtJ at 2 mA 0.3 0.3 0.3 0.3 Volts 
Leakage Current ±I ±1 ±I ±1 µAmax 

Operating Voltage at - ALM +Vs -4 +Vs -4 +Vs-4 +Vs -4 Vohs 

Short Circuit Current 20 20 20 20 mA 

POWER REQUIREMENTS 
Specified Performance +Vs= 5, -Vs= O +Vs= 5, -Vs= O +Vs= 5, -Vs= o +Vs= 5, -Vs= O Voles 
Operating5 +Vs to -Vs :s;30 +Vs to -Vs :s;30 +Vs to -Vs :s;30 · +Vs to -Vs :s;30 Volts 
Quiescent Current (No Load) 

+Vs I60 300 I60 300 I60 300 I60 300 µA 
-Vs IOO IOO IOO IOO µA 

PACKAGE OPTION' 
T0-116 (D-I4) AD594AD AD594CD AD595AD AD595CD 

Cerdip (Q-14) AD594AQ AD594CQ AD595AQ AD595CQ 

NOTES 
'Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51.7 µ.VfC. Since a J type thermocouple deviates from this straight line approximation, the AD594 will normally read 3.1 mV 
when the measuring junction is at 0°C. The AD595 will similarly read 2. 7 mV at 0°C. 

2Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and S0°C ambient temperature. 
3Pin 8 shorted to Pin 9. 
4Current Sink Capability in single supply configuration is limited to current drawn to ground through a SO kO resistor at oucput voltages below 2.5 V. 
5-Vs must not exceed -16.S V. 
6For outline information see Package Information section. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 
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AD594/AD595 
Thermocouple TypeJ AD594 TypeK AD595 Thermocouple TypeJ AD594 TypeK AD595 
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Output 
oc mV mV mV mV oc mV mV mV mV 

- 200 - 7.890 -1523 - 5.891 -1454 500 27.388 5300 20.640 5107 

- 180 - 7.402 -1428 - 5.550 -1370 520 28.51 I 5517 21.493 5318 

- 160 - 6.821 -1316 - 5.141 -1269 540 29.642 5736 22.346 5529 
- 140 - 6.159 -1188 - 4.669 -1152 560 30.782 5956 23.198 5740 
- 120 - 5.426 -1046 - 4.138 -1021 580 31.933 6179 24.050 5950 

- 100 - 4.632 - 893 - 3.553 - 876 600 33.096 6404 24.902 6161 
- 80 - 3.785 - 729 - 2.920 - 719 620 34.273 6632 25.751 6371 
- 60 - 2.892 - 556 - 2.243 - 552 640 35.464 6862 26.599 6581 
- 40 - 1.960 - 376 - 1.527 - 375 660 36.671 7095 27.445 6790 
- 20 - .995 - 189 - .777 - 189 680 37.893 7332 28.288 6998 

- IO - .SOI - 94 .392 - 94 700 39.130 7571 28.128 7206 

0 0 3.1 0 2.7 720 40.382 7813 29.965 7413 

IO .S07 IOI .397 IOI 740 41.647 80S8 30.799 7619 

20 1.019 200 .798 200 7SO 42.283 8181 31.214 7722 

2S 1.277 2SO 1.000 2SO 760 - - 31.629 7825 

30 I .S36 300 1.203 300 780 - - 32.455 8029 

40 2.0S8 401 1.611 401 800 - - 33.277 8232 

so 2.S8S S03 2.022 S03 820 - - 34.095 8434 

60 3.1 IS 606 2.436 60S 840 - - 34.909 8636 

80 4.186 813 3.266 810 860 - - 3S.718 8836 

100 S.268 1022 4.09S 1015 880 - - 36.524 903S 

120 6.3S9 1233 4.919 1219 900 - - 37.325 9233 

140 7.4S7 1445 S.733 1420 920 - - 38.122 9430 

160 8.S60 16S9 6.S39 1620 940 - - 38.91S 9626 
180 9.667 1873 7.338 1817 960 - - 39. 703 9821 

200 10.777 2087 8.137 2015 980 - - 40.488 IOOIS 
220 11.887 2302 8.938 2213 1000 - - 41.269 10209 
240 12.998 2517 9.74S 2413 1020 - - 42.04S 10400 
260 14.108 2732 10.560 2614 1040 - - 42.817 10591 
280 15.217 2946 I 1.381 2817 1060 - - 43.585 10781 

300 16.325 3160 12.207 3022 1080 - - 44.349 10970 
320 17.432 3374 13.039 3327 1100 - - 4S. l08 11158 
340 18.S37 3S88 13.874 3434 1120 - - 45.863 11345 
360 19.640 3801 14.712 3641 1140 - - 46.612 11530 
380 20. 743 4015 15.552 3849 1160 - - 47.356 11714 

400 21.846 4228 16.395 4057 1180 - - 48.095 11897 
420 22. 949 4441 17.241 4266 1200 - - 48.828 12078 
440 24.0S4 4655 18.088 4476 1220 - - 49.555 12258 
460 2S.161 4869 18.938 4686 1240 - - 50.276 12436 
480 26.272 S084 19.788 4896 1250 - - 50.633 12524 

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vs = -5V, + 15V) 

INTERPRETING AD594/AD595 OUTPUT VOLTAGES 
To achieve a temperature proportional output of 10mVl°C and 
accurately compensate for the reference junction over the rated 
operating range of the circuit, the AD594/ AD595 is gain trimmed 
to match the transfer characteristic of J and K type thermocouples 
at 25°C. For a type J output in this temperature range the TC is 
51. 70µ V/°C, while for a type K it is 40.44µ V/°C. The resulting 
gain for the AD594 is 193.4 (10mV/°C divided by 51.7µVl°C) 
and for the AD595 is 247.3 (10mV/°C divided by 40.44µVl°C). 
In addition, an absolute accuracy trim induces an input offset to 
the output amplifier characteristic of 16µ V for the AD594 and 
11µ V for the AD595. This offset arises because the AD594/ AD595 
is trimmed for a 250m V output while applying a 25°C thermocouple 
input. 

Because a thermocouple output voltage is nonlinear with respect 
to temperature, and the AD5941AD595 linearly amplifies the 
compensated signal, the following transfer functions should be 
used to determine the actual output voltages: 

AD594 output = (Type J Voltage + 16µV) x 193.4 

19-14 SENSORS AND SIGNAL CONDITIONERS 

AD595 output = (Type K Voltage + llµV) x 247.3 
or conversely: 

Type J voltage = (AD594 output I 193.4) - 16µV 

Type K voltage = (AD595 output I 247.3) - llµV 

Table I above lists the ideal AD594/AD595 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junction at 25°C. 
As is normally the case, these outputs are subject to calibration, 
gain and temperature sensitivity errors. Output values for inter
mediate temperatures can be interpolated, or calculated using 
the output equations and ANSI thermocouple voltage tables 
referred to zero degrees Celsius. Due to a slight variation in 
alloy content between ANSI type J and DIN FE-CUN! ther
mocouples Table I should not be used in conjunction with Euro
pean standard thermocouples. Instead the transfer function 
given previously and a DIN thermocouple table should be used. 
ANSI type K and DIN NICR-NI thermocouples are composed 
of identical alloys and exhibit similar behavior. The upper tem
perature limits in Table I are those recommended for type J and 
type K thermocouples by the majority of vendors. 
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L.llllDEVICES 

FEATURES 
Low Cost 
Operates with Type J IAD596) or Type K IAD597) 

Thermocouples 
Built-in Ice Point Compensation 
Temperature Proportional Operation - 10mVl"C 
Temperature Set-Point Operation - ON/OFF 
Programmable Switching Hysteresis 
High Impedance Differential Input 

PRODUCT DESCRIPTION 
The AD596/AD597 is a monolithic temperature set-point con
troller which has been optimized for use at elevated temperatures 
such as those found in oven control applications. The device 
cold junction compensates and amplifies a type J or K ther
mocouple input to derive an internal signal proportional to 
temperature. The internal signal is then compared with an ex
ternally applied set-point voltage to yield a low impedance switched 
output voltage. Dead-Band or switching hysteresis can be pro
grammed using a single external resistor. Alternately, the AD596/ 
AD597 can be configured to provide a voltage output (lOmVl"C) 
directly from a type J or K thermocouple signal. It can also be 
used as a stand-alone voltage output temperature sensor. 

The AD596/AD597 can be powered with a single supply from 
+ SV to + 30V, or dual supplies up to a total span of 36V. 
Typical quiescent supply current is 160µ.A which minimizes 
self-heating errors. 

The ADS96/ADS97 H package option includes a thermocouple 
failure alarm that indicates an open thermocouple lead when 
operated in the temperature proportional measurement mode. 
The alarm output has a flexible format which can be used to 
drive relays, LEDs or TTL logic. 

The device is packaged in a reliability qualified, cost effective 
10-pin metal can, 8-pin plastic minidip or SOIC and is trimmed 
to operate over an ambient temperature range from + 25°C to 
+ IOO°C. Operation over an extended ambient temperature 
range is possible with slightly reduced accuracy. The ADS96 
will amplify thermocouple signals covering the entire - 200°C to 
+ 760°C temperature range recommended for type J thermocouples 
while the ADS97 can accommodate - 200°C to + 12SO°C type K 
inputs. 

The AD596/AD597 has a calibration accuracy of ±4°C at an 
ambient temperature of 60°C and an ambient temperature stability 
specification of O.OS0C/°C from + 25°C to + IOO°C. If higher 
accuracy, or a lower ambient operating temperature is required, 
either the ADS94 G thermocouple) or ADS95 (K thermocouple) 
should be considered. 

*Protected by U.S. Patent No. 4,029,974. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

REV.A 

Thermocouple Conditioner and 
Set-Point Controller 

AD596* /AD597* I 
FUNCTIONAL BLOCK DIAGRAMS 

T0-100 
(H) Package 

-ALM 

v-

8-Pin Plastic Mini-DIP (N) Package 
or SOIC (R) Package 

AD597AN 

TOP VIEW 

PRODUCT HIGHLIGHTS 
I. The ADS96/ADS97 provides cold junction compensation 

and a high gain amplifier which can be used as a set-point 
comparator. 

2. The input stage of the AD596/AD597 is a high quality in
strumentation amplifier that allows the thermocouple to float 
over most of the supply voltage range. 

3. Linearization not required for thermocouple temperatures 
close to I 75°C ( + IOO°C to + 540°C for ADS96). 

4. Cold junction compensation is optimized for ambient temper
atures ranging from + 2S°C to + I00°C. 

S. In the stand-alone mode, the ADS96/ADS97 produces an 
output voltage that indicates its own temperature. 
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AD596 /AD597 SPECIFICATIONS(@ +&o•c and V5 = 10V, T~pe J (AD596J, Type K (AD597l 
/ 1 - Thermocouple, unless otheiw1se noted) . 

MOdel· '. :, AD596AH. AD597AH AD597AN/AR 
. Min Typ Max Min Typ Max Min Typ Max Uniis 

ABSOLUTE MAXIMVM RA TINGS 
+Vs to -Vs 36 36 36 Volts 
Common-Mode Input Voltage (-Vs -0.JS) +vs (-Vs -0.JS) +Vs (-Vs -0.lS) +Vs Volts 
Differential Input Voltage -Vs +vs -Vs +vs -Vs +vs Volts 
Alarm Voltages 

+ALM -Vs (-Vs +36) -Vs (-Vs +36) -Vs (-Vs +36) Volts 
-ALM -Vs +vs -Vs +vs -Vs +v, Volts 

Operating Temperature Range ·. -SS +12S -SS +12S -40 +12S 'C 
Output Short Circuit to Common Indefinite Indefinite Indefinite 

TEMPERATURE MEASUREMENT 
(Specified Temperature Range 
+ 2S"C to + JOO"C) 

Calibration Error' -4 +4 -4 +4 -4 +4 'C 
Stability vs. Temperature' ±0.02 ±0.0S ±0.02 ±0.0S ±0.02 ±0.0S 'Cl"C 
Gain Error -1.5 +1.5 -1.5 +1.5 -1.5· +1.5 % 
Nominal Transfer Function IO 10 IO mVf'C 

AMPLIFIER CHARACTERISTICS 
Closed Loop Gain' 180.6 245.S 245.5 VN 
Input Offset Voltage "CxS3.21+23S 'Cx41.27-37 'Cx4J.27-37 µV 
Input Bias Current 0.1 0.1 0.1 µA· 
Differential Input Range -IO +so -IO +so -IQ. +so mV 
Common Mode Range (-Vs-0.15) (+Vs-4) (+Vs-0.lS) (+Vs-4) (-Vs-0.lS) (+Vs-4) Volts 
Common Mode Sensitivity-RTO 10 10 10 mVN 
Power Supply Sensitivity-RTO I 10 I 10 I 10 mVN 
( lutpul Voltage Range 

llual Supplies (-V;;+2.5} (+Vs-2) (-Vs+2.5) (+Vs-2) (-Vs+2.5) (+Vs-2) Volts 
Single Supply 0 '· (+Vs-2) 0 (+Vs-2) 0 (+Vs-2) Volts 

Usable Output Current" ±S ±S ±S mA 
3dB Bandwidth JS lS lS kHz 

ALARM CHARACTERISTICS' Alarm Function Not Pirmed Out 
VcE(sAn at 2mA 0.3 0.3 Volts 
Leakage Current ±1 ±1 µA 
Operating Voltage at -ALM (+V,-4) (+V8 -4) Volts 
Short Circuit Current .,20 20 mA 

POWER REQUIREMENTS 
Operating (+Vs to -Vs),.;30 (+Vs to -Vs)="30 (+Vs to -Vs),.;30 Volts 
Quiescent Current 

+Vs 160 300 160 300 160 300 µA 
-v, JOO 200 100 200 100 200 µA 

NOTES 
'This is a measure of the deviation from ideal with a measuring thermocouple junction of 175'C and a chip temperature of 60"C. The ideal transfer function is 
given by: . 
ADS96: VouT = 180.S7x(Vm-V,+ (ambient in 'C)xS3.2lµVf'C +23SµV) 
ADS97: V0 = = 24S.46x(Vm-V,+ (ambient in 'C)x41.27µVf'C -37µV) 
where V m and V, represent the measuring and ambient temperatures and are taken from .the appropriate.} or K thermocouple table. The ideal transfer function 
minimizes the error over the ambient temperature range of 2S'C to IOO'C with a thermocouple temperature of approxintately J 7S'C. 

'Defined as the slope of the line connecting the ADS96/ADS97 CJC errors measured at 2S'C and IOO'C ambient temperature. 
'Pin 6 shorted to pin 7. . . · · 
"Current Sink Capability in single supply configuration is limited to current drawn to ground through a SOkO resistor at output voltages below 2.SV. 
5 Alarm function available on H package option only. 

Specifications subject ~o change :without notice. 

Spe".ifications shown In boldface are tested on all .production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All min and max specifications are guarantcl,d, although 0n!y· those shown in boldface are tested on all production units. 

Model 
-~ 

AD596AH. 
ADS97AH 
ADS97AN2 
ADS97AR2 

NOTES 

ORDERING GUIDE 

Package Description 

T0-100 
T0-100 
Plastic DIP 
SOIC 

Package Option1 

H-lOA 
H-lOA 
N-8 
R-8 

1 For outline information see Package Information section. 
'Consult factory for availability. 
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AD596/AD597 
Thennocouple Typej AD596 TypeK AD597 Thermocouple Typej ADS96 TypeK AD597 
Temperature Voltage Output Voltage Output Temperature Voltage Output Voltage Output 
'C mV mV mV mV 'C mV mV mV mV 

- 200 - 7.890 -1370 - 5.891 -1446 500 27.388 5000 20.640 5066 
- 180 - 7.402 -1282 - 5.550 -1362 520 28.511 5203 21.493 5276 
- 160 - 6.821 -1177 - 5.141 -1262 540 29.642 5407 22.346 5485 
- 140 - 6.159 -1058 - 4.669 -1146 560 30.782 5613 23.198 5694 
- 120 - 5.426 - 925 - 4.138 -1016 580 31.933 5821 24.050 5903 

- 100 - 4.632 - 782 - 3.553 - 872 600 33.096 6031 24.902 6112 
- 80 -3.785• - 629 - 2.920 - 717 620 34.273 6243 25.751 6321 
- 60 - 2.892 - .468 - 2.243 - 551 640 35.464 6458 26.599 6529 
- 40 - 1.960 - 299 - 1.527 - 375 660 36.671 6676 27.445 6737 
- 20 - .995 - 125 - .777 - 191 680 37.893 6897 28.288 6944 

- lO - .501 - 36 - .392 - 96 700 39.130 7120 29.128 7150 
0 0 54 0 0 720 40.382 7346 29.965 7355 

10 .507 146 .397 97 740 41.647 7575 30.799 7560 
20 1.019 238 .798 196 750 42.283 7689 31.214 7662 
25 1.277 285 1.000 245 760 - - 31.629 7764 

30 1.536 332 1.203 295 780 - - 32.455 7966 
40 2.058 426 1.611 395 800 - - 33.277 8168 
50 2.585 521 2.022 496 820 - - 34.095 8369 
60 3.115 617 2.436 598 840 - - 34.909 8569 
80 4.186 810 3.266 802 860 - - 35.718 8767 

100 5.268 1006 4.095 1005 880 - - 36.524 8965 
120 6.359 1203 4.919 1207 900 - - 37.325 9162 
140 7.457 1401 5.733 1407 920 - - 38.122 9357 
160 8.560 1600 6.539 1605 940 - - 38.915 9552 
180 9.667 1800 7.338 1801 960 - - 39.703 9745 

200 10.777 2000 8.137 1997 980 - - 40.488 9938 
220 11.887 2201 8.938 2194 1000 - - 41.269 10130 
240 12.998 2401 9.745 2392 1020 - - 42.045 10320 
260 14.108 2602 10.560 2592 1040 - - 42.817 l05l0 
280 15.217 2802 11.381 2794 1060 - - 43.585 10698 

300 16.325 3002 12.207 2996 1080 - - 44.439 10908 
320 17.432 3202 13.039 3201 1100 - - 45.108 11072 
340 18.537 3402 13.874 3406 1120 - - 45.863 11258 
360 19.640 3601 14.712 3611 1140 - - 46.612 11441 
380 20.743 3800 15.552 3817 1160 - - 47.356 11624 

400 21.846 3999 16.395 4024 1180 - - 48.095 11805 
420 22.949 4198 17.241 4232 1200 - - 48.828 11985 
440 24.054 4398 18.088 4440 1220 - - 49.555 12164 
460 25.161 4598 18.938 4649 1240 - - 50.276 12341 
480 26.272 4798 19.788 4857 1250 - - 50.633 12428 

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +60°C, Vs = -511, + 15V) 

TEMPERATURE PROPORTIONAL OUTPUT MODE 
The AD596/AD597 can be used to generate a temperature pro
portional output of IOmV!°C when operated with J llQ.d K type 

thermocouples as shown in Figure I. Thermocouples produce 
low level output voltages which are a function of both the tem
perature being measured and the reference or cold junction 
temperature. The AD596/AD597 compensates for the cold junc
tion temperature and amplifies the thermocouple signal to produce 
a high level IOmV!°C voltage output which is a function only of 
the temperature being measured. The temperature stability of 
the part indicates the sensitivity of the output voltage to chaI1.ges 
in ambient or device temperatures. This is typically o.02°crc 
over the + 25°C to + IOO°C recommended ambient temperature 
raI1.ge. The parts will operate over the extended ambient tem
perature rllQ.geS from - 55°C to + 125°C, but thermocouple 
nonlinearity at the reference junction will degrade the temperature 
stability over this extended rllQ.ge. Table I is a list of ideal AD596/ 
AD597 output voltages as a function of Celsius temperature for 
type J and K ANSI standard thermocouples with package and 
reference junction at 60°C. As is normally the case, these outputs 
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CONSTANT AN 

(ALUMEL) 
IRON 
(CHROMEU + 15 

, ... 
OPTIONAL 

~~~~~ 10k 1M l'--+---~,,.._.r...~~ 
IOOk 

-15 

•H PACKAGE PINOUT SHOWN 

Figure 1. Temperature Proportional Output Connection 

are subject to calibration and temperature sensitivity errors. 
These tables are derived using the ideal transfer functions: 

AD596 output = (Type J voltage +301.5µ.V) x 180.57 
AD597 output = (Type K voltage) x 245.46 
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r.ANALOG 
WDEVICES 

FEATURES 
Instrumentation Amplifier Front End 
Loop-Powered Operation 
Precalibrated 30mV or 60mV Input Spans 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 

0-20mA Unipolar 
12±8mA Bipolar 

Precalibrated 1000 RTD Interface 
6.2V Reference with Up to 3.SmA of Current Available 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 

Self-Heating Errors 

PRODUCT DESCRIPTION 
The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a standard 4-20mA, two-wire current loop. An on-chip voltage 
reference and auxiliary amplifier are provided for transducer 
excitation; up to 3.SmA of excitation current is available when 
the device is operated in the loop-powered mode. Alternatively, 
the device may be locally powered for three-wire applications 
when 0-20mA operation is desired. 

Precalibrated 30mV and 60mV input spans may be set by simple 
pin strapping. Other spans from lmV to lOOmV may be realized 
with the addition of external resistors. The auxiliary amplifier 
may be used in combination with on-chip voltages to provide six 
precalibrated ranges for 1000 RTDs. Output span and zero are 
also determined by pin strapping to obtain the standard ranges: 
4-20mA, 12±8mA and 0-20mA. 

Active laser trimming of the AD693's thin-film resistors result 
in high levels of accuracy without the need for additional adjust
ments and calibration. Total unadjusted error is tested on every 
device to be less than 0.5% of full scale at + 25°C, and less than 
0. 75% over the industrial temperature range. Residual nonlinearity 
is under 0.05%. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 

For transmission of low-level signals from RTDs, bridges and 
pressure transducers, the AD693 offers a cost-effective signal 
conditioning solution. It is recommended as a replacement for 
discrete designs in a variety of applications in process control, 
factory automation and system monitoring. 

The AD693 is packaged in a 20-pin ceramic side-brazed DIP, 
20-pin Cerdip, and 20-pin LCCC and is specified over the - 40°C 
to + 85°C industrial temperature range. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Loop-Powered 4-20mA 
Sensor Transmitter 

AD693 I 
FUNCTIONAL BLOCK DIAGRAM 

P1 P2 

-AUX +AUX 75mV 1000 150mV COM 

PRODUCT HIGHLIGHTS 
1. The AD693 is a complete monolithic low-level voltage-to

current loop signal conditioner. 

2. Precalibrated output zero and span options include 
4-20mA, 0-20mA, and 12 ± 8mA in two- and three-wire 
configurations. 

3. Simple resistor programming adds a continuum of ranges to 
the basic 30mV and 60mV input spans. 

4. The common-mode range of the signal amplifier input extends 
from ground to near the device's operating voltage. 

5. Provision for transducer excitation includes a 6.2V reference 
output and an auxiliary amplifier which may be configured 
for voltage or current output and signal amplification. 

6. The circuit configuration permits simple linearization of 
bridge, RTD, and other transducer signals. 

7. A monitored output is provided to drive an external pass 
transistor. This feature off-loads power dissipation to extend 
the temperature range ofoperation, enhance reliability, and 
minimize self-heating errors. 

8. Laser-wafer trimming results in low unadjusted errors and 
affords precalibrated input and output spans. 

9. Zero and span are independently adjustable and noninteractive 
to accommodate (ransducers or user defined ranges. 

10. Six precalibrated temperature ranges are available with a 
1000 RTD via pin strapping. 
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SPECIFICATIONS (@ +25°C and Vs= +24V. Input Span= 30mV or 60mV, Output Span= 4-20mA, 
RL = 250!1, Ve,,. = 3.1V, with external pass transistor unless otherwise noted) 

AD693AD/AQ/AE 
Model Conditions Min Typ Max Units 

LOOP-POWERED OPERATION 

TOTAL UNADJUSTEDERROR1• 2 ±0.25 ±0.5 % Full Scale 
T min to T max ±0.4 ±0.75 %Ful1Scale 

1000 RTD CALIBRATION ERROR3 (See Fig. 17) ±0.5 ±2.0 "C 

LOOP POWERED OPERA TION2 

Zero Current Error4 Zero= 4mA ±25 ±80 µA 
Zero= 12mA ±40 ±120 µA 
Zero= OmA5 +7 +35 +100 µA 

vs. Temp. Zero= 4mA ±0.5 ± 1.5 µAl°C 
Power Supply Rejection (RTI) 12V sV 0rs36V6 ±3.0 ±5.6 µVIV 

OVsVcMs6.2V 
Common-Mode Input Range (See Fig. 3) 0 +Vor-4V6 v 
Common-Mode Rejection (RTI) ovsvCMs6.2V ± 10 ±30 µVIV 
Input Bias Current7 +5 +20 nA 

T min to T max +7 +25 nA 

Input Offset Current7 VsIG=O ±0.5 ±3.0 nA 

Transconductance 
Nominal 30m V Input Span 0.5333 AIV 

60m V Input Span 0.2666 AIV 
Unadjusted Error ±0.05 ±0.2 % 
vs. Common-Mode OVsVcMs6.2V 

30mV Input Span ±0.03 ±0.04 %IV 
60mV Input Span ±0.05 ±0.06 %IV 

Errorvs. Temp. ±20 ±SO pprn/"C 
Nonlinearity8 30mV InputSpan ±0.01 ±0.05 o/oofSpan 

60mV InputSpan ±0.02 ±0.07 o/oofSpan 

OPERATIONAL VOLTAGE RANGE 
Operational Voltage, V 0r 6 +12 +36 v 
Quiescent Current lntoPin9 +500 +700 µA 

OUTPUT CURRENT LIMIT +21 +25 +32 mA 

COMPONENTS OF ERROR 

SIGNAL AMPLIFIER9 

Input Voltage Offset ±40 ±200 µV 
vs. Temp ± 1.0 ±2.5 µV/°C 

Power Supply Rejection 12VsV0rs36V6 ±3.0 ±5.6 µVIV 
ovsvCMs6.2V 

V/ICONVERTER9 • IO 

Zero Current Error Output Span= 4-20mA ±30 ±80 µA 
Power Supply Rejection 12VsV0ps36V6 ± 1.0 ±3.0 µAIV 
Transconductance 

Nominal 0.2666 AN 
Unadjusted Error ±0.05 ±0.2 % 

6.200V REFERENCE9• 12 

Output Voltage Tolerance ±3 ±12 mV 
vs. Temp. ±20 ±50 ppm/°C 

Line Regulation 12VsV0rs36V6 ±200 ±300 µVIV 
Load Regulation 11 OmAsIREFs3mA ±0.3 ±0.75 mV/mA 
Output Current13 Loop Powered, (Fig. 10) +3.0 +3.5 mA 

3-WireMode,(Fig. 15) +5.0 mA 
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AD693 

AD693AD 
Model Conditions Min Typ Max 

AUXILIARY AMPLIFIER 
Common-Mode Range 0 +Vop-4V6 

Input Offset Voltage ±50 ±200 
Input Bias Current +5 +20 
Input Offset Current +0.5 ±3.0 
Common-Mode Rejection 90 
Power Supply Rejection 105 
Output Current Range Pin Ix OUT +0.01 +5 
Output Current Error PinVx -Pinlx ±0.005 

TEMPERATURE RANGE 
Case Operating14 Tmin toTmax -40 +85 
Storage -65 + 150 

NOTES 
1Total error can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted 
error sources are transconductance and nonlinearity. 

Units 

v 
µV 
nA 
nA 
dB 
dB 
mA 
% 

oc 
oc 

2The AD693 is tested as a loop powered device with the signal amp, VII converter, voltage reference, and application voltages 
operating together. Specifications are valid for preset spans and spans between 30mV and 60mV. 

3Error from ideal output assuming a perfect 1000 RTD at 0 and + lOO'C. 
4Refer to the Error Analysis to calculate zero current error for input spans less than 30m V. 
5By forcing the differential signal amplifier input sufficiently negative the 7µA zero current can always be achieved. 
6The operational voltage (V0 p) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in 
local power mode). For example, V0p~Vs - (IwopX RL) in two-wire mode (refer to Figure 10). 

7Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the 
invening input increases with input signal voltage, see Figure 2. 

8Nonlinearity is defined as the deviation of the output from a straight line connecting the endpoints as the input is swept over a 
30m V and 60mV input span. 

9Specifications for the individual functional blocks are components of error that contribute to, and that are included in, the Loop 
Powered Operation specifications. 

10Includes error contributions of VII convener and Application Voltages. 
llChanges in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will 

result in an error of 1 % in the value of the Zero Current. 
12If not used for external excitation, the reference should be loaded by approximately lmA (6.2k0 to common). 
13In the loop powered mode up to SmA can be drawn from the reference, however, the lower limit of the output span will be 

increased accordingly. 3.SmA is the maximum current the refer.ence can source while still maintaining a 4mA zero. 
14The AD693 is tested with a pass transistor so TA=Tc. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to 
calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are 
tested on all production units. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ..... 
Reverse Loop Current . . . . . . . . 
Signal Amp Input Range . . . . . . 
Reference Short Circuit to Common 
Auxiliary Amp Input Voltage Range 
Auxiliary Amp Current Output . . 
Storage Temperature . . . . . .. 
Lead Temperature, IOsec Soldering 
Max Junction Temperature . . ... 

Model 

AD693AD 
AD693AQ 
AD693AE 

ORDERING GUIDE 

Package 
Description 

Ceramic Side-Brazed DIP 
Cerdip 
Leadless Ceramic Chip 
Carrier (LCCC) 

+36V 
200mA 

-0.3V to V0 p 
Indefinite 

-0.3V to V0 p 
IOmA 

-65°C to + 150°C 
+300°C 
+ 150°C 

Package 
Option* 

D-20 
Q-20 
E-20A 

*For outline information see Package Information section. 
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AD693 PIN CONFIGURATION 
(AD, AW, AE Packages) 

Functional Diagram 
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Typical Characteristics 
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AD693 
FUNCTIONAL DESCRIPTION 
The operation of the AD693 can be understood by dividing the 
circuit into three functional parts (see Figure 9). First, an in
strumentation amplifier front-end buffers and scales the low-level 
input signal. This amplifier drives the second section, a VII 
converter, which provides the 4-to-20mA loop current. The 
third section, a voltage reference and resistance divider, provides 
application voltages for setting the various "live zero" currents. 
In addition to these three main sections, there is an on-chip 
auxiliary amplifier which can be used for transducer excitation. 

VOLTAGE-TO-CURRENT (VII) CONVERTER 
The output NPN transistor for the VII section sinks loop current 
when driven on by a high gain amplifier at its base. The input 
for this amplifier is derived from the difference in the outputs 
of the matched preamplifiers having gains, G2. This difference 
is caused to be small by the large gain, +A, and the negative 
feedback through the NPN transistor and the loop current 
sampling resistor between IIN and Boost. The signal across this 
resistor is compared to the input of the left preamp and servos 
the loop current until both signals are equal. Accurate voltage-to
current transformation is thereby assured. The preamplifiers 
employ a special design which allows the active feedback amplifier 
to operate from the most positive point in the circuit, IiN· 

The VII stage is designed to have a nominal transconductance of 
0.2666 A/V. Thus, a 7SmV signal applied to the inputs of the 
VII (Pin 16, noninverting; Pin 12, inverting) results in a full-scale 
output current of 20mA. 

The current limiter operates as follows: the output of the feedback 
preamp is an accurate indication of the loop current. This output 
is compared to an internal setpoint which backs off the drive to 
the NPN transistor when the loop current approaches 2SmA. As 
a result, the loop and the AD693 are protected from the conse
quences of voltage overdrive at the VII input. 

VOLTAGE REFERENCE AND DMDER 
A stabilized bandgap voltage reference and laser-trimmed resistor 
divider provide for both transducer excitation as well as pre
calibrated offsets for the VII converter. When not used for 
external excitation, the reference should be loaded by approxi
mately lmA (6.2k!l to common). 

The 4mA and 12mA taps on the resistor divider correspond to 
- lSmV and -4SmV, respectively, and result in a live zero of 
4mA or 12mA ofloop current when connected to the VII converter's 

V1N=O 

TO 30mV 

inverting input (Pin 12). Arranging the zero offset in this way 
makes the zero signal output current independent of input span. 
When the input to the signal amp is zero, the noninverting 
input of the VII is at 6.2V. 

Since the standard offsets are laser trimmed at the factory, 
adjustment is seldom necessary except to accommodate the zero 
offset of the actual source. (See "Adjusting Zero".) 

SIGNAL AMPLIFIER 
The Signal Amplifier is an instrumentation amplifier used to 
buffer and scale the input to match the desired span. Inputs 
applied to the Signal Amplifier (at Pins 17 and 18) are amplified 
and referred to the 6.2V reference output in much the same way 
as the level translation occurs in the VII converter. Signals from 
the two preamplifiers are subtracted, the difference is amplified, 
and the result is fed back to the upper preamp to minimize the 
difference. Since the two preamps are identical, this minimum 
will occur when the voltage at the upper preamp just matches 
the differential input applied to the Signal Amplifier at the left. 

Since the signal which is applied to the VII is attenuated across 
the two soon resistors before driving the upper preamp, it will 
necessarily be an amplified version of the signal applied between 
Pins 17 and 18. By changing this attenuation, you can control 
the span referred to the Signal Amplifier. To illustrate: a 7SmV 
signal applied to the VII results in a 20mA loop current. Nominally, 
ISmV is applied to offset the zero to 4mA leaving a 60mV range 
to correspond to the span. And, since the nominal attenuation 
of the resistors connected to Pins 16, l S and 14 is 2. 00, a 30m V 
input signal will be doubled to result in 20mA of loop current. 
Shorting Pins IS and 16 results in unity gain and permits a 
60mV input span. Other choices of span may be implemented 
with user supplied resistors to modify the attenuation. (See 
section "Adjusting Input Span".) 

The Signal Amplifier is specially designed to accommodate a 
large common-mode range. Common-mode signals anywhere up 
to and beyond the 6.2V reference are easily handled as long as 
VIN is sufficiently positive. The Signal Amplifier is biased with 
respect to VIN and requires about 3.5 volts of headroom. The 
extended range will be useful when measuring sensors driven, 
for example, by the auxiliary amplifier which may go above the 
6.2V potential. In addition, the PNP input stage will continue 
to operate normally with common-mode voltages of several 
hundred mV, negative, with respect to common. This feature 
accommodates self-generating sensors, such as thermocouples, 

Figure 9. Minimal Connection for 0-30mV Unipolar Input, 
4-20mA Output 
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which may produce small negative normal-mode signals as well 
as common-mode noise on "grounded" signal sources. 

AUXILIAllY AMPLIFIER 
The Auxiliary Amplifier is included in the AD693 as a signal 
conditioning aid. It can be used as an op amp in noninvening 
applications and has special provisions to provide a controlled 
current output. Designed with a differential input stage and an 
unbiased Class A output stage, the amplifier can be resistively 
loaded to common with the self-contained 1000 resistor or with 
a user supplied resistor. 

As a functional element, the Auxiliary Amplifier can be used in 
dynamic bridges and arrangements such as the RTD signal 
conditioner shown in Figure 17. It can be used to buffer, amplify 
and combine other signals with the main Signal Amplifier. The 
Auxiliary Amplifier can also provide other voltages for excitation 
if the 6.2V of the reference is unsuitable. Configured as a simple 
follower, it can be driven from a user supplied voltage divider 
or the precalibrated outputs of the AD693 divider (Pins 3 and 
4) to provide a stiff voltage output at less than the 6.2 level,, or 
by incorporating a voltage divider as feedback around the amplifier, 
one can gain-up the reference to levels higher than 6.2V. If 
large positive outputs are desired, Ix, the Auxiliary Amplifier 
output current supply, should be strapped to either VIN or 

APPLICATION EXAMPLES 

AD693 
Boost. Like the Signal Amplifier, the Auxiliary requires about 
3.SV of headroom with respect to VIN at its input and about 2V 
of difference between Ix and the voltage to which Vx is required 
to swing. 

The output stage of the Auxiliary Amplifier is actually a high 
gain Darlington transistor where Ix is the collector and Vx is 
the emitter. Thus, the Auxiliary Amplifier can be used as a Vil 
converter when configured as a follower and resistively loaded. 
Ix functions as a high-impedance current source whose current 
is equal to the voltage at V x divided by the load resistance. For 
example, using the onboard 1000 resistor and the 75mV or 
ISOmV application voltages, either a 7SOµA or 1.SmA current 
source can be set up for transducer excitation. 

The Ix terminal has voltage compliance within 2V of Vx. If the 
Auxiliary Amplifier is not to be used, then Pin 2, the noninvening 
input, should be grounded. 

REVERSE VOLTAGE PROTECTION FEATURE 
In the event of a reverse voltage bellw aPrilied to the AD693 
through a current-limited loop (limited to 200mA), an internal 
shunt .diode protects the device from damage. This protection 
mode avoids the compliance voltage penalty which results from 
a series diode that must be added if reversal protection is required 
in high-current loops. 

Figure 10. o to 104°C Direct Three-Wire 100fl RTD Interface, 4-20 mA Output 

Figure 11. Thermocouple Inputs with Cold Junction Compensation. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
4-20 mA, 0-20 mA Output Ranges 
Precalibrated Input Ranges: 

O V to 2 V, O V to 10 V 
Precision Voltage Reference 

Programmable to 2.000 V or 10.000 V 
Single or Dual Supply Operation 
Wide Power Supply Range: +4.5 V to +36 V 
Wide Output Compliance 
Input Buffer Amplifier 
Open-Loop Alarm 
Optional External Pass Transistor. to Reduce 

Self-Heating Errors 
0.002% typ Nonlinearity 

PRODUCT DESCRIPTION 
The AD694 is a monolithic current transmitter that accepts high 
level signal inputs to drive a standard 4-20 mA current loop for 
the control of valves, actuators, and other devices commonly 
used in process control. The input signal is buffered by an input 
amplifier that can be used to scale the input signal or buffer the 
output from a current mode DAC. Precalibrated input spans of 
0 V to 2 V and 0 V to 10 V are selected by simple pin strap· 
ping; other spans may be programmed with external resistor. 

The output stage compliance extends to within 2 V of Vs and its 
special design allows the output voltage to extend below com
mon in dual supply operation. An alarni warns of an open 4 .to 
20 mA loop or noncompliance of the output stage. 

Active laser trimming of the AD694's thin film resistors results 
in high levels of accuracy without the need for additional adjust
ments and calibration. An external pass transistor may be used 
with the AD694 to off-load power dissipation, extending the 
temperature range of operation. 

The AD694 is the ideal building block for systems requiring 
noise immune 4-20 mA signal transmission to operate valves, 
actuators, and other control devices, as well as for the transmis
sion of process parameters such as pressure, temperature, or 
flow. It is recommended as a replacement for discrete designs in 
a variety of applications in industrial process control, factory 
automation, and system monitoring. 

The AD694 is available in hermetically seaied, 16-pin cerdip and 
plastic SOIC, specified over the -40°C to +85°C industrial tem
perature range, and in a 16-pin plastic DIP, specified over the 
0 to + 70°C temperature range. 

*Protected by U.S. Patents: 30,586; 4,250,445; 4,857,862. 

This is an abridged data sheet. To obtain tbe most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 
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4-20 mA Transmitter 
AD694* I 

FUNCTIONAL BLOCKDIAGRAM. 

BWADJ 

Vos ADJ COM 4mA 4mA 
ON/OFF ADJ 

PRODUCT HIGHLIGHTS 
I. The AD694 is a complete voltage in to 4-20 mA out current 

transmitter. 

2. Pin programmable input ranges are pre-calibrated at 0 V to 
2 V and 0 V to 10 V. 

3. The input amplifier may be configured to buffer and scale 
the input voltage, or to serve as an output amplifier for cur-
rent output DACs. · 

4. The output voltage compliance extends to within 2 V of the 
positive supply and below common. When operated with a 
5 V supply, the output voltage compliance extends 30 V be
low common. 

5. TheAD694 interfaces directly to 8-, 10-, and 12-bit single 
supply CMOS and bipolar DACs. 

6. The 4.mA zero current may.be switched on and off with a 
TTL control pin, allowing 0-20 mA operation. 

7. An open collector alarm warns of loop failure due to open 
wires or noncompliance of the output stage. 

8. A monitored output is provided to drive an external pass 
transistor. The feature off-loads power dissipation to extend 
the temperature range of operation and minimize self-heating 
error. 
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SPECIFICATIONS{@ +25°C, RL = 250 n and V5 = +24 V, unless otherwise noted) AD694 

Model AD694JN/AQ/AR AD694BQ/BR 
Min Typ Max Min Typ Max Units 

INPUT CHARACTERISTICS 
Input Voltage Range -0.2 V5 -2.0V V5 -2.5 V -0.2 V5 -2.0 V V5 -2.5 V v 
Input Bias Current 

Either Input, T min to T max 1.5 5 1.5 5 nA 
Offset Current, T min to T max ±0.1 ±1 ±0.l ±1 nA 
Offset Current Drift ±1.0 ±5.0 ±1.0 ±5.0 pA/oC 

Input Impedance 5 5 MO 

OUTPUT CHARACTERISTICS 
Operating Current Range 0 23 0 23 mA 
Specified Performance 4 20 4 20 mA 
Output Voltage Compliance V5 -36 V V5 -2V V5 -36 V V5 -2 V v 
Output Impedance, 4-20 mA 40.0 50.0 40.0 50.0 MO 
Current Limit @' 2 x FS Overdrive 24 44 24 44 mA 
Slew Rate 1.3 1.3 mA/µs 

SPAN AND ZERO ACCURACY' 
4 mA Offset Error (w 0 V Input2 

Error from 4.000 mA, 4 mA On ±10 ±20 ±5 ±10 µA 
Error from 0.000 mA, 4 mA Off 0 +10 +20 0 +5 +10 µA 
Tmin to Tmax ±10 ±40 ±5 ±20 µA 
vs. Supply (2 V Span/JO V Span) 0.3/0.05 0.8/0.4 0.3/0.05 0.8/0.4 µA/V 
Trim Range, 4 mA Zero 2.0 4.8 2.0 4.8 mA 

Span 
Nominal Transfer Function 

Input FS = 2 V 8.0 8.0 mA/V 
Input FS = 10 V 1.6 1.6 mA/V 

Transfer Function Error from Norn, 
Input FS = 2 V, 10 V ±0.l ±0.3 ±0.05 ±0.15 % of Span 
Tmin to Tmax ±0.002 ±0.005 ±0.001 ±0.0025 % of Span/°C 
vs. Supply ±0.001 ±0.005 ±0.001 ±0.005 % of Span/V 
N onlinearity3 ±0.005 ±0.015 ±0.001 ±0.005 % of Span 

4 mA On: Max Pin 9 Voltage 0.8 0.8 v 
4 mA Off: Min Pin 9 Voltage 3.0 2.5 3.0 2.5 v 

VOLT AGE REFERENCE 
Output Voltage: 10 V Reference 9.960 10.000 10.040 9.980 10.000 10.020 v 
Output Voltage: 2 V Reference 1.992 2.000 2.008 1.996 2.000 2.004 v 

Tm.in to Tmax 
4 30 50 20 30 pprn/oc 

vs. Load, VREF = 2 V, 10 V 0.15 0.50 0.15 0.50 mV/mA 
vs. Supply, VREF = 2 V, 10 V ±0.001 ±0.005 ±0.001 ±0.005 %N 
Output Current 

Source 5 5 mA 
Sink 0.2 0.2 mA 

ALARM CHARACTERISTICS 
VcECSATJ@ 2.5 mA 0.35 0.35 v 
Leakage Current ±1 ±1 µA 
Alarm Pin Current (Pin 10) 20 20 mA 

POWER REQUIREMENTS 
Specified Performance 24 24 v 
Operating Range 

2 v FS, VREF = 2 v 4.5 36 4.5 36 v 
2 v, 10 v FS, VREF = 2 V, 10 v 12.5 36 12.5 36 v 

Quiescent Current, 4 mA Off 1.5 2.0 1.5 2.0 mA 

TEMPERATURE RANGE 
Specified Performance5 AD694AQ/BQ/AR/BR -40 +85 -40 +85 oc 

AD694JN 0 +70 0 +70 oc 
Operating AD694AQ/BQ/ AR/BR -55 + 125 -55 + 125 oc 

AD694JN -40 +85 -40 +85 oc 
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AD694 
Model AD694JN/AQ/AR AD694BQ/BR 

Min Typ Max Min Typ Max Units 

BUFFER AMPLIFIER6 

Input Offset Voltage 
Initial Offset ±150 ±500 ±SO ±500 µV 
Tmin to Tmax ±2 ±3 ±2 ±3 µVl°C 
vs. Supply 80 90 80 90 dB 
vs. Common Mode 80 90 80 90 dB 
Trim Range ±2.S ±4.0 ±2.S ±4.0 mV 

Frequency Response 
Unity Gain, Small Signal 300 300 kHz 

Input Voltage Noise (0.1 to 10 Hz) 2 2 µV P--P 
Open-Loop Gain 

V0 = +lOV, RL 2: lOkfi 50 50 V/mV 
Output Voltage@ Pin 1, FB1 

Minimum Output Voltage 1.0 10 1.0 10 mV 
Maximum Output Voltage Vs-2.5 V Vs-2V Vs-2.5 V Vs-2 V v 

NOTES 
1The single supply op amps of the AD694, lacking pull down current, may not reach 0.000 V at their outputs. For this reason, span, offset, and nonlinearity are 
specified with the input amplifiers operating in their linear range. The input voltage used for the tests is 5 m V to 2 V and 5 m V to I 0 V for the two pre
calibrated input ranges. Span and zero accuracy are tested with the buffer amplifier configured as a follower. 

'Offset at 4 mA out and 0 mA out are extrapolated to 0.000 V input from measurements made at 5 mV and at full scale. See Note I. 
3Nonlinearity is specified as the maximum deviation of the output, as a % of span, from a straight line drawn through the endpoints of the transfer function. 
4Voltage reference drift guaranteed by the Box Method. The voltage reference output over temperature will fall inside of a box whose length is determined by 
the temperature range and whose height is determined by the maximum temperature coefficient multiplied by the temperature span in degrees C. 

5Devices tested at these temperatures with a pass transistor. Allowable temperature range of operation is dependent upon internal power dissipation. Absolute 
maximum junction and case temperature should not be exceeded. See section: "Power Dissipation Considerations." 

6Buffer amplifier specs for reference. Buffer amplifier offset and drift already included in Span and Zero accuracy specs above. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . + 36 V 
Vs to IouT ............................. +36 V 
Input Voltage, (Either Input Pin 2 or 3) .... -0.3 V to +36 V 
Reference Short Circuit to Common ........... Indefinite 
Alarm Voltage, Pin 10 ...................... +36 V 
4 mA Adj, Pin 6 ........................... + 1 V 
4 mA On/Off, Pin 9 .................... 0 V to 36 V 
Storage Temperature Range 

AD694Q ..................... -65°C to + 1S0°C 
AD694N, R ................... -65°C to + 125°C 

Lead Temperature, 10 sec Soldering ............ + 300°C 
Maximum Junction Temperature ............... + 1S0°C 
Maximum Case Temperature 

Plastic Package (N, R) .................. + 125°C 
Cerdip Package (Q) .................... + 125°C 

Transistor Count: .................. 75 Active Devices 
Substrate Connection: .................. to Com, Pin 5 

Thermal Characteristics: 
Plastic (N) Package: 01c = S0°C/Watt 

0cA (Still Air) = 85°C/Watt 
Cerdip (Q) Package: 01c = 30°C/Watt 

0cA (Still Air) = 70°C/Watt 
Plastic (R) Package: 01c = 27°C/Watt 

OcA (Still Air) = 73°C/Watt 

ESD Susceptibility 
All pins are rated for a minimum of 4000 V protection, except 
for Pins 2, 3 and 9 which are rated to survive a minimum of 
1500 V. ESD testing conforms to Human Body Model. Always 
practice ESD prevention. 

No pin, other than IouT (11) and ±Sig (2), (3) as noted, may be permitted to become more negative than Com (5). No pin may be 
permitted to become more positive than Vs (13). 

PIN CONFIGURATION (N, R, Q Package) 

FB Vos ADJl,IST 

-SIG Vos ADJUST 

+SIG BWADJUST 

2VFS Vs 

COM BOOST 

4mAADJUST lour 

10V(FORCE) ALARM 

2V(SENSE) 4mAON/OFF 

19--26 SENSORS AND SIGNAL CONDITIONERS 

ORDERING GUIDE 

Temperature Package 
Model Range Options* 

AD694JN 0°C to +70°C N-16 
AD694AQ -40°C to + 8S°C Q-16 
AD694AR -40°C to +8S°C R-16 
AD694BQ -40°C to + 85°C Q-16 
AD694BR -40°C to +8S°C R-16 

*N = Plastic DIP; Q = Cerdip; R = SOIC. For 
outline information see Package Information 
section. 
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FUNCTIONAL DESCRIPTION 
The operation of the AD694 can best be understood by dividing 
the circuit into three functional parts (see Figure 1). First, a 
single supply input amplifier buffers the high level, single-ended 
input signal. The buffer amplifier drives the second section, a lln 
voltage to current (Vil) converter, that makes a 0 to 16 mA sig- m 
nal dependent current. 

The third section, a voltage reference and offset generator, is 
responsible for providing the 4 mA offset current signal. 

BUFFER AMPLIFIER 
The buffer amplifier is a single supply amplifier that may be 
used as a unity gain buffer, an output amplifier for a current 
output DIA converter, or as a gain block to amplify low level 
signals. The amplifier's PNP input stage has a common-mode 
range that extends from a few hundred m V below ground to 
within 2.5 V of Vs· The Class A output of the amplifier appears 
at Pin 1 (PB). The output range extends from about 1 mV 
above common to within 2.5 V of Vs when the amplifier is op
erated as a follower. The amplifier can source a maximum load 
of 5 kO, but can sink only as much as its internal 10 kO pull
down resistor allows. 
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AD694 
VII CONVERTER 
The ground referenced, input signal from the buffer amplifier is 
converted to a 0 to 0. 8 mA current by AZ and level shifted to 
the positive supply. A current mirror then multiplies this signal 
by a factor of ZO to make the signal current of 0 to 16 mA. This 
technique allows the output stage to drive a load to within Z V 
of the positive supply (V sl· Amplifier AZ forces the voltage at 
Pin I across resistors RI and RZ by driving the Darlington tran
sistor, QZ. The high gain Darlington transmits the resistor cur
rent to its collector and to R3 (900 0). A3 forces the level 
shifted signal across the 45 {} resistor to get a current gain of 
ZO. The transfer function of the V/I stage is therefore: 

lour = (20 X V<PINI!) I (RI + R2) 

resulting in a 0--16 mA output swing for a 0--10 V input. Tying 
Pin 4 (2 V FS) to ground shorts out R2 and results in a 2 V 
full-scale input for a 16 mA output span. 

The output stage of the V /I converter is of a unique design that 
allows the louT pin to drive a load below the common (sub
strate) potential of the device. The output transistor can always 
drive a load to a point 36 V below the positive supply (V 8). An 
optional NPN pass transistor can be added to transfer most of 
the power dissipation off-chip, to extend the temperature range 
of operation. 

The output stage is current-limited at approximately 38 mA to 
protect the output from an overdrive at its inputs. The V/I will 
allow linear operation to approximately Z4 mA. The V/I con
verter also has an open collector alarm (Pin 10) which warns of 
open-circuit condition at the louT pin or of attempts to drive 
the output to a voltage greater than Vs - Z V. 

4 mA OFFSET GENERATOR 
This circuit converts a constant voltage from the voltage refer
ence to a constant current of approximately ZOO µA. This cur
rent is summed with the signal current at Pin 14 (BW Adjust), 
to result in a constant 4 mA offset current at louT- The 4 mA 
Adj (Pin 6) allows the offset current to be adjusted to any cur
rent in the range of Z mA to 4.8 mA. Pin 9 (4 mA On/Off) can 
shut off the offset current completely if it is lifted to 3.0 V or 
more, allowing 0 to ZO mA operation of the AD694. In normal 
4-ZO mA operation, Pin 9 is connected to ground. 

10V 
VOLTAGE 

REFERENCE 

V1N :OT010V 

VOLTAGE REFERENCE 
A Z V or 10 V voltage reference is available for user applica
tions, selectable by pin-strapping. The IO V option is available 
for supply voltages greater than IZ.5 V, the Z V output is avail
able over the whole 4.5 V - 36 V power supply range. The ref
erence can source up to 5 mA for user applications. A boost 
transistor can be added to increase the current drive capability 
of the Z V mode. 

APPLYING THE AD694 
The AD694 can ea,sily be connected for either dual or single 
supply operation, to operate from supplies as low as 4.5 V and 
as high as 36 V. The following sections describe the different 
connection configurations, as well as adjustment methods. 
Table I shows possible connection options. 

Table I. Precalibrated Ranges for the AD694 

Input Output Voltage Min 
Range Range Reference Vs Pin 9 Pin4 

0--Z v 4-20 mA ZV 4.5 v Pin 5 Pin 5 
0--lOV 4-20 mA 2V lZ.5 v Pin S Open 
0--2.5 v 0--ZO mA ZV 5.0 v 2'3 v Pin 5 
0--lZ.5 v 0--ZO mA ZV 15.0 v 2'3 v Open 
0--2 v 4-20 mA 10 v lZ.5 v Pin 5 Pin 5 
0--lOV 4-ZO mA lOV lZ.5 v Pin 5 Open 
0--2.5 v 0--ZO mA 10 v lZ.5 v 2'3 v Pin 5 
0--12.5 v 0--ZO mA 10 v 15.0 v 2'3 v Open 

BASIC CONNECTIONS: 12.5 V SINGLE SUPPLY 
OPERATION WITH 10 V FS 

Pin 8 

Pin 7 
Pin 7 
Pin 7 
Pin 7 
Open 
Open 
Open 
Open 

Figure Z shows the minimal connections required for basic oper
ation with a +IZ.5 V power supply, 10 V input span, 4-ZO mA 
output span, and a 10 V voltage reference. The buffer amplifier 
is connected as a voltage follower to drive the V /I converter by 
connecting FB (Pin I) to -Sig (Pin Z). 4 mA On/Off (Pin 9) is 
tied to ground (Pin 5) to enable the 4 mA offset current. The 
AD694 can drive a maximum load RL = [Vs - Z VJ I 20 mA, 
thus the maximum load with a 12.S V supply is 5Z5 n. 

Figure 2. Minimal Connections for 0-10 V Single-Ended Input, 4-20 mA Output, 10 V Reference Output 
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SELECTING A 2 V FULL-SCALE INPUT 
The 2 V full-scale option is selected by shorting Pin 4 (2 V FS) 
to Pin 5 (Common). The connection should be as short as possi
ble; any parasitic resistance will affect the precalibrated span 
accuracy. 

SELECTING THE 2 V VOLTAGE REFERENCE 
The voltage reference is set to a 2 V output by shorting Pin 7 
to Pin 8 (10 V Force to 2 V Sense). If desired, the 2 V ref
erence can be set up for remote force aild sense connection. 
Keep in mind that the 2 V Sense line carries a constant current 
of 100 µA that could cause an offset error over long wire runs. 
The 2 V reference option can be used with all supply voltages 
greater than 4.5 V. 

An NPN boost transistor can be added in the 2 V mode to in
crease the current drive capability of the 2 V reference. The 
l 0 V force pin is connected to the base of the NPN, and the 
NPN emitter is connected to the 2 V sense pin. The minimum 
Vs of the part increases by approximately 0. 7 V. 

4.5 V SINGLE SUPPLY OPERATION 
For operation with a +4.5 V power supply, the input span and 
the voltage reference output must be reduced to give the ampli
fiers their required 2.5 V of head room for operation. This is 
done by adjusting the AD694 for 2 V full-scale input, and a 
voltage reference output of 2 V as described above. 

GENERAL DESIGN GUIDELINES 
A 0.1 µF decoupling capacitor is recommended in all applica
tions from Vs (Pin 13) to Com (Pin 5). Additional components 
may be required if the output load is nonresistive, see section on 
driving nonresistive loads. The buffer amplifier PNP inputs 
should not be ·brought more than -0.3 v of common, or they 
will begin to source large amounts of current. Input protection 
resistors must be added to the inputs if there is a danger of this 
occurring. The output of the buffer amplifier, Pin l (FB), is not 
short circuit protected. Shorting this pin to ground or Vs with a 
signal present on the amplifier may damage it. Input signals 
should not drive Pin l (FB) directly; always use the buffer am
plifier to buffer input signals. 

DRIVING NONRESISTIVE LOADS 
The AD694 is designed to be stable when driving resistive 
loads. Adding a 0.01 µF capacitor from IouT (Pin 11) to Com 
(Pin 5), as shown in Figure 3, insures the stability of the AD694 
when driving inductive or poorly defined loads. This capacitor is 
recommended when there is any uncertainty as to the character
istics of the load. 

02 

Figure 3. Capacitor Utilized When Driving Nonresistive 
Loads; Protection Diodes Used When Driving Inductive 
Loads 
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AD694 
Additional protection is recommended when driving inductive 
loads. Figure 3 shows two protective diodes, DI and D2, added 
to protect against voltage spikes that may extend above Vs or 
below common that could damage the AD694. These diodes 
should be lised in addition to the 0.01 µF capacitor. When the 
optional NPN transistor is used, the capacitor and diodes should 
connect to the NPN emitter instead of Pin 11. 

()-20 mA OPERATION 
A ()-20 mA output range is available with the AD694 by remov
ing the 4 mA offset current with the 4 mA On/Off pin. In nor
mal 4--20 mA operation 4 mA On/Off (Pin 9) is tied to ground, 
enabling the 4 mA offset current. Tying Pin 9 to a potential of 
3 V or greater turns off the 4 mA offset current; conne~'ting Pin 
9 to the 10 V reference, the positive supply, or a TTL control 
pin, is a convenient way to do this. In ()-20 mA mode the input 
span is increased by 20%, thus the precalibrated input spans of 
2 V and 10 V become 2.5 V and 12.5 V. Minimum supply volt
ages for the two spans increase to 5 V and 15 V. 

The 4 mA On/Off pin may also be used as a "jiggle pin" to un
stick valves or actuators, or as a way to shut off a 4--20 mA loop 
entirely. Note that the pin only removes the 4 mA offset and 
not the signal current. 

DUAL SUPPLY OPERATION 
Figure 4 shows the AD694 operated in dual supply mode. (Note 
that the pas.s transistor is shown for illustration and is not re
quired for dual supply operation.) The device is powered com
pletely by the positive supply which may be as low as 4.5 V. 
The unique design of the output stage allows the IouT pin to 
extend below common to a negative supply. The output stage 
can source a current to a point 36 V below the. positive supply. 
For example, when operated with a + 12.5 V supply, the AD694 
can source a current to a point as low as 23.5 V belo\!( common. 
This feature can simplify the interface to dual supply D/ A con
verte!"S by eliminating grounding and level-shifting problems 
while increasing the load that the transmitter is able to drive. 
Note that the IouT pin is the only pin that should be allowed to 
extend lower than -0.3 V of common. 

OPERATION WITH A PASS TRANSISTOR 
The AD694 can operate as a stand-alone 4--20 mA converter 
with no additional active components. However, provisions have 
been made to connect IouT to the base of an external NPN pass 
transistor as shown in Figure 4. This permits a majority of the 
power dissipation to be moved off-chip to enhance performance 
and extend the temperature range of operation. Note that the 
positive output voltage compliance is reduced by approximately 
0. 7 V, the V BE of the pass device. A 50 n resistor should be 
added in series with the pass transistor collector, when the 
AD694 is operated with dual supplies, as shown in Figure 4. 
This will not reduce the voltage compliance of the output stage. 

The external pass transistor selected should have a BV CEO 

greater than the intended supply voltage with a sufficient power 
rating for continuous operation with 25 mA current at the sup
ply voltage. Ft should be in the 10 MHz to 100 MHz range and 
13 should be greater than 10 at a 20 mA emitter current. Heat 
sinking the external pass transistor is suggested. 
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AD694 

VIN :OT010V 

APPLICATION EXAMPLE 

+V, 

Vs= +12.SVTO +36V 

-VEE FROM 
-23.5V TO OV 

TO 
PINS 

*RESISTOR REQ.UIRED 
ONLY WHEN OPERATING 
WITH DUAL SUPPLIES. 

Figure 4. Using Optional Pass Transistor to Minimize Self
Heating Errors; Dual Supply Operation Shown 

20k 

20k 

COM 

c 

Figure 5. Low Cost Sensor Transmitter 
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WDEVICES 

Voltage Output Temperature Sensor 
with Signal Conditioning 

FEATURES 
200°C Temperature Span 
Accuracy Better than ±2% of Full Scale 
Linearity Better than ±1 % of Full Scale 
Temperature Coefficient of 22.5 mV/°C 
Output Proportional to Temperature x V+ 
Single Supply Operation 
Reverse Voltage Protection 
Minimal Self Heating 
High Level, Low Impedance Output 

APPLICATIONS 
HVAC Systems 
System Temperature Compensation 
Board Level Temperature Sensing 
Electronic Thermostats 

MARKETS 
Industrial Process Control 
Instrumentation 
Automotive 

GENERAL DESCRIPTION 
The AD22100 is a monolithic temperature sensor with on-chip 
signal conditioning. It can be operated over the temperature 
range -50°C to + l 50°C, making it ideal for use in numerous 
HV AC, instrumentation and automotive applications. 

The signal conditioning eliminates the need for any trimming, 
buffering or linearization circuitry, greatly simplifying the system 
design and reducing the overall system cost. 

The output voltage is proportional to the temperature times the 
supply voltage (ratiometric). The output swings from 0.25 Vat 
-50°C to +4.75 Vat +150°C using a single +5.0 V supply. 

Due to its ratiometric nature, the AD22 l 00 offers a cost effec
tive solution when interfacing to an analog-to-digital converter. 
This is accomplished by using the ADC's +5 V power supply as 
a reference to both the ADC and the AD22100 (See Figure 1), 
eliminating the need for and cost of a precision reference. 

*Protected by U.S. Patent Nos. 5030849 and 5243319. 
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AD22100* I 
SIMPLIFIED BLOCK DIAGRAM 

V+ 

+5V 

,.-----------9-----l J REFERENCE 

AD22100 SIGNAL OUTPUT 
DIRECT TO ADC 

-S0°C TO + 1so0 c 

ANALOG TO 
DIGITAL 

CONVERTER 

Figure 1. Application Circuit 
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A0221 DO-SPEC If I CATIONS (TA= +WC and V+= +4 Vto +& Vunless otherwise noted) 

AD22100K AD22100A AD22100S 
Pahmeter '• Min Typ Max Min Typ Max Min Typ Max Units 

TRANSFER FUNCTION VciUT = (V+/5 V) x [1.375 V + (22.5 mV/°C) x TA] v 
TEMPERATURE COEFFICIENT (V+/5 V) x 22.5 mV/°C 

TOTAL ERROR 
Initial Error 

TA= +25°C ±0.5 ±2.0 ±1.0 ±2.0 ±1.0 ±2.0 oc 
Error over Temperature 

TA =TMIN ±0.75 ±2.0 ±2.0 ±3.7 ±3.0 ±4.0 oc 

TA =TMAX ±0.75 ±2.0 ±2.0 ±3.0 ±3.0 ±4.0 oc 
Nonlinearity 

TA= TMJNtOTMAX 0.5 0.5 1.0 % F,S1 

OUTPUT CHARACTERISTICS 
Nominal Output Voltage 

V+ = 5.0V, TA= 0°C 1.375 v 
V+ = 5.0 V, TA= +100°c 3.625 v 
V+ = 5.0 V, TA = --40°C 0.475 v 
V+ = 5.0 V, TA= +85°C 3.288 v 
V+ = 5.0 V, TA= -50°C 0.250 v 
V+ = 5.0V, TA= +150°C 4.750 v 

POWER SUPPLY 
Operating Voltage +4.0 +5.0 +6.0 +4.0 +5.0 +6.0 +4.0 +5.0 +6.0 v 
Quiescent Current 500 650 500 650 500 650 µA 

TEMPERATURE RANGE 
Guaranteed Temperature Range. 0 +100 -40 +85 -50 +150 oc 
Operating Temperature Range -50 +150 -50 +150 -50 +150 oc 

PACKAGE T0-92 T0~92 T0-92 
sore sore sore 

Specificatio1;1s subject to change without notice. 

CHIP SPECIFICATIONS (TA= +25°C and V+ = +5.0 Vunless otherwise noted) 

Parameter Min Typ Max Units 

TRANSFER FUNCTION VoUT = (V+/5 V) x [1.375 + 22.5 mV/°C xT.J v 
TEMPERATURE COEFFICIENT (V+/5 V) x 22.5 mV/°C 

OUTPUT CHARACTERISTICS 
Error 

TA= +25°C ±0.5 ±2.0 oc 
Nominal Output Voltage 

TA = +25°C 1.938 v 
POWER SUPPLY 

Operating Voltage +4.0 +5.0 +6.0 v 
Quiescent Current 500 650 µA 

TEMPERATURE RANGE 
Guaranteed Temperature Range 25°C oc 
Operating Temperature Range -50 +150 oc 

NOTES 
1FS (Full Scale) is defined as that of the operating temperature range, -50°C to +150°C. The listed mai< specification limit applies to the guaranteed temperature 
range. For example, the AD22100K has a nonlinearity of (0.5%) x (200°C) = I 'Cover the guaranteed temperature range of O'C to +!OO'C. 

Specifications subject to change without notice. 
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AD22100 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ................................ +10 V 
Reversed Continuous Supply Voltage ............... -10 V 
Operating Temperature ................ -50°C to +150°C 
Storage Temperature ................... -65°C to +160°C 

Mnemonic 

PIN DESCRIPTION 

Function 

Power Supply Input 
Device Output 

Output Short Circuit to V + or Ground ........... Indefinite 
Lead Temperature (Soldering, 10 sec) ............. +300°C 

V+ 
Vo 
GND 
NC 

Ground Pin must be connected to 0 V. 
No Connect 

'Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated in the 
operation sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ORDERING GUIDE 

Guaranteed 
Temperature Package 

Model/Grade Range Description' 

AD22100 KT 0°c ro 100°c T0-92 
AD22100 KR 0°c to 100°c sore 
AD22100 AT -40°C to +85°C T0-92 
AD22100 AR -40°C to +85°C sore 
AD22100 ST -so0 c to + 1 so0 c T0-92 
AD22100 SR -50°C to + l 50°C sore 
AD22 l OOKChips +25°C NIA 

NOTES 
1 Minimum purchase quantities of 100 pieces for all chip orders. 
2For outline information see Package Information section. 

Package 
Option2 

T0-92 
S0-8 

T0-92 
S0-8 

T0-92 
S0-8 

NIA 

PIN CONFIGURATIONS 
T0-92 

BOTTOM VIEW 
(Not to Scale) 

PIN 2 PIN 1 

D D 
V0 V+ 

SOIC 

NC = NO CONNECT 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BSD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD22100 features proprietary BSD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper BSD 
precautions are recommended to avoid performance degradation or loss of functionality. 

Typical Performance Curves 
16 

14 
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12 

V(SOIC) 

_2(T0·92) 

~ 
"10 
ell 

.1.~ 
b b.. 
l ~ 

f-''.lJC) 
2 

0 400 800 1200 400 800 1200 
FLOW RATE - CFM FLOW RATE - CFM 

Figure 2. Thermal Response vs. Flow Rate Figure 3. Thermal Resistance vs. Flow Rate 
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AD22100 
THEORY OF OPERATION 
The AD22100 is a ratiometric temperature sensor IC whose 
output voltage is proportional to power supply voltage. The 
heart of the sensor is a proprietary temperature-dependent resis
tor, similar to an RTD, which is built into the IC. Figure 4 
shows a simplified block diagram of the AD22100. 

V+ 

Figure 4. Simplified Block Diagram 

The temperature-dependent resistor, labeled Rr, exhibits a 
change in resistance that is nearly linearly proportional to tem
perature. This resistor is excited with a current source that is 
proportional to power supply voltage. The resulting voltage 
across R r is therefore both supply voltage proportional and lin
early varying with temperature. The remainder of the AD22100 
consists of an op amp signal conditioning block that takes the 
voltage across R r and applies the proper gain and offset to 
achieve the following output voltage function: 

VouT = (V+/5 V) x [l.375 V + (22.5 m V/0 C) x TA] 

ABSOLUTE ACCURACY AND NONLINEARITY 
SPECIFICATIONS 
Figure 5 graphically depicts the guaranteed limits of accuracy· 
for the AD22 l 00 and shows the performance of a typical part. 
As the output is very linear, the major sources of error are offset, 
i.e., error at room temperature, and span error, i.e., deviation 
from the theoretical 22.5 mV/°C. Demanding applications can 
achieve improved performance by calibrating these offset and 
gain errors so that only the residual nonlinearity remains as a 
significant source of error. 

!' 1 
I 

I 0 

w -1 i--~-r~-t-'-'-'-"'f"-"'"'f"-'---i-"'""-1----;l;;;o......, 

50 100 150 
TEMPERATURE - °C 

Figure 5. Typical AD22100 Performance 
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OUTPUT STAGE CONSIDERATIONS 
As previously stated, the AD22 l 00 is a voltage output device. A 
basic understanding of the nature of its output stage is useful for 
proper application. Note that at the nominal supply voltage of 
5.0 V, the output voltage extends from 0.25 V at -50°C to 
+4.75 Vat +150°C. Furthermore, the AD22100 output pin is 
capable of withstanding an indefinite short circuit to either 
ground or the power supply. These characteristics are provided 
by the output stage structure shown in Figure 6. 

Figure 6. Output Stage Structure 

The active portion of the output stage is a PNP transistor with 
its emitter connected to the V + supply and collector connected 
to the output node. This PNP transistor sources the required 
amount of output current. A limited pull-down capability is 
provided by a fixed current sink of about ~so µA. (Here, 
"fixed" means the current sink is fairly insensitive to either sup
ply voltage or output loading conditions. The current sink ca
pability is a function of temperature, . increasing its pull-down 
capability at lower temperatures.) 

Due to its limited current sinking ability, the AD22100 is inca
pable of driving loads to the V + power supply and is instead in
tended to drive grounded loads. A typical value for .short circuit 
current limit is 7 mA, so devices can reliably source 1 mA or 
2 mA. However, for best output voltage accuracy and minimal 
internal self-heating, output current should be kept below I mA. 
Loads connected to the V+ power supply should be avoided as 
the current sinking capability of the AD22 l 00 is fairly limited. 
These considerations are typically not a problem when driving 
a microcontroller analog to digital converter input pin (see 
MICROPROCESSOR AID INTERFACE ISSUES). 

RATIOMETRICITY CONSIDERATIONS 
The AD22 l 00 will operate with slightly better accuracy than 
that listed in the data sheet specifications if the power supply is 
held constant. This is because the AD22100's output voltage 
varies with both temperature and supply voltage, with ·some 
errors. The ideal transfer function describing the output 
voltage is: 

(V+/5 V) x [l .375 V + (22.5 m Vl°C) x TA] 

The ratiometricity error is defined as the percent change away 
from the ideal transfer function as the power supply voltage 
changes within the operating range of +4 V to +6 V. For the 
AD22100 this error is typically less than 1 %. A movement from 
the ideal transfer function by 1 % at +25°C, with a supply volt
age varying from 5 .0 V to 5 .50 V, results in a I. 94 m V change in 
output voltage or 0.08°C error. This error term is greater at 
higher temperatures because the output (and error term) is di
rectly proportional to temperature. At l 50°C, the error in out
put voltage is 4.75 mV or O.l 9°C. 
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For example, with Vs= 5.0 V, and TA= +25°C, the nominal 
output of the AD22100 will be 1.9375 V. At Vs= 5.50 V, the 
nominal output will be 2.1313 V, an increase of 193.75 mV. 
A proportionality error of 1 % is applied to the 193.75 mV, 
yielding an error term of 1.9375 mV. This error term translates 
to a variation in output voltage of 2.1293 V to 2.3332 V. A 
1.94 mV error at the output is equivalent to about 0.08°C error 
in accuracy. 

If we substitute l 50°C for 25°C in the above example, then the 
error term translates to a variation in output voltage of 5.2203 V 
to 5.2298 V. A 4.75 mV error at the output is equivalent to 
about O. l 9°C error in accuracy. 

MOUNTING CONSIDERATIONS 
If the AD22 l 00 is thermally attached and properly protected, it 
can be used in any measuring situation where the maximum 
range of temperatures encountered is between -50°C and 
+ 150°C. Because plastic IC packaging technology is employed, 
excessive mechanical stress must be avoided when fastening the 
device with a clamp or screw-on heat tab. Thermally conduc
tive epoxy or glue is recommended for typical mounting condi
tions. In wet or corrosive environments, an electrically isolated 
metal or ceramic well should be used to shield the AD22100. 
Because the part has a voltage output (as opposed to current), it 
offers modest immunity to leakage errors, such as those caused 
by condensation at low temperatures. 

THERMAL ENVIRONMENT EFFECTS 
The thermal environment in which the AD22100 is used deter
mines two performance traits: the effect of self-heating on accu
racy and the response time of the sensor to rapid changes in 
temperature. In the first case, a rise in the IC junction tempera
ture above the ambient temperature is a function of two vari
ables; the power consumption of the AD22 l 00 and the thermal 
resistance between the chip and the ambient environment 01A· 
Self-heating error in °C can be derived by multiplying the power 
dissipation by e1A. Because errors of this type can vary widely 
for surroundings with different heat sinking capacities, it is nec
essary to specify e1A under several conditions. Table I shows 
how the magnitude of self-heating error varies relative to the en
vironment. A typical part will dissipate about 2.2 mW at room 
temperature with a 5 V supply and negligible output loading. In 
still air, without a "heat sink," the table below indicates a 01A of 
190°C/W, yielding a temperature rise of 0.4°C. Thermal rise 
will be considerably less in either moving air or with direct 
physical connection to a solid (or liquid) body. 

Table I. Thermal Resistance (T0-92) 

Medium OJA (°C/Watt) 't (sec)* 

Aluminum Block 60 2 
Moving Air** 
Without Heat Sink 75 3.5 

Still Air 
Without Heat Sink 190 15 

*The time constant 't is defined as the time to reach 63.2% of the final 
temperature change. 

**1200 CFM. 
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AD22100 
Response of the AD22100 output to abrupt changes in ambient 
temperature can be modeled by a single time constant t expo
nential function. Figure 7 shows typical response time plots for 
a few media of interest. 

100 r717"T-1""""r1-i:=i:::=r="'!""1 
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Figure 7. Response Time 

The time constant t is dependent on 01A and the thermal 
capacities of the chip and the package. Table I lists the effec
tive t (time to reach 63.2% of the final value) for a few different 
media. Copper printed circuit board connections were 
neglected in the analysis; however, they will sink or conduct 
heat directly through the AD221 OO's solder plated copper leads. 
When faster response is required, a thermally conductive grease 
or glue between the AD22100 and the surface temperature 
being measured should be used. 

MICROPROCESSOR AID INTERFACE ISSUES 
The AD22100 is especially well suited to providing a low cost 
temperature measurement capability for microprocessor/ 
microcontroller based systems. Many inexpensive 8-bit micro
processors now offer an onboard 8-bit ADC capability at a mod
est cost premium. Total "cost of ownership" then becomes a 
function of the voltage reference and analog signal conditioning 
necessary to mate the analog sensor with the microprocessor 
ADC. The AD22100 can provide an ideal low cost system by 
eliminating the need for a precision voltage reference and any 
additional active components. The ratiometric nature of the 
AD22100 allows the microprocessor to use the same power sup
ply as its ADC reference. Variations of hundreds of millivolts in 
the supply voltage have little effect as both the AD22100 and 
the ADC use the supply as their reference. The nominal 
AD22100 signal range of0.25 V to 4.75 V (-50°C to +150°C) 
makes good use of the input range of a 0 V to 5 V ADC. A 
single resistor and capacitor are recommended to provide im
munity to the high speed charge dump glitches seen at many 
microprocessor ADC inputs (see Figure 1). 

An 8-bit ADC with a reference of 5 V will have a least signifi
cant bit (LSB) size of 5 V/256 = 19.5 mV. This corresponds to 
a nominal resolution of about 0.87°C. 
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AD22100 
USE WITH A PRECISION REFERENCE AS THE SUPPLY 
VOLTAGE 
While the ratiometric nature of the AD22100 allows for system 
operation without a precision voltage reference, it can still be 
used in such systems. Overall system requirements involving 
other sensors or signal inputs may dictate the need for a fixed 
precision ADC reference. The AD22100 can be converted to 
absolute voltage operation by using a precision reference as the 
supply voltage. For example, a 5.00 V reference can be used to 
power the AD22100 directly. Supply current will typically be 
500 µA which is usually within the output capability of the refer
ence. A large number of AD221 OOs may require an additional 
op amp buffer, as would scaling down a 10.00 V reference that 
might be found in "instrumentation" ADCs typically operating 
from ± 15 V supplies. 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Complete Acceleration Measurement System 

on a Single Monolithic IC 
Full-Scale Measurement Range: ±5 g 
Self-Test on Digital Command 
Single Supply Operation: +5 V 
Sensitivity Precalibrated to 200 mV/g 
Internal Buffer Amplifier for User Adjustable 

Span and Zero-g Levels 
Frequency Response: DC to 4 kHz 
Post Filtering with External Passive Components 
High Shock Survival: >1000 g Unpowered 
Other Accelerometer Products, Measuring 

Different g Levels, Are Available 

Monolithic Accelerometer 
with Signal Conditioning 

ADXL05* I 
A TTL compatible self-test function can electrostatically de
flect the sensor beam at any time to verify device functionality. 

For convenience, the ADXL05 has an internal buffer amplifier 
with a full 0.25 V to 4.75 V output range. This may be used to 

set the zero-g level and change the output sensitivity by using 
external resistors. External capacitors may be added to the resis
tor network to provide 1 or 2 poles of filtering. No external 
active components are required to interface directly to most 
analog-to-digital converters (ADCs) or microcontrollers. 

The ADXL05 uses a capacitive measurement method. The ana
log output voltage is directly proportional to acceleration and is 
fully scaled, referenced and temperature compensated, resulting 
in high accuracy and linearity over a wide temperature range. 
Internal circuitry implements a forced-balance control loop that 

GENERAL DESCRIPTION improves accuracy by compensating for mechanical sensor 
The ADXL05 is a low noise member of the ADXL50 family of variations. 
products. It is a complete acceleration measurement system on The AI)X(t)S is powered from a standard +5 V supply and is 
a single monolithic IC. Three external capacitors and a +5 volt ro)J'tisfJ.al!owing its use in harsh industrial and automotive envi-
regulated power supply are all that is required to measure accel:· ·;; ; rl)hriients.:.IJ wil!~.µrvive shocks of 1000 g unpowered. The 
erations up to ±5 g. Device sensitivity is factory trimmed·ro a'•. ,·ADXJ.,Cl5;;is aya!Iable in a hermetic 10-pin T0-100 metal can. 
scale factor of 200 m Vig resulting in a full-scale Ol\~putswid_g,;r Cont~'cp~~:ctory for grades of performance and temperature 
± 1 volt for a± 5 g applied acceleration. Its zqo .. g:l)litput level . ra_hgeii'.•" 
+ 1.8 volts. ·· ' · 

FUNCTIONAL. BLOCK DIAG~M AND PINO UT 
> <:: > 

o;" o' 

TOP VIEW 

COM 

VREF C2 

G)_©© 
C1 

+1.BV 

0 ~r~ © 
0 ~ ffi © + <JJ C1 

0@© 

*Patent pending. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

VouT +5V 

V1N-

NOTE: 
AXIS OF SENSITIVITY IS 
IN PLANE OF PIN 5 TO TAB. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ADXL05-SPEC If I CATIONS !TA= +25°C, Vs= +5 V,@Acceleration = 0 g, unless otherwise noted) 

ADXL05 
Parameter Conditions Min Typ Max Units 

SENSITIVITY 
@VrR Output @ +25°C 0.2 Vig 

Sensitivity Drift TMw-TMAX ±1 % of25° Rdg. 

ZERO g BIAS LEVEL AT VrR 
Initial +25°C 1.45 1.8 2.15 v 
Drift TMr~TMAX ±100 mV 

VOLTAGE NOISE DENSITY 500 µg/~Hz 
100 µV/~Hz 

SENSOR INPUT 
FS Measurement Range ±5 g 
Nonlinearity 0.5 % ofFS 
Alignment Error ±1 Degree 
Transverse Sensitivity ±2 % 
Shock Survival Unpowered 1000 g 

Powered .,;:;,o g 

BUFFER AMPLIFIER 
Output Voltage Swing @ IoUT = +300 µA (Sinking) 0.25 v 

@ IouT = -300 µA (Sourcing) v 
Input Offset Voltage Deviation from 1.8 V No mV 
Input Bias Current 20 nA 
Open-Loop Gain DC V/mV 
Unity Gain Bandwidth kHz 
Capacitance Load Drive pF 
Power Supply Rejection DC dB 

SELF-TEST INPUT 
Output Change at VoUT ST Pin from Logic "O" to "l" +1.0 +1.1 v 
Logic "l" Voltage v 
Logic "O" Voltage 0.8 v 
Input Resistance To Common, Logic "O'', VIN= 0-Vs 50 k.Q 

FREQUENCY RESPONSE No High Z Signal Pins 
Bandwidth H dB) CcoMPTBD 4 kHz 
Phase Shift At-3 dB --45 Degree 
Sensor Resonant Frequency 13 kHz 

+3.4 V REFERENCE 
Output Voltage Initial IoUT = 0 µA to 500 µA (Sourcing) 3.350 3.400 3.450 v 
Output Temperature Drift 10 50 ppm/°C 
Power Supply Rejection DC 40 dB 
Output Current (Sourcing) 500 µA 

POWER SUPPLY 
Specified Performance +4.75 +5.25 v 
Operating Voltage Range +4.75 +5.00 +6.0 v 
Quiescent Supply Current Outputs Open, No Load 10 mA 

TEMPERATURE RANGE 
Specified Performance -55 +125 oc 

Both specifications and temperature range are subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Complete Acceleration Measurement System 

on a Single Monolithic IC 
Full-Scale Measurement Range: ±50 g 
Self-Test on Digital Command 
+5 V Single Supply Operation 
Sensitivity Precalibrated to 19 mV/g 
Internal Buffer Amplifier for User Adjustable Sensitivity 

and Zero-g Level 
Frequency Response: DC to 10 kHz 
Post Filtering with External Passive Components 
High Shock Survival: >2000 g Unpowered 
Other Versions Available: ADXL05 (±5 g) 

ADXL181 (+880 g, -150 g) 

GENERAL DESCRIPTION 
The ADXL50 is a complete acceleration measurement system on 
a single monolithic IC. Three external capacitors and a + 5 volt 
power supply are all that is required to measure accelerations up 
to ±50 g. Device sensitivity is factory trimmed to 19 mV/g, 
resulting in a full-scale output swing of ±0.95 volts for a ±50 g 
applied acceleration. Its zero g output level is + 1.8 volts. 

A TTL compatible self-test function can electrostatically deflect 
the sensor beam at any time to verify device functionality. 

Monolithic Accelerometer 
With Signal Conditioning 

ADXL50* I 
For convenience, the ADXL50 has an internal buffer amplifier 
with a full 0.25 V to 4.75 V output range. This may be used to 
set the zero-g level and change the output sensitivity by using 
external resistors. External capacitors may be added to the resis
tor network to provide 1 or 2 poles of filtering. No external 
active components are required to interface directly to most 
analog-to-digital converters (ADCs) or microcontrollers. 

The ADXL50 uses a capacitive measurement method. The ana
log output voltage is directly proportional to acceleration, and is 
fully scaled, referenced and temperature compensated, resulting 
in high accuracy and linearity over a wide temperature range. 
Internal circuitry implements a forced-balance control loop that 
improves accuracy by compensating for any mechanical sensor 
variations. 

The ADXL50 is powered from a standard +5 V supply and is 
robust for use in harsh industrial and automotive environments 
and will survive shocks of more than 2000 g unpowered. 

The ADXL50 is available in a hermetic 10-pin T0-100 metal 
can, specified over the 0°C to + 70°C commercial, and -40°C to 
+ 85°C industrial temperature ranges. Contact factory for avail
ability of devices specified for operation over the -40°C to 
+ 105°C automotive and -55°C to + 125°C military temperature 
ranges and for availability of 883B devices. 

ADXLSO FUNCTIONAL BLOCK DIAGRAM 

OSCILLATOR 
DECOUPLING 
CAPACITOR 

~2 

*Patents pending. 
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ADXL50 

SENSOR 

+5V 

DEMODULATOR 

DEMODULATOR 
CAPACITOR 

+3.4V VREF 
REFERENCE t-----<.•J OUTPUT 
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ADXL50 -SPE.CI. f·ICAJIQNS !TA= +25°C, Vs= +5 v,@ Acceleration= o g, and Cl = c2 = 0.022 µF 
unless otherwise noted) · 

ADXLSOJ/A ADXLSOK/Bfl'* 
Parameter Min Typ Max Min Typ Max 

SENSITIVITY1 

+2S'C 16.l 19.0 21.9 16.7 19.0 21.3 
Temperature Drift2 ±0.75/1.0 ±0. 75/1.0/1.5 ± 1. 75/2.0/2.5 

ZERO g BIAS LEVEL3 

+25'C 1.55/1.60 1.80 2.05/2.00 1.60 1.80 2.00 
Temperature Drift2 ±1S/3S ±10/20/SO ±3S/50/80 

VOLTAGE NOISE DENSITY4 12S 225 125 22S 
6.6 6.6 

SENSOR INPUT 
Measurement Range5 -so +so -so +50 
Nonlinearity" 0.2 0.2 
Alignment Error7 ±1 ±1 
Transverse Sensitivity" ±2 ±2 

NOTES 
1As measured at the preamplifier output, VPR with 15 g p-p@ 100 Hz applied. 
2Specification refers to the maximum change in parameter from its initial value at +25°C to its worst case value at TMIN or TMAx· 

3 As measured at V PR. 

Units 

mV/g 
%ofRDG 

v 
mV 

µV/y'Hz 
mg/\/Hz 

g 
% ofFS 
Degrees 
% 

4BW = 10 Hz to I kHz. A capacitor, C2, greater than or equal to 0.022 µF, must be connected from the oscillator decoupling capacitor pin to ground. 
5The axis of sensitivity of the device is a straight line drawn through the package along its most sensitive axis. For the 10-pin header (T0-100) package, this line 
passes through Pin S and the tab. See c!evice connection and orientation figures. 

6Best Fit Straight Line. Full scale = SO g. 
7 Alignment error is specified ·as the angle between the true and indicated axis of sensitivity. The ADXLSO output will be the true acceleration times the cosine 
of the alignment error angle. 

8Transvcrsc sensitivity is measure4 with an applied acceleration which is 90° (i.e., transverse) from the indicated axis of sensitivity. Transverse sensitivity error is speci
fied as the percent of transverse accelerati.on which appears at the V PR output. This is the algebraic sum of the alignment and the inherent sensor sensitivity errors. 

Specifications subject to change without notice. 
•Contact factoty for availability. · 

ELECTRICAL CHARACTERISTICS ~:le~s To~he~~;:~!:e~ +5 V ± 5%,@ Acceleration = 0 g, and Cl = C2 = 0.022 µF 

ADXLSOJ/A/K/B/T 
Parameter Conditions Min Typ Max Units 

PREAMPLIFIER OUTPUT 
Power Supply Rejection DC 30 4-0 dB 
Voltage Swing +25'C 0.25 V.-1.4 v 
Current Output Source or Sink 30 80 µA 
Capacitive Load Drive Capability 100 pF 

SELF TEST INPUT 
Output Change at VPR9 ST Pin from Logic "O" to "1" -0.90 -1.00 -1.10 v 
Logic "l" Voltage 2.0 v 
Logic "O" Voltage 0.8 v 
Input Impedance To Common 50 kO 

FREQUENCY RESPONSE Cl>=0.015 µF 
3 dB Equation f3de = (28.60/Cl in µF)±40% Hz 
Bandwidth 10 Cl = 0.022 µF (See Figure 22) 800 1300 22SO Hz 

Cl= 0.007 µF 10 kHz 
Sensor Resonant Frequency 24 kHz 

+3.4 VOLT REFERENCE 
Output Voltage Initial +25'C 3.350 3.400 3..450 v 
Output Temperature Drift11 ±10 mV 
Power Supply Rejection DC 4-0 60 dB 
Output Current (Sourcing) 500 µA 

BUFFER AMPLIFIER 
Input Offset Voltage12 Deviation from Nominal 1.800 V ±10 ±2S mV 
Input Bias Current s 20 nA 
Open Loop Gain DC 80 dB 
Unity Gain Bandwidth 200 kHz 
Output Voltage Swing IouT = ±100 µA 0.2S Vs-0.25 v 
Capacitive Load Drive Capability 1000 pF 
Power Supply Rejection DC 4-0 60 dB 

POWER SUPPLY 
Specified Performance +4.75 +5.25 v 
Operating Voltage Range +4.75 +5.00 +6.0 v 
Quiescent Supply Current 10 13 mA 
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ADXL50 
ADXLSOJ/A/K/B/T 

Parameter Conditions Min Typ Max Units 

TEMPERATURE RANGE 
Specified Performance J, K 0 +70 'C 
Specified Performance A, B -40 +85 'C 
Specified Performance T* -55 +125 'C 
Automotive Grade* -40 +105 'C 

NOTES 
9 Applying logic "high" to the self-test input has an effect on the acceleration sensing element equivalent to applying an acceleration of minus 52.6 g to the ADXLSO. 

10This is the deviation from the ideal 3 dB bandwidth using an exact Cl value. 
11 Specification refers to the maximum change in parameter from its initial value at + 25°C to its worst case value at T MIN or T MAX. 

12lnput offset voltage is defined as an output voltage (referred to input at buffer -VIN terminal) when the buffer amplifier is connected as a follower. The 
voltage at this pin has a temperature drift propunional to that of the + 3.4 V reference. 

*Contact factory for availability. 
Specifications subject to change without notice. 
All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed. 

ABSOLUTE MAXIMUM RATINGS** Package Characteristics 
Acceleration (Any Axis, Unpowered for 0.5 ms) ..... 2000 g 
Acceleration (Any Axis, Powered for 0.5 ms) . . . . . . . . 500 g 
+V8 .......................... -0.3 V to +7.0 V 
Output Short Circuit Duration 

Package 

10-Pin T0-100 130°C/W 

Device Weight 

30°C/W 5 Grams 

(VpR, V0 uy, VREF Terminals to Common) ..... Indefinite ORDERING GUIDE 

Operating Temperature .............. -SS'C to + 125°C 
Storage Temperature . . . . . . . . . . . . . . . -6S°C to + 1S0°C 

**Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; the functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Model 

ADXLSOJH 
ADXLSOKH2 

ADXLSOAH 
ADXLSOBH2 

ADXLSOTH2 

NOTES 

Temperature 
Range 

0°C to +70°C 
0°C to +70°C 
-40°C to +8S°C 
-40°C to + 8S°C 
-SS°C to + 125°C 

Typ Max 
0 g Bias 0 g Bias Package 
Drift Drift Option' 

±15 mV H-lOA 
±10 mV ±35 mV H-lOA 
±35 mV H-lOA 
±20mV ±SOmV H-lOA 
±SO mV ±80 mV H-lOA 

1For outline information see Package Information section. 
2Contact factory for availability. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. Although 
the ADXLSO features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 
recommended to avoid performance degradation or loss of functionality. 

ADXLSO PIN DESCRIPTION 

The power supply input pin. +5 v 
C2 Connection for an external bypass capacitor (nominally 

0.022 µF) used to prevent oscillator switching noise 
from interfering with other ADXLSO circuitry. Please 
see the section on component selection. 

ADXLSO 10-HEADER (T0-100) 
CONNECTION DIAGRAM 

Cl 

COM 

VREF 
ST 

VouT 
VIN~ 

REV.A 

Connections for the demodulator capacitor, nominally 
0.022 µF. See the section on component selection for 
application information. 

The power supply common (or "ground") connection. 

Output of the internal 3.4 V voltage reference. 

The digital self-test input. It is both CMOS and TTL 
compatible. 
The ADXLSO preamplifier output providing an output 
voltage of 19 m V per g of acceleration. 

Output of the uncommitted buffer amplifier. 

The inverting input of the uncommitted buffer 
amplifier. 

TOP VIEW 

COM 

C1 

C1 

NOTES: 

AXIS OF SENSITIVITY IS ALONG 
A LINE BETWEEN PIN 5 AND 
THE TAB. 

THE CASE OF THE METAL CAN 
PACKAGE IS CONNECTED TO 
PIN 5 (COMMON). 

ARROW INDICATES DIRECTION 
OF POSITIVE ACCELERATION 
ALONG AXIS OF SENSITIVITY. 
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ADXL50 

TAB 

+1g CD 
PIN5 

Figure 1. Output Polarity at VPR 

SIDE VIEW 

x---
PIN!i 

z 
+ TRANSVERSE Z AXIS 

Figure 2a. Sensitive X and Transverse Z Axis 

y 

TOP VIEW 
+'TRANSVERSE Y AXIS 

x-----'PIN 5 
---.x 

+ y 

Figure 2b. Sensitive X and Transverse Y Axis 

-ZAxls 

Axyz 

Figure 2c. A Vector Analysis of an Acceleration Acting 
Upon the ADXL50 in Three Dimensions 
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Polarity of the Acceleration Output 
The polarity of the ADXLSO output is shown in the Figure 1. 
When oriented to the earth's gravity (and held in place), the 
ADXLSO will experience an acceleration of + 1 g. This corre
sponds to a change of approximately + 19 m V at the V PR output 
pin. Note that the polarity will be reversed to a negative gollig 
signal at the buffer amplifier output V 0UT, due to its inverting 
configuration. 

Mounting Considerations 
There are three main causes of measurement error when using 
accelerometers. The fjrst two are alignment and transverse sensi
tivity errors. The third source of error is due to resonances or 
vibrations of the sensor in its mounting fixture. 

Errors Due to Misalignment 
The ADXLSO is a sensor designed to measure accelerations that 
result from an applied force. Because these forces act on the 
sensor in a vector manner, the alignment of the sensor to the 
force to be measured may be critical. " 

The ADXLSO responds to the component of acceleration on its 
sensitive X axis. Figures 2a and 2b show the relationship 
between the sensitive "X" axis and the transverse "Z" and "Y" 
axes as they relate to the T0-100 package. 

Figure 2c describes a three dimensional acceleration vector 
(Axvz) which might act on the sensor, where Ax is the compo
nent of interest. To determine Ax, first, the component of 
acceleration in the XY plane (Axv) is found using the cosine law: 

Axy = Axyz (cos6xy) then 
Ax = Axy (cos6x) 

Therefore: Typical VPR = 19 mV/g (Axyz) (cos6XY) cos6x. 

Note that an ideal sensor will react to forces along or at angles 
to its sensitive axis but will reject signals from its various trans
verse axes, i.e., those exactly 90° from the sensitive "X" axis. 
But even an ideal sensor will produce output signals if the trans
verse signals are not exactly 90° to the sensitive axis. An acceler
ation that is acting on the sensor from a direction different from 
the sensitive axis will show up at the ADXLSO output at a 
reduced amplitude. , 

Ox 
0 
lo 
20 
30 
50 
100 
30° 
45° 
60° 
80° 
85° 
870 
88° 
890 
90° 

Table I. Ideal Output Signals for Off Axis Applied 
Accelerations Disregarding Device Alignment and 
Transverse Sensitivity Errors 

% of Signal Appearing Output in g's for a 50 g 

at Output Applied Acceleration 

100% SO (On Axis) 
99.98% 49.99 
99.94% 49.97 
99.86% 49.93 
99.62% 49.81 
98.48% 49.24 
86.60% 43.30 
70.71% 35.36 
50.00% 25.00 
17.36% 8.68 
8.72% 4.36 
5.25% 2.63 
3.49% 1.75 
1.7% 0.85 
0% 0.00 (Transverse Axis) 
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Table I shows the percentage signals resulting from various Ox 
angles. Note that small errors in alignment have a negligible 
effect on the output signal. A 1° error will only cause a 0.02% 
error in the signal. Note, however, that a signal coming 1° off of 
the transverse axis (i.e., 89° off the sensitive axis) will still con
tribute 1. 7% of its signal to the output. Thus large transverse 
signals could cause output signals as large as the signals of 
interest. 

Table I may also be used to approximate the effect of the 
ADXLSO's internal errors due to misalignment of the die to the 
package. For example: a I degree sensor alignment error will 
allow 1. 7% of a transverse signal to appear at the output. In a 
nonideal sensor, transverse sensitivity may also occur due to 
inherent sensor properties. That is, if the sensor physically 
moves due to a force applied exactly 90° to its sensitive axis, 
then this might be detected as an output signal, whereas an ideal 
sensor would reject such signals. In every day use, alignment 
errors may cause a small output peak with accelerations applied 
close to the sensitive axis but the largest errors are normally due 
to large accelerations applied close to the transverse axis. 

Errors Due to Mounting Fixture Resonances 
A common source of error in acceleration sensing is resonance of 
the mounting fixture. For example, the circuit board that the 
ADXLSO mounts to may have resonant frequencies in the same 
range as the signals of interest. This could cause the signals 
measured to be larger than they really are. A common solution 
to this problem is to dampen these resonances by mounting the 
ADXLSO near a mounting post or by adding extra screws to 
hold the board more securely in place. 

When testing the accelerometer in your end application, it is 
recommended that you test the application at a variety of fre
quencies in order to ensure that no major resonance problems 
exist. 

GLOSSARY OF TERMS 
Acceleration: Change in velocity per unit time. 

Acceleration Vector: Vector describing the net acceleration act
ing upon the ADXLSO (Axyz). 

g: A unit of acceleration equal to the average force of gravity 
occurring at the earth's surface. A g is approximately equal to 
32.17 feet/s2, or 9.807 meters/s2 • 

Nonlinearity: The maximum deviation of the ADXLSO output 
voltage from a best fit straight line fitted to a plot of acceleration 
vs. output voltage, calculated as a % of the full-scale output 
voltage (@ 50 g). 

Resonant Frequency: The natural frequency of vibration of the 
ADXLSO sensor's central plate (or "beam"). At its resonant fre
quency of 24 kHz, the ADXLSO's moving center plate has a 
peak in its frequency response with a Q of 3 or 4. 

REV.A 

ADXL50 
Sensitivity: The output voltage change per g unit of acceleration 
applied, specified at the VPR pin in mV/g. 

Sensitive Axis (X) The most sensitive axis of the accelerometer 
sensor. Defined by a line drawn between the package tab and 
Pin 5 in the plane of the pin circle. See Figures 2a and 2b. 

Sensor Alignment Error: Misalignment between the ADXLSO's 
on-chip sensor and the package axis, defined by Pin 5 and the 
package tab. 

Total Alignment Error: Net misalignment of the ADXLSO's 
on-chip sensor a.nd the measurement axis of the application. 
This error includes errors due to sensor die alignment to the 
package, and any misalignment due to installation of the sensor 
package in a circuit board or module. 

Transverse Acceleration: Any acceleration applied 90° to the 
axis of sensitivity. 

Transverse Sensitivity Error: The percent of a transverse accel
eration that appears at the V PR output. For example, if the 
transverse sensitivity is I%, then a + 10 g transverse acceleration 
will cause a 0.1 g signal to appear at VPR (1% of 10 g). Trans
verse sensitivity can result from a sensitivity of the sensor to 
transverse forces or from misalignment ofthe internal sensor to 
its package. 

Transverse Y Axis: The axis perpendicular (90°) to the package 
axis of sensitivity in the plane of the package pin circle. See Fig
ure 2. 

Transverse Z Axis: The axis perpendicular (90°) to both the 
package axis of sensitivity and the plane of the package pin cir
cle. See Figure 2. 

Figure 3. 500 g Shock Overload Recovery. Top Trace: 
ADXL50 Output. Bottom Trace: Reference Accelerometer 
Output 
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ADXL50-Typical Characteristics 
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Figure 4. Normalized Sensitivity vs. Frequency 
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Figure 6. -3 dB Bandwidth vs. Temperature at VPR 
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ADXL50 
THEORY OF OPERATION 
The ADXLSO is a complete acceleration measurement system on 
a single monolithic IC. It contains a polysilicon surface-micro 
machined sensor and signal conditioning circuitry. The 
ADXLSO is capable of measuring both positive and negative 
acceleration to a maximum level of ± 50 g. 

Figure 16 is a simplified view of the ADXLSO's acceleration 
sensor at rest. The actual structure of the sensor consists of 42 
unit cells and a common beam. The differential capacitor sensor 
consists of independent fixed plates and a movable "floating" 
central plate which deflects in response to changes in relative 
motion. The two capacitors are series connected, forming a 
capacitive divider with a common movable central plate. A force 
balance technique counters any impeding deflection due to 
acceleration and servos the sensor. back to its 0 g position. 

TOP VIEW 

r--------, 
: c:51'i I 1 CS2 : TETH~ 
I I I I CENTER I 

'- ~LA_!:_ - - - - -l 

~---~ 

•
CENTER 
PLATE 

r------ -------, 
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i ~~~~~R 
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Figure 16. A Simplified Diagram of the ADXL50 
Sensor at Rest 

Figure 17 shows the sensor responding to an applied accelera
tion. When this occurs, the common central plate or "beam" 
moves closer to one of the fixed plates while moving further 
from the other. The sensor's fixed capacitor plates are driven 
deferentially by a 1 MHz square wave: the two square wave 
amplitudes are equal but are 180° out of phase from one 
another. When at rest, the values of the two capacitors are the 
same and therefore, the voltage output at their electrical center 
(i.e., at the center plate) is zero. 

When the sensor begins to move, a mismatch in the yalue of 
their capacitance is created producing an output signal at the 
central plate. The output amplitude will increase with the 
amount of acceleration experienced by the sensor. Information 
concerning the direction of beam motion is contained in the 
phase of the signal with synchronous demodulation being used 
to extract this information. Note that the sensor needs to be 
positioned so that the measured acceleration is along its sensitive 
axis. 

Figure 18 shows a block diagram of the ADXLSO. The voltage 
output from the central plate of the sensor is buffered and then 
applied to a synchronous demodulator. The demodulator is also 
supplied with a (nominal) 1 MHz clock signal from the same 
oscillator which drives the fixed plates of the sensor. The 
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demodulator will rectify any voltage which is in sync with its 
clock signal. If the applied voltage is in sync and in phase with 
the clock, a positive output will result. If the applied voltage is 
in sync but 180° out of phase with the clock, then the demodu
lator's output will be negative. All other signals will be rejected. 
An external capacitor, C 1, sets the bandwidth of the demodulator. 

The output of the synchronous demodulator drives the preamp 
-an instrumentation amplifier buffer which is referenced to 
+ 1.8 volts. The output of the preamp is fed back to the sensor 
through a 3 MO isolation resistor. The correction voltage 
required to hold the sensor's center plate in the 0 g position is a 
direct measure of the applied acceleration and appears at the 
VPR pin. 

TOP VIEW 
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Figure 17. The ADXL50 Sensor Momentarily Responding 
to an Externally Applied Acceleration 

When the ADXLSO is subjected to an acceleration, its capacitive 
sensor begins to move creating a momentary output signal. This 
is signal conditioned and amplified by the demodulator and 
preamp circuits. The de voltage appearing at the preamp output 
is then fed back to the sensor and electrostatically forces the 
center plate back to its original center position. 

At 0 g the ADXLSO is calibrated to provide + 1.8 volts at the 
V PR pin. With an applied acceleration, the V PR voltage changes 
to the voltage required to hold the sensor stationary for the 
duration of the acceleration and provides an output which varies 
directly with applied acceleration. 

The loop bandwidth corresponds to the time required to apply 
feedback to the sensor and is set by external capacitor Cl. The 
loop response is fast enough to follow changes in g level up· to 
and exceeding 1 kHz. The ADXLSO's ability to maintain a flat 
response over this bandwidth keeps the sensor virtually motion
less. This essentially eliminates any nonlinearity or aging effects 
due to the sensor beam's mechanical spring constant, as com
pared to an open-loop sensor; 

An uncommitted buffer amplifier provides the capability to 
adjust the scale factor and 0 g offset level over a wide range. An 
internal reference supplies the necessary regulated voltages for 
powering the chip and + 3.4 volts for external use. 
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Figure 18. ADXL50 Functional Block Diagram 

The sensor's tight mechanical spacing allows it to be electrostati
cally deflected to full scale while operating on a 5 volt supply. A 
self-test is initiated by applying a TTL "high" level voltage 
(>+2.0 V) to the ADXL50's self-test pin which causes the chip 
to apply a deflection voltage to the beam which moves it an 
amount equal to -50 g (the negative full-scale output of the 
device). Note that the ± 10% tolerance of the self-test circuit is 
not proportional to the sensitivity error, see Self-Test section. 

The output of the ADXLSO's preamplifier is 1.8 V at 0 g accel
eration with an output range of ±0.95 V for a ±50 g input, i.e., 
19 mV/g. An uncommitted buffer amplifier has been included 
on-chip to enhance the user's ability to offset the 0 g signal level 
and to amplify and filter the signal. Access is provided to both 

the inverting input and the output of this amplifier via pins 
VouT and V,N_, while the noninverting input is connected 
internally to a + 1.8 V reference. The + 1.8 V is derived from a 
resistor divider connected to the 3 .4 V reference. 

BASIC CONNECTIONS FOR THE ADXLSO 
Figure 19 shows the basic connections needed for the ADXLSO 
to measure accelerations in the ± 50 g range with an output scale 
factor 40 mV/g corresponding to a 2.5 V 0 g level, a ±2.0 V 
full-scale swing around 0 g and a 3 dB bandwidth of approxi
mately 1 kHz. 

In general, the designer will need to take into account the initial 
zero g bias when designing circuits. For the ADXLSOJ this off
set is 1.8 V ± 250 mV. When microprocessors and software 
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Figure 19. ADXL50 Application Providing an Output Sensitivity of 
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AQXl5Jl 
calibration are used and there is a desire to eliminate trim poten
tiometers, the design should leave room at either supply rail to 
account for signal swing and or viµiations in initial zero g bias. 

For example, in'.the eircui.t in Figure 19, the initial zero g bias 
of ± 2SO m V will be reflected to the output by the gain of the 
R3/Rl network, resulting in an output offset of ±S26 mV worst 
case. The offset, combined with a full-scale ~ignal of SO g, 
( + 2.0 V) will cause the output buffer amplifier to saturate at the 
supply rail. 

The full ±2.2S V output swing of the buffer amplifier can be 
utilized if the user is able to trim the zero-g bias to exactly 
2.S V. In applications where the full-scale range will be ±2S g 
or less, a bias trim such as that shown in figure 20 will altnost 
always be required. 

VARYING THE OUTPUT SENSITMTY AND 0 g LEVEL 
USING THE INTERNAL BUFFER AMPLIFIER .. 
The uncommitted buffer amplifier may be used to change the 
output sensitivity to provide useful full-scale ranges of ±SO g 
and below. Table II provides recommended resistor values for 
several standard ranges down to ± 10 g. As the full-scale range is 
decreased, buffer amplifier gain is increased, and the noise con
tribution a~ a percentage offull scale will also increase. For all. 
ranges, the signal-to~noise ratio can be improved by rCducing the 
circuit bandwidth, either by increasing the demodulator capaci
tor, C 1, or by adding a post filter using the buffer amplifier. 

Table II ... Recommended Resistor Values forSe~ng the 
Circuit o( Figure 20 to Sev1;ral Common Full-Scale Ranges 

Buffer SF in 
FS (g) Gilio mV/g Rl R3 R2 

±SO.O 2.11 40 49.9 k lOS k 100 k 
±40.0 2.63 50 39.2 k 103 k 100 k 
±30.8 3.42 6S 40.2 k 137 k 100 k 
±26.7 3.9s 7S 28.7 k 113 k 100 k 
±20.0 S.26 100 26.1 k .137 k lOOk 
±10.0 10.S3 200 23.7k 249k 100 k 

Note that the value of resistor Rl should be selected to limit the 
output current flowing into VPR to less than 25 µA (to provide a 
safety margin). For a "J" grade device, this current is eqtial to: 

(2.0S V- The peak full-scale output voltage at VpR) -1.8 V 
IPR= Rl. h inoms . 

For a ±SO g full-scale range, Rl needs to be 49.9 kO or larger 
in value; but at the lower full-scale g ranges, if the V PR swing is 
much less, then it is possible to use much lower resistance val
ues. For this table, the circuit of Figure 20 is used, as a 0 g off
set trim will be required for most applications. In all cases, it is 
assumed that the zero-g bias level is 2.S V with ari output span 
of ±2 V. 

Note that for full scales below ±20 g the self-test is unlikely to 
operate correctly because the V PR pull-down current is not guar
anteed to be large enough t9 drive Rl to the required -1.0 V 
swing. In these cases, the ilelf-test command will cause V ouT to 
saturate at the rail, and it will be necessary to monitor the self. 
test at VPR. Self-test can remain operational at V PR for all g 
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ranges listed by keeping Rl > 49.9 kO, with the subsequent 
tradeoff that the required values for R3 will become very large. 
The user always has the option of adding external gain and fil
tering stages after the ·ADXLSO to make lower full-scale ranges. 

MeasUring Full-Scale Accelerations Less than ±5 g 
Applications, such as motion detection, and tilt seiising; have 
signal' amplitudes in the l g to 2 g range. Although designed for 
)ligher full-scale ranges, the ADXL,SO may be adapted for use in 

Figure 20 .. ADXL50.Circuit Using the Buffer Amplifier to 
Set the Output Scaling and O. g Offset Level 

low g applications; the· two main design considerations are noise 
and 0 g offset drift (BH, KH grades recommended). 

At its full 1 kHz bandwidth, the ADXLSO will typically eXhibit 
1 g p-p of noise. With' :tSO g accelerations this is generally not a 
problem, but at a ±2· ·g full-scale level the signal-to-noise ratio 
will be very poor; However, reducing the bandwidth to 100 Hz 
or less considerably improves the SIN ratio. Figure 2S shows the 
relationship between ADXLSO bandwidth and noise. 

The ADXLSO exhibits offset drifts that are typically 0.02 g per 
"C but which may be as large as 0.1 g per °C. With the buffer 
amplifier configured for a 2 g full scale, the ADXLSO will 
typically drift 1/2 of its full-sca1e .r~ge with a so·c increase in 
temperature. 

There are several cures for offset drift, If a de response is not 
required, for example in motion sensing or vibration measure
ment applications, consider ac coupling the acceleration signal to 
remove the effects of offset drift. See the section on ac coupling. 

Periodically recalibrating the accelerometer's 0 g level is another 
option. Autozero or long term averaging can be used to remove 
long term drift using a microprocessor or the autozero circuit of 
Figure 29. Be sure to k~p the buffer amplifier's full-scale out
put range much larger than the measurement range to allow for 
the 0 g level drift. 

CALCULATING COMPONENT VALUES FOR SCALE 
FACTOR AND 0 g SIGNAL LEVEL 
The AI?XLSO buffer's scale factor is set by -R3/Rl (since the 
an;i.plifier is in the ,inverter mode). 
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As an example, if the desired span is ±2.0 V for a ±SO g input, 
then R3/Rl should be chosen such that 

R3/R1 = VouT Span/V PR Span = 2.00/0.9S = 2. lOS (1) 

where V PR span is the output from the preamplifier and VouT 
span is the buffer amplifier's output, giving 

R3 = 2.lOS x RI 

In noncritical applications, a resistor, R2, may simply be con
nected between V1N- and common to provide an approximate 
0 g offset level (see Figure 19). In this simplified configuration 
R2 is found using: 

R2 = (1.8 V x R3)1!VouT@ 0 g - 1.8 V) 

When used with a trim potentiometer, as in Figure 20, resistor 
R2 sets the 0 g offset range and also sets the resolution of the 
offset trim. A value of 100 kfl is typical. Increasing R2 above 
this value makes trimming the offset easier, but may not provide 
enough trim range to set VouT equal to +2.S V for all devices. 

To provide an output span of ±2.00 V, with a 0 g output of 
+2.S V, RI could be set to the standard value of 49.9 kfl and 
from Equation 2, R3 = 105 kn. 

For Figure 20, the circuit transfer function is: 

VouT = (~~ (1.8 v - VPR)) + (~~ (1.8 v-' Vx)) + 1.8 v 

The summing amplifier configuration allows noninteractive trim
ming of offset and span. Since V PR is not always exactly 1.8 V 
at 0 g, it will contribute to output offset. Therefore, span must 
be trimmed first, followed by 0 g offset adjustment. 

LOAD DRIVE CAPABILITIES OF THE VPR AND 
BUFFER OUTPUTS 
The V PR and the buffer amplifier outputs are both capable of 
driving a load to voltage levels approaching that of the supply 
rail. However, both outputs are limited in how much current 
they can supply, affecting component selection. 

VPR Output 
The V PR pin has the ability to source current up to 500 µA but 
only has a sinking capability of 30 µA which limits its ability to 
drive loads. It is recommended that the buffer amplifier be used 
in most applications, to avoid loading down V PR. In standard 
±50 g applications, the resistor RI from VPR to VIN- is recom
mended to have a value greater than 50 kfl to reduce loading 
effects. 

Capacitive loading of the V PR pin should be minimized. A load 
capacitance between the V PR pin and common will introduce an 
offset of approximately 1 mV for every 10 pF of load. The VPR 
pin may be used to directly drive an ND input or other source 
as long as these sensitivities are taken into account. It is always 
preferable to drive ND converters or other sources using the 
buffer amplifier (or an external op amp) instead of the V PR pin. 

Buffer Amplifier Output 
The buffer output can drive a load to within 0.2S V of either 
power supply rail and is capable of driving 1000 pF capacitive 
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ADXL50 
loads. Note that a capacitance connected across the buffer feed
back resistor for low-pass filtering does not appear as a capaci
tive load to the buffer. The buffer amplifier is limited to 
sourcing or sinking a maximum of 100 µA. Component values 
for the resistor network should be selected to ensure that the 
buffer amplifier can drive the filter under worst case transient 
conditions. 

SELF-TEST FUNCTION 
The digital self-test input is compatible with both CMOS and 
TTL signals. A Logic"!" applied to the self-test (ST) input will 
cause an electrostatic force to be applied to the sensor which will 
cause it to deflect to the approximate negative full-scale output 
of the device. Accordingly, a correctly functioning accelerometer 
will respond by initiating an approximate -1 volt output change 
at V PR. If the ADXLSO is experiencing an acceleration when the 
self-test is initiated, the V PR output will equal the algebraic sum 
of the two inputs. The output will stay at the self-test level as 
long as the ST input remains high and will return to the 0 g 
level when the ST voltage is removed. 

A self-test output that varies more than ± l 0% from the nominal 
-1.0 V change indicates a defective beam or a circuit problem 
such as an open or shorted pin or component. 

Operating the ADXLSO's buffer amplifier at Gains > 2, to pro
vide full-scale outputs of less than ±SO g, may cause the self-test 
output to overdrive the buffer into saturation. The self-test may 
still be used in the case, but the change in the output must then 
be monitor~d at the V PR pin instead of the buffer output. 

Note that the value of the self-test delta is not an exact indica
tion of the sensitivity (mV/g) of the ADXLSO and, therefore, 
may not be used to calibrate the device for sensitivity error. 

In critical applications, it may be desirable to monitor shifts in 
the zero-g bias voltage from its initial value. A shift in the 0 g 
bias level may indicate that the 0 g level has shifted which may 
warrant an alarm. 

POWER SUPPLY DECOUPLING 
The ADXLSO power supply should be decoupled with a 0.1 µF 
ceramic capacitor from + S V pin of the ADXLSO to common 
using very short component leads' For other decoupling consid
erations, see EMI/RFI section. 

OSCILLATOR DECOUPLING CAPACITOR, C2 
An oscillator decoupling capacitor, C2, is used to remove 
1 MHz switching transients in the sensor excitation signal, and 
is required for proper operation of the ADXLSO. A ceramic 
capacitor with a minimum value of 0.022 µF is recommended 
from the oscillator decoupling capacitor pin to common. Small 
amounts of capacitor leakage due to a de resistance greater than 
1 MQ will not affect operation (i.e., a high quality capacitor is 
not needed here). As with the power supply bypass capacitor, 
very short component leads are recommended. Although 
0.022 µF is a good typical value, it may be increased for reasons 
of convenience, but doing this will not improve the noise perfor-
mance of the ADXLSO. · 
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DEMODULATOR CAPACITOR, Cl 
The demodulator capacitor is connected across Pins 2 and 3 to 
filter the demodulated signal from the sensor beam and to set 
the bandwidth of the force balance control loop. This capacitor 
may be used to approximately set the bandwidth of the acceler
ometer. A capacitor is always required for proper operation. 

The frequency response of the ADXL50 exhibits a single pole 
roll-off response whose nominal 3 dB frequency is set by the 
following equation: 

f3tJB = (28.60/Cl in µF) ±40% 

A nominal value of 0.022 µFis recommended for Cl. In gen
eral, the design bandwidth should be set 40% higher than the 
minimum desired system bandwidth due to the ±40% tolerance. 

A minimum value of 0.015 µFis required, (over temperature 
and system life), to prevent device instability or oscillatiort. The 
demodulation capacitor should be a low leakage, low drift 
ceramic type with an NPO (best) .or X7R (good) dielectric. 

In general, it's best to use the recommended 0.022 µF capacitor 
across the demodulator pins and perform any additional !ow
pass filtering using the buffer amplifier. Using a large denomi
nator capacitor for low-pass filtering has the disadvantage that 
the capacitive sensor will be slow to respond to rapid changes in 
acceleration and, therefore, the full shock survivability of the 
device could be compromiseci. The use of the buffer for low
pass filtering generally results in smaller capacitance values and 
better overall performance. It is also a convenient and more pre
cise way to set the system bandwidth. Post filtering allows band
width to be controlled accurately by component selection and 
avoids the ±40% demodulation tolerance. Note that signal noise 
is proportional to the square root of the bandwidth of the 
ADXL50 and may be a consideration in component selection
see section on noise. 

Care should be taken to reduce or eliminate any leakage paths 
from the demodulator capacitor pins to common or to the + 5 V 
pin. Even a small imbalance in the leakage paths from these 
pins will result in offset shifts in the zero-g bias level. As an 
example, an unbalanced parasitic resistance of 30 Mn from 
either demodulator pin to ground will result in an offset shift at 
VPR of approximately 50 mV. Conformal coating of PC boards 
with a high impedance material is recommended to avoid leak
age problems due to aging or moisture. 

REDUCING THE AVERAGE POWER CONSUMPTION 
OF THE ADXLSO 
The ADXLSO is a versatile accelerometer that can be used in a 
wide variety of applications. In Some battery powered applica
tions, such as shipping recorders, power consumption is a criti
cal parameter. The ADXLSO typically draws IQ mA current 
from a 5 V power supply which may exceed the power budgeted 
for the accelerometer. 

For such applications, the.ADXLSO can be successfully power 
cycled, where the power is turned on only during the period 
when data is sampled. Figure 21 illustrates. the power-on settling 
of the ADXLSO during cycling where the output amplifier has a 
gain of one with no filtering. The settling time-constant is 
approximately 0.12 ms, waiting 1 ms before sampling ensures 
maximally accurate readings. 
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For example, to reduce the average power to S mW from its 
typical SO mW, the power should be on 10% of the time. With 
the power on for 1 ms and off for 9 ms, a maximum sample rate 
of 100 Hz is achievable. Further reduction in average power can 
be realized with lower sample rates. 
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Figure 21. Power-On Settling Time when Power Cycling 

SYSTEM BANDWIDTH CONTROL AND POST 
FILTERING 
U n!ike piezoresistive sensors, the resonant frequency of the 
ADXL50's capacitive sensor element is typically greater than 
20 kHz and does not limit the useful bandwidth of the device. 
Usually, the resonant frequency of the beam appears as a peak 
in the bandwidth response at approximately 24 kHz with a Q of 
3 to 4, as shown in Figure 22. 

When using the recommended 0.022 µF demodulator capacitor, 
be advised that the nominal 1300 Hz pole it establishes within 
the device can vary ±40%. Therefore, if additional low-pass 
filtering is used-at frequencies much above 600 Hz-the two 
poles may interact and result in a net circuit bandwidth that is 
lower than expected. 
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Figure 22. Frequency Response of the ADXL50 for Various 
Demodulator Capacitors 
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RECOMMENDED COMPONENT VALUES FOR VARIOUS 
FULL SCALE RANGES AND A 300Hz BANDWIDTH 

FULL mV 
SCALE perg 

±10 g 200 

±20g 100 

±40 g so 

±SOg 40 

3dB R1a R1b 
BW(Hz) kQ kQ 

300 5 21.5 

300 5 23.7 

300 10 34 

300 10 4S.3 

3dBBW= --1 -
21' R3C4 

R3 R2 C4 
kQ kQ µF 

249 100 0.0022 

137 100 0.0039 

10S 100 O.OOS6 

10S 100 O.OOS6 

Og 
OPTIONAL SCALE 

FACTOR TRIM* 

ADXL50 

R3 

LEVEL SOkQ >o..._---'V\llr---' 
TRIM R2 

*TO OMIT THE OPTIONAL SCALE FACTOR TRIM, 
REPLACE R1a AND R1b WITH A FIXED VALUE 1% 
METAL FILM RESISTOR. SEE VALUES SPECIFIED 
IN TABLE 11. 

Figure 23. Using the Buffer Amplifier to Provide One Pole Post Filtering Plus Scale Factor and 0 g Level Trimming 

ONE POLE POST FILTERING 
Figure 23 shows the ADXLSO buffer amplifier connected to 
provide one pole post filtering, 0 g offset trimming, and output 
scaling. The table included with the figure lists practical compo
nent values for various full-scale g levels and approximate circuit 
bandwidths. For bandwidths other than those listed, use the 
formula: 

Capacitor C4 in Farads = 1/(2 'IT x R3 in Ohms 

x 3 dB BW in Hertz) 

or simply scale the value of capacitor C4 accordingly; i.e., for a 
±20 g application with a 50 Hz bandwidth, the value of C4 will 

2 POLE FILTER 
COMPONENT VALUES 

3dB 
BW(Hz) C3µF C4µF 

300 0.027 0.0033 

100 0.082 0.01 

30 0.21 0.033 

10 0.82 0.1 

OFFSET & SCALING AMPLIFIER 
COMPONENT VALUES 

FULL mV GAIN R4a R4b 
SCALE perg kQ kQ 

±10 g 200 10.S3 s 21.S 

±20g 100 S.26 s 23.7 

±40g 50 2.63 10 34 

±SOg 40 2.11 10 4S.3 

ADXL50 

RS 
kQ 

249 

137 

10S 

10S 

need to be twice as large as its 100 Hz value or 0.012 µF x 2 = 
0.024 µF. The closest standard value of 0.022 µF should then 
be used. 

TWO POLE POST FILTERING 
Figure 24 shows a circuit which uses the ADXLSO's buffer 
amplifier to provide two pole post filtering. An AD820 external 
op amp allows noninteractive adjustment of 0 g offset and scale 
factor. Component values for the two pole filter were selected to 
operate the buffer at unity gain with a Q of one. 

R6 

Og 
LEVEL 

R7 TRIM 

OPTIONAL CAPACITOR 
FOR 3 POLE FILTERING 

~------!~------, 
I I 

RS 

+SV 

OUTPUT 

Figure 24. Circuit Providing Two Pole Post Filtering and 0 g Offset and Scale Factor Trimming 
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ADXL50 
Capacitors C3 and C4 are chosen to provide the desired 3 dB 
bandwidth. Component values are specified. for bandwidths of 
10 Hz, 30 Hz, 100 Hz, and 300 Hz. For other 3 dB bandwidths 
simply scale the capacitor values; i.e., for a 3 .dB bandwidth of 
20 Hz, divide the 10 Hz bandwidth numbers by 2.0. The nomi
nal buffer amplifier output will be + 1.8 V ± 19 mV/g. Note 
that the ADXL50's self-test will be fully functional since .the 
buffer amplifier is operated at unity gain and resistor Rl is 
large. The external op amp offsets and scales the output to pro
vide a + 2.5 V ± 2 V output over a wide range of full-scale g 
levels. The external op amp may be omitted in high g, low gain 
applications. 

NOISE CONSIDERATIONS 
The output noise of the ADXL50 scales with the square root of 
its bandwidth. The noise floor may be reduced by lowering the 
bandwidth of the ADXL50 either by increasing the value of the 
demodulator capacitor or by adding an external filter. 

The typical rms noise of the ADXL50J with a bandwidth of 
100 Hz and a noise density of 125 µV/VHz is estimated as 
follows: 

Noise (nns) = (125 µV/YHz) V100 = 1.25 mV rms 

Peak-to-peak noise may be estimated with the following 
equation: 

Noise p-p = (6.6) Noise rms 

Peak-to-peak noise is thus estimated at 8.25 mV or approxi
mately 0.4 g p-p. The ADXL50 noise is characteristic of white 
noise. Typical rms and p-p noise for various 3 dB bandwidths is 
estimated in Figure 25. 

1.7 .-----.---..----.--,---.------,.-----.--.--..--. 0.26 

1.41----+---+---+--+-_,__ __ ,__ _ __,__,__+-< 0.21 

~ vr1 ! 
~ 1.0 l----+--+--+-+-+---1--/1--v+-7'1--+-l 0.16 ~ 

~ > - ~ 
~ 0.73 y 0.11 ~ 

0.331---+--t--±---F+--l---+-l--+-l 0.05 

~ 
o--~---~----~----~--~o 

10 100 1k 
3dB BANDWIDTH - Hz 

Figure 25. ADXL50 Noise Level and Resolution vs. -3 dB 
Bandwidth · 

Because the ADXL50's noise is for all practical purposes Gaus
sian in amplitude distribution, the highest noise amplitudes have 
the smallest (yet nonzero) probabiliry. Peak-to-peak noise is, 
therefore, difficult to measure and can only be estimated due to 
its statistical nature. Table III is useful for estimating the proba
bilities of exceeding various peak values, given the rms value. 
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Nominal Peak-to
Peak Value 

2.0 x rms 
3.0 x rms 
4.0 x rms 
5.0 x rms 
6.0 x rms 
6.6 x rms 
7.0 x rms 
8.0 x rms 

Table III. 

% of Time that Noise will Exceed 
Nominal Peak-to-Peak Value 

32% 
13% 
4.6% 
1.2% 
0.27% 
0.1% 
0.046% 
0.006% 

AC COUPLING V PR TO BUFFER INPUT 
If a de response is not required, as in applications such as 
motion detection or vibration measurement, then ac coupling 
should be considered. In low g applications, the output voltage 
change due to acceleration is small compared to the 0 g offset 
voltage drift. Because ac coupling removes the de component of 
the output, the preamp output signal may be amplified consider
ably without increasing the 0 g level drift. The most effective 
way to ac couple the ADXL50 is between the preamp output at 
VPR and the buffer input, VIN-> as shown in Figure 26. 

ADXLSO 
1.BV 

Figure 26. AC Coupling the VPR Output to the Buffer Input 

Using this configuration, the system's ac response is now rolled 
off-at the low frequency end at Fu and at the high frequency 
end at FH. The normalized frequency response of the system 
can be seen in Figure 27. 

The low frequency rollcoff, Fu due to the ac coupling network 
is: 

h = 1/(2 1T Rl C4) 

The high frequency roll-off FH is determined by the dominant 
pole of the system which is controlled by either the demodulator 
capacitor and its associated time-constant or by a dominant post 
filter. 

As a consequence of ac coupling, any constant acceleration com
ponent will not be detected (because this too is a de voltage 
present at the V PR output). The self-test feature, if used, must 
be monitored at V PR> rather than at the buffer output. 
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Figure 27. Normalized Output Level vs. Frequency for a 
Typical Application Using AC Coupling Between VPR and 
Buffer Amplifier 

MINIMIZING EMl/RFI 
The architecture of the ADXL50 and its use ~f synchronous 
demodulation make the device immune to most electro-magnetic 
(EMI) and radio frequency (R.FI) interference. The use of syn
chronous demodulation allows the circuit fo reject all signals 
except those at the frequericy of the oscillator driving the sensor 
element. However, the ADXL50 does have a sensitivity to RFI 
that is within. ±5 kHz of the internal oscillator's nominal fre
quency of 1 MHz. The internal oscillator frequency will exhibit 
part to part variation in the range of 0.6 MHz to 1.4 MHz. 

In general the' effect is difficult to notice as the interference·· 
must match the internal oscillator within ±5 kHz and must be 
large in ampijtude. For example: a 1 MHz interference signal of 
20 mV p-p applied to the +5 V power supply pin will produce a 
200 mV p-p signal at. the VPR. pin if the· internal osGillator and 
interference signals are matched exactly. If the same 20 m V 
interference is applied but 5 kHz above or below the internal. 
oscillator's frequency, the 'signal level at VPR will only be 20 mV 
p-p in amplirude. · 

Power supply dee~upling, short component leads (especially for 
capacifors Cl and C2); physically small (surface mount, etc.) 
components arid attention to good grounding practices ail help 
to prevent RFI and EMI problems. Please consult the factory 
fol' applications assistance in instances where this may be of 
concern. 

SELF-CALIBRATING THE ADXLSO 
If a calibrated shaker is not available, both the 0 g level and 
scale factor of the ADXL50 may be easily set to fair accuracy by 
using a self-calibration technique based on the 1 g (average) 
acceleration of the earth's gravity. Figure 28 shows how gravity 
and package orientation affect the ADXL50's output (T0-100 

REV.A 

ADXL50 
package shown). Note that the output polarity is that which 
appears at V PR; the output at V ouT will have the opposite sign. 
With its axis of sensitivity in the vertical plane, the ADXL5Q 
should register a I g acceleration, either positive or negatiYe, 
depending on orientation. With .the axis of sensitivity in the 
horizontal plane, no acceleration (0 g) should be indicated .. 

ee © cD 
Og 
(a) 

Og 
(b) 

-1g 
(c) 

+1g 
(d) 

Figure 28. Using the Earth's Gravity to Self-Calibrate the 
ADXL50 

To self-calibrate the ADXL50, place die acceterometer on its 
side with its axis of sensitivify oriented as shown iii "a." The 0 g 
offset potentiometer, Rt, is then roughly adjusted for midscale: 
+ 2.5 V at the buffer output. If the optional scale factor trim· 
ming is to be used, it should be adjusted next. 

Next, the package axis should be oriented as in "c" (pointing 
down) and the output readip.g noted. The package axis should 
then be rotated 180° to position "d" and the scale factor potenti
ometer, Ria, adjusted so that the output voltage indi~ates a 
change of 2 g's in acceleration. For eXll!llple, if the circuit scale 
factor at the buffer output is.100 mV per g, then the sCale factor 
trim should be adjusted so that an output change of 200 mV is 
indicated. 

Adjusting the circuit's scale factor will have some effect on its 
0 g level so this should be .readjusted, as before, but this time 
checked in both positions "a" and "b." If there is a difference in 
the 0 g readirig, a compromise setting should be selected s~ that 
the reading in each direction is equidistant from +2.5 V. Scale 
factor and 0 g offset adjustments should be repeated until both 
are correct. Temporarily placmg a capacitor across the buffer 
amplifier's feedback resistor will reduce output noise and so aid Sr.I 
in trimming the device. Note that, for high full-scale granges, m&I 
±2 g may be a very small fraction of the full-scale range and · 
device nonlinearity will, therefore, affect the circuit's high g 
level accuracy. 
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ADXL50 
Compensating for the 0 g Drift of the ADXLSO Accelerometer 
The circuit of Figure 29 provides a linear teniperature compen
sation for the ADXLSO. Figure 30 shows the 0 g drift over tem
perature for a typical ADXLSO with and without this circuit. 
As shown by Figure 30, the linear portion of the drift curve has 
been subtracted out. In effect, the curve ha& been rotated 
counterclockwise until it is horizontal, leaving just the bow of 
the curve: that po.rtion which is not linear. As shown by Figure 
30, over a +25°C to +70°C range, a lOX reduction in drift is 
achieved. 

The circuit of Figure 29 is essentially a temperatUre sensor cou
pled to a Whetstone bridge. The AD590 provides a 1 µAl"K 
current output whose. voltage scale factor. is set by resistor RA. 
The bridge circuit subtracts out the nonlinai 29.8 m V output of 
the AD590 at + 25°C and leaves only the c)lange in temperature, 
which is w.hat is needed. Without the bridge,. the 298 mV room 
temperature "offset" would "swamp" the·niueh smaller change 
in output with temperature. 

Resistors RS. and R6 form a resistor divider (~ne half of the 
bridge) which divides down the + 3.4 V reference output of the .. 
ADXLSO to 0.3 V whieh appears at the noninverting input of 
the AD820 op amp. Resistors R7 and RS form the other halfof 
the bridge, and because they have the same ratio as RS and R6, 
the op amp will have a +3.4 V output at room temperature. 

CALIBRATION Pl!OCEEDURE: 
ATTMIN ORLOWERTEMPCALPOINT ... 

·1. SET RB ALL THE WAY TO ONE SIDE. 
2. ADJUST RA FOR +3.4V AT TEST POINT 'A.' 
3. SET RC FOR+2.5VVoor (AT PIN 90FADXL50). 
4. TEMPORARILY CONNECT A 1.Skf.l RESISTOR BETWEEN 

THE CENTER OF RB AND GROUNO. 
5. ADJUSTllBFOR+2.5VATVour· 
6. REMOVE THE 1.5kf.l RESISTOR. Your SHOULD NOT CHANGE. 
7. GO TOT MAX OR HIGH TEMP CAL POINT. 
8. READJUST RB FOR +2.SV. 
9. CALIBRATION COMPLETE. 

Figure 29. ADXL50 O g Drift Compensation Circuit 
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Figure 30. ADXL50 0 g Drift With and Without the Com
pensation Circuit of Figure 29 

ADXLSO Applications Literature Available 
Contact the Analog Devices Literature Center: 

1. Using theADXLSO Accelerome~inLow g Applicatiims (AN-374) 
Application note covering resolution issues, bandwidth limit
ing, ac coupling issues, 9versampling and other noise. reduc
tion techniques, gain selection: issues, offset drift 
considerations, plus low g circuits and tables. · 

2. Using the ADXLSOEM Accelerometer Evaluation Module 
(AN-376) 
Application note covering mounting and resonance issues, 
effects of potting the m~ule cavity, typical .frequency 
response curves. 

3. Reducing the Average Power Consumption of the ADXLSO 
CAN-378) 
How to power cycle the ADXLSO to dramatically reduce the 
standby current of the device for longer battery life. 

4. Mounting Considerations for the ADXLSO (AN-379) 
An. overview of accelerometer mounting and resonance issues. 

5. /nq-easing the Frequency Response of the ADXLSO (AN-377) 
How to' extend the hlgh frequency response ~f the ADXLSO 
by decreasing the value of compensation capacitor. 

6. Compensating for the ADXLSO 0 g Drift (AN-380) 
Practical hardware and software corrections to compensate for 
the 0 g bias level drift over temperature. 
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FEATURES 
Complete Acceleration Measurement System 

on a Single Monolithic IC 
Full-Scale Measurement Range: 

+5 V Supply: -125 g, +250 g 
+12 V Supply: -150 g, +880 g 

Self-Test on Digital Command 
Single Supply Operation 
Sensitivity Precalibrated to 8 mV/g 
Internal Buffer Amplifier for User Adjustable 

Sensitivity and Zero-g Level 
Frequency Response: DC to 3 kHz 
Post Filtering with External Passive Components 
High Shock Survival: >2000 g Unpowered 
Other Products Available Providing Different 

Sensitivities and Full-Scale Ranges 

GENERAL DESCRIPTION 
The ADXL181 is a complete acceleration measurement syst 
on a single monolithic IC, using a surface micromach' 
pacitive measurement method. The analog outp 

*Patent pending. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax 'etrieval system at 1"800-446-6212. 

Monolithic Accelerometer 
with Signal Conditioning 

ADXL181* I 
directly proportional to acceleration and is fully scaled, refer
enced, and temperature compensated, resulting in high accuracy 
and linearity over a wide temperature range. Internal circuitry 
implements a force-balance control loop that compensates for 
any mechanical sensor variations. 

A TTL compatible self-test feature can electrostatically deflect 
the sensor beam at any time to verify device functionality. 

An internal buffer amplifier has a 0.25 V to V5 - 0.25 V output 
range. This may be used to gain and offset adjust the output 
signal so that it has a symmetrical output range. The amplifier 
can also be used to gain adjust and filter the sensor output. 
No external active components are.necessary to connect the 
output signal directly to an analog-to-digital converter or 
microcontroller. 

kaged in a hermetic 10-pin T0-100 metal 
for availability of devices with specific tem
erformance. 

TOP VIEW 
COM 

v,._ 
10-PIN T0-100 
HEADER PACKAGE 

NOTE: 
AXIS OF SENSITIVITY IS IN 
PLANE OF PINS TO TAB. 

This information applies to a product under development. Its characteristics and specifications are subject.to change without notice. 
Analog Devices assumes no obligation regarding fut~re manufacture unless otherwise agreed to in writing. 
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ADXL 181-SPECIFICATIONS 
Parameter Min 

SENSITIVITY 
+25°C 

(TA= +25°C, Vs= +5 V,@ Acceleration= 0 g, and Cl = C2 = 0.022 µF 
unless otherwise noted) 

Typ Max Units 

8 mV/g 
Temperature Drift ±0.75 % of Reading 

ZERO g BIAS LEVEL 
+25°C 8 v 
TMrirTMAX v 
Temperature Drift ±75 mV 

VOLTAGE NOISE DENSITY 65 µVi-IHz 

SENSOR INPUT 
FS Measurement Range1 -125 +250 g 
Nonlinearity 0.2 % ofFS 
Alignment Error ±1 Degrees 
Transverse Sensitivity ±2 % 

NOTES 
1Accelerationsup to-150 g) +880 g using a +12 V Supply. 
Specifications subject to change without notice. 

ELECTRICAL CHARACTERISTICS (~~l:s~~t~~:;::~ v~o~e:)5 v ± 53 @ Acceleration 

Parameter Conditions Max Units 

PREAMPLIFIER OUTPUT 
Power Supply Rejection DC dB 
Voltage Swing +25°C Vs - 0.25 v 
Current Output µA 
Capacitive Load Drive pF 

SELF-TEST INPUT 
Output Change at VrR 
ST Pin from Logic "O" to "l" -0.90 -1.00 v 
Logic "l" Voltage v 
Logic "O" Voltage 0.8 v 
Input Impedance To Common 50 kQ 

FREQUENCY RESPONSE 
3 dB Equation Cl>= 0.015 µF f = 3 dB= (66/Cl in µF) ± 40% 
Bandwidth Cl= 0.022 µF 3000 Hz 

Cl= TBD 10,000 Hz 
Sensor Resonant Frequency 24 kHz 

+3.4 VOLT REFERENCE 
Output Voltage Initial +25°C 3.350 3.400 3.450 v 
Output Temperature Drift ±10 mV 
Power Supply Rejection DC 40 60 dB 
Output Current (Sourcing) 500 µA 

BUFFER AMPLIFIER 
Input Offset Voltage Deviation from Nominal 1.800 V ±10 ±25 mV 
Input Bias Current 5 20 nA 
Open Loop Gain DC 80 dB 
Unity Gain Bandwidth 200 kHz 
Output Voltage Swing IoUT = 100 µA 0.25 Vs - 0.25 v 
Capacitive Load Drive 1000 pF 

POWER SUPPLY 
Specified Performance 5 V Supply +4.75 +5.25 v 

12 V Supply +11.6 +12.6 v 
Quiescent Supply Current 5 V Supply 11 14 mA 

TEMPERATURE RANGE -55 +125 oc 

This information applies to a product.under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
-55°C to +125°C (-67°F to +257°F) Operation 
±0.5°C Accuracy Over Temperature (typ) 
Temperature-Proportional Voltage Output 
User Programmable Temperature Trip Points 
User Programmable Hysteresis 
20 mA Open Collector Trip Point Outputs 
TTL/CMOS Compatible 
Single-Supply Operation (4.5 V to 13.2 V) 
Low Cost 8-Pin DIP and SO Packages 

APPLICATIONS 
Over/Under Temperature Sensor and Alarm 
Board Level Temperature Sensing 
Temperature Controllers 
Electronic Thermostats 
Thermal Protection 
HVAC Systems 
Industrial Process Control 
Remote Sensors 

GENERAL DESCRIPTION 
The TMPOl is a temperature sensor which generates a voltage 
output proportional to absolute temperature and a control signal 
from one of two outputs when the device is either above or 
below a specific temperature range. Both the high/low tempera
ture trip points and hysteresis (overshoot) band are determined 
by user-selected external resistors. For high volume production, 
these resistors are available on-board. 

The TMPOl consists of a bandgap voltage reference combined 
with a pair of matched comparators. The reference provides 
both a constant 2.5 V output and a voltage proportional to abso
lute temperature (VPT AT) which has a precise temperature 
coefficient of 5 mV/K and is 1.49 V (nominal) at +25°C. The 
comparators compare VPT AT with the externally set tempera
ture trip points and generate an open-collector output signal 
when one of their respective thresholds has been exceeded. 

*Protected by U.S. Patent No. 5,195,827. 

REV.8 

R1 

R2 

R3 

Low Power, Programmable 
Temperature Controller 

TMPOl* I 
FUNCTIONAL BLOCK DIAGRAM 

Hysteresis is also programmed by the external resistor chain and 
is determined by the total current drawn out of the 2. 5 V refer
ence. This current is mirrored and used to generate a hysteresis 
offset voltage of the appropriate polarity after a comparator has 
been tripped. The comparators are connected in parallel, which 
guarantees that there is no hysteresis overlap and eliminates 
erratic transitions between adjacent trip zones. 

The TMPOl utilizes proprietary thin film resistors in conjunc
tion with production laser trimming to maintain a temperature 
accuracy of :+:2°C (typ) over the rated temperature range, with 
excellent linearity. The open-collector outputs are capable of 
sinking 20 mA, enabling the TMPOl to drive control relays 
directly. Operating from a +5 V supply, quiescent current is 
only 500 µA (max). 

The TMPOl is available in the low cost 8-pin epoxy mini-DIP 
and SO (small outline) packages, and in die form. 
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TM. PO. 1 P' 'S · SPEC If I CAJ.l·Q· NS Plastic DIP and Surface Mount. Packages (\I+ = +5 v, GND = o v, -40°c 
J. - :s TA :s +85°C unless otherwise noted) . 

Parameter . ·. Symbol 
-"-

INPUTS SET HIGH, SET LOW 
Offset Voltage Vos 
Offset Voltage Drift TCV0 s 
Input Bias Current, "E" Is 
Input Bias Current, "F" Is 

OUTPUT VPTAT1 

Output Voltage VPTAT 
Scale Factor TCvPTAT 
Temperature Accuracy, "E" 
Temperature Accuracy, "F" 
Temperature Accuracy, "E" 
Temperature Accuracy, "F" 
Temperature Accuracy, "E" 
Temperature Accuracy, "F" 
Temperature Accuracy, "E" 
Temperature Accuracy, "F" 
Repeatability Error AVPTAT 
Long Term Drift Error 
Power Supply Rejection Ratio PSRR 

OUTPUTVREF 
Output Voltage, "E" VREF 
Output Voltage, "F" VREF 
Output Voltage, "E" VREF 
Output Voltage, "F" VREF 
Output Voltage, "E" VREF 
Output Voltage, "F" VREF 
Drift TCvru:F 
Line Regulation 
Load Regulation 
Output Current, Zero Hysteresis IVREF 
Hysteresis Current Scale Factor SFHYs 
Turn-On Settling Time 

OPEN-COLLECTOR OUTPUTS OVER, UNDER 
Output Low Voltage 
Output Low Voltage 
Output Leakage Current 
Fall Time 

POWER SUPPLY 
Supply Range 
Supply Current 
Supply Current 
Power Dissipation 

NOTES 
'K = °C + 273.15. 
2Guaranteed but not tested. 

VoL 
VoL 
loH 
tHL 

V+ 
Isv 
lsv 
PoISs 

Conditions 

TA= +25°C, No Load 

TA= +25°C, No Load 
TA= +25°C, No Load 
10°C <TA< 40°C, No Load 
l0°C < TA < 40°C, No Load 
-40°C < TA < 85°C, No Load 
-40°C < TA < 85°C, No Load 
-55°C <TA< 125°C,No Load 
-55°C <TA< 125°C, No Load 
Note4 
Notes 2 and 6 
TA= +25°C, 4.5 vs v+ s 13.2 v 

TA = +25°C, No Load 
TA= +25°C, No Load 
-40°C < TA < 85°C, No Load 
-40°C < TA < 85°C, No Load 
~55°C <TA< 125°C, No Load 
-55°C <TA< 125°C, No Load 

4.5 v s v + s 13.2 v 
10 µA S lvREF S 500 µA 

(Note 1) 
To Rated Accuracy 

lsINK = 1.6 mA 
!SINK= 20 mA 
V+ = 12 V 
See Test Load 

Unloaded, +V = 5 V 
Unloaded, + V = 13.2 V 
+V = 5V 

3Does not consider errors caused by heating due to dissipation of output load currents. 
4Maximum deviation between + 25°C readings after temperature cycling between -55°C and + 125°C. 
5Typical values indicate performance measured at TA = + 25°C. 
60bserved in a group sample over an accelerated life test of 500 hours at 150°C. 
Specifications subject to change without notice. 

Test Load 

V+ r-i 1kQ 

i 20pF 
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Min Typ Max Units 

0.25 mV 
3 µVl°C 
25 50 nA 
25 100 nA 

l.49 v 
5 mV/K 

-1.5 ±0.5 1.5 oc 
-3 ±1.0 3 oc 

±0.75 oc 

±1.5 oc 
-3.0 ±1 3.0 oc 
-5.0 ±2 5.0 oc 

±1.5 oc 
±2.S oc 

0.25 Degree 
0.25 0.5 Degree 
±0.02 ±0.1 %N 

·.·. 

2.495 2.500 2.505 v 
2.490 2.500 2.510 v 
2.490 2.500 2.510 y 
2.485 2.500 2.515 v 

2.5 ± 0.01 v 
2.5 ± 0.015 v 
-10 pplliJoc 
±0.01 ±0.05 %N 
±0.1 ±0.25 %/mA 
7 µA 
5.0 µAl°C 
25 µs 

0.25 0.4 v 
0.6 v 
1 100 µA 
40 ns 

4.5 13.2 v 
400 500 µA 
450 800 µA 
2.0 2.5 mW 
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TMP01 

TMPQ1J-SPEClflCATIQNS !~;!:s ~~=I~~: ~~::)ge CV+= +5 V, GND = O V, - 4o•c s TA s +B5°C 

Parameter Symbol 

INPUTS SET HIGH, SET LOW 
Offset Voltage Vos 
Offset Voltage Drift TCV08 

Input Bias Current, "F" Ia 

OUTPUT VPTAT' 
Output Voltage VPTAT 
Scale Factor TCVPTAT 
Temperature Accuracy, "F" 
Temperature Accuracy, "F' 
Temperature Accuracy, "F" 
Temperature Accuracy, "F" 
Repeatability Error .1.VPTAT 
Long Term Drift Error 
Power Supply Rejection Ratio PSRR 

OUTPUTVREF 
Output Voltage, "F" VREF 
Output Voltage, "F" VREF 
Output Voltage, "F" VREF 
Drift TCvREF 
Line Regulation 
Load Regulation 
Output Current, Zero Hysteresis IVREF 
Hysteresis Current Scale Factor SFHYs 
Turn-On Settling Time 

OPEN-COLLECTOR OUTPUTS OVER, UNDER 
Output Low Voltage 
Output Low Voltage 
Output Leakage Current 
Fall Time 

POWER SUPPLY 
Supply Range 
Supply Current 
Supply Current 
Power Dissipation 

NOTES 
1K = "C + 273.15. 
'Guaranteed but not tested. 

VoL 
VoL 
loH 
tHL 

V+ 
lsv 
lsv 
Pmss 

Conditions 

TA= +25°C, No Load 

TA = +25°C, No Load 
lOOC <TA< 400C, No Load 
-40°C < TA < 85°C, No Load 
-55°C <TA< 125°C, No Load 
Note4 
Notes 2 and 6 
TA= +25°C, 4.5 vs v+ s 13.2 v 

TA= +25°C, No Load 
-40°C <TA< 85°C, No Load 
-55°C <TA< 125°C, No Load 

4.5 Vs V+ s 13.2 V 
10 µA :S IVREF :S 500 µA 

(Note 1) 
To Rated Accuracy 

lsINK = J.6 mA 
lsINK = 20mA 
v+ = 12 v 
See Test Load, Note 2 

Unloaded, + V = 5 V 
Unloaded, + V = 13.2 V 
+V = 5V 

'Does not consider errors caused by heating due to dissipation of output load currents. . 
4Maximum deviation between + 2S'C readings after temperature cycling between -55"C and + 125'C. 
'Typical values indicate performance measured at TA= +25"C. 
6<>bserved in a group sample over an accelerated life test of 500 hours at 150"C. 

Specifications subject to change without notice. 

Min Typ Max 

0.25 
3 
25 100 

1.49 
s 

-3 ±1.0 3 
±1.5 

-5.0 ±2 5.0 
±2.5 
0.25 
0.25 0.5 
±0.02 ±0.1 

2.490 2.500 2.510 
2.480 2.500 2.520 

2.5 ± o.oi5 
-10 
±0.01 ±0.05 
±0.1 ±0.25 
7 
s.o 
25 

0.25 0.4 
0.6 
1 100 
40 

4.5 13.2 
400 500 
450 800 
2.0 2.5 
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Units 

mV 
µVl°C 
nA 

v 
mV/K 
oc 
oc 
oc 
oc 
Degree 
Degree 
%/V 

v 
v 
v 
ppml°C 
%/V 
%/mA 
µA 
µAl°C 
µs 

v 
v 
µA 
ns 

v 
µA 
µA 
mW 
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TMP01 

WAFER TEST LIMITS (VDD = +5.0 V, GND = O V, TA = +25°C, unless otherwise noted) 

Parameter Symbol Conditions Min Typ Max Units 

INPUTS SET HIGH, SET LOW 
Input Bias Current IB 100 nA 

OUTPUT VPT AT 
Temperature Accuracy TA = +25°C, No Load 1.5 oc 

OUTPUTVREF 
Nominal Value VREF TA= +2S°C, No Load 2.490 2.510 v 
Line Regulation 4.SVsV+ s 13.2V ±0.05 %N 
Load Regulation 10 µ,A S lvREF S 500 µA ±0.25 %/mA 

OPEN.COLLECTOR OUTPUTS OVER, UNDER 
Output Low Voltage VoL JSINK = 1.6 mA 0.4 mV 
Output Low Voltage VoL lsINK = 20 mA 1.0 v 
Output Leakage Current loH 100 µA 

POWER SUPPLY 
Supply Range V+ 4.5 13.2 v 
Supply Current lsy Unloaded 600 µA 

NOTES 
Electrical tests are performed at wafer probe to the limits shown. Due io variations in assembly methods and normal yield loss, yield after packaging is not guar
anteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification _through sample lot assembly and testing. 

DICE CHARACTERISTICS 
Die Size 0.078 x 0.071 inch, 5,538 sq. mils 

(1.98 x 1.80 mm, 3.57 sq. mm) 
Transistor Count: 105 

1. VREF 
2. SETHIGH 
3. SETLOW 
4. GND (TWO PLACES) 
(CONNECTED TO SUBSTRATE) 
5.VPTAT 
6. UNDER 
7. OVER 
8. V+ 

For additional DICE ordering information, refer to databook. 
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ABSOLUTE MAXIMUM RATINGS 
Maximum Supply Voltage ............. -0.3 V to + 15 V 
Maximum Input Voltage 

(SETHIGH, SETLOW) ....... -0.3 V to [(V +) +0.3 VJ 
Maximum Output Current (VREF, VPT AT) . . . ..... 2 mA 
Maximum Output Current (Open Collector Outputs) .. 50 mA 
Maximum Output Voltage (Open Collector Outputs) .... 15 V 
Operating Temperature Range .......... -55°C to + 1S0°C 
Dice Junction Temperature .................. + 150°C 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 60 sec) ........... + 300°C 

Package Type 6JA 61c 

8-Pin Plastic DIP (P) 1031 43 
8-Lead SOIC (S) 1582 43 
8-Lead T0-99 Can CJ) 1501 18 

NOTES 
101A is specified for device in socket (worst case conditions). 
201A is specified for device mounted on PCB. 

CAUTION 

Units 

oc/W 
oc/W 
oc/W 

1. Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this 
specification is not implied. Exposure to the above maximum 
rating conditions for extended periods may affect device 
reliability. 

2. Digital inputs and outputs are protected, however, perma
nent damage may occur on unprotected units from high en
ergy electrostatic fields. Keep units in conductive foam or 
packaging at all times until ready to use. Use proper anti
static handling procedures. 

3. Remove power before inserting or removing units from their 
sockets. 

ORDERING GUIDE 

Temperature Package 
Model/Grade Range1 Description 

TMPOlEP XIND Plastic DIP 
TMPOlFP XIND Plastic DIP 
TMPOlES XIND SOIC 
TMPOlFS XIND SOIC 
TMP01FJ3 XIND T0-99 Can 
TMPOlGBC 25°C Die 

NOTES 
'XIND = -40'C to +8S'C. 
2For outline information see Package Information section. 
'Consult factory for availability of MIL/883 version in T0-99 can. 
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Package 
Option2 

N-8 
N-8 
S0-8 
S0-8 
H-08A 

TMP01 
GENERAL DESCRIPTION 
The TMPOl is a very linear voltage-output temperature sensor, 
with a window comparator that can be programmed by the user 
to activate one of two open-collector outputs when a predeter
mined temperature setpoint voltage has been exceeded. A low 
drift voltage reference is available for setpoint programming. 

The temperature sensor is basically a very accurately temperature
compensated, bandgap-type voltage reference with a buffered 
output voltage proportional to absolute temperature (VPTAT), 
accurately trimmed to a scale factor of 5 m V /K. See the applica
tions information following. 

The low drift 2.5 V reference output VREF is easily divided 
externally with fixed resistors or potentiometers to accurately 
establish the programmed heat/cool setpoints, independent of 
temperature. Alternatively, the setpoint voltages can be supplied 
by other ground-referenced voltage sources such as user
programmed DACs or controllers. The high and low setpoint 
voltages are compared to the temperature sensor voltage, thus 
creating a two-temperature thermostat function. In .addition, the 
total output current of the reference ClvREF) determines the 
magnitude of the temperature hysteresis band. The open
collector outputs of the comparators can be used to control a 
wide variety of devices. 

Figure 1. Detailed Block Diagram 
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TMP01 
Temperature Hysteresis 
The temperature hysteresis is the number of degrees beyond the 
original setpoint temperature that must be sensed by the TMPOl 
before the setpoint comparator will be reset and the output dis
abled. Figure 2 shows the·hysteresis profile. The hysteresis is 
programmed by the user by setting a specific load on the refer
ence voltage output VREF. This output current lvREF is also 
called the hysteresis current, which is mirrored internally and 
fed to a buffer with an analog switch. 

HYSTERESIS 
LOW 

HYSTERESIS 
HIGH 

HI 

OUTPUT 
VOLTAGE 

OVER, UNDER 

LD 

~:;n JJ. ~~,.~ lL 
TEMPERATURE 

TsETHIGH 

Figure 2. TMP01 Hysteresis Profile 

After a temperature setpoint has been exceeded and a compara
tor tripped, the buffer output is enabled. The output is a cur
rent of the appropriate polarity which generates a hysteresis 
offset voltage across an internal 1000 n resistor at the compara
tor input. The comparator output remains "on" until the voltage 
at the comparator input, now equal to the temperature sensor 
voltage VPT AT summed with the hysteresis offset, has returned 
to the programmed setpoint voltage. The comparator then 
returns LOW, deactivating the open-collector output and dis
abling the hysteresis current buffer output. The scale factor for 
the programmed hysteresis current is: 

IHvs = IvREF = 5 µAf'C + 7µA 

Thus since VREF = 2.5 V, with a reference load resistance of 
357 k!l or greater (output current 7 µA or less), the tempera
ture setpoint hysteresis will be zero degrees. See the temperature 
programming discussion below. Larger values of load resistance 
will only decrease the output current below 7 ... µA and will have 
no effect on the operation of the device. The amount of hystere
sis is determined by selecting a value of load resistance for 
VREF, as shown below. 

Programming the TMPOl 
In the basic fixed-setpoint application utilizing a simple resistor 
ladder voltage divider, the desired temperature setpoints are 
programmed in the following sequence: 

1. Select the desired hysteresis temperature. 

2. Calculate the hysteresis current lvREF· 

3 Select the desired setpoint temperatures. 

4. Calculate the individual resistor divider ladder values needed 
to develop the desired comparator setpoint voltages at 
SETHIGH and SETLOW. 

The hysteresis current is readily calculated, as shown above. For 
example, for 2 degrees of hysteresis, IVREF = 17 µA. Next, the 
setpoint voltages V SETHIGH and V SETLOW are determined using 
the VPTAT scale factor of 5 mV/K = 5 mV/(°C + 273.15), 
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which is 1.49 V for + 25°C. We then calculate the divider resis
tors, based on those setpoints. The equations used to calculate 
the resistors are: 

VsETHIGH = (TsETHIGH + 273.15)(5 mVf'C) 

VsETLDW = (TsETLOW + 273.15)(5 mVf'C) 

RI (k!l) = WvREF - VsETHIGH)llvREF = 

(2.5 V - VsETHIGH)llvREF 

R2 (k!l) (VsETHIGH - VsEnow)llvREF 

R3 (k!l) = VsEnowllvREF 

VVREF =2.SV 

<VVReF - VseTHtGH )/lvREF = R1 

VsETH1GH 

<VsETHIGH -VseTLow)llvReF = R2 

VsETLOW 

VsETLOw /lvREF = R3 

GND 

TMP01 

Figure 3. TMP01 Setpoint Programming 

The total Rl + R2 + R3 is equal to the load resistance needed 
to draw the desired hysteresis current from the reference, or 

lvREF• 

The formulas shown above are also helpful in understanding the 
calculation of temperature setpoint voltages in circuits other 
than the standard two-temperature thermostat. If a setpoint 
function is not needed, the appropriate comparator should be 
disabled. SETHIGH can be disabled by tying it to V+,.SET
LOW by tying it to GND. Either output can be left unconnected. 

218 248 273 298 323 348 373 398 
K 

-'SS -25 -18 0 25 so 75 100 125 
0 c I I I I I I I Ill I I I I I I I I I I I I I I I I I I I I I I I I I I t I 

-or -25 0 32 so 77 100 1SO 200 212 257 
°F 11 I I 111 I I I I II I I I 111 I I I I I I I I I I I I II I I I 11 

1.09 1.24 1.365 1.49 1.615 1.74 1.865 1.99 
VPTAT 

Figure 4. Temperature-VPTAT Scale 
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Understanding Error Sources 
The accuracy of the VPT AT sensor output is well characterized 
and specified, however preserving this accuracy in a heating or 
cooling control system requires some attention to minimizing the 
various potential error sources. The internal sources of setpoint 
programming error include the initial tolerances and tempera
ture drifts of the reference voltage VREF, the setpoint compara
tor input offset voltage and bias current, and the hysteresis 
current scale factor. When evaluating setpoint programming 
errors, remember that any VREF error contribution at the com
parator inputs is reduced by the resistor divider ratios. The 
comparator input bias current (inputs SETHIGH, SETLOW) 
drops to less than 1 nA ( typ) when the comparator is tripped. 
This can account for some setpoint voltage error, equal to the 
change in bias current times the effective setpoint divider ladder 
resistance to ground. 

The thermal mass of the TMPOl package and the degree of 
thermal coupling to the surrounding circuitry are the largest fac
tors in determining the rate of thermal settling, which ultimately 
determines the rate at which the desired temperature measure
ment accuracy may be reached. Thus, one must allow sufficient 
time for the device to reach the final temperature. The typical 
thermal time constant for the plastic package is approximately 
140 seconds in still air! Therefore, to reach the final temperature 
accuracy within 1%, for a temperature change of 60 degrees, a 
settling time of S time constants, or 12 minutes, is necessary. 

The setpoint comparator input offset voltage and zero hysteresis 
current affect setpoint error. While the 7 µA zero hysteresis cur
rent allo\vs the user to program the TMPOl with moderate resis
tor divider values, it does vary somewhat from device to device, 
causing slight variations in the actual hysteresis obtained in 
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a: 
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~ 425 ... 
:::> 
., 400 +25·c 
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350 
0 10 15 20 

SUPPLY VOLTAGE-Volta 

Figure 5. Supply Current vs. Supply Voltage 
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TMP01 
practice. Comparator input offset directly impacts the pro
grammed setpoint voltage and thus the resulting hysteresis 
band, and must be included in error calculations. 

External error sources to consider are the accuracy of the exter
nal programming resistors, grounding error voltages, comparator 
input noise, comparator input bias current, and the overall 
problem of thermal gradients. The accuracy of the external pro
gramming resistors directly impacts the resulting setpoint accu
racy. Thus in fixed-temperature applications the user should 
select resistor tolerances appropriate to the desired programming 
accuracy. Resistor temperature drift must be taken into account 
also. This effect can be minimized by selecting good quality 
components, and by keeping all components in close thermal 
proximity. Applications requiring high measurement accuracy 
require great attention to detail regarding thermal gradients. 
Careful circuit board fuyout, component placement, and protec
tion from stray air currents are necessary to minimize common 
thermal error sources. 

Also, the user should take care to keep the bottom of the set
point programming divider ladder as close to GND (Pin 4) as 
possible to minimize errors due to IR voltage drops and cou
pling of external noise sources. In any ·case,· a 0.1 µF capacitor 
for power supply bypassing is always recommended at the chip. 

Safety Considerations In Heating And Cooling System Design 
Designers should anticipate potential system fault conditions 
which may result in significant safety hazards which are outside 
the control of and cannot be corrected by the TMPOl-based cir
cuit. Governmental and industrial regulations regarding safety 
requirements and standards for such designs should be observed 
where applicable. 
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Figure 6. Minimum Supply Voltage vs. Temperature 
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Figure 7. VPTAT Accuracy vs. Temperature 
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Figure 8. VREF Accuracy vs. Temperature 
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Figure 9. Open-Collector Output (OVER, UNDER) Satura
tion Voltage vs. Output Current 
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Figure 13. Comparator Input Offset Distribution 
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Figure 14. Zero Hysteresis Current Distribution 

APPLICATIONS INFORMATION 

Self-Heating Effects 
In some applications the user should consider the effects of self
heating due to the power dissipated by the open-collector out
puts, which are capable of sinking 20 mA continuously. Under 
full load, the TMPOl open-collector output device is dissipating 

Pvrss = 0.6 V x .020A "' 12 mW 

which in a surface-mount SO package accounts for a tempera
ture increase due to self-heating of 

aT = PDiss x ajA = .012 w x 1s8°c1W = 1.9°C. 

This will of course directly affect the accuracy of the T MPO 1 
and will for example cause the device to switch the heating out
put "OFF" 2 degrees early. Alternatively, bonding the same 
package to a moderate heatsink limits the self-heating effect to 
approximately 

t;.T = PDiss x 6yc = .012 w x 43°CIW = o.s2°c 

which is a much more tolerable error in most systems. The 
VREF and VPT AT outputs are also capable of delivering suffi
cient current to contribute heating effects and should not be 
ignored. 
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TMPOl 
Buffering the Voltage Reference 
As mentioned above, the reference output VREF is used to gen
erate the temperature setpoint programming voltages for the 
TMPOl and also is used to determine the hysteresis temperature 
band by the reference load current IVREF· The on-board output 
buffer amplifier is typically capable of 500 µA output drive into 
as much as 50 pF load (max). Exceeding this load will affect the 
accuracy of the reference voltage, could cause thermal sensing 
errors due to dissipation, and may induce oscillations. Selection 
of a low drift buffer functioning as a voltage follower with high 
input impedance will ensure optimal reference accuracy, and 
will not affect the programmed hysteresis current. Amplifiers 
which offer the low drift, low power consumption, and low cost 
appropriate to this application include the OP295, and members 
of the OP90, OP97, OP! 77 families, and others as shown in the 
following applications circuits. 

With excellent drift and noise characteristics, V REF offers a 
good voltage reference for data acquisition and transducer exci
tation applications as well. Output drift is typically better than 
-10 ppm/°C, with 315 nV/y'Hz (typ) noise spectral density at 
1 kHz. 

Preserving Accuracy Over Wide Temperature Range 
Operation 
The TMPOl is unique in offering both a wide-range temperature 
sensor and the associated detection circuitry needed to imple
ment a complete thermostatic control function in one monolithic 
device. While the voltage reference, setpoint comparators, and 
output buffer amplifiers have been carefully compensated to 
maintain accuracy over the specified temperature range, the user 
has an additional task in maintaining the accuracy over wide 
operating temperature ranges in his application. Since the 
TMPOl is both sensor and control circuit, in many applications 
it is possible that the external components used to program and 
interface the device may be subjected to the same temperature 
extremes. Thus it may be necessary to locate components in 
close thermal proximity to minimize large temperature differen
tials, and to account for thermal drift errors where appropriate, 
such as resistor matching tempcos, amplifier error drift, and 
the like. Circuit design with the TMPOl requires a sightly dif
ferent perspective regarding the thermal behavior of electronic 
components. 

Thermal Response Time 
The time required for a temperature sensor to settle to a speci-
fied accuracy is a function of the thermal mass of, and the Sr.I 
thermal conductivity between the sensor and the object being .U 
sensed. Thermal mass is often considered equivalent to capaci-
tance. Thermal conductivity is commonly specified using the 
symbol Q, and can be thought of as thermal resistance. It is 
commonly specified in units of degrees per watt of power trans-
ferred across the thermal joint. Thus, the time required for the 
TMPOl to settle to the desired accuracy is dependent on the 
package selected, the thermal contact established in that particu-
lar application, and the equivalent power of the heat source. In 
most applications, the settling time is probably best determined 
empirically. 
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TMPOl 
Switching Loads With The Open-Collector Outputs 
In many temperature sensing and control applications some cype 
of switching is required. Whether it be to tum on a heater when 
the t~perature goes below a minimum value or to tum off a 
motor that is overheating, the open-collector outputs Over and 
Under can be used. For the majority of applications, the 
switches used need to handle large currents on the order of 
1 Amp and above. Because the TMPOl is accurately measuring 
temperature, the open-collector outputs should handle less than 
20 mA of current to minimize self-heating. Clearly, the Over
temp and Undertemp outputs should not drive the equipment 
directly. Instead, an extemal switching device is required to 
handle the large c\lrrents. Some examples of these are relays, 
power MOSFETs, thyristors, IGBTs; and Darlingtons. 

Figure IS shows a variety of circuits where the TMPOl co~trols 
a switch. The main consideration in these circuits, such as· the 
relay· in Figure !Sa, is the c\lrrent required to activate the 
switch. 

r--1 

I [: MOT:R 
R1 I r: SH:DOWN I I 

L..,...._J 

R2 2804-12-311 
COTO 

Figure 15a. Reed Relay Drive 

It is important to check the particular relay you choose to 
ensure that the current needed· to activate the coil does not 
exceed the TMPOl's recommended outputc11rrent of 20 mA. 
This is easily determined by dividing the relay coil voltage by 
the specified coil resistance. Keep in mind that the inductance 
of the relay will create large voltage spikes that can damage the 
TMPOl output unless protected ·by a commutation diode across 
the coil, as shown. The relay shown has a contact rating of 
10 watts maximum. If a relay capable of handling more power is 
desired, the larger contacts will probably require a commensu
rately larger coil, with lower coil resistance and thus higher trig
ger current. As the contact power handling capability increases, 
so does the current needed for the coil. In some cases an exter
nal driving transistor should be used to remove the current load 
on the TMPOl as explained in the next section. 

Power FBTs are popular for handling a variety of high current 
DC loads. Figure !Sb shows the TMPOl driving a p-channel 
MOSFET transistor for a simple heater circuit. When the 0ut
put transistor rums on, the gate of the MOSFET is pulled down 
to approxilililtely 0.6 V, turning it on. For most MOSFETs a 
gate-to-source voltage cir Vgs on the order of -2 V to -S Vis 
suffident to tllrn the device on. Figure !Sc shows a similar cir
cuit for turning on an n-channel MOSFET, except that now the 
gate to source voltage is positive. Because of this reason an 
external transistor must be used as an inverter so that the MOS
FET will tum on when the "Under Temp" output pulls down. 
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R1 

R1 

R2 

R3 

NC = NO CONNECT 

Figure 15b. Driving a P-Channel MOSFET 

NC = NO CONNECT 

Figure 15c. Driving a N-Channef MOSFET 

HEATING 
ELEMENT 

Isolated Gate Bipolar Transistors (IGBT) combine many of the 
benefits of power MOSFETs with bipolar transistors, and are 
used for a variety of high power applications. Because IGBTs 
have a gate similar to MOSFETs, turning on and off the devices 
is relatively simple as shown in Figure lSd. The tum on voltage 
for the IGBT shown (IRGBC40S) is between 3.0 and S.S volts. 
This part has a continuous collector current rating of SO .A and a 
maximum collector to emitter voltage of 600 V, enabling it to 
work in very demanding applications. 

R1 

R2 

R3 

NC = NO CONNECT 

Figure 15d. Driving an IGBT 
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The last class of high power devices discussed here are Thyris
tors, which includes SCRs and Triacs. Triacs are a useful alter
native to relays for switching ac line voltages. The 2N6073A 
shown in Figure !Se is rated to handle 4A (rms). The opto
isolated MOC302 l Triac shown features excellent electrical isola
tion from the noisy ac line and complete control over the high 
power Triac with only a few additional components. 

NC = NO CONNECT 

Figure 15e. Controlling the 2N6073A Triac 

High Current Switching 
As mentioned above, internal dissipation due to large loads on 
the TMPOl outputs will cause some temperature error due to 
self-heating. External transistors remove the load from the 
TMPOl, so that virtually no power is dissipated in the internal 
transistors and no self-heating occurs. Figure 16 shows a few 
examples using external transistors. The simplest case, using a 
single transistor on the output to invert the output signal is 
shown in Figure 16a. When the open-collector of the TMPOl 
turns "ON" and pulls the output down, the external transistor 
Q l's base will be pulled low, turning off the transistor. Another 

R1 

R2 

R3 

Figure 16a. An External Resistor Minimizes Self-Heating 
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TMPOl 
transistor can be added to reinvert the signal as shown in Figure 
16b. Now, when the output of the TMPOl is pulled down, the 
first transistor, Ql, turns off and its collector goes high, which 
turns Q2 on, pulling its collector low. Thus, the output taken 
from the collector of Q2 is identical to the output of the 
TMPO l. By picking a transistor that can accommodate large 
amounts of current, many high power devices can be switched. 

R1 

R2 

R3 

Figure 16b. Second Transistor Maintains Polarity of 
TMP01 Output 

An example of a higher power transistor is a standard Darling
ton configuration as shown in Figure 16c. The part chosen, 
TIP-HO, can handle 2A continuous which is more than enough 
to control many high power relays. In fact the Darlington itself 
can be used as the switch, similar to MOSFETs and IGBTs. 
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Figure 16c. Darlington Transistor Can Handle Large Currents 

Buffering the Temperature Output Pin 
The VPTAT sensor output is a low impedance de output volt
age with a 5 mV/K temperature coefficient, and is useful in a 
number of measurement and control applications. in many 
applications, this voltage needs to. be transmitted to a central 
location for processing. The buffered VPT AT voltage output is 
capable of 500 µA drive into 50 pF (max). As mentioned in the 
discussion above regarding buffering circuits for the VREF out
put, it is useful to consider external amplifiers for interfacing 
VPT AT to external circuitry to ensure accuracy, and to mini
mize loading which could create dissipation-induced temperature 
sensing errors. An. excellent general-purpose buffer circuit using 
the OPl 77 is shown in Figure 17 which is capable of driving 
over 10 mA, and will remain stable under capacitive loads of up 
to 0.1 µF. Other interfacing ideas are shown below. 

Differential Transmitter 
In noisy industrial environments, it is difficult to send an accu
rate analog signal over a significant distance. However, by send
ing the signal differentially on a wire pair, these errors can be 
significantly reduced. Since the noise will be picked up equally 
on both wires, a receiver with high common-mode input rejec
tion can be used to cancel out the noise very effectively at the 

R1 

R2 

v""' 

Figure 17. Buffer VPTAT to Handle Difficult LOads 

receiving end. Figure 18 shows two amplifiers being used to 
send the signal differentially, and an excellent differential 
receiver, the AMP03, which features a common mode rejection 
ratio of 95 dB at de and very low input and drift errors. 

Figure 18. Send the Signal Differentially for Noise Immunity 
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4 mA-20 mA Current Loop 
Another, very common method of transmitting a signal over 
long distances is to use a 4 mA-20 mA Loop, as shown in Fig
ure 19. An advantage of using a 4 mA-20 mA loop is that the 
accuracy of a current loop is not compromised by voltage drops 
across the line. One requirement of 4 mA-20 mA circuits is that 
the remote end must receive all of its power from the loop, 
meaning that the circuit must consume less than 4 mA. Operat
ing from +S V, the quiescent current of the TMPOl is SOO µA 
max, and the OP90's is 20 µA max, totaling less than 4 mA. 
Although not shown, the open collector outputs and tempera
ture setting pins can be connected to do any local control of 
switching. 

The current is proportional to the voltage on the VPTAT out
put, and is calibrated. to 4 mA at a temperature of -40°C, to 
20 mA for +8S°C. The main equation governing the operation 
of this circuit gives the current as a function of VPT AT: 

_ __!__ ( VPTAT x Rs _ VREF x R3 ( Rs)) 
lour - R R R R I + R 

6 2 3+ 1 2 

The resulting temperature coefficient of the output current is 
128 µAl°C. 

R1 
243kQ 

R3 
100kQ 

,-------tVREF V+ t---.--o +SV TO +25V 

TMP01 

.-------< GND VPTAT 

Figure 19. 4-20 mA Current Loop 

To determine the resistor values in this circuit, first note that 
VREF remains constant over temperature. Thus the ratio of RS 
over R2 must give a variation of IouT from 4 mA to 20 mA as 
VPTAT varies from 1.16S Vat -40°C to 1.79 Vat +85°C. The 
absolute value of the resistors is not important, only the ratio. 
For convenience, 100 kn is chosen for RS. Once R2 is calcu
lated, the value of R3 and RI is determined by substituting 
4 mA for IouT and 1.16S V for VPTAT and solving. The final 
values are shown in the circuit. The OP90 is chosen for this cir
cuit because of its ability to operate on a single supply and its 
high accuracy. For initial accuracy, a 10 kn trim potentiometer 
can be included in series with R3, and the value of R3 lowered 
to 9S kn. The potentiometer should be adjusted to produce an 
output current of 12.3 mA at 2S°C. 

REV.B 

TMPOl 
Temperature-to-Frequency Converter 
Another common method of transmitting analog information is 
to convert. a voltage to the frequency domain. This is easily done 
with any of the low cost monolithic Voltage-to-Frequency Con
verters (VFCs) available, which feature a robust, open-collector 
digital output. A digital signal is very immune to noise and volt
age drops because the only important information is the fre
quency. As long as the conversions between temperature and 
frequency are done accurately, the temperature data can be suc
cessfully transmitted. 

A simple circuit to do this combines the TMPOl with an AD6S4 
VFC, as shown in Figure 20. The AD6S4 outputs a square wave 
that is proportional to the de input voltage according to the fol
lowing equation: 

Vm 
Four = -------

10 (R1 + Rz) Cr 

By simply connecting the VPT AT output to the input of the 
AD6S4, the S mVl°C temperature coefficient gives a sensitivity 
of 2S Hzl°C, centered around 7.S kHz at 2S°C. The trimming 
resistor R2 is needed to calibrate the absolute accuracy of the 
AD6S4. For more information on that part, please consult the 
AD6S4 data sheet. Finally, the AD6SO can be used to accurately 
convert the frequency back to a de voltage on the receiving end. 

Figure 20. Temperature-to-Frequency Converter 

Isolation Amplifier 
In many industrial applications the sensor is located in an envi
ronment that needs to be electrically isolated from the central 
processing area. Figure 21 shows a simple circuit that uses an 
8-pin optoisolator (IL300XC) that can operate across a S,000 V 
barrier. ICl (an OP290 single-supply amplifier) is used to drive 
the LED connected between Pins 1 to 2. The feedback actually 
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TMP01 

RI 

R2 

IL300XC 

ISOLATION 
BARRIER 

R2 
680pF 

V+ 

Figure 21. Isolation Amplifier 

comes from the photodiode connected from Pins 3 to 4. The 
OP290 drives the LED such that there is enough current gener
ated in the photodiode to exactly equal the current derived from 
the VPTAT voltage across the 470 kO resistor. On the receiving 
end, an OP90 converts the current from the second photodiode 
to a voltage through its feedback resistor R2. Note that the 
other amplifier in the dual OP290 is used to buffer the 2.5 V 
reference voltage of the TMPOI for an accurate, low drift LED 
bias level without affecting the programmed hysteresis current. 
A REF43 (a precision 2.5 V reference) provides an accurate bias 
level at the receiving end. 

To understand this circuit, it helps to exainine the overall equa
tion for the output voltage. First, the current (11) in the photo
diode is set by: · 

2.5 V - VPTAT 
11 = 470 k!l 

Note that the IL300XC has a gain of 0. 73 (typical) with a min 
and max of 0.693 and 0.769 respectively. Since this is less than 
1.0, R2 must be larger than RI to achieve overall unity gain. To 
show this the full equation is: 

( 2.5 V - VPTAT) 
Vour = 2.5 V - l 2R 2 = 2.5 V - 0.7 470 k!l 644 k!l = VPTAT 

A trim is included for R2 to correct for the initial gain accuracy 
of the IL300XC. To perform this trim, simply adjust for an out
put voltage equal to VPTAT at any particular temperature. For 
example, at room temperature, VPTAT = 1.49 V, so adjust R2 
until VouT = 1.49 V as well. Both the REF43 and the OP90 
operate from a single supply, and contribute no significant error 
due to drift. 

In order to avoid the accuracy trim, and to reduce board space, 
complete isolation amplifiers are available, such as the high ac
curacy AD202. 
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Out-of-Range Warning 
By connecting the two open collector outputs of the TMPO 1 
together into a "wired-OR" configuration, a temperature "out
of-range" warning signal is generated. This can be useful in sen
sitive equipment calibrated to work over a limited temperature 
range. RI, R2, and R3 in Figure 22 are chosen to give a tem
perature range of 10°C around room temperature (25°C). Thus, 
if the temperature in the equipment falls below + l5°C or rises 
above + 35°C, the Undertemp Output or Overtemp Output 

R1 
47.SkQ 

R2 
4.99kQ 

R3 
71.SkQ 

Figure 22. Out-of-Range Warning 

respectively will go low and tum the LED on. The LED may 
be replaced with a simple pull-up resistor to give a logic output 
for controlling the instrument, or any of the switching devices 
discussed above can be used. 
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Translating 5 m V /K to 10 m V /"C 
A useful circuit is shown in Figure 23 that translates the 
VPTAT output voltage, which is calibrated in Kelvins, into an 
output that can be read directly in degrees Celsius on a voltme
ter display. To accomplish this, an external amplifier is config
ured as a differential amplifier. The resistors are scaled so the 
VREF voltage will exactly cancel the VPTAT voltage at 0.0°C. 

10pf 

VREF 1-'---'llV..--~ 
VouT (1 OmV/°C) 
!VoUT = O.OV@ T = O.O'C) 

TMP01 
VPTAT 1-"---.J\i'W--'llV..-.-i 

Figure 23. Translating 5 mVIK to 10 mVl°C 

10pF 

VREF t---~Vlt--.-i 

TMP01 
VPTAT i-::---.M--.Jli"h-...i 

TMPOl 
However, the gain from VPTAT to the output is two, so that 
5 mV/K becomes 10 mV/°C. Thus, for a temperature of +80°C, 
the output voltage is 800 m V. Circuit errors will be due prima
rily to the inaccuracies of the resistor values. Using 1 % resistors 
the observed error was less than 10 mV, or 1°C. The 10 pF 
feedback capacitor helps to ensure against oscillations. For bet
ter accuracy, a adjustment potentiometer can be added in series 
with either 100 kO resistor. 

Translating VPTAT to the Fahrenheit Scale 
A very similar circuit to the one shown in Figure 23 can be used 
to translate VPT AT into an output that can be read directly in 
degrees Fahrenheit, with a scaling of 10 m V /°F. Only unity gain 
or less is available from the first stage differentiating circuit, so 
the second amplifier provides a gain of two to complete the con
version to the Fahrenheit scale. Using the circuit in Figure 24, a 
temperature of 0.0°F gives an output of 0.00 V. At room tem
perature (70°F) the output voltage is 700 mV. A -40°C to 
+8S°C operating range translates into -40°F to + 185°F. The 
errors are essentially the same as for the circuit in Figure 23. 

VouT = o.ov @T = O.O'F 
(10mV/°F) 

Figure 24. Translating 5 mV/K to 10 mVl°F 
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Micropower Temperature Peripheral 

FEATURES 
Modulated Serial Digital Output 

Proportional to Temperature 
±1.2°C Accuracy Ovei.Temperature (typ) 
Specified -'40°C to +1·00°C, Operation to 150°C 
Power Consuml)tion 3.5 mW at 5 V 
No. External Components 
Flexible Open Collecl:or .Output ITMP03). 
CMOS/TTL Compatible Output on· TMP03L 
Low Voltage Operation (4'.5 V to 7 VI 
Low Cost 3;Pih Packages 

APPLICATIONS 
Isolated Sensors 
Environmental Control Systems 
Thermal Protection 
Industrial Process Control 
Power System Monitors 

GENERAL DESCRIPTION 
The TMP03/TMP03L ls a monolithic temperat4re 
that generates a modulated serial digital output w 
direct proportion to the temperature of the device. Ari nb~ 
sensor generates a voltage precisely proportional to absolute '\. 
temperature which is input to a precision digital modulator. The 
ratiometric encoding format of the serial digital output is inde
pendent of the clock drift errors common to mo~t serial moduJac 
tion techniques such as voltage-to-frequency converters. Overall 
accuracy is ± 1.2 degrees (typical) over the rated operating tem
perature range, with excellent transducer linearity. The digital 
output of the TMP03L is CMOS/TTL compatible and is easily 
interfaced to the serial inputs of most popular microprocessors. 
The open collector output of the TMp03 is capable of sinking 
20 mA and is suitable for industrial systems including isolated 
circuits utilizing opto-couplers or isolation transformers. 

The TMP03 and the TMP03L are specified for operation at 
, supply voltages from 4.5 V to 7 V. Operating from +5 V, supply 

current (unloaded) is less than 700 µA (max). 

*Patent pending. 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-.6212. 

. ., ' ... TMPD3/fMPQ3L * I 
FUNC,TIONAL BLOCK.DIAGRAM 

.'J:'0-92 

L is rated for operation over the -40°C to 
ge ih the low cost T0-92, and S0-8 
ount packages. Operation extends to 

S0-8 TSSOP-8 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP03/TMP03L 

TMP03E/JMP03f-SPECIFICAJIONS (V+ = +5 V, -40°C ~TA~ +1DD°C unless otherwise noted) 

Parameter Symbol Conditions 

ACCURACY 
Scale Factor· Deviation "E" 0°c <TA< 40°c 1 

Scale Factor Deviation "F" 0°C <TA< 40°C 1 

Scale Factor Deviation "E" Over Rated Temperature' 
Scale Factor Deviation "F" Over Rated Temperature' 
Nominal Duty Cycle TA= 0°C 
Power Supply Rejection Ratio PSRR Over Rated Supply 

OUTPUTS 
Output Low Voltage VOL ls!NK = 1.6 mA 
Output Low Voltage VOL ls!NK = 15 mA 
Digital Output Capacitance CouT (Note 3) 
Fall Time tHL See Test Load 
Device Turn-On Time 

POWER SUPPLY 
Supply Range V+ 
Supply Current lsv Unloaded 

NOTES 
1 Maximum devianon from output duty cycle transfer funcuon over specified tem1perature 
2Does not consider errors caused by heating due to dissipation of output load 
3Guaranteed but not tested. 

Specifications subject to change without notice. 

Parameter Symbol Conditions 11
· ' 

ACCURACY 
Scale Factor Deviation "E" 0°C <TA< 40°C 
Scale Factor Deviation "F" 0°C <TA< 40°C 

T 

Scale Factor Deviation "E" Over Rated Temperature' 
Scale Factor Deviation "F" Over Rated Temperature' 
Nominal Duty Cycle TA= 0°C 
Power Supply Rejection Ratio PSRR Over Rated Supply 

OUTPUTS 
Output High Voltage VoH IoH = 800 µA 
Output Low Voltage VoL IoL = 800 µA 
Digital Output Capacitance CouT (Note 3) 
Fall Time tHL See Test Load 
Rise Time tLH See Test Load 
Device Turn-On Time 

POWER SUPPLY 
Supply Range V+ 
Supply Current lsy Unloaded 

NOTES 
1 Maximum deviation from output duty cycle transfer function over specified tempera.tore range. 
2Does not consider errors caused by heating due to dissipation of Output load currents. 
3Guarameed but not tested. 
Specifications subject to change without notice. 

Min Typ Max Units 

0.6 1.2 oc 
0.8 2.4 'C 
1.2 2.2 'C 
1.8 2.8 'C 
42.2 % 
0.05 %N 

0.2 v 
1 v 

15 pF 
250 ns 

20 ms 

7 v 

:·~ 
700 µA 

-4D°C :o; TA :o; + 1D0°C unless otherwise noted) 

Min Typ Max Units 

0 .. 6 1.2 oc 
0.8 2.4 'C 
1.2 2.2 'C 
1.8 2.8 'C 
42.2 % 
0.05 %N 

V+-0.4 v 
400 mV 

15 pF 
250 ns 
250 ns 

20 ms 

4.5 7 v 
700 µA 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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TMP03/TMP03L 
GENERAL DESCRIPTION (continued) 
The TMP03/TMP03L is a powerful, complete temperature 
measurement system with digital output, on a single chip. The 
onboard temperature sensor follows in the footsteps of the 
TMPOl low power, programmable temperature controller, of
fering excellent accuracy and linearity over the entire rated tem
perature range without correction or calibration by the user. 

The sensor output is digitized by an advanced first order sigma
delta modulator, also known as the "charge balance" type 
analog-to-digital converter. See Figure 1. This type of converter 
utilizes time domain oversampling and a high accuracy com
parator to deliver 12 bits of effective accuracy in an extremely 
compact circuit 

ANALOG 
IN DIGITAL 

OUT 

Figure 1. First-Order Sigma-Delta Modulator 

Basically, the sigma-delta modulator consists of an input 
sample-and-hold, a summing amplifier, an integrator, a com
parator, and a !-bit DAC. Similar to the voltage-to-frequency 
converter, this architecture creates in effect a negative feedba 
loop whose intent is to minimize the integrator outpu 
ing the duty cycle of the comparator output in respo 
voltage changes. The comparator samples the output 
grator at a much higher rate than the input sampling frequen 
called oversampling. This spreads the quantization noise over a 
much wider band than that of the input signal, improving over
all noise performance and increasing accuracy. 

The modulated output of the comparator is encoded using a 
patented technique which results in a serial digital signal with a 
ratiometric duty cycle format which is easily decoded by any 
microprocessor into either degrees Centigrade or degrees Fahr
enheit values, and readily transmitted or modulated over a 
single wire. Most importantly, this encoding method neatly 
avoids major error sources common to other modulation tech
niques, as it is clock independent. 

Output Encoding 
Accurate sampling of an analog signal requires precise spacing 
of the sampling interval in order to maintain an accurate repre
sentation of the signal in the time domain. This dictates a mas
ter clock between the digitizer and the signal processor. In the 
case of compact, cost-effective data acquisition systems, the 
addition of a buffered high speed clock line can represent a sig
nificant burden on the overall system design. Alternatively, the 
addition of an onboard clock circuit with the appropriate accu
racy and drift performance to an integrated circuit can add sig
nificant cost. The modulation and encoding techniques utilized 
in the TMP03/TMP03L avoid this problem and allow the over
all circuit to fit into a compact, three-pin package. To achieve 
this, a simple, compact onboard clock and an oversampling digi
tizer which is insensitive to sampling rate variations are used. 

Most importantly, the digitized signal is encoded into a 
ratiometric format in which the exact frequency of the TMP03/ 
TMP03L's clock is irrelevant, and the effects of clock variations 
at the counter are effectively cancelled upon decoding. 

The output of the TMP03/TMP03L is a square wave with a 
nominal frequency of 45 Hz. The output format is readily de
coded by the user as follows: 

Figure 2. TMP03/TMP03L Output Format 

( 450xTl) Temperature (°C) = 260 - -----yz-

( 810 x Tl) Temperature (°F) = 500 - -----yz-

where the time period Tl 
counter values easily

period) and T2 (high period) are 
microprocessor input port, and 
ed in software. Since both peri-the above calc 
' using the same clock, perform
e above formulas results in a 

dent of the exact frequencies of, 
inating clock of the TMP03 or the 

of approximately 1 MHz (or higher) 
resolution to maintain the specified mea

of the TMP03/TMP03L. While a system 
Hz clock will require counter registers of at least 

12 bits; aster clocks will require commensurately larger registers 
to avoid overflow truncation errors. See the Applications section 
below which discusses a variety of hardware interfacing and soft
ware ideas. 

Self-Heating Effects 
Observing the thermal conductivity of the various TMP03/ 
TMP03L packages, in some applications the user should con
sider the effects of self-heating due to the power dissipated by 
the digital output, which is capable of sinking 800 µA continu
ous. Under full load, the output may dissipate 

Pmss = (0.6 V)(0.8 mA) = 0.48mW 

which in a free-standing surface-mount TSSOP package 
accounts for a temperature increase due to self-heating of 

l'iT= Pmss x01A =0.48 mWxXXX°CIW=YY°C. 

This will, of course, directly affect the accuracy of the TMP03/ 
TMP03L relative to the true ambient temperature. Alterna
tively, when the same package has been bonded to measure a 
large plate or other thermal mass (effectively a large heatsink), 
the self-heating error might be limited to approximately 

l'iT = Pmss x01c =0.48 mWx10°CIW = 0.0048°C 

which is a negligible error. 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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Selection Guide-Signal Compression Components 

Log 
Input Conformity BW Package Temp 

Model Range RTI kHz Options1 Ranges2 Comments Page 

AD640 0.75 mV-200 mV ±0.6 dB 120 MHz D,E,N,P C, I, Mfos 120 MHz, 45 dB, DC Demodulating Logarithmic Amplifier W--40 
AD600 ±2V ±0.5 dB 30MHz N,R C, I, Ml Dual 0 dB to +40 dB Variable Gain Amplifier 20--5 
AD602 ±2V ±0.5 dB 30MHz N,R C, I, Ml Dual -10 dB to + 30 dB Variable Gain Amplifier 20--5 
AD603 ±2V ±0.4 dB 100 MHz N,R I,M Single Channel Variable Gain Amplifier 20--17 
AD606 -80 to +IO dBm (50 fl) ±1 dB 50MHz N,R c 50 MHz, 80 dB Demodulating Logarithmic Amplifier with Limiter Output 20--29 

'Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Cao; J = J-Leaded Ceramic Package; 
M = Hermetic Metal Cao DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperature Ranges: C =Commercial, 0°C to +70°C; I= Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M =Military, -55°C to +125°C. Ifa device has military grade offerings, the M 
temperarure designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, aod s for space level. 

Boldface Type: Data sheet information in this volume. 

m 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Two Channels with Independent Gain Control 

"Linear in dB" Gain Response 
Two Gain Ranges: 

ADSOO: 0 dB to +40 dB 
AD602: -10 dB to +30 dB 

Accurate Absolute Gain: ±0.3 dB 
Low Input Noise: 1.4 nV/VHz 
Low Distortion: -60 dBc THO at ±1 V Output 
High Bandwidth: DC to 35 MHz (-3 dB) 
Stable Group Delay: ±2 ns 
Low Power: 125 mW (max) per Amplifier 
Signal Gating Function for Each Amplifier 
Drives High Speed A/D Converters 
MIL·STD-883 Compliant and DESC Versions Available 

APPLICATIONS 
Ultrasound and Sonar Time-Gain Control 
High Performance Audio and RF AGC Systems 
Signal Measurement 

PRODUCT DESCRIPTION 
The AD600 and AD602 dual channel, low noise variable gain 
amplifiers are optimized for use in ultrasound imaging systems, 
but are applicable to any application requiring very precise gain, 
low noise and distortion, and wide bandwidth. Each indepen· 
dent channel provides a gain of 0 to + 40 dB in the AD600 and 
-10 dB to + 30 dB in the AD602. The lower gain of the AD602 
results in an improved signal-to-noise ratio at the output. How
ever, both products have the same 1.4 nV/\/Hz input noise 
spectral density. The decibel gain is directly proportional to 
the control voltage, is accurately calibrated, and is supply- and 
temperature-stable. 

To achieve the difficult performance objectives, a proprietary 
circuit form-the X-AMP"-has been developed. Each channel 
of the X-AMP comprises a variable attenuator of 0 dB to 
-42.14 dB followed by a high speed fixed gain amplifier. In this 
way, the amplifier never has to cope with large inputs, and can 
benefit from the use of negative feedback to precisely define the 
gain and dynamics. The attenuator is realized as a seven-stage 
R-2R ladder network having an input resistance of 100 n, laser
trimmed to ±2%. The attenuation between tap points is 6.02 dB; 
the gain-control circuit provides continuous interpolation be
tween these taps. The resulting control function is linear in dB. 

X-AMP is a trademark of Anal0g Devices, Inc. 
*Patented. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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Dual, Low Noise, Wideband 
Variable Gain Amplifiers 

AD600/AD602* I 
FUNCTIONAL BLOCK DIAGRAM 

F1XEDGAIN 
AMPLIFIER 

41.07dB(ADtlOO) 
31.07dB(AD602) 

A1CM 

The gain-control interfaces are fully differential, providing an 
input resistance of -15 MO and a scale factor of 32 dBN (that 
is, 31.25 mV/dB) defined by an internal voltage reference. The 
response time of this interface is less than 1 µs. Each channel 
also has an independent gating facility that optionally blocks 
signal transmission and sets the de output level to within a few 
millivolts of the output ground. The gating control input is 
TTL and CMOS compatible. 

The maximum gain of the AD600 is 41.07 dB, and that of the 
AD602 is 31.07 dB; the -3 dB bandwidth of both models is 
nominally 35 MHz, essentially independent of the gain. The 
signal-to-noise ratio (SNR) for a 1 V rms output and a 1 MHz 
noise bandwidth is typically 76 dB for the AD600 and 86 dB for 
the AD602. The amplitude response is flat within ±0.5 dB from 
100 kHz to 10 MHz; over this frequency range the group delay 
varies by less than ± 2 ns at all gain settings. 

Each amplifier channel can drive 100 n load impedances with 
low distortion. For example, the peak specified output is 
±2.5 V minimum into a 500 n load, or ±1Vintoa100 n load. 
For a 200 n load in shunt with 5 pF, the total harmonic distor
tion for a ± 1 V sinusoidal output at 10 MHz is typically 
-60 dBc. 

The AD600J and AD602J are specified for operation from 0°C 
to +70°C, and are available in both 16-pin plastic DIP (N) and ll:'fjm 
16-pin SOIC (R). The AD600A and AD602A are specified for llla;m 
operation from -40°C to + 85°C and are available in both 16-pin 
Cerdip (Q) and 16-pin SOIC (R). 

The AD600S and AD602S are specified for operation from 
-55°C to + 125°C and are available in a 16-pin Cerdip (Q) pack
age and are MIL-STD-883 compliant. The AD600S and 
AD602S are also available under DESC SMD 5962-94572. 
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·A·O&OO'·o&O· 2-· s·PECIF·ICA· ·r· IONS (Each amplifier secti~n, atT, = +25~: Vs=:!:$ v~-.825 mVs 
· I ft V1 s +625 mV, Rt - 500 n, and CL - 5pF, unless Cilherwise 

noted •. Speclfl~tions .for AD&OO and AD602 are Identical unless otherwise noted~) · .. · . ·' ' 
AD600J/AD602J .AD6ooA1AD602A 

Panimeter 
-". 

Conditions Min Typ Maii Min . Tjp MaX Units 

INPUT CHARACTERISTICS 
Input Resistance . Pins 2 to 3; Pins 6 to 7 98 100 102 95 100 105 0 
Input \=&pacitance 2 2 pF 
Input Noise Spectral Density1 1.4 1.4 nV/\!Hz 
Noise Figure Rs = 50 0, Maximum Gain 5.3 S.3 dB 

Rs = 200 0, Maximum Gain 2 2 dB 
Common-Mode Rejection Ratio c =-1ookHz 30 3o dB 

OUTPUT CHARACTERISTICS ... , 

-3 dB Bandwidth VoUT = 100.mV rms 35 35 MHz 
Slew Rate 275 275 V/µs 
Peak Outpiir' RL"" soon. ±2.S ±3 ±2.S ±3 ·v 
Output impec1ance fs lOMHz 2 ·2 n 
Output Short-Circuit Current 50 50 mA 
Group Delay Change vs. Gain f = 3 MHz; Full Gain Range ±2 ±2 ns 
Group Delay Change va. Frequency Va= 0 V; f = 1 MHz to 10 MHz ±2 ±2 ' ns 
Total Harmonic Distortion RL= 2000, VoUT = ±1V~Rpd=1 kO -60 -60 dBc 

ACCURACY -cc 

AD600 
Gain Error 0 dB to 3 dB. Gain 0 +0.5 +1 -0.? +0.5 +o.s dB 

3 dB to 37 dB. Gain -0.5 ±0.2 +o.5 -0.1 '±0.2 +1.~o dB 
37 dB to 40 dB Gain -I 

,. 
-0.S 0 -1.5 -0.5 +0.5 dB 

Maximum Output Offset V oltage3 Va= -62.5 mV to +625 mV 10 50 10 65 mV' 
Output Offset Variation Va = -625 mV to +625 mV 10 50 10 65 mV 

AD602 
Gain Error. -10 dB to -7 dB Gain 0 0.5 -1:1 -0.5 0.5 +1.5 dB 

-7 dB to 27 dB Gain -0.S ±0.2 +0.5 -1.0 ±0.Z +1.0 dB 
27 dB t11 30 dB. Gain -I -0.S 0 -1.S -0.S +o.5 . dB 

Maximum Output Offset Vol~ V0 = -625 mV to +625·mV 5 30 10 45 mV 
Output Offset Variation Va= -625 mV to +625 mV s 30 10 45 mV 

GAIN CONTROL INTERFACE 
Gain Scaling Factpr 3 dB to 37 dB (AD600); -7 dB to 27 dB (AD60i) 31.7 32 32.3 30.S 32 33.5 dBN 
Common-Mode Range -0.75 2.5 -0.75 2.5 v 
Input Bias C~t 

; 
0.35 1 0.35 1 µA 

Input Offset Current IO 50 10 50 nA 
Differential Input Resistance Pins 1 to 16; Pins 8 to 9 15 15 Mo 
Response Rate Full 40 dB Gain Change 40 40 dB/µs 

SIGNAL GATING INTERFACE 
. 

Lcigic Input "LO" (Output ON) 0.8 0.8 v 
Lcigic Input "HI" (Ouqiut OFF). 2.4 2.4 v 
Response Time ON tli OFF, OFF to ON 0.3 0.3 µs 
Input Resistance Pins 4 to 3; Pins S to 6 30 30 kO 
Outpµt Gated OFF 

Output Offset Voltage ±10 :1:100 ±10 :1:400 mV 
Output Noisl; Spectral Density 65 65 nV/\!Hz' 
Signal Feedthrough.@ 1 MHz 

AD600 -80 ''-80 dB 
AD602 -70 -70 dB 

-"-

POWER SUPPLY .. 
Specified Operating Range ±4.75 ±S.25 ±4.75 ±S.25 v 
Quiescent Current 11 U.5 11 14 mA 

NOTES 
'Typical open or short-circuited input; noise is lower when system is set to maximum gain and input is short-circuited. This figure includes the effects of both 
¥Ollage and Gilrrent noise sources. · 

"Using resisti>Ve loads of 500 0 or greater, or with the 8ddition of a I kO pull-down resistor when driving lower losds. 
"The de gain of the main amplifier in the AD600 is Xll3; thus an input~ of only 100 µV becomes an 11.3 mV output offset. In the AD602, the amplifier's 
gain is X35.7; thus, an input offset.of 100 µV becomes a 3.57 mV output offset. 

Spec:ifications shown in bolclface are tested on all production units at final electrical test. Results from those tests are used to calculste outgoing quality levels. 
AU min and max specifications are gusranteed, although only those shown in boldface are tested on all. production units. 

SpecificatloJis subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ±Vs ....................... ±7.5 V 
Input Voltages 

Pins I, 8, 9, 16 ........................... ±Vs 
Pins 2, 3, 6, 7 ................... ±2 V Continuous 

· · · · · · · .............. ±Vs for IO ms 
Pins 4, 5 ............................... ±Vs 

Internal Power Dissipation2 •••••••••••••••••• 600 mW 
Operating Temperature Range (J) .......... 0°C to + 70°C 
Operating Temperature Range (A) ........ -40°C to +8S°C 
Operating Temperature Range (S) ....... -SS°C to + 125°C 
Storage Temperature Range ...... .' .... -6S°C to + IS0°C 
Lead Temperature, Soldering 60 sec ............ + 300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

2Thennal Characteristics: 16-Pin Plastic Package; 01A = 85'C/Watt 
16-Pin SOIC Package; 01A = l00°C/Watt 
16-Pin Cerdip Package; 01A = 120'C/Watt 

AD600/AD602 
ORDERING GUIDE 

Temperature Package 
Model Gain Range Range Option' 

AD600AQ 0 dB to +40 dB -40°C to +ss0c Q-16 
AD600AR 0 dB to +40 dB -40°C to +85°C R-16 
AD602AQ -IO dB to +30 dB -40°C to + 85°C Q-16 
AD602AR -IO dB to +30 dB -40°C to + 85°C R-16 

AD600JN 0 dB to +40 dB O'C to +70'C N-16 
AD600JR 0 dB to +40 dB 0°C to +70°C R-16 
AD602JN -IO dB to +30 dB 0°C to +70'C N-16 
AD602JR -10 dB to +30 dB O'C to +70'C R-16 
AD600SQ/883B2 0 dB to +40 dB -55'C to + ISO'C Q-16 
AD602SQ/883B3 -IO dB to +30_dB -55°C to + IS0°C Q-16 

NOTES 
1N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC). For outline infor~ 
mation see Package Information section. 

2Refer to AD600/AD602 Military data sheet_ Also available as 5962-9457201MPA_ 
'Refer to AD600/AD602 Military data sheet. Also available as 5962-9457202MPA_ 

CAUTION ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected 
devices subject to high energy electrostatic fields. Unused devices must be stored in conductive 
foam or shunts. The protective foam should be discharged to the destination socket before devices 

WARNING! QJ 
~~EDEVICE are removed. 

PIN DESCRIPTIONS 

Pin Function Description 

Pin I CILO 

Pin 2 AIHI 

Pin 3 AILO 

Pin 4 GATl 

Pin 5 GAT2 

Pin 6 A2LO 

Pin 7 A2HI 

Pin 8 C2LO 

Pin 9 C2HI 

Pin 10 A2CM 

Pin 11 A20P 
Pin I2 VNEG 
Pin 13 VPOS 
Pin 14 AlOP 
Pin IS AICM 

Pin 16 CIHI 
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CHI Gain-Control Input "LO" (Positive 
Voltage Reduces CHI Gain). 
CHI Signal Input "HI" (Positive Voltage 
Increases CHI Output). 
CHI Signal Input "LO" (Usually Taken to 
CHI Input Ground). 
CHI Gating Input (A Logic "HI" Shuts Off 
CHI Signal Path). 
CH2 Gating Input (A Logic "HI" Shuts Off 
CH2 Signal Path). 
CH2 Signal Input "LO" (Usually Taken to 
CH2 Input Ground). 
CH2 Signal Input "HI" (Positive Voltage 
Increases CH2 Output). 
CH2 Gain-Control Input "LO" (Positive 
Voltage Reduces CH2 Gain). 
CH2 Gain-Control Input "HI" (Positive 
Voltage Increases CH2 Gain). 
CH2 Common (Usually Taken to CH2 
Output Ground). 
CH2 Output. 
Negative Supply for Both Amplifiers. 
Positive Supply for Both Amplifiers. 
CHI Output. 
CHI Common (Usually Taken to CHI 
Output Ground). 
CHI Gain-Control Input "HI" (Positive 
Voltage Increases CHI Gain). 

CONNECTION DIAGRAM 

16-Pin Plastic DIP (N) Package 
16-Pin Plastic SOIC (R) Package 

16-Pin Cerdip (Q) Package 

C1HI 

A1CM 

A10P 

VPOS 

VNEG 

A20P 

A2CM 
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AD600/AD602 
THEORY OF OPERATION 
The AD600 and AD602 have the same general design and fea~ 
tures. They comprise tWO fixed gain amplifiers, each pteceded 
by a voltage-controlled attenuator of 0 dB to 42.14 dB with 
independent control interfaces, each having a scaling factor of 
32 dB per volt. The gain of each amplifier in the AD600 is laser 
trilllllled to 41.01· dB (X113), thus providing a control range of 
-1.07 dB to 41.07 dB (0 dB to 40 dB with overlap), while the 
AD602 amplifiers have a gain of 31.07 dB (X35.8) and provide 
an overall gain of-11.07 dB to 31.07 dB (-10 dB to 30 dB 
with overlap). 

The advantage of this topology is that the amplifier can use neg
ative feedback to increase the accuracy of its gain; also, since the 
amplifier never has to handle large signals at its input, the dis
tortion can be very low. A further feature of this approach is 
that the small-signal gain and phase response, and thus the pulse 
response, are essentially independent of gain. 

The following discussion describes the AD600. Figure l is a 
simplified schematic of one channel. The input attenuator is a 
seven-section R-2R ladder network, using untrilllllled resistors 
of nominally R = 62.5 n, which results in a characteristic resis
tance of 125 n ±20%. A shunt resistor is included at the input 
and laser trimmed to establish a more exact input resistance of 
100 n ±2%, which ensures accurate oper~tion (gain and HP 
corner frequency) when.used in conjunctiou with external resis~ 
tors or capacitors. 

C111 

C•LO 

';~· 

GATI 

AF2 
2.241m(AD800) 

""''""""' 
"" ""' 

FIXEDGAIN 
.,LOD-oi--+--+--+--.,__. _ _._...__.._. AMPLIFIER 

R - 2R LADDER NETWORK 41,07dB(ADeCID) 
31.07d8(A0e02) 

Figure 1. Simplified Block Diagram of'Single Channel 
of the AD600 and AD602 

The nominal maximum signal at input AlHI is 1 V rms 
(±1.4 V peak) whep using the recommended ±5 V supplies, 
although operation to ±2 V.peak is permissible with some 
increase in HF distortion and feedthrough. Each attenuator is 
provided with a separate signal "LO" connection, for use in 
rejecting common-mode, the voltage between input .and output 
grounds. Circuitry is included to provide rejection of up to 
±100 mV. 

The signal applied at the input of the ladder network is attenu
ated by 6.02 dB by each section; thus, the attenuation to each of 
the taps is progressively 0, 6.02, 12.04, 18.06,' 24.08, 30.l, 36.12 
and 42.14 dB. A unique circuit technique is employed to inter
polate between these tap points, indicated by the "slider" in 
Figure 1, providing continuous attenuation from 0 dB to 42.14 dB. 
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It will help, in understanding the AD600, to think in terms of a 
mechanical means for moving this slider from left to right; .in 
fact, it is voltage controlled. The details of the control interface 
are discussed later. Note that the gain is at all times exactly 
determined, and a linear decibel relationship is automatically 
guaranteed between the gain and the control parameter which 
determines the position of the slider. In practice, the gain devi
ates from the ideal law, by about ±0.2 dB peak (see, for exam
ple, Figure 6). 

Note that the signal inputs are not fully differential: AILO 'and 
AlCM (for CHI) and AZLO and A2CM (for CH2) provide sepa
rate access to the input and output grounds. This recognizes the 
practical fact that even when using a ground plane, small differ
ences will arise in the voltages at these nodes. It is important 
that AILO and A2LO be connected directly to the input 
ground(s); significant impedance in these connections will 
reduce the gain accuracy. AICM and AZ.CM should be con
nected to the ·load ground(s). 

Noise Performance 
An important reason (or using this approach is the superior 
noise performance that can be .achieved-. The nominal resistance 
seen at the inner tap points of the attenuator is 41. 7 n (one 
third .of 125 !l), which exhibits a Johnson noi8e spectr~ density 
(NSD) of 0~84 nVl\/Hz (that is, v'.4kTR) at.27°C, which is a 
'large fraction of the total input noise. The first stage of the 
amplifier contributes a further 1.12 nV/\/Hz, for a totiil input 
noise of 1.4 nV/\/Hz. · 

The noise at the 0 dB tap depends on whether the input is 
short-circuited or open-circuited: when shorted, the minimum 
NSD of 1.12 nV/\/Hz is achieved; when open, the resistance of· 
100 n at the first tap generates 1.29. nV/y'Hz, so the noise in
creases to a total of 1.71 nV/\/Hz. (This last calculation would 
be important if the AD600 were preceded, for example, by a 
900 n resistor to allow operation from inputs up to ± 10 V rms. 
However, ii). most cases the low impedance of the source will 
limit the maximum noise resistance.) 

It will be apparent from the foregoing that it is essential to use a 
low resistance in the design of the ladder network to achieve low 
noise. In some applications this may be inconvenient, requiring 
the use of an external buffer or preamplifier. However, very few 
amplifiers combine the neede(,i low noise with low distortion at 
maximum input levels, and tlie power consumption needed to 
achieve this performance is fundamentally required to be quite 
high (due to the need to maintain very low resistance values 
while also coping with large inputs). On the other hand, there is 
little value in providing a buffer with high input impedance, 
since the usual reason for this-tl:ie minimization of loading of a 
high resistance source-is not coinpatible with low noise .. 

Apart from the small variations just discussed, the signal-to
noise (SIN) ratio at the output is essentially independent of the 
attenuator setting, since the maximum undistorted output is 1 V 
rms and the NSD at the output of the AD600 is fixed at 113 
times 1.4 nV\/Hz, or 158 nV/y'Hz. Thus; in a 1 MHz bandi 
width, the output SIN ratio would ·be 76 dB. The input NSD of 
the AD600 and AD602 are the same, but because of the 10 dB 
lower gain in the AD602's fixed amplifier, its output SIN ratio 
is 10 dB better, or 86 dB in a 1 MHz bandwidth. 
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The Gain-Control Interface 
The attenuation is controlled through a differential, high imped
ance (IS MO) input, with a scaling factor which is laser 
trimmed to 32 dB per volt, that is, 31.2S mV/dB. Each of the 
two amplifiers has its own control interface. An internal band
gap reference ensures stability of the scaling with respect to 
supply and temperature variations, and is the only circuitry 
common to both channels. 

When the differential input voltage Va = 0 V, the attenuator 
"slider" is centered, providing an attenuation of 21.07 dB, thus 
resultinginanoverallgainof20 dB(= -21.07 dB+ 41.07 dB). 
When the control input is -625 mV, the gain is lowered by 
20 dB(= 0.62S x 32), to 0 dB; when set to +62S mV, the gain 
is increased by 20 dB, to 40 dB. When this interface is over
driven in either direction, the gain approaches either -1.07 dB 
(= -42.14 dB + 41.07 dB) or 41.07 dB ( = 0 + 41.07 dB), 
respectively. 

The gain of the AD600 can thus be calculated using the follow
ing simple expression: 

Gain (dB)= 32 V0 + 20 (I) 

where VG is in volts. For the AD602, the expression is: 

Gain (dB) = 32 V 0 + 10 (2) 

Operation is specified for Va in the range from -625 mV de to 
+62S mV de. The high impedance gain-control input ensures 
minimal loading when driving many amplifiers in multiple
channel applications. The differential input configuration pro
vides flexibility in choosing the appropriate signal levels and 
polarities for various control schemes. 

For example, the gain•control input can be fed differentially to 
the inputs, .or single-ended by simply grounding the unused 
input. In another example, if the gain is to be controlled by a 
DAC providing a positive only ground referenced output, the 
"Gain Control LO" pin (either ClLO or C2LO) should be 
biased to a fured offset of + 62S m V, to set the gain to 0 dB 
when "Gain Control HI" (ClHI or C2Hl) is at zero, and to 
40 dB when at+ l.2S V. 

It is a simple matter to include a voltage divider to achieve other 
scalin:g factors. When using an 8-bit DAC having a FS output 
of +2.SS V (10 mV/bit) a divider ratio of 1.6 (generating 
6.2S mV/bit) would result in a gain setting resi>lution of 0.2 dB/ 
bit. Later, we will discuss how the two sections of an AD600 or 
AD602 may be cascaded, when various options exist for gain. 
control. 

Signal-Oating Inputs 
Each amplifier section of the AD600 and 'AD602 is equipped 
with a signal gating function, controlled by a TTL or CMOS 
logic input (GATl or GAT2). The ground references for these 
inputs are the signal input grounds AlLO and A2LO, respec
tively. Operation of the channel is unaffected when this input is 
LO or left open-circuited. Signal transmission is blocked when 
this input is HI. The de output level of the channel is set to 
within a few millivolts of the output ground (Al CM or A2CM), 
and simultaneously the noise level drops significantly. The 
reduction in noise and spurious signal feedthrough is useful in 
ultt:asound beam-forming applications, where many amplifier 
outputs are summed. 
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AD600/AD602 
Common-Mode Rejection 
A special circuit technique is used to provide rejection of volt
ages appearing between input grounds (AlLO and A2LO) and 
output grounds (AlCM and A2CM). This is necessary because 
of the "op amp" form of the amplifier, as shown in Figure 1. 
The feedback voltage is developed across the resistor RFl 
(which, to achieve low noise, has a value of only 20 0). The 
voltage developed across this resistor is referenced to the input 
common, so the output voltage is also referred to that node. 

To provide rejection of this common voltage, an auxiliary ampli
fier (not shown) is included, which senses the voltage difference 
between input and output commons and cancels this error com
ponent. Thus, for zero differential signal input between AlHI 
and AlLO, the output AlOP simply follows the voltage at 
Al CM. Note that the range of voltage differences which can 
exist between AlLO and AlCM (or A2LO and A2CM) is lim
ited to about ± 100 mV. Figure SO (one of the typical perfor
mance curves at the end of this data sheet) shows typical 
common-mode rejection ratio versus frequency. 

ACHIEVING 80 dB GAIN RANGE 
The two amplifier sections of the X-AMP can be connected in 
series to achieve higher gain. In this mode, the output ofAl 
(AlOP and AlCM) drives the input of A2 via a high-pass net
work (usually just a capacitor) that rejects the de offset. The 
nominal gain range is now -2 dB to +82 dB for the AD600 or 
-22 dB to +62 dB for the AD602. 

There are several options in connecting the gain-control inputs. 
The choice depends on the desired signal-to-noise ratio (SNR) 
and gain error (output ripple). The following examples feature 
the AD600; the arguments generally apply to the AD602, with 
appropriate changes to the gain values. 

Sequential Mode (Maximum SIN Ratio) 
In the. sequential mode of operation, the SNR is maintained at. 
its highest le-vel for as much of the gain control range possible, 
as shown in Figure 2. Note here that the gain range is 0 dB to 
80 dB. Figure 3 shows the general connections to accomplish 
this. Both gain-control inputs, ClHI and C2HI, are driven in 
parallel by a positive only, ground referenced source with a 
range of 0 V to +2.S V. 
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Figure 2. SIN Ratio vs. Control Voltage Sequential 
Control (1 MHz Bandwidth) 
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A1 

-40.0C)dB 

INPUT 
OdB 

Vc=fN 

-0.51dB 

·INPUT 
odB 

·Ve =1:25V 

OdB 

INPUT' 
OdB 

1.!Jl'dB 

.. 

.40.56dB 

b. 

41.07dB 

A2 

"'41.!Jl'dB 

-1.07dB 

38.93dB 

OUTPUT 
:.OdB 

OUTPUT 
. 40dB 

OUTPUT 
80dB 

': .· 

Ve =25V .. c. 

Figure 3. AD600 Gain Control Input Calculations for Sequential Control Operation 

The g;iins are .offset (Figure 4) such that A2's gain is increased 
only after Al's gain has ri:ached its maximum value. Note:that 
for a differential input of. -,700 m V or less, the gain of a single 
amplifier (Al or A2) will be at its· minimum value of -1.07.dB; 
for a differential input of + 700 m V or. more, the gain will be 11t 
its maximum value of 41.07 dB. Control inputs beyond these 
limits will not affect the gain and can be. toleratat Without d\llll
age or foldover in the response. See the Specifications Section of 
this data sheet for mo~ details. ~n the allowable volt.age range. 
The gain is now · 

Gain (dB) = 32 V c (3) .. 

where V c is the applied control voltage. 

20dB 

'GAIN -2.14 
(dB) 

0, 
0 20 

1.25 
40 

*GAIN OFFSET OF 1.07dB, OR 33.44mV 

+38.93dB 

2.5 VeM 
80 82.14 

Figure 4. Explanation of Offset Calibr.ation for Sequential 
Control 
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When V c i~ set to zero, V GI = '-0.592 V and the gain of Al is 
+ 1.07 dB (recall that the gain of each amplifier sCction is 0 dB 
for· VG = -625 mV); meanwhile, V G2 = - L908 V so the gain 
of A2 is ·~ 1.07 dBoThe overall gain is thus 0 dB (see Fi~re 
3a). When Ve = + 1.25 V, VG! = 1.25 V - 0.592 V ·<'= 
+0.658 V, which· sets the gain of Al to 40.56 dB, while 
Va2 = 1.25 v.- 1.908V. = -0.658 V, which sets A2's gain at 
-0.56 dB. The overall gain is now 40 dB (see Figure 3b). When 
Ve= +2.5 V, the gain of Al is 41.07 dB and that of A2 is 
38.93 dB, resulting in an overall gain of 80 dB (see Figure 3c). 
This iµode of operation is further clarified by Figure 5, which is 
a plo~ of the separate gains of A 1. and A2 and the overall gain . 
versus the control voltage. Fiiure 6 is a plot of the gain error of 
the cascaded amplifiers versus the control voltage,. 

Parallel ·Mode (Simplest Gain-Control Interface) 
In this mode, the gain-control voltage is applied to both inputs 
in parallel - ClHI and C2HI are connected to the control volt
age, and ClLO and C2LO are optionally connect.ed to an offset 
voltage of +.0.625 V. The gain scaijng is then doubled to '64 dB/ 
V, requiring only 1.25 V for an 80 dB change of j!ain. The 
amplit).ide of .the gain ripple in this case. is also d~ubled, as 
shown in Figure 7, and the instantaneous signal-to-noise ratio 
at the 01.1tput ofA2 decreases linearly as the gain is increased 
(Figure 8). . ' 

Low Ripple Mode (Minimum Gain Error) 
As can be seerl in Figures 6 and 7, the 'output ripple is periodic. 
By offsetting the gains of Al and A2 by half the period of.the 
ripple, or 3 ·dB, the residual gain errors of the two amplifiers 
can be made to cancel. Figure 9 shows the. much lower gain rip
ple when configured in this manner. Figure 10 plots the.SIN 
ratio as a function of gain; it is very similar to that in the "Par
allel Mode." 
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Figure 5. Plot of Separate and Overall Gains in Sequential 
Control 
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AD600/AD602 
APPLICATIONS 
Th~ full potential of any high performance amplifier can only be 
realized by careful attention to details in its applications. The 
following pages describe fully tested circuits in which many such 
details have already been considered. However, as is always true 
of high accuracy, high speed analog circuits, the schematic is 
only pan of the story; this is no less true for the AD600 and 
AD602. Appropriate choices in the overall board layout and 
the type and placement of power supply decoupling components 
are very imponant. As explained previously, the input grounds 
AILO and A2.LO must use the shortest possible connections. 

The following circuits show examples of time-gain control for 
ultrasound and for sonar, methods for increasing the output 
drive, and AGC amplifiers for audio and RF/IF signal process
ing using both peak and rms detectors. These circuits also illus
trate methods of cascading X-AMPs for either maintaining the 
optimal SIN ratio or maximizing the accuracy of the gain-control 
voltage for use in signal measurement. These AGC circuits may 
be modified for use as voltage-controlled amplifiers for use in 
sonar and ultrasound applications by removing the detector and 
substituting .a DAC or other voltage source for supplying the 
control voltage. 

Time-Gain Control (TGC) and Time-Variable Gain (TVG) 
Ultrasound and sonar systems share a similar requirement: both 
need to provide an exponential increase in gain in response to a 
linear control voltage, that is, a gain control that is "linear in 
dB." Figure II shows the AD600/AD602 configured for a con
trol voltage ramp starting at -62S mV and ending at +62S mV 
for a gain-control range of 40 dB. For simplicity, only the Al 
connections are shown. The polarity of the gain-control voltage 
may be reversed and the control voltage inputs ClHI and CILO 
reversed to achieve the same effect. The gain-control voltage can 
be supplied by a voltage-output DAC such as the AD7242, 
which contains two complete DACs, operates from ±S V sup
plies, has an internal reference of 3 V, and provides ± 3 V of 
output swing. As such it is well-suited for use with the AD600/ 
AD602; needing only a few resistors to scale the output voltage 
of the DACs to the levels needed by the AD600/AD602. 

CONTROL VOLTAGE, 

VG 

VOLTAGE-OUTPUT 
OAC 

Figure 11. The Simplest Application of the X-AMP is as a 
TGC or TVG Amplifier in Ultrasound or Sonar. Only the 
A 1 Connections Are Shown for Simplicity. 
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Increasing Output Drive 
The AD600/ AD602's output stage has limited capability for 
negative-load driving capability. For driving loads less than 
SOO n, the load drive may be increased by about S mA by con
necting a I kfl pull-down resistor from the output to the nega
tive supply (Figure 12). 

Driving Capacitive Loads 
For driving capacitive loads of greater than S pF, insert a 10 fl 
resistor between the output and the load, This lowers the possi
bility of oscillation. 

v,. 

GAIN-CONTROL 
VOLTAGE 

PULL-DOWN 
RESISTOR 

Figure 12. Adding a 1 kn Pull-Down Resistor Increases 
the X-AMP's Output Drive by About 5 mA. Only the A 1 
Connections Are Shown for Simplicity. 

Realizing Other Gain Ranges 
Larger gain ranges can be accommodated by cascading amplifi
ers. Combinations. built by cascading two amplifiers include 
-20 dB to +60 dB (using one AD602), -10 dB to + 70 dB (112 
of an AD602 followed by 112 of an AD600), and 0 dB to 80 dB 
(one AD600). In multiple-channel' applications, extra protection 
against oscillations can be provided by using amplifier sections 
from different packages. 

An Ultralow Noise VCA 
The two channels of the AD600 or AD602 may be operated in 
parallel to achieve a 3 dB improvement in noise level, providing 
1 nV/yHz without any loss of gain accuracy or bandwidth. 

In the simplest case, as shown in Figure 13, the signalinputs 
AlHI and A2HI are tied directly together, the outputs AIOP 
and A20P are summed via RI and R2 (100 fl each), and the 
control inputs CIHl/C2HI and CILO/C2LO operate in parallel. 
Using these connections, both the input and output resistances 
are SO fl. Thus, when driven from a 50 fl source and termi
nated in a 50 fl load, the gain is reduced by 12 dB, so the gain 
range becomes -12 dB to + 28 dB for the AD600 and -22 dB 
to + 18 dB for the AD602. The peak input capability remains 
unaffected (I V rms at the IC pins, or 2 V rms from an 
unloaded SO !'! source). The loading on each output, with a 
so n load, is effectively 200 n, because the load current is 
shared between the two channels, so the overall amplifier still 
meets its specified maximum output and distortion levels for a 
200 fl load. This amplifier can deliver a maximum sine wave 
power of +IO dBm to the load. 
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v,. 

GAIN-CONTROL 
VOLTAGE 

Figure 13. An Ultra/ow Noise VGA Using the AD600 
orAD602 

A Low Noise, 6 dB Preamplifier 
In some ultrasound applications, the user may wish to use a 
high input impedance preamplifier to avoid the signal attenua
tion that would result from loading the transducer by the 100 n 
input resistance of the X-AMP. High gain cannot be tolerated, 
because the peak transducer signal is typically ±0.5 V, while the 
peak input capability of the AD600 or AD602 is only slightly 
more than ±I V. A gain of two is a suitable choice. It can be 
shown that if the preamplifier's overall referred-to-input (RTI) 
noise is to be the same as that due to the X-AMP alone (1.4 nV/ 
y'Hz), then the input noise of a X2 preamplifier must be y(3/ 
4) times as large, that is, 1.2 nV/yHz. 

+5V 

INPUT 
GROUND 

0.1µF 

0.1µF 

100Q 
R1NOFXAMP 

OUTPUT 
GROUND 

Figure 14. A Low Noise Preamplifier for the AD600 
andAD602 
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AD600/AD602 
An inexpensive circuit, using complementary transistor types 
chosen for their low rbb', is shown in Figure 14. The gain is 
determined by the ratio of the net collector load resistance to the 
net emitter resistance, that is, it is an open-loop amplifier. The 
gain will be X2 (6 dB) only into a 100 n load, assumed to be 
provided by the input resistance of the X-AMP; R2 and R7 are 
in shunt with this load, and their value is important in defining 
the gain. For small-signal inputs, both transistors contribute an 
equal transconductance, which is rendered less sensitive to sig
nal level by the emitter resistors R4 and RS, which also play a 
dominant role in setting the gain. 

This is a Class AB amplifier. As VIN increases in a positive 
direction, QI conducts more heavily and its re becomes lower 
while that of Q2 increases. Conversely, more negative values of 
VIN result in the re ofQ2 decreasing, while that of QI increases. 
The design is chosen such that the net emitter resistance is 
essentially independent of the instantaneous value of V1N, result
ing in moderately low distortion. Low values of resistance and 
moderately high bias currents are important in achieving the low 
noise, wide bandwidth, and low distortion of this preamplifier. 
Heavy decoupling prevents noise on the power supply lines from 
being conveyed to the input of the X-AMP. 

Table I. Measured Preamplifier Performance 

Measurement Value Units 

Gain (f = 30 MHz) 6 dB 
Bandwidth (-3 dB) 250 MHz 
Input Signal for 

I dB Compression v p-p 
Distortion 

V1N = 200 mV p-p HD2 0.27 % 
HD3 0.14 % 

V1N = 500 mV p-p HD2 0.44 % 
HD3 0.58 % 

System Input Noise 1.03 nV/yHz 
Spectral Density (NSD) 
(Preamp plus X-AMP) 

Input Resistance 1.4 kn 
Input Capacitance 15 pF 
Input Bias Current ±150 µA 
Power Supply Voltage ±5 v 
Quiescent Current 15 mA 

A Low Noise AGC Amplifier with 80 dB Gain Range 
Figure 15 provides an example of the ease with which the ll:7jm 
AD600 can be connected as an AGC amplifier. Al and A2 are Ila:. 
cascaded, with 6 dB of attenuation introduced by the 100 n 
resistor RI, while a time constant of 5 ns is formed by Cl and 
the 50 n of net resistance at the input <Jf A2. This has the dual 
effect of (a) lowering the overall gain range from {O dB to 
80 dB} to {6 dB to 74 dB} and (b) introducing a single-pole low
pass filter with a --, 3 dB frequency of about 32 MHz. This 
ensures stability at the maximum gain for a slight reduction in 
the overall bandwidth. The capacitor C4 blocks the small de 
offset voltage at the output of Al (which might otherwise satu
rate A2 at its maximum gain) and introduces a high pass corner 
at about 8 kHz, useful in eliminating low frequency noise and 
spurious signals which may be present at the input. 
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AD600/AD602 

+SV 

+SV 

FB r1i 
+5VDEC -I-if;_ 
-5VDEC To. r--1 ~ 

FBY 0.1µF 

-SV 

POWER SUPPLY 
DECOUPLING NETWORK 

Figure 15. This Accurate HF AGC Amplifier Uses Just Three Active Components. 

A simple half-wave detector is used, based on QI and R2. The 
average current into capacitor C2 is just the difference between 
the current provided by the AD590 (300 µA at 300 K, 27°C) 
and the collector current of QI. In turn, the control voltage VG 
is the time integral of this error current. When VG (and thus the 
gain) is stable, the rectified current in Qi must, on average, 
exactly balance the current in the AD590. If the output of A2 is 
too small to do this, VG will ramp up, causing the gain to 
increase, until Ql conducts sufficiently. The operation of this 
control system will now be described in detail. 

First, consider the particular case where R2 is zero and the out
put voltage VouT is a square wave at, say, 100 kHz, that is, 
well above the corner frequency of the control loop. During the 
time V ouT is negative, QI conducts; when VouT is positive, it 
is cut off. Since the average collector current is forced to be 
300 µA, and the square wave has a 50% duty-cycle, the current 
when conducting must be 600 µA. With R2 omitted, the peak 
value ofVouT would be just the VBE of QI at 600 µA (typically 
about 700 mV) or 2 VBE peak-to-peak. This voltage, hence the 
amplitude at which the output stabilizes, has a strong negative 
temperature coefficient (TC), typically -1.7 mV/"C. While this 
may not be troublesome in some applications, the correct value 
of R2 will render the output stable with temperature. 

To understand this, first note that the current in the AD590 is 
closely proportional to absolute temperature (PTAT). (In fact, 
this IC is intended for use as a thermometer.) For the moment, 
continue to assume that the signal is a square wave. When Ql is 
conducting, V ouT is the now the sum of V BE and a voltage 
which is PT AT and which can be chosen to have an equal but 
opposite TC to that of the base-to-emitter voltage. This is actu
ally nothing more than the "bandgap voltage reference" princi
ple in thinly veiled disguise! When we choose R2 such that the 
sum of the voltage across .it and the V BE of Ql is close to the 
bandgap voltage of about 1.2 V, V ouT will be stable over a wide 
range of temperatures, provided, of course, that QI and the 
AD590 share the same thermal environment. 
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Since the average emitter current is 600 µA during each half
cycle of the square wave, a resistor of 833 fl would add a PTA T 
voltage of 500 mV at 300 K, increasing by 1.66 mV/"C. In prac
tice, the optimum value of R2 will depend on the transistor 
used, and, to a lesser extent, on the waveform for which the 
temperature stability is to be optimized; for the devices shown 
and sine wave signals, the recommended value is 806 fl. This 
resistor also serves to lower the peak current in Q 1 and the 
200 Hz LP filter it forms with C2 helps to minimize distortion 
due to ripple in VG· Note that the output amplitude under sine 
wave conditions will be higher than for a square wave, since the 
average value of the current for an ideal rectifier would be 0.637 
times as large, causing the output amplitude to be 1.88 
( = 1.2/0.637) V, or 1.33 V rms. In practice, the somewhat non
ideal rectifier results in the sine wave output being regulated to 
about 1.275 V rms. 

An offset of + 375 m V is applied to the inverting gain-control 
inputs CILO and C2LO. Thus the nominal -625 mV to 
+625 mV range for VG is translated upwards (at VG') to 
-0.25 V for minimum gain to + 1 V for maximum gain. This 
prevents Q 1 from going into heavy saturation at low gains and 
leaves sufficient "headroom" of 4 V for the AD590 to operate 
correctly at high gains when using a + 5 V supply. 

In fact, the 6 dB interstage attenuator means that the overall 
gain of this AGC system actually runs from -6 dB to +74 dB. 
Thus, an input of 2 V rms would be required to produce a 1 V 
rms output at the minimum gain, which exceeds the 1 V rms 
maximum input specification of the AD600. The available gain 
range is therefore 0 dB to 74 dB (or, XI to X5000). Since the 
gain scaling is 15.625 mV/dB (because of the cascaded stages) 
the minimum value of VG' is actually increased by 6 x 
15.625 mV, or about 94 mV, to -156 mV, so the risk of satura
tion in Ql is reduced. 

The emitter circuit of Ql is somewhat inductive (due its.finite f, 
and base resistance). Consequently, the effective value of R2 
increases with frequency. This would result in an increase in the 
stabilized output amplitude at high frequencies, but for the 
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addition of C3, determined experimentally to be 15 pF for the 
2N3904 for maximum response flatness. Alternatively, a faster 
transistor can be used here to reduce HF peaking. Figure 16 
shows the ac response at the stabilized output level of about 
1.3 V rms. Figure 17 demonstrates the output stabilization for 
sine wave inputs of I mV to I V rms at frequencies of 100 kHz, 
1 MHz and 10 MHz. 
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Figure 16. AC Response at the Stabilized Output Level 
of 1.3 V RMS 

Typical Performance Characteristics 
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Figure 17. Output Stabilization vs. RMS Input for 
Sine Wave Inputs at 100 kHz, 1 MHz, and 10 MHz 

While the "bandgap" principle used here sets the output ampli
tude to 1.2 V (for the square wave case), the stabilization point 
can be set to any higher amplitude, up to the maximum output 
of ± (Vs - 2) V which the AD600 can support. It is only nec
essary to split R2 into two components of appropriate ratio 
whose parallel sum remains close to the zero-TC value of 806 n. 
This is illustrated in Figure 18, which shows how the output 
can be raised, without altering the temperature stability. 
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Figure 19. AD600 Frequency and 
Phase Response vs. Gain 

Figure 20. AD602 Frequency and 
Phase Response vs. Gain 
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AD600/AD602-Typical Performance Characteristics 
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Figure 21. AD600 and AD602 
Typical Group Delay vs. Ve 
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FEATURES 
·unear in dB• Gain Control 
Pin Programmable Gain Ranges 

-11 dB to +31 dB with 90 MHz Bandwidth 
+9 dB to +51 dB with 9 MHz Bandwidth 

Any Intermediate Range, e.g., -1 dB to +41 dB with 
45 MHz Bandwidth 

Bandwidth Independent of Variable Gain 
1.3 nV /\/Hi Input Noise Spectral Density 
±0.5 dB Typical Gain Accuracy 
MIL-STD-883 Compliant and DESC Versions Available 

APPLICATIONS 
RF/IF AGC Amplifier 
Video Gain Control 
A/D Range Extension 
Signal Measurement 

PRODUCT DESCRIPTION 
The AD603 is a low noise, voltage-controlled amplifier for use 
in RF and IF AGC systems. It provides accurate, pin selectable 
gains of -11 dB to + 31 dB with a bandwidth of 90 MHz or +9 
dB to +51 dB with a bandwidth of 9 MHz. Any intermediate 
gain range may be arranged using one external resistor. The 
input referred noise spectral density is only 1.3 nV/y'Hz and 
power ccmsumption is 125 mW at the recommended ±5 V 
supplies. 

The decibel gain is "linear in dB," accurately calibrated, and 
stable over temperature and supply. The gain is controlled at a 

*Patented. 
X-AMP is a trademark of Analog Devices, Inc. 

Low Noise, 90 MHz 
Variable-Gain Amplifier 

AD603* I 
high impedance (50 MO), low bias (200 nA) differential input; 
the scaling is 25 mV/dB, requiring a gain-control voltage of only 
1 V to span the central 40 dB of the gain range. An over- and 
under-range of l dB is provided whatever the selected range. 
The gain-control response time is less than l µs for a 40 dB 
change. 

The differential gain-control interface allows the .use of either 
differential or single-ended positive or negative control voltages. 
Several of these amplifiers may be cascaded and their gain
control gains offset to optimize the system SIN ratio. 

The AD603 can drive a load impedance as low as 100 n with 
low distortion. For a 500 n load in shunt with 5 pF, the total 
harmonic distortion for a ± 1 V sinusoidal output at 10 MHz is 
typically -60 dBc. The peak specified output is ±2.5 V mini
mum into a 500 n load, or ± 1 v into a 100 n load. 

The AD603 uses a proprietary circuit topology-the X-AMP'". 
The X-AMP comprises a variable attenuator .of 0 dB to -42.14 dB 
followed by a fixed-gain amplifier. Because of the attenuator, 
the amplifier never has to cope with large inputs and can use 
negative feedback to define its (fixed) gain and dynamic perfor
mance. The attenuator has an input resistance of 100 n, laser 
trimmed to ±3%, and comprises a seven-stage R-2R ladder 
network, resulting in an attenuation between tap points of 
6.021 dB. A proprietary interpolation technique provides a con
tinuous gain-control function which is linear in dB. 

The AD603A is specified for operation from -40°C to +85°C 
and is available in both 8-pin SOIC (R) and 8-pin ceramic DIP 
(Q). The AD603S is specified for operation from -55°C to 
+ 125°C and is available in an 8-pin ceramic DIP (Q). The 
AD603 is also available under DESC SMD 5962-94572. 

FUNCTIONAL BLOCK DIAGRAM 
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PRECISION PASSIVE 
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AD603 

R 

FIXED GAIN 
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6940' 

200* 

*NOMINAL VALUES 
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AD603 SPECIFICATIONS (At TA= +25°C, V5 = ±5 v. ~soo mv :s V6 :s +500 mV, -10 dB to +30 .dB 
. .· -.. Gain Range, RL = 500 0, and CL = 5 pf, unless otherwise noted.) 

Model AD603 
Parameter. Conditions Min ·Typ Max Units 

INPUT CHARACTERISTICS 
Input Resistance Pins 3 to 4 97 100 103 n 
Input Capacitance 2 pF 
Input Noise Spectral Density' Input Short Circuited 1.3 nV/y'Hz 
Peak Input Voltage ±1.4 ±2 v 

OUTPUT CHARACTERISTICS 
- 3 dB Bandwidth VouT = 100 mV rms 90 MHz 
Slew Rate RL"" soon 27S V/µs 
Peak Output2 RL"" soon ±2.S ±3.0 v 
Output Impedance f :s 10 MHz 2 n 
Output Short-Circuit Current so mA 
Group Delay Change vs. Gain f = 3 MHz; Full Gain Range ±2 ns 
Group Delay Change vs. Frequency VG= 0 V; f = 1 to 10 MHz ±2 ns 
Differential Gain 0.2 % 
Differential Phase 0.2 Degree 
Total Harmonic Distortion f = 10 MHz, V0 UT = l V rms -60 dBc 

ACCURACY 
Gain Accuracy -SOO mV :s VG :s +SOO mV ±0.S ±1 dB 

TMIN to TMAX ±1.S 
Output Offset Voltage3 VG= ov 20 mV 

TMiNtoTMAx 30 
Output Offset Variation vs. VG -SOO mV :s VG :s +SOO mV 20 mV 

TMIN to TMAx 30 mV 

GAIN CONTROL INTERFACE 
Gain Scaling Factor 39.4 40 40.6 dBN 

TMINtoTMAX 38 42 dBN 
Common-Mode Range -1.2 +2.0 v 
Input Bias Current 200 nA 
Input Offset Current 10 nA 
Differential Input Resistance Pins l to 2 so MO 
Response Rate Full 40 dB Gain Change 40 dB/µs 

POWER SUPPLY 
Specified Operating Range ±4.7S ±S.2S v 
Quiescent Current 12.S 17 mA 

TMIN toTMAX 20 mA 

NOTES 
1Typical open or short-circuited input; noise is. iOwer whei;i_system is set to maximum gain and i11:put is short-circuiteQ.. This figure includes the effects of both 
voltage and current noise sources. 

'Using resistive loads of 500 nor greater, or with the addition of a I k!l pull-down resistor when driving lower loads. 
'The de gain of the main amplifier in the AD603 is x35.7; thus, an input offset of 100 µV becomes a 3.57 mVoutput offset. 

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. 
All mih and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change without notice. 

CAUTION~~~~~~~~~~---~~~~~~~~~~~~~-
ESD (electrostatic·discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without_ detection. Although 
the AD603 features proprietary ESD protection circuitry, permanent damage may occur on 
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are 

. recommended to avoid performance degradation or loss of functionality. 
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ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage ±V8 ••••••••••.••••••.••••• ±7.5 V 
Input Voltage VINP (Pin 3) ........... ±2 V Continuous 

· · · . · ......................... ±Vs for 10 ms 
GNEG, GPOS (Pins 1, 2) .................... ±Vs 

Internal Power Dissipation' ................. 400 mW 
Operating Temperature Range 

AD603A ....................... -40°C to +8s0c 
AD603S ....................... -ss·c to + 12S°C 

Storage Temperature Range ........... -65°C to + 1S0°C 
Lead Temperature, Soldering 60 sec ...•........ + 300°C 

*Sttesses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at theoe or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended rating conditions for 
extended periods may affect device reliability. 

'Thermal Characteristics: 
8-Pin SOIC Package: 81A = ISS"C/Watt, 81c = 33"C/Watt 
8-Pin Ceramic Package: 81A = 140"C/Watt, 81c = IS°C/Watt. 

PIN DESCRIPTION 

Pin Mnemonic Description 

Pin 1 GPOS Gain-Control Input "HI" 
(Positive Voltage Increases Gain) 

Pin 2 

Pin 3 

Pin4 

Pin 5 
Pin 6 

Pin 7 

Pin 8 

Part Number 

AD6o3AR 
AD603AQ 

GNEG Gain-Control Input "LO" 
(Negative Voltage Increases Gain) 

VINP Amplifier Input 

COMM Amplifier Ground 

FDBK Connection to Feedback Network 

VNEG Negative Supply Input 

VOUT Amplifier Output 

VPOS Positive Supply Input 

CONNECTION DIAGRAM 
8-Pin Plastic SOIC (R) Package 
8-Pin Ceramic DIP (Q) Package 

ORDERING GUIDE 

Temperature Package 
Range Description 

-40°C to +85°C 8-Pin SOIC 
-40°c to +85°c 8-Pin Ceramic DIP 

Package 
Option' 

R-8 

Q-8 
AD603SQ/883B2 -ss•c to + 125°C 8-Pin Ceramic DIP Q-8 

NOTES . 
'R = SOIC; Q = Cerdip. For outline information see Packiige Information 
section. 

'Refer to AD603 Military data sheet. Also available as 5962-9457203MPA. 
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AD603 
THEORY OF OPERATION 
The AD603 comprises a fixed-gain amplifier, preceded by a 
broadband passive attenuator of 0 to 42.14 dB, having a gain
control scaling factor of 40 dB per volt. The fixed gain is laser
trimmed in two ranges, to either 31.07 dB (x35.8) or 50 dB 
( x 358), or may be set to any range in between using one exter
nal resistor between Pins 5 and 7. Somewhat higher gain can be 
obtained by connecting the resistor from Pin S to common, but 
the increase in output offset voltage limits the maximum gain to 
about 60 dB. For any given range, the bandwidth is indepen
dent of the voltage-controlled gain. This system provides an 
under- an over-range of 1.07 dB in all cases; for example, the 
overall gain is -11.07 dB to 31.07 dB in the maximum
bandwidth mode (Pin 5 and Pin 7 strapped). 

This X-AMP structure has many advantages over former meth
ods of gain-control based on nonlinear elements. Most impor
tantly, the fixed-gain amplifier can use negative feedback to 
increase its accuracy. Since large inputs are first attenuated, the 
amplifier input is always small. For example, to deliver a ± 1 V 
output in the -1 dB/+41 dB mode (that is, using a fixed ampli
fier gain of 41.07 dB) its input is only 8.84 mV; thus the distor
tion can be very low. Equally important, the small-signal gain 
and phase response, and thus the pulse response, are essentially 
independent of gain. 

Figure 1 is a simplified schematic. The input attenuator is a 
seven-section R•2R ladder network, using untrimmed resistors 
of nominally R= 62.5 O, which results in a characteristic resis
tance of 125 n ± 20%. A shunt resistor is included at the input 
and laser trimmed to establish a more exact input resistance of 
100 n ± 3%, which ensures accurate operation (gain and HP 
comer frequency) when used in conjunction with external resis
tors or capacitois. 

The nominal maximum signal at input VINP is 1 V rms 
(±1.4 V peak) when using the recommended ±5 V supplies, 
although operation to ±2 V peak is permissible with some 
increase in HF distortion and feedthrough. Pin 4 (SIGNAL 
COMMON) must be connected directly to the input ground; signifi
cant impedance in this connection will reduce the gain accuracy. 

The signal applied at the input of the ladder network is attenu
ated by 6.02 dB by each section; thus, the attenuation to each of 
the taps is progressively 0 dB, 6.02 dB, 12.04 dB, 18.06 dB, 
24.08 dB, 30.1 dB, 36.12 dB and 42.14 dB. A unique circuit 
technique is employed to interpolate between these tap-points, 
indicated by the "slider" in Figure 1, thus providing continuous 
attenuation from 0 dB to 42.14 dB. It will help, in understand-
ing the AD603, to think in terms of a mechanical means for II 
moving this slider from left to right; in fact, its "position" is 
controlled by the voltage between Pins 1 and 2. The details of 
the gain-control interface are discussed later. 

The gain is at all times very exactly determined, and a linear-in
dB relationship is automatically guaranteed by the exponential 
nature of the attenuation in the ladder network (the X-AMP 
principle). In practice, the gain deviates slightly from the ideal 
law, by about ±0.2 dB peak (see, for example, Figure 16). 
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PRECISION PASSIVE , 
INPUT ATTENUATOR 

FIXED GAIN 
AMPLIFIER 

AD603 

R 

'NOMINAL VALUES 

Figure 1; Simplified Block Diagram of the AD603 

Noise Performance 
An important advantage of the X-AMP is its superior noise per
formance. The nominal resistance seen at inner tap points is 
41.7 0 (orie th~d of 125 0), which exhibits a Johnson noise
specttSl density (NSD) of 0.83 nV/ylHz (that is, y4kTR) at 
27°C; which is 'fl large fraction of the total input noise. The first 
stage of the amplifier contributes a further 1 nV/ylHz, for a 
total input noise of 1.3 nV/ylHz. It will be apparent that it is 
essential to use aJow resistance in the ladder network to achieve 
the very low specified noise level. The signal's source impedance 
forms a voltage divider with the AD603's 100 0 input resis
tance. In some appliqations, the resulting attenuation may be 
unacceptable, requiririg the use of an external buffer or pream
plifier to match a high impedance source to the low impedance 
AD603. 

The noise at maximum gain (that is; at the 0 dB tap) depends 
on whether the input is short-circuited or open-circuited: when 
shorted, the minimum NSD of slightly over 1 nV/ylHz is 
achieved; when open, the resistance of 100 0 looking into the 
first tap generares 1.29 nV/ylHz, so the noise increases to a total 
of 1.63 nV/ylHz. (This last calculation would be important if, 
the ,(\0603 were preceded by, for example, a 900 0 resistor to 
allow operatiol;l from inputs up to. 10 V rms.) As the selected ~p 
moves away from the input, i:he dependence of thenoise on 
source ii;npedance quickly ~nishes, · . 

Apart from the small variations just discussed, the signal-to
noise (SIN) ratio at the output is essentially independent of the 
attenuator setting .. For example, on the -11 dB/+31.dB range 
the fixed gain of X35.8 raises the output NSD to 46.5 nVl\IHZ. 
Thus, for. the maximum undistorted output of 1 V rms and a 
1 MHz•bandwidth, the output SIN ratio w.ould be 86.6 dB, that 
is, 20 log (I V/46.5 µV); 

Thii Gain-Control Interface 
The attenuation is controlled through a differential, high
impedance (SO MO) input, with a scaling factor which is laser
trimmed to 40 dB per volt, that is, 25 mV/dB. An internal 
bandgap reference ensures stability of the scaling with respect to 
supply and temperature variations. 

When the. differential input voltage Va = 0 V, the attenuator 
"slider'' is centered, providing an attenuation of 21.07 dB. For 
the maximum bandwidth range, this results in an overall gain of 
10 dB(= -21.07 dB + 31.07 dB). When the control input is 
-500mV, the gain is lowered by 20dB (= O.SOOV x 40 dB/V), 
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to -10 dB; when set to +500 mV, the gain is increased by 
20 dB, to 30 dB. When this interface is overdriven in either 
direction, the gain approaches either -11.07 dB ( = -42.14 dB + 
31.07 dB) or 31.07 dB(= 0 + 31.07 dB), respectively. The only 
constraint on the gain-control voltage is that it be kept within 
the common-mode range (-1.2 V to +2.0 V assuming +s V 
supplies) of the gain control interface. 

The basic gain of the AD603 can thus be calculated using the 
following simple expression: 

Gain (dB) "= 40 Vo+ 10 Eq. C,l) 

where VG is in volts. When Pins 5 and 7 are strap~d (see nen 
section) the gain becomes ' · ' · 

G~in (dB),;, 40 V0 + 20/or 0 to +40 dB 

and 

Gain (dB) = 40 Vo + 30 for + 10 to + 50 dB Eg. (2) 

The high impedance gain-control input ensures minimal loading 
when driving many amplifiers in multiple channel or cascaded 
applications. The differential capability provides flexibility in 
choosing the appropriate signal levels and polarities for various 
control schemes. 

For example, if the gain is to be controlled by a DAC providing 
a positive only ground-referenced output, the "Gain Control 
LO" (GNEG) pin should be biased to a fixed offset of +500 mV, 
to set the gain to -10 dB when "Gain .Control HI" (GPOS) is at 
zero, and to 30 dB when at + 1.00 V. 

It is a simple matter to iii.dude a voltage divider to achieve other 
scaling factors. When using an 8-bit DAC having a FS output of 
+2.55 V (10 mV/bit), a divider.ratio of 2 (generating 5 mV/bit) 
would result in a gain-setting resolution of 0.2 dB/bit. The use 
of such offsets is valuable when two AD603s are cascaded, when 
various options exist for optimizing the SIN profile, as will be 
shown later. 

Programming the Fixed·Gilin Amplifier Using Pin Strapping 
Access to the feedback network is provided at Pin 5 (FD]JI,<). 
The user llll!Y prograin the gain of *e AD603's output ainp!ifier 
using this pin, as shown in Figure 2. There are three ·modes: in 
the default mode, FDBK is unconnected, providing the range 
+9 dB/+51 'dB; when VouT and FDBKare shorted, the gain is 
lowered to -11 dB/+31 dB; when an.external resistor is plac¢' 
between V oUT and FDBK any intermediate gain can be 
achieved, for example, -1 dB/+41 dB. Figure 3 shows the 
nominal maximum gain versus external resistor for this mode. 
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VIN 

a. -10 dB to +30 dB; 90 MHz Bandwidth 

VIN 

VIN 

52 

50 

48 

48 

44 

~ 42 .. 
~ 40 

38 

38 

34 

32 

30 

b. 0 dB to 40 dB; 45 MHz Bandwidth 

c. + 10 dB to 50 dB; 9 MHz Bandwidth 

Figure 2. Pin Strapping to Set Gain 

111 l 
-1 :VdB (OUT) ~ d 

17 

/), 
~ 

~ t- .-2:Vd8 (OUT) 

VdB(OUT) ~ 

~ 
~ ......, I-

10 100 1k 10k 100k 

VOUT 

1M 

Figure 3. Gain vs. RExr' Showing Worst-Case Limits 
Assuming Internal Resistors Have a Maximum Tolerance 
of20% 

Optionally, when a resistor is placed from FDBK to COMM, 
higher gains can be achieved. This foUrth mode is of limited 
value because of the low bandwidth and the elevated output off
sets; it is thus not included in Figure 2. 
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AD603 
The gain of this amplifier in the first two modes is set by the 
ratio of on-chip laser-trimmed resistors. While the ratio of these 
resistors is very accurate, the absolute value of these resistors 
can vary by as much as ±20%. Thus, .when an external resistor 
is connected in parallel with the nominal 6.44 kO ± 20% inter
nal resistor, the overall gain accuracy is somewhat poorer. The 
worst-case error occurs at about 2 kO (see Figure 4). 

1.2 ..-...-............ -.--.-.,...,..,~~~-~~~-.--.--
-1 :VdB (OUT) -(-1l:YdB (OREF 

1.0 t-+-+-+++--+-+-H+-V>+-<-'\l~~-fl<r---.~-r..---.-:-=i 

OAr--r--rtTt--t--t-r.vtt--t-~H+-+-++tt-t-t+tt 

0.6 t--1--T-+-t+-+-iJAH-+r-+--t-+~-M--f--+-iH<---1----+-l-H 
0.4 t-+-+-+++--ll,,d....++++--+-+-H+-~"'-1---+-H+--l-+--l-+I 

~ 0.2 t-t--t--t:tf"~-t---r-i--tt--;------iH-tit-+~--Ht--+-++tt 
~ O O i-+-H ~d~ _<OUT) - VdB (OREF)'-t-ttlfN~~~ 
:!:'~JI 

-a.2 f"\.. _L 
-a.4 N 
-0.61--t--t-+-t+--+--+-O ..... -+-~Yl ...... +-+-+-+-H--+-+-+-M 

-a.et--+-+-+++--+-+t+l"'c!l"":::>"!-H+-+-++-H--+-+++1 
-1.0 ~-~~_.__._ ....... __.__.......,..___.._ .............. _.__._ ........ 

10 100 1k 10k 100k 1M 
REXT 

Figure 4. Worst-Case Gain Error, Assuming Internal Resis
tors Have a Maximum Tolerance of -20% (Top Curve) or 
+20% (Bottom Curve) 

While the gain-bandwidth product of the fixed-gain amplifier is 
about 4 GHz, the actual bandwidth is not exactly related to the 
maximum gain. This is because there is a slight enhancing of 
the ac response magnitude op the maximum bandwidth range, 
due to higher order poles in the open-loop gain function; this 
mild peaking is not present on the higher gain ranges. Figure 2 
shows how optional capacitors may be added to extend the fre
quency response in high gain modes. 

CASCADING TWO AD603s 
Two or more AD603s can be connected in series to achieve 
higher gain. Invariably, ac coupling must be used to prevent the 
de offset voltage at the output of each amplifier from overload
ing the following amplifier at maximum gain. The required high 
pass coupling network will usually be just a capacitor, chosen to 
set the desired comer frequency in conjunction with the well
defined 100 0 input resistance of the following amplifier. 

For two AD603s, the total gain-control range becomes 84 dB 
(two ~es 42.14 dB); the overall - 3 dB bandwidth of cascaded a;m1 
stages will be somewhat reduced. Depending on the pin- sa;m 
strapping, the gain and bandwidth for two cascaded amplifiers 
can range from -22 dB to +62 dB (with a bandwidth of about 
70 MHz) to + 22 dB to + 102 dB (with a bandwidth of about 
6MHz). 

There are several ways of connecting the gain-control inputs in 
cascaded operation. The choice depends on whether it is impor
tant to achieve the highest possible Instantaneous Signal-to
Noise Ratio (ISNR), or, alternatively, to minimize the ripple in 
the gain error. The following examples feature the AD603 pro
grammed for maximum bandwidth; the explanations apply to 
other gain/bandwidth combinations with appropriate changes to 
the arrangements for setting the maximum gain. 
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AD603 
Sequential Mode (Optimal SIN Ratio) 
In the sequential mode of operation, the ISNR is maintained at 
its highest level for as much of the gain control range possible. 
Figure 5, shows the SNR over a gain range of -22 dB to +62 dB, 
assuming an output of I V rms and a I MHz bandwidth; Figure 
6 shows the general connections to accomplish this. Here, both 
the positive gain-control inputs (GPOS) are driven .in parallel by 
a positive-only, ground-referenced source with a range of 0 V to 
+ 2 V, while the negative gain-control inputs (GNEG) are biased 
by stable voltages to provide the needed gain-offsets. These volt
ages may be provided by resistive dividers operating from a 
common voltage reference. 
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Figure 5. SNR vs. Control Voltage-Sequential Control 
(1 MHz) Bandwidth) 

The gains are offset (Figure 7) such that A2's gain is increased 
only after Al's gain has reached its maximum value. Note that 
for a differential input of -600 mV or less, the gain of a single 
amplifier (Al or A2) will be at its minimum value of -11.07 dB; 
for a differential input of + 600 m V or more, the gain will be at 
its maximum value of 31.07 dB. Control inputs beyond these 
limits will not affect the gain and can be tolerated without dam
age or foldover in the response. This is an important aspect of 
the AD603's gain-control response. (See the Specifications sec
tion of this data sheet for more details on the allowable voltage 
range). The gain is now 

Gain idB) = 40Va + Go Eq. (3) 

where VG is the applied control voltage and G0 is determined 
by the gain range chosen. In the explanatory notes that follow, 
we assume the maximum-bandwidth connections are used, for 
which G0 is -20 dB. 

+31.07dB 

GAIN 0 
(dB) -22.14 -20 

0.5 
0 

1.0 
20 

1.50 
40 

*GAIN OFFSET OF 1.07dB, or 26.75mV 

2.0 
60 

Figure 7. Explanation of Offset Calibration for Sequential 
Control 

..... ------ A1 ------11------- A2 ------

-40.00dB 

OdB 

lb} 

OUTPUT 
-20dB 

OUTPUT 
20dB 

OUTPUT 
60dB 

Figure 6. AD603 Gain Control Input Calculations for Sequential Control Operation 
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With reference to Figure 6, note that V Gl refers to the differen
tial gain-control input to Al and V Gz refers to the differential 
gain-control input to A2. When VG is zero, VG 1 = -473 mV 
and thus the gain of Al is -8.93 dB (recall that the gain of each 
individual amplifier in the maximum-bandwidth mode is -10 dB 
for VG = -500 mV and 10 dB for VG = 0 V); meanwhile, VG2 
= -1.908 V so the gain of A2 is "pinned" at -11.07 dB. The 
overall gain is thus -20 dB. This situation is shown in Figure 6a. 

When VG= +1.00 V, VG,= 1.00 V - 0.473 V = +0.526 V, 
which sets the gain of Al to at nearly its maximum value of 
31.07 dB, while VG2 = 1.00 V - 1.526 V = -0.526 V, which 
sets A2's gain at nearly its minimum value -11.07 dB. Close 
analysis shows that the degree to which neither AD603 is com
pletely pushed to its maximum or minimum gain exactly cancels 
in the overall gain, which is now + 20 dB. This is depicted in 
Figure 6b. 

When VG= +2.0 V, the gain of Al is pinned at 31.07 dB and 
that of A2 is near its maximum value of 28.93 dB, resulting in 
an overall gain of 60 dB (see Figure 6c). This mode of operation 
is further clarified by Figure 8, which is a plot of the separate 
gains of A I and A2 and the overall gain versus the control volt
age. Figure 9 is a plot of the gain error of the cascaded amplifi
ers versus the control voltage. Figure 10 is a plot of the gain 
error of the cascaded stages versus the control voltages. 
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Figure 8. Plot of Separate and Overall Gains in Sequential 
Control 
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Figure 9. SNR for Cascaded Stages-Sequential Control 
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Figure 10. Gain Error for Cascaded Stages-Sequential 
Control 

Parallel Mode (Simplest Gain-Control Interface) 
In this mode, the gain-control of voltage is applied to both 
inputs in parallel-the GPOS pins of both Al and A2 are con
nected to the control voltage and the GNEW inputs are 
grounded. The gain scaling is then doubled to 80dBN, requir
ing only a 1.00 V change for an 80 dB change of gain: 

Gain (dB) = 80 VG + Go Eq. (4) 

where, as before G0 depends on the range selected; for example, 
in the maximum-bandwidth mode, G0 is +20 dB. Alternatively, 
the GNEG pins may be connected to an offset voltage of 
+0.500 V, in which case, G0 is -20 dB. 

The amplitude of the gain ripple in this case is also doubled, as 
shown in Figure 11, while the instantaneous signal-to-noise ratio 
at the output of A2 now decreases linearly as the gain increased 
(Figure 12). 

2.0 r--rr-~--.--~--.--~--.--.----.--,.--.,..---. 

1.5 1--tt--t--+-t--+-t--+-t--+-t--+--l 
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-1.0 l---+-+---+-+---+-+---+-l---+-_,l---+-1----1 

-1.5 1--+-1--+-t--+-l--+-1---+-_,l---+-+-i 

-2.0 ,__.__,___.__.___.__.___..__..__..__,..__.._~ 
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Ve 

Figure 11. Gain Error for Cascaded Stages-Parallel 
Control 

Low Gain Ripple Mode (Minimum Gain Error) 
As can be seen from Figures 9 and 10, the error in the gain is 
periodic, that is, it shows a small ripple. (Note that there is also 
a variation in the output offset voltage, which is due to the gain 
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Figure 12. ISNR for Cascaded Stages-Parallel Control 

interpolation, but this is not exact in amplitude.) By offsetting 
the gains of Al and AZ by half the period of the ripple, that is, 
by 3 dB, the residual gain errors Of the two amplifiers can be 
made to cancel. Figure B shows that much lower gain ripple 
when configured in this manner. Figure 14 plots the ISNR as a 
function of gain; it is very similar to that in the "Parallel Mode." 
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Figure 13. Gain Error for Cascaded Stages-Low Ripple 
Mode 
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Figure 14. ISNR vs. Control Voltage-Low Ripple Mode 
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THEORY OF THE AD603 
A Low Noise AGC Amplifier 
Figure 15 shows the ease with which the AD603 can be con
nected as an AGC amplifier. The circuit illustrates many of the 
points previously discussed: It uses few parts, has linear-in-dB 
gain, operates from a single supply, uses two cascaded amplifiers 
in sequential gain mode for maximum SIN ratio, and an external 
resistor . programs each amplifier's gain. It also uses a simple 
temperature-compensated detector. 

The circuit operates from a single 10 V supply. Resistors Rl, 
RZ and R3, R4 bias the common pins of Al and AZ at 5 V. 
This pin is a low impedance point and must have a low imped
ance path to ground, here provided by the 100 µF tantalum 
capacitors and the 0.1 µF ceramic capacitors. 

The cascaded amplifiers operate in sequential gain. Here, the 
offset voltage between the pins 2 (GNEG) of Al and A2 is 1.05 V 
(42.14 dB x 25 mV/dB), provided by a voltage divider consist
ing of resistors RS, R6, and R7. Using standard values, the off
set is not exact but it is not critical for this application. 

The gain of both Al and A2 is programmed by resistors RB 
and Rl4, respectively, to be about 42 dB; thus the maximum 
gain of the circuit is twice that, or 84 dB. The gain-control 
range can be shifted up by as much as 20 dB by appropriate 
choices of RB and Rl4. 

The circuit operates as follows. Al and A2 are cascaded. Capaci
tor Cl and the 100 0 of resistance at the input of Al form a 
time-constant of 10 µs. C2 blocks the small de offset voltage at 
the output of Al (which might otherwise saturate A2 .at its max
imum gain) and introduces a high-pass corner at about 16 kHz, 
eliminating low frequency noise. 

A half-wave detector is used, based on Ql and R8. The current 
into capacitor CAv is just the difference between the collector 
current of Q2 (biased to be 300 µA at 300 K, Z7°C) and the col
lector current of Ql, which increases with the amplitude of the 
output signal. The automatic gain control voltage, V AGCO is the 
time-integral of this error current. In order for V AGC (and thus 
the gain) to remain insensitive to short-term amplitude fluctua
tions in the output signal, the rectified current in Qi must, on 
average, exactly balance the current in QZ. If the output of A2 
is too small to do this, V AGc will increase, causing the gain to 
increase, until Ql conducts sufficiently. 

Consider the case where R8 is zero and the output voltage V ouT 
is a square wave at, say, 455 kHz, that is, well above the corner 
frequency of the control loop.-

During the time VouT is negative with respect to the base volt
age of Ql, Ql conducts; when VouT is positive, it is cut off. 
Since the average collector current of Ql is forced to be 300 µA, 
and the square wave has a duty-cycle of 1:1, Ql's collector cur
rent when conducting must be 600 µA. With R8 omitted, the 
peak amplitude of VouT is forced to be just the V BE of Ql at 
600 µA, typically about 700 mV, or Z V8 E peak-to-peak. This 
voltage, hence the amplitude at which the output stabilizes, has 
a strong negative temperature coefficient (TC), typically -1. 7 
mV/°C. Although this may not be troublesome in some applica
tions, the correct value of R8 will render the output stable with 
temperature. 

To understand this, first note that the current in Q2 is made to 
be proportional to absolute temperature (PTAT). For the 
moment, continue to assume that the signal is a square wave. 
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When QI is conducting, VouT is now the sum ofVBE and a 
voltage which is PT AT and which can be chosen to have an 
equal but opposite TC to that of the V BE· This is actually noth
ing more than an application of the "bandgap voltage reference" 
principle. When RB is chosen such that the sum of the voltage 
across it and the V BE of QI is close to the bandgap voltage of 
about 1.2 V, V ouT will be stable over a wide range of tempera
tures, provided, of course, that QI and Q2 share the same ther
mal environment. 

Since the average emitter current is 600 µA during each half
cycle of the square wave a resistor of 833 0 would add a PT AT 
voltage of 500 mV at 300 K, increasing by 1.66 mV!°C. In prac
tice, the optimum value will depend on the type of transistor 
used, and, to a lesser extent, on the waveform for which the 
temperature stability is to be optimized; for the inexpensive 
2N3904/2N306 pair and sine wave signals, the recommended 
value is 806 n. 
This resistor also serves to lower the peak current in QI when 
more typical signals (usually, sinusoidal) are involved, and the 
1.8 kHz LP filter it forms with CAv helps to minimize distor
tion due to ripple in VAGC. Note that the output amplitude 
under sinewave conditions will be higher than for a square 
wave, since the average value of the current for an ideal rectifier 
would be 0.637 times as large, causing the output amplitude to 

C1 

Jl~0.1µF 
Ry 

-=- 100Q1 
_ R1 
- 2.49kQ 

+c3 C4 I 100µf2 I 0.1µF 

- -

NOTES: 

+10V 

RS 
S.49kQ 

1 Ry PROVIDES A SOQ INPUT IMPEDANCE 

2 C3 AND CS ARE TANTALUM 

S.SV R6 
1.0SkQ 

AD603 
be 1.88 ( = 1.2/0.637) V, or 1.33 V rms. In practice, the some
what nonideal rectifier results in the sine wave output being reg
ulated to about 1.4 V rms, or 3.6 V p-p. 

The bandwidth of the circuit exceeds 40 MHz. At 10.7 MHz, 
the AGC threshold is 100 µ V ( -67 dBm) and its maximum gain 
is 83 dB (20 log l.4V/IOO µ V). The circuit holds its output at 
1.4 V rms for inputs as low as -67 dBm to +IS dBm (82 dB), 
where the input signal exceeds the AD603's maximum input 
rating. For a - 30 dBm input at 10.7 MHz, the second har
monic is 34 dB down from the fundamental and the third har
monic is 35 dB down. 

CAUTION 
Careful component selection, circuit layout, power-supply 
decoupling, and shielding are needed to minimize the AD603's 
susceptibility to interference from radio and TV stations, etc. In 
bench evaluation, we recommend placing all of the components 
in a shielded box and using feedthrough decoupling networks 
for the supply voltage. Circuit layout and construction are also 
critical, since stray capacitances and lead inductances can form 
resonant circuits and are a potential source of circuit peaking, 
oscillation, or both. 

THIS CAPACITOR SETS 
AGC TIME CONSTANT 

6.SV 

\ 
CAV 

o.1µFI 

AGCLINE 

R7 
3.48kQ 

+10V 

R9 
1.54kQ 

02 
2N3906 

01 
2N3904 

R10 C11 
1.24kQ J O.lµF 

R11 
3.83kQ 

sv 

R12 C9 
4.99kQ I 0.1µF 

Figure 15. A Low Noise AGC Amplifier 
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AD603-Typical Characteristics 
REF LEVEL /DIV MARKER 505 156.739Hz REF LEVEL /DIV MARKER 505 156.739Hz 
8.100dB 1.000dB MAG (UDF) 4.127dB -11.850dB 1.000dB MAG (UDF) -15.859dB 
O.Odeg 45.000deg MARKER 505 156.739Hz O.Odeg 45.000deg MARKER 505 156.739Hz 

PHASE (UDF) -1.338deg PHASE (UDF) -1.378deg 

m 
" I 1.00 
a: 
0 
~ 0.50 t-"--t---t---t---tt-t-:--t-~"T:::-t----1 
w 

~ 0.00 l--h:-¥~'A""'l'-''l:>t-f'..f-17'1 

" -0.50 l-+--11--+--+-f--+--+--+--+---l 

-1.50 ,___.._....___.__,___._.__~__,__...._. 

-0.5 --0.4--0.3 -0.2-0.1 0.0 0.1 0.2 0.3 0.4 0.5 
GAIN VOLTAGE - Volts 

m 
" I 
z 
~ 

100k 

17 
j7 .J--

b,,., 
)'... 

I\ 

1M 10M 

FREQUENCY - Hz 

3t 
1 

I 
100M 

m 
" I 
~ 

100k 

1-N 1' 

1M 10M 
FREQUENCY - Hz 

vll\ 
17 

I\. ~ 
\ \ 

100M 

Figure 16. Gain Error vs. Gain Con
trol Voltage at 455 kHz, 10.7 MHz, 
45 MHz, 70 MHz 

Figure 17. Frequency and Phase 
Response vs. Gain (Gain = -10 dB, 
P,N = -30 dBm, Pin 5 Connected to 
Pin 7) 

Figure 18. Frequency and Phase 
Response vs. Gain (Gain = + 10 dB, 
PIN = -30 dBm, Pin 5 Connected to 
Pin 7) 

HP3326A 
DUAL 

CHANNEL 
SYNTHESIZER 

REF LEVEL /DIV MARKER 505 156.739Hz 
-31.550dB 1.00DdB MAG (UDF) -35.509dB 
O.Odeg 45.000deg MARKER 505 156.739Hz 
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Figure 19. Frequency and Phase 
Response vs. Gain (Gain = +30 dB, 
P,N = -30 dBm, Pin 5 Connected to 
Pin 7) 
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SPECTRUM 
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Figure 21. Third Order Intermodulation Distortion Test 
Setup 
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Figure 20. Group Delay vs. Gain 
Control Voltage 

Figure 22. Third Order Intermodula
tion Distortion at 455 kHz (10x 
Probe Used to HP3585A Spectrum 
Analyzer, Gain = 0 dB, PIN = 0 dBm, 
Pin 5 Connected to Pin 7) 
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Figure 23. Third Order Intermodula
tion Distortion at 10.7 MHz (10x 
Probe Used to HP3585A Spectrum 
Analyzer, Gain = 0 dB, P,N = 0 dBm, 
Pin 5 Connected to Pin 7) 
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Figure 26. Input Impedance vs. Fre
quency (Gain = + 10 dB) 
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Figure 29. Input Stage Overload 
Recovery Time, Pin 5 Connected to 
Pin 7 (Input Is 500 ns Period, 50% 
Duty-Cycle Square Wave, Output Is 
Captured Using Tektronix 11402 
Digitizing Oscilloscope) 

REV.A 

i-1.0 

> -1.2 

~ ~1.4 
~ -1.8 

l!l -1.8 
c 
g-2.0 

> -2.2 

?-zA 
§-z.& 
~ -2.8 

jl:~.o 
iB ~.2 
z ~.4 

_l 

\ 
\ 

ll 
_l_ 
~ 

0 50 100 200 500 1000 2000 
LOAD RESISTANCE- g 

Figure 24. Typical Output Voltage· 
Swing vs. Load Resistance (Nega
tive Output Swing Limits First) 
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Figure 27. Input Impedance vs. 
Frequency (Gain = +30 dB) 
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Figure 30. Output Stage Overload 
Recovery Time, Pin 5 Connected to 
Pin 7 (Input is 500 ns Period, 50% 
Duty-Cycle Square Wave, Output Is 
Captured Using Tektronix 11402 
Digitizing Oscilloscope) 
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Figure 25. Input Impedance vs. 
Frequency (Gain = -10 dB) 
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Figure 28. Gain-Control Channel 
Response Time 
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Figura 31. Transient Response, 
G = 0 dB, Pin 5 Connected to Pin 7 
(Input is 500 ns Period, 50% Duty
Cycle Square Wave, Output Is Cap
tured Using Tektronix 11402 
Digitizing Oscilloscope) 
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AD603 
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Figure 32. Transient Response, 
G = +20 dB, Pin 5 Connected to Pin 
7 (Input is 500 ns Period, 50% Duty
Cycle Square Ware, Output ls Cap
tured Using Tektronix 11402 
Digitizing Oscilloscope) 
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1111111111 ANALOG 
WDEVICES 

50 MHz, 80 dB Demodulating 
Logarithmic Amplifier with Limiter Output 

FEATURES 
Logarithmic Amplifier Performance 

-75 dBm to +5 dBm Dynamic Range 
s1.5nV/YHz Input Noise 
Usable to >50 MHz 
37.5 mV/dB Voltage Output 
On-Chip Low-Pass Output Filter 

Limiter Performance 
±1 dB Output Flatness over 80 dB Range 
±3° Phase Stability at 10.7 MHz over 80 dB Range 
Adjustable Output Amplitude 

Low Power 
+5 V Single Supply Operation 
65 mW Typical Power Consumption 
CMOS Compatible Power-Down to 325 µW typ 
<5 µs Enable/Disable Time 

APPLICATIONS 
Ultrasound and Sonar Processing 
Phase-Stable Limiting Amplifier to 100 MHz 
Received Signal Strength Indicator (RSSI) 
Wide Range Signal and Power Measurement 

PRODUCT DESCRIPTION 
The AD606 is a complete, monolithic logarithmic amplifier 
using a 9-stage "successive-detection" technique. It provides 
both logarithmic and limited outputs. The logarithmic output is 
from a three-pole post-demodulation low-pass filter and provides 

AD606 I 
a loadable output voltage of +0.1 V de to +4 V de. The loga
rithmic scaling is such that the output is +0.5 V for a sinusoidal 
input of -75 dBm and +3.5 Vat an input of +5 dBm; over 
this range the logarithmic linearity is typically within ±0.4 dB. 
All scaling parameters are proportional to the supply voltage. 

The AD606 can operate above and below these limits, with 
reduced linearity, to provide as much as 90 dB of conversion 
range. A second low-pass filter automatically nulls the input 
offset of the first stage down to the submicrovolt level. Adding 
external capacitors to both filters allows operation at input fre
quencies as low as a few hertz. 

The AD606's limiter output provides a hard-limited signal out
put as a differential current of ± 1.2 mA from open-collector 
outputs. In a typical application, both of these outputs are 
loaded by 200 n resistors to provide a voltage gain of more than 
90 dB from the input. Transition times are 1.5 ns, and the 
phase is stable to within ±3° at 10.7 MHz for signals from 
-75 dBm to +5 dBm. 

The; logarithmic amplifier operates from a single + 5 V supply 
and typically consumes 65 mW. It is enabled by a CMOS logic
level voltage input, with a response time of <5 µs. When dis
abled, the standby power is reduced to <l mW within 5 µs. 

The AD606J is specified for the commercial temperature range 
of 0°C to + 70°C and is available in 16-pin plastic DIPs or 
SOICs. Consult the factory for other packages and temperature 
ranges. 

FUNCTIONAL BLOCK DIAGRAM 

INHI COMM PAUP VPOS FIL1 FIL2 LADJ LMHI 

INLO COMM ISUM !LOG BFIN VLOG 
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A0606-:-SPEC If ICATI Q"~ ff~:= +25°C and supply = +5 V unless otherwis~· noted; dB]li l!SS\mles ~p;Jl) 
. ,.c '• ' . ' .. ·' ' '!'" ·, l ' ····:· . "· .. ;:. " 

MOdel AD606J ··, 
Pl!nllJletet · Conditions. .Mui'.''·· T}'p .·. ,•MaJ. 'Units " 

SIGNAL INPUT 
LogAmpfMAX AC Coupled; Sinusoidal Input 50 MHz 
Liniiter fMAx AC Coupled; Sinusoidal Input 100 MHz 
Dynamic Range· 80 dB 
Input Resistance · Differentiai Input 500 2,500 ,n 
Input Capacitance Differential Input 2 pF 

SIGNAL OUTP,UT 
Limiter Flatness -,75 dBm to +5 dBm Input Signal at 10.7 MHz -1.5 +1.5 dB 

With Pin 9 to v POS via a 200 n Resistor 

Output Current 
and 'pin 8 to v POS. via a 200 n Resistor 
At Pins 8 or 9, Proportional to VPOs• LADJ Grounded 1.2 mA 
.LADJ Open Circuited 0.48 mA 

Phase Variatio.n ~th I,nput Level --;75 dBm to +~dBm Input Signal at 10,7 MHz ±3 

LOG (RSSI ) OUTPUT 
Nominal Slope Atl0.7 MHz; (0.0075 x VPOs)/dB 37.5 mV/dB 

At45 MHz 35 mV/dB 
Slope .{\.ccuracy Untr~ed at 10.7 MHz' -15 ±5 . +15. % 
Int~t Sinusoid!l1 Input; Independent of V POs :::_88.33 dBm 
Logarithmic Conformance -75 dBm to +5 dBm Input Signal at 10.7 MHz -1.5 0.4 +1.5 dB 
No~Output Input L.evel :' --; 75 dBm 0.5 v 

Input I,.evel = - ~~. dBm 2 'V'"' 
Input Level = + 5 dBm ·3.S. ,, . .;, v:.• 

Accuiacy oyer Temiiei:ature After Calibration ai -35 dBm at 10.7 MHz 
TMINtoT~x 

-3 3 ···dB 

Video Response Time From Onset of Input Signal Until Output Reaches 400 ns 
95% of Finhl Value 

POWER-DOWN INTERFACE 
PO\:ver-Yp Response Time Time Delay Following.HI Transition. Qntil 3.5 µs 

~vice Meets Fllll Specifications · 
AC Coupled with 100 pF Coupling Capacitors 

Input Bias Current Logical HI Input (See Figure 12) I nA 
Logical LO Input 4 µA 

POWER SUPPLY 
Operating Range 4.5 5.5 v 
Powered-Up Current Zero Signal Input .13 mA 

.I.MIN:. to T MAX 13 20 mA 
Powered-Down Current TMIN toTMAx 65 200 µA 

Specifications shown iri boldface are tested pn all production 'u.'!its at fuial electri.cal t.St. Results from those tests. are used to calculate outgoing quality levels. 
All min and max specifications are .guaranteed, .although. only those shown in boldface are tested. on all productio.n units. 

Specifications subject to change without notice', 
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ABSOLUTE MAXIMUM RATINGS* 
Supply Voltage VPOs ........................ +9 V 
Internal Power Dissipation• .................. 600 mW 
Operating Temperature Range ............. 0°C to + 70°C 
Storage Temperature Range . . . . . . . . . . . -65°C to + 150°C 
Lead Temperature, Soldering 60 sec ... · ......... + 300°C 

NOTES 
*Stresses above those listed under "i\bsolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended rating conditions for 
extended periods may affect device reliability. 

'Thermal Characteristics: 
16-Pin Plastic DIP Package: 91A = 85"CIW 
16-Pin SOICPackage: e,A = IOO"C/W 

ORDERING GUIDE 

Temperature 
Model Range Package* 

AD606JN 0°c to +70°c 
AD606JR 0°c to + 1o·c 

16-Pin Plastic DIP (N-16) 
16-Pin Narrow-Body SOIC (R,16A) 

*For outline information see Package Information section. 
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CONNECTION DIAGRAM 
Plastic DIP (N) 

INLO 

and 
Small Outline (R) 

Packages 

INHI 

COii~ 

PRUP 

VPOS 

F1L1 

FlL.2 

LADJ 

AD606 

PIN FUNCTIONS 

Pin Mnemonic Function 

1 INLO DIFFERENTIAL RF INPUT 
-75 dBm to +5 dBm, Inverting, AC Coupled .. 

2 COMM POWER SUPPLY COMMON 
Connect to Ground. 

3 ISUM 
4 ILOG 

5 BFIN 

6 VLOG 

7 OPCM 

8 LMLO 

9 LMHI 

10 LADJ 

11 FILI 

12 FIL2 

LOG DETECTOR SUMMING NODE 
LOG CURRENT OUTPUT 
Normally No Connection; 2 µA/dB Output 
Current. 
BUFFER INPUT 
Optionally Used to Realize Low Frequency 
Post-Demodulation Filters. 

BUFFERED LOG OUTPUT 
37.5 mV/dB (100 mV to 4.5 V). 
OUTPUT COMMON 
Connect to Ground. 

DIFFERENTiAL LIMITER OUTPUT 
1.2 mA Full'Scale Output Current. Open 
Collector Output Must Be "Pulled" Up 
to VPOS with R s 400 0. 
DIFFERENTIAL LIMITER OUTPUT 
1.2 mA Full-Scale Output Current. Open 
Collector Output Must Be "Pulled" Up to 
VPOS with R s 400 0. 
LIMITER LEVEL ADJUSTMENT 
Optlonally Used to Adjust Limiter Output 
Current. 
OFFSET LOOP LOW-PASS FILTER 
.Normally No Connection; a Capacitor Between · 
FILI and FIL2 May Be Added to Lower:the 
Filter Cutoff Frequency. 
OFFSET LOOP LOW-PASS FILTER 

·Normally No Connection; See Above. 
13 VPOS POSITIVE SUPPLY 

Connect to +5 Vat 13 mA. 
14 PRUP POWER UP 

CMOS (5 V) Logical High = Device On 
("" 65 mW). 
CMOS (0 V) Logical Low= Device Off 
("" 325 µW). 

15 COMM POWER SUPPLY COMMON 
Connect to Ground. 

16 INHI DIFFERENTIAL RF INPUT 
- 75 dBm to + 5 dBm, Noninverting, AC Coupled. 
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AD606 
INPUT LEVEL CONVENTIONS 
RF logarithmic amplifiers usually have their input specified in 
"dBm," meaning "decibels with respect to 1 mW." Unfortu
nately, this is not precise for several reasons. 

1. Log amps respond not to power but to voltage. In this 
respect, it would be less ambiguous to use "dBV" (decibels 
referred to 1 V) as the input metric. Also, power is depen
dent on the rms (root-mean-square) value of the signal, while 
log amps are not inherently rms responding. 

2. The response of a demodulating log amp depends on the 
waveform. Convention assumes that the input is sinusoidal. 
However, the AD606 is capable of accurately handling any 
input waveform, including ac voltages, pulses and square 
waves, Gaussian noise, and so on. See the AD640 data sheet, 
which covers the effect of waveform on logarithmic intercept, 
for more information. 

3. The impedance in which the specified power is measured is 
not always stated. In the log amp context it is invariably 
assumed to be 50 n. Thus, 0 dBm means "l mW rms in 
50 O," and corresponds to an rms voltage of\/( 1 mW x 50 0), 
or 224 mV. 

Popular convention requires the use of dBm to simplify the 
comparison of log amp specifications. Unless otherwise stated, 
sinusoidal inputs expressed as dBm in 50 n are used to specify 
the performance of the AD606 throughout this data sheet. We 
will also show the corresponding rms voltages where it helps to 
clarify the specification. Noise levels will likewise be given in 
dBm; the response to Gaussian noise is 0.5 dB higher than for a 
sinusoidal input of the same rms value. 

Note that dynamic range, being a simple ratio, is always speci
fied simply as "dB", and the slope of the logarithmic transfer 
function is correctly specified as "mV/dB," NOT as "mV/dBm." 

LOGARITHMIC SLOPE AND INTERCEPT 
A generalized logarithmic amplifier having an input voltage VIN 
and output voltage V LOG must satisfy a transfer function of the 
form 

Vwa = Vy log10 Wm!Vx) 

where, in the case of the AD606, the voltage VIN is the differ
ence between the voltages on pins INHI and INLO, and the 
voltage VLoG is that measured at the output pin VLOG. Vy and 
V x are fixed voltages that determine the slope and intercept of 
the logarithmic amplifier, respectively. These parameters are 
inherent in the design of a particular logarithmic amplifier, 
although may be adjustable, as in the AD606. When V1N = Vx, 
the logarithmic argument is one, hence the logarithm is zero. 
V x is, therefore, called the logarithmic intercept voltage because 
the output voltage V LOG crosses zero for this input. The slope 
voltage Vy is can also be interpreted as the "volts per decade" 
when using base-10 logarithms as shown here. 

Note carefully that V LOG and VLOG in the above paragraph 
(and elsewhere in this data sheet) are different. The first is a 
voltage; the second is a pin designation. 

This equation suggests that the input VIN is a de quantity, and, 
if V x is positive, that V1N must likewise be positive, since the 
logarithm of a negative number has no simple meaning. In fact, 
in the AD606, the response is independent of the sign of VIN. 
because of the particular way in which the circuit is built. This 
is part of the demodulating nature of the amplifier, which 
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results in an alternating input voltage being tran.sformed mto a 
quasi-de (rectified and filtered) output voltage; 

The single supply nature of the AD606 results in common-mode 
level of the inputs INHI and INLO being at about +2.5 V 
(using the recommended +5 V supply). In normal ac operation, 
this bias level is developed internally and the input signal is cou
pled in through de-blocking capacitors. Any residual de offset 
voltage in the first stage limits the logarithmic accuracy for small 
inputs. In ac operation, this offset is automatically and continu
ously nulled via .a feedback path from the last stage, provided 
that the pins INHI and INLO are not shorted together, as would 
be the case if transformer coupling were used for the signal. 

While any logarithmic amplifier must eventually conform to the 
basic equation shown above, which, with appropriate elabora
tion, can also fully account for the effect of the signal waveform 
on the effective intercept, 1 it is more convenient in RF applica
tions to use a simpler expression. This simplification results 
from first, assuming that the input is always sinusoidal, and sec
ond, using a decibel representation for the input level. The stan
dard representation of RF levels is (incorrectly, in a log amp 
context) in terms of power, specifically, decibels above 1 milli
watt (dBm) with a presumed impedance level of 50 n. That 
being the case, we can rewrite the transfer function as 

Vwa=Vy (PurPx) 

where it must be understood that P1N means the sinusoidal 
input power level in a 50 n system, expressed in dBm, and Px 
is the intercept, also expressed in dBm. In this case, PIN and Px 
are simple, dimensionless numbers. (P x is sometimes called the 
"logarithmic offset," for reasons which are obvious from the 
above equation.) Vy is still defined as the logarithmic slope, 
usually specified as so many millivolts per decibel, or mV/dB. 

In the case of the AD606, the slope voltage, Vy, is nominally 
750 mV when operating at Vros = 5 V. This can also be 
expressed as 37.5 mV/dB or 750 mV/decade; thus, the 80 dB 
range equates to 3 V. Figure 1 shows the transfer function of 
the AD606. The slope is closely proportional to V POS• and can 
more generally be stated as Y y = 0.15 x V ros· Thus, in those 
applications where the scaling must be independent of supply 
voltage, this must be stabilized to the required accuracy. In 
applications where the output is ap~lied to an AID converter, 

3.5 1----t---+---+--+---+v~Z------1 
L 

g 2.5 t------t---+----t---:;"'v~--r---1 
~ 2t---s,L_OP_E_=_3_7+.5~~~-'-d~-vhl';/l'~----tl---j----j 
~1.S ~ 

0.5 >----+-7 ... L~- INTERCEPT 
# AT-.33dBm 

i--~ .l ..1. 
-100 - -60 -40 -20 +20 

INPUT SIGNAL - dBm 

Figure 1. Nominal Transfer Function 

1See, for example, the AD640 data sheet, which is published in Section 3 of 
the Special Linear Reference Manual or Section 9.3 of the 1992 Amplifier 
Applications Guide. 
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the reference for that converter should be a fractional part of 
V ros• if possible. The slope is essentially indepCndent of 
temperature. 

The intercept Px is essentially independent of either the supply 
voltage or temperature. However, the AD606 is not factory
calibrated, and both the slope and intercept may need to be 
externally adjusted. Following calibration, the conformance to 
an ideal logarithmic law will be found to be very close, particu
larly at moderate frequencies (see Figure 14), and still accept
able at the upper end of the frequency range (Figure 15). 

CIRCUIT DESCRIPTION 
Figure 2 is a block diagram of the AD606, which is a complete 
logarithmic amplifier system in monolithic form. It uses a total 
of nine limiting amplifiers in a "successive detection" scheme to 
closely approximate a logarithmic response over a total dynamic 
range of 90 dB (Figure 2). The signal input is differential, at 
nodes INHI and INLO, and will usually be sinusoidal and ac 
coupled. The source may be either differential or single-sided; 
the input impedance is about 2.5 kO in parallel with 2 pF. 
Seven of the amplifier/detector stages handle inputs from -80 
dBm (32 µ.V rms) up to about -14 dBm (45 mV rms). The 
noise floor is about -83 dBm (18 µ.V rms). Another two stages 
receive the input attenuated by 22.3 dB, and respond to inputs 
up to -i-10 dBm (707 mV rms). The gain of each of these stages 
is 11.15 dB and is accurately stabilized over temperature by a 
precise biasing system. 

The detectors provide full-wave rectification of the alternating 
signal present at each limiter output. Their outputs are in the 
form of currents, proportional to the supply voltage. Each cell 
incorporates a low-pass filter pole, as the first step in recovering 
the average. value of the demodulated signal, which contains 
appreciable energy at even harmonics of the input frequency. A 
further real pole can be introduced by adding a capacitor 
between the summing node ISUM and VPOS. The summed 
detector output currents are applied to a 6: 1 reduction current 
mirror. Its output at ILOG is scaled 2 µ.A/dB, and is converted 
to voltage by an internal load resistor of 9.375 kO between 
ILOG and OPCM (output common, which is usually grounded). 

INHI COMM PRUP YPOS 

AD606 
The nominal slope at this point is 18.75 mV/dB (375 mV/ 
decade). 

In applications where V LOG is taken to an AID converter which 
allows the use of an external reference, this reference input 
should also be connected to the same +5 V supply. The power
supply voltage may be in the range +4.5 V to +S.S V, provid
ing a range of slopes from nominally 33.75 mV/dB (675 mV/ 
decade) to 41.25 mV/dB (825 mV/decade). 

A buffer amplifier, having a gain of two, provides a final output 
scaling at VLOG of 37.S mV/dB (750 mV/decade). This low
impedance output can run from close to ground to over +4 V 
(using the recommended +S V supply) and is tolerant of resis
tive and capacitive loads. Further filtering is provided by a con
jugate pole pair, formed by internal capacitors which are an 
integral part of the output buffer. The corner frequency of the 
overall filter is 2 MH:z, and the 10%-90% rise time is 150 ns. 
Later, we will show how the slope and intercept can be altered 
using simple external adjustments. The direct buffer input 
BFIN is used in these cases. 

The last limiter output is available as complementary currents 
from open collectors at pins LMHI and LMLO. These currents 
are each 1.2 mA typical with LADJ grounded and may be con
verted to voltages using external load resistors connected to 
VPOSi typically, a 200 O resistor is used on just one output. 
The voltage gain is then over 90 dB, resulting in a hard-limited 
output for all input levels down to the noise floor. The phasing 
is such that the voltage at LMHI goes high when the input 
(INHI to INLO) is positive. The overall delay time from the 
signal inputs to the limiter outpUts is 8 ns. Of particular impor
tance is the phase stability of these outputs versus input level. 
At SO MHz, the phase typically remains within ±4° from 
- 70 dBm to + S dBm. The rise time of this output (essentially a 
square wave) is about 1.2 ns, resulting in clean operation to 
more than 70 MHz. 

Offset-Control Loop 
The offset-control loop nulls the input offset voltage, and sets 
up the bias voltages at the input pins INHI and INLO. A full 
understanding of this offset-control loop is useful, particularly 

FIL1 F1L2 LAOJ LllHI 

Figure 2. AD606 Simplified Block Diagram 
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AD606 
when using larger input coupling capacitors and an external fil
ter capacitor to l~wer the minimum acceptable operating fre
quency. The loop's primary purpose is to extend the lower end 
of the dynamic range in the case where the offseJ voltage of the 
first stage should be high enough to cause later stages to prema
turely enter limiting, because of the high de gain (about 8000) 
of the main amplifier system. For example, an offset voltage of 
only 20 µ V would become 160 m V at the output of the last 
stage in the main amplifier (before the final limiter section), 
driving the last.stage well.into limiting. In the absence of noise, 
this limiting would simply result in the logarithmic output ceas
ing to become any lower below a certain signal level at the, 
input. The offset would. also degrade the logarithmic conform
ance in this region. In practice, the finite noise of the first stage 
also plays a role in this regard, even if the de offset were zero. 

Figure 3 shows a representation of this loop, reduced to essen
tials. The figure closely corresponds to the internal circuitry, 
and correctly shows the input resistance. Thus, the forward gain 
of the main amplifier section is 7 x 11.15 dB; but the loop gain 
is lowered because of the attenuation in the network formed by 

FIL2 

TO FINAL 
LIMITER 
STAGE 

FIL1 

Figure 3. Offset Control Loop 

RBI and RB2 and the input resistance RA. The connection 
polarity is.such as to result in negative feedback, which.reduces 
the input offset voltage by the de loop gain, here about 50 dB, 
that is, by a factor of about 316. We use a differential represen
tation, because later we will examine the consequences to the 
power-up response time in the event that the ac coupling capaci
tors Cc1 and Cc2 do not exactly match. Note that these capaci
tors, as well as forming a high-pass filter to the signal in the 
forward path, also introduce a pole in the feedback path. 

Internal resistors RFl and RF2 in conjunction with grounded 
capacitors CF! and CF2 form a low-pass filter at IS kHz. This 
frequency can optionally be lowered by the addition of an exter
nal capacitor Cz, and in some cases a series resistor Rz. This, in 
conjunction with the low-pass section formed at the input cou
pling, results in a two-pole high-pass response, falling of at 
40 dB/decade below the corner frequency. The damping factor 
of this filter depends on the ratio Cz/Cc (when Cz> >Cp) ana 
also on the value of Rz. 

The inclusion of this control loop has no effect on the high frequency 
response of the AD606. Nor does it have any effect on the low fre
quency response when the input amplitude is substantially ab.ove the 
input offset voltage. 

The loop's effect is felt only at the lower end of the dynamic 
range, that is, from about -80 dBm to -70 dBm, and when the 
signal frequency is neat the lower edge of the passband. Thus, 
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the small signal re~ults which are obtained using the suggested 
model are not indicative o(the ac response at moderate to high 
signal levels. Figure 4 shows the response of this model for the 
default case (using Cc = 100 pFand Cz = 0) and with Cz = 
150 pF. In general, a maximally fiat ac response occurs when Cz 
is roughly twice Cc (making due allowance for the internal 
30 pF capacitors). Thus, for audio applications, one can use 
Cc = 2.7 µF and Cz == 4. 7 µF to achieve a high-pass corner 
( - 3 dB) at 25 Hz. 

00.---,..--,r-ri..,....-.,.-.,....,.-.,..,-_.lb.-.-...,....,,~-.--r-r-n 

: r--r- J,l=l 1•ofz7'!-l-+y~J__--1T--+J_-++t--t--+-++1 
~ 60 2 l/'I Cz = Opf -t-++--t-+-l-H 

~ 60 YI j 
!5 40 1---+---+-l.''H---tf.l<-+-l-+l---+--+-+-H---+-+-l-H 

~30 [Lv 0 
~ 20 j v 
a:10 ~ 

-10~ 
-20 ~...._~~ ....... ~-................ -..__.._...._....._~_ ....... _... 

10k 1DDk 1M 10M 1DDM 
INPUT FREQUENCY - Hz 

Figure 4. Frequency Response of Offset Control Loop for 
Cz = 0 pF and Cz = 150 pF (Cc = 100 pF) 

However, the maximally flat ac response is not optimal in two 
special cases. First, where the RF input level is· rapidly pulsed, 
the fast edges will cause the loop filter to ring. Second, ringing 
can also occur when using the power-up feature, and the ac cou
pling capacitors do not exactly match in value. We will examine 
the latter case in a moment. Ringing in a linear amplifier is 
annoying, but in a log amp, with its much enhanced sensitivity 
to near zero signals; it can be very disruptive. 

To optimize the low level accuracy, that is, achieve a highly
damped pulse response in this filter, it is recommended to 
include a resistor Rz in series with an increased value of Cz. 
Some experimentation may be necessary, but for operation in 
the range 3 MHz to 70 MHz, values of Cc = 100 pF, Cz = 
1 nF and Rz = 2 kO are near optimal. For operation down to 
JOO.kHz use Cc= 10 nF, Cz = 0.1 µF and Rz = 13 kO. Fig
ure S shows. typica1 connections for the AD606 with these filter 
components added. 

Figure 5. Use of C2 and Rz for Offset Control 
Loop Compensation 

For operation above 10 MHz, it is not necessary to add the 
external capacitors CFl, CF2, and Cz, although an improve
ment in low frequency noise can be achieved by so doing (see 
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APPLICATIONS). Note that the offset control loop does not 
materially affect the low-frequency cutoff at high input levels, 
when the offset voltage is swamped by the signal. 

Power-Up Interface 
The AD606 features a power-saving mode, controlled by the 
logic level at Pin 14 (PRUP). When powered down, the quies
cent current is typically 65 µA, or about 325 µW. A CMOS log
ical HIGH applied to PRUP activates both internal references, 
and the system becomes fully functional within about 3.5 µs. 
When this input is a CMOS logical LOW, the system shuts 
down to the quiescent level within about 5 µs. 

The power-up time is somewhat dependent on the signal level 
and can be degraded by mismatch of the input coupling capaci
tors. The explanation is as follows. When the AD606 makes the 
transition from powered-down to fully active, the de bias voltage 
at the input nodes INHI and INLO (about + 2.5 V) inevitably 
changes slightly, as base current in the input transistors flows in 
the bias resistors. In fact, first-order correction for this is 
included in the specially designed offset buffer amplifier, but 
even a few millivolts of change at these inputs represents a sig
nificant equivalent "dBm" level. 

Now, if the coupling capacitors do not match exactly, some frac
tional part of this residual voltage step becomes coupled into the 
amplifier. For example, if there is a 10 % capacitor mismatch, 
and INHI and INLO jump 20 mV at power-up, there is a 2 mV 
pulse input to the system, which may cause the offset control 
loop to ring. Note that 2 mV is roughly 40 times greater than 
the amplitude of a sinusoidal input at -75 dBm. As long as the 
ringing persists, the AD606 will be "blind" to the actual input, · 
and VLoG will show major disturbances. 

The solution to this problem is first, to ensure that the loop fil
ter does not ring, and second, to use well-matched capacitors at 
the signal input. Use the component values suggested above to 
minimize ringing. 

RF INPUT 

AD606 
APPLICATIONS 
Note that the AD606 has more than 70 MHz of input band
width and 90 dB of gain! Careful shielding is needed to realize 
its full dynamic range, since nearly all application sites will be 
pervaded by many kinds of interference, radio and TV stations, 
etc., all of which the AD606 faithfully hears. In bench evalua
tion, we recommend placing all of the components in a shielded 
box and using feedthrough decoupling networks for the supply 
voltage. In many applications, the AD606's low power drain 
allows the use of a 6 V battery inside the box. 

Basic RSSI Application 
Figure 6 shows the basic RSSI (Receiver Signal Strength Indica
tor) application circuit, including the calibration adjustments, 
either or both of which may be omitted in noncritical applica
tions. This circuit may be used "as is" in such measurement 
applications as the log/IF strip in a spectrum or network ana
lyzer or, with the addition of an FM or QPSK demodulator fed 
by the limiter outputs, as an IF strip in such communications 
applications as a GSM digital mobile radio or FM receiver. 

The slope adjustment works in .this way: the buffer amplifier 
(which forms part of a Sallen-Key two-pole filter, see Figure 2) 
has a de gain of plus two, and the resistance from BFIN (buffer 
in) to OPCM (output common) is nominally 9.375 kO. This 
resistance is driven from the logarithmic detector sections with a 
current scaled 2 µNdB, generating 18.75 mV/dB at BFIN, 
hence 37.5 mV/dB at VLoG· Now, a resistor (R4 in Figure 6) 
connected directly between BFIN and VLOG would form a con
trolled positive-feedback network with the internal 9.375 kH 
resistor which would raise the gain, and thus increase the slope 
voltage, while the same external resistor connected between 
BFIN and ground would form a· shunt across the internal resis
tor and reduce the slope voltage. By connecting R4 to a potenti
ometer R2 across the output, the slope may be adjusted either 
way; the value for R4 shown in Figure 6 provides approximately 
± 10% range, with essentially no effect on the slope at the 
midposition. 

The intercept may be adjusted by adding a small current into 
BFIN via RI and R3. The AD606 is designed to have the nomi
nal intercept value of -88 dBm when RI is centered using this 
network, which provides a range of ±5 dB. 

+5V 

R5 
200Q 

'---->-0 LIMITER OUTPUT 

~--<..------Q ~~~:~iTHMIC 
R1 R2 

200kQ 50kQ 
INTERCEPT ~.-IM--<t-J../11..,_~ SLOPE 

ADJUSTMENT ADJUSTMENT 
:t5dB :t10% 

Figure 6. Basic Application Circuit Showing Optional Slope and Intercept Adjustments 
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AD606 
Adjustment Procedure 
The slope and intercept adjustments interact; this can be mini
mized by reducing the resistance of Rl and R2, chosen here to 
minimize power drain. Calibration can be achieved in several 
ways: The simplest is to apply an RF input at the desired oper
ating frequency which is amplitude modulated at a relatively low 
frequency (say l kHz to 10 kHz) to a knowri modulation index. 
Thus, one might choose a ratio of 2 between the maximum and 
minimum levels of the RF amplitude, corresponding to a 6 dB 
(strictly, 6.02 dB) change in input level. The average RF level 
should be set to about - 35 dBm (the midpoint of the AD606's 
range). R2 is then adjusted so that the 6 dB input change results 
in the desired output voltage change, for example, 226 m V at 
37.5 mV/dB. 

A better choice would be a 4: l ratio (12.04 dB), to spread the 
residual error out over a larger segment of the whole transfer 
function. If a pulsed RF generator is available, the decibel incre
ment might be enlarged to 20 dB or more. Using just a fixed
level RF generator, the procedure is more time consuming, but 
is carried out in just the same way: manually change the. level by 
a known number of decibels and adjust R2 until V LOG varies by 
the corresponding voltage. 

Having adjusted the slope, the intercept may now be simply 
adjusted using a known input level. A value of -35 dBm (397.6 
mV rms, or 400 mV to within 0.05 dB) is recommended, and if 
the standard scaling is used cPx = - 88.33 dBm, V v = 37.5 
mV/dB), then VLoG should be set to +2 Vat this input level. 

A Low Cost Audio Through RF Power Meter 
Figure 7 shows a simple power meter that uses the AD606 and 
an ICL7136 3-1/2 digit DMM IC driving an LCI> readout. The 
circuit operates from a single + 5 V supply and provides direct 
readout in dBm, with a resolution of 0.1 dBm. 

In contrast to the limited dynamic range of the diode and 
thermistor-styled sensors used in power meters, the AD606 can 
measure signals from below - 80 dBm to over + 10 dBm. An 
optional 50 n termination is included in the figure; this could 
form the lower arm of an external attenuator to accommodate 
larger signal levels. By the simple expedient of using a 13 dB 
attenuator, the LCD reading now becomes dBV (decibels above 
IV rms). This requires a series resistor of 174 n, presenting an 
input resistance of 224 n. Alternatively, the input resistance can 
be raised to 600 n using 464 n and 133 n. It is important to 
note that the AD606 inputs must be ac coupled. To. extend the 
low frequency range, use larger coupling capacitors and an 
external loop filter, as outlined earlier. 

The nominal 0.5 V to 3.5 V output of the AD606 (for a -75 dBm 
to + 5 dBm input) must be scaled and level shifted to fit within 
the +I V to +4.5 V common-mode range of the ICL7136 for 
the + 5 V supply used. This is achieved by the passive resistor 
network of Rl, R2, and .R3 in conjunction with .the bias net
works of R4 through R7, which provide the ICL7136 with its 
reference voltage, and R9 throµgh Rll, which set the intercept. 
The ICL 7136 measures the differential voltage between IN HI 
and IN LO, which ranges from -75 mV to +S mV for a 
- 75 dBm to + 5 dBm input. 

To calibrate the power meter, first adjust R6 for 100 mV 
between REF HI and REF LO. This sets the initial slope. Then 
adjust RIO to set IN LO 80 mV higher than lN HI. This sets 
the initial intercept. The slope and intercept may now b,e 
adjusted using a calibrated signal generator as outlined in the 
previous section. 

To extend the low frequency limit of the system to audio fre
quencies, simply change Cl, C2, and C3 to 4.7 µF. 

The limiter output of the AD606 may be used to drive the high
impedance input of a frequency counter. 

+SY 
dBV 

INPUT 
+SV 

OPTIONAL 
DRIVE TO 

FREQUENCY 
COUNTER R4 

4.99kQ 

dBm 
INPUT 

*FOR AUDIO MEASUREMENTS CHANGE 
C1, C2, AND C3 TO 4.7µF; POSITIVE POLARITY 
CONNECT TO PINS 1, 16 

+SV 
+SV 

+SV 

RS 
4.32kQ 

R& 
SOOQ 

R7 
162Q 

Figure 7. A Low Cost f!F Power Meter 
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AC 
INPUT 
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Figure 8. Circuit for Low Frequency Measurements 

Low Frequency Applications 
With reasonably sized input coupling capacitors and an optional 
input low-pass filter, the AD606 can operate to frequencies as low 
as 200 Hz with good log conformance. Figure 8 shows the sche
matic, with the low-pass filter included in the dashed box. This 
circuit should be built inside a die cast box and the signal 
brought in through a coaxial connector. The circuit must also 
have a low-pass filter to reject the attenuated RF signals that 
would otherwise be rectified along with the desired signal and 
be added to the log output. The shielded and filtered circuit has 
a 90 dB dynamic range, as shown in Figure 9. 

In this circuit, R4 and RS form a 20 dB attenuator that extends 
the input range to 10 V rms. R3 isolates loads from VLOG. 
Capacitors Cl and C2 (4.7 µF each), RI, R2, and the AD606's 
input resistance of 2.5 k!l form a 100 Hz high-pass filter that is 
before the AD606; the corner frequency of this filter must be 
well below the lowest frequency of interest. In addition, the 
offset-correction loop introduces another pole at low signal levels 
that is transformed into another high-pass filter because it is in a 
feedback path. This indicates that there has to be a gradual 
transition from a 40 dB roll off at low signal levels to a 20 dB 
roll off at high signal levels, at which point the feedback low 
pass filter is effectively disabled since the incoming signal 
swamps the feedback signal. 

REV.O 

This low-pass filter introduces some attenuation due to Rl and 
R2 in conjunction with the 2.5 k!l input resistance of the 
AD606. To minimize this effect, the value of Rl and R2 should 
be kept as small as possible-100 n is a good value since it bal
ances the need to reduce the attenuation as mentioned above 
with the requirement for Rl and R2 to be much larger then the 
impedance of Cl and C2 at the low-pass corner frequency, in 
our case about l MHz. 

3.SV 

0 L-~--l~~...1.~~....L..~~..1-~~.1--~---1 
-80 20 40 

INPUT SIGNAL- dBm 

Figure 9. Performance of Low Frequency Circuit at 700 Hz ~ 
and 1 kHz to 10 MHz (Note Attenuation) ll'alm 
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AD606-Typical Characteristics 
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Figure 10. Normalized Limiter 
Amplitude Response vs. Input Level 
at 10.7 MHz, 45 MHz and 70 MHz 
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Figure 13. VwG Plotted vs. Input 
Level at 10.7 MHz as a Function of 
Power Supply Voltage 

Figure 16. Limiter Response at 
Onset of 10. 7 MHz Modulated Pulse 
at - 75 dBm Using 200 pF Input 
Coupling Capacitors. 
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Figure 11. Normalized Limiter 
Phase Response vs. Input Level at 
10.7 MHz, 45 MHz, and 70 MHz 
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Figure 14. Logarithmic Conform
ance as a Function of Input Level at 
10.7 MHz at -25°C, +25°C, and 
+70°C 

Figure 17. VwG Response to a 
10.7 MHz CW Signal Modulated by 
a 25 µ,s Wide Pulse with a 25 kHz 
Repetition Rate Using 200 pF Input 
Coupling Capacitors. The Input Sig
nal Goes from +5 dBm to - 75 dBm 
in 20 dB Steps. 
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Figure 12. Supply Current vs. PRUP 
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Figure 15. Logarithmic Conform
ance as a Function of Input Level at 
45 MHz at -25°C, +25°C, and +70°C 

Figure 18. Limiter Response at 
Onset of 70 MHz Modulated Pulse 
at -55 dBm Using 200 pF Input 
Coupling Capacitors. 
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Figure 19. Vwa Output for a Pulsed 
10.7 MHz Input; Top Trace: 
-35 dBm to +5 dBm; Middle Trace: 
-15 dBm to -55 dBm; Bottom 
Trace: -35 dBm to -75 dBm 
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Figure 20. Example of Test Signal 
Usedfor Figure 19 

AD606 

Figure 21. Vwa Output for 
10.7 MHz CW Input with PRUP Tog
gled ON and OFF; Top Trace: 
+5 dBm Input; Middle Trace: -35 
dBm Input; Bottom Trace: -75 
dBm; PRUP Input from HP8112A: 0 
to 4 V, 10 µs Pulse Width with 
10 kHz Repetition Rate 
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Figure 22. Test Setup for Characterization Data 
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111111111 ANALOG 
WDEVICES 

FEATURES 
Complete, Fully Calibrated Monolithic System 
Five Stages, Each Having 10dB Gain, 350MHz BW 
Direct Coupled Fully Differential Signal Path 
Logarithmic Slope, Intercept and AC Response are 

Stable Over Full Military Temperature Range 
Dual Polarity Current Outputs Scaled 1 mA/Decade 
Voltage Slope Options (1V/Decade, 100mV/dB, etc.) 
Low Power Operation (Typically 220mW at :t5V) 
Low Cost Plastic Packages Also Available 

APPLICATIONS 
Radar, Sonar, Ultrasonic and Audio Systems 
Precision Instrumentation from DC to 120MHz 
Power Measurement with Absolute Calibration 
Wide Range High Accuracy Signal Compression 
Alternative to Discrete and Hybrid IF Strips 
Replaces Several Discrete Log Amp ICs 

PRODUCT DESCRIPTION 
The AD640 is a complete monolithic logarithmic amplifier. A 
single AD640 provides up to 50dB of dynamic range for fre
quencies from de to 120MHz. Two AD640s in cascade can pro
vide up to 95dB of dynamic range at reduced bandwidth. The 
AD640 uses a successive detection scheme to provide an output 
current proportional to the logarithm of the input voltage. It is 
laser calibrated to close tolerances and maintains high accuracy 
over the full military temperature range using supply voltages 
from :t4.5V to :t7.5V. 

The AD640 comprises five cascaded de coupled amplifier/limiter 
stages, each having a small signal voltage gain of lOdB and a 
- 3dB bandwidth of 350MHz. Each stage has an associated full
wave detector, whose output current depends on the absolute 
value of its input voltage. The five outputs are summed to pro
vide the video output (when low pass filtered) scaled at lmA per 
decade (50µ.A per dB). On chip resistors can be used to convert 
this output current to a voltage with several convenient slope 
options. A balanced signal output at + 50dB (referred to input) 
is provided to operate AD640s in cascade. 

DC Coupled Demodulating 
l 20MHz Logarithmic Amplifier 

AD640 I 
XlO attenuator provides an alternative input range of.±7.5mV 
to ±2V de. Scaling is also guaranteed for sinusoidal inputs. 

The AD640B is specified for the industrial temperature range of 
-40°C to +85°C and the AD640T, available processed to MIL~ 
STD-883B, for the military range of -55°C to + 125°C. Both are 
available in 20-pin side brazed ceramic DIPs or leadless chip 
carriers (LCC). The AD640 J is specified for the commercial 
temperature range of 0 to + 70°C, and is available in both 20-pin 
plastic DIP (N) and PLCC (P) packages. 

This device is now available to Standard Military Drawing 
(DESC) number 5962-9095501MRA and 5962-9095501M2A. 

PRODUCT HIGHLIGHTS 
l. Absolute calibration of a wideband logarithmic amplifier is 

unique. The AD640 is a high accuracy measurement device, 
not simply a logarithmic building block. 

2. Advanced design results in unprecedented stability over the 
full military temperature range. 

3. The fully differential signal path greatly reduces the risk of 
instability due to inadequate power supply decoupling and 
shared ground connections, a serious problem with com
monly used unbalanced designs. 

4. Differential interfaces also ensure that the appropriate ground 
connection can be chosen for each signal port. They further 
increase versatility and simplify applications. The signal 
input impedance is -500k0 in shunt with -2pF. 

5. The de coupled signal path eliminates the need for numerous 
interstage coupling capacitors and simplifies logarithmic con
version of subsonic signals. 

6. The low input offset voltage of 50µ V (200µ V max) ensures 
goodaccuracy for low level de inputs. 

7. Thermal recovery "tails," which can obscure the response 
when a small signal immediately follows a high level input, 
have been minimized by special attention to design details. 

8. The noise spectral density of 2nV/VHz results in a noise 
floor of-23µ.V rms (-80dBm) at a bandwidth of lOOMHz. 

The logarithmic response is absolutely calibrated to within The dynamic range using cascaded AD640s can be extended 
±ldB for de or square wave inputs from ±0.75mV to ±200mV, to 95dB by the inclusion of a simple filter between the two 
with an intercept (logarithmic offset) at lm V de. An integral devices. 

FUNCTIONAL BLOCK DIAGRAM 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 
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SPECIFICATIONS AD640 
DC SPECIFICATIONS (Vs = ±5V, TA = +25°C, unless otherwise noted} 

Model AD640J T AD640B T AD640T 
Transfer Function1 louT=ly LOG IVrNNxl for V1N=±0.75mV to ±200mV de 
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units 

SIGNAL INPUTS (Pins I, 20) 
Input Resistance Differential soo soo 500 kn 
Input Offset Voltage Differential 50 500 so 200 50 200 µV 

vs. Temperature 0.8 0.8 0.8 µV/"C 
Over Temperature Tmin to Tm•• 300 µV 
vs. Supply 2 2 2 µVN 

Input Bias Current 7 25 7 2S 7 25 µA 
Input Bias Offset I I I µA 
Common Mode Range -2 +0.3 -2 +0.3 -2 +0.3 v 

INPUT ATTENUATOR 
(Pins 2, 3, 4, S & 19) 

Attenuation2 Pin 5 to Pin 19 20 20 20 dB 
Input Resistance Pins S to 3/4 300 300 300 n 

SIGNAL OUTPUT (Pins 10, 11) 
Small Signal Gain4 so so so dB 
Peak Differential Output' ±180 ±180 ±180 mV 
Output Resistance Either Pin to COM 7S 7S 7S n 
Quiescent Output Voltage Either Pin to COM -90 -90 -90 mV 

LOGARITHMIC OUTPUT" (Pin 14) 
Voltage Compliance Range -0.3 +Vs -I -0.3 +Vs -I -0.3 +Vs -I v 
Slope Current, ly 0.95 1.00 1.05 0.98 1.00 1.02 0.98 1.00 1.02 mA 

Accuracy vs. Temperature 0.002 0.002 0.002 o/of'C 

Tmin to Tmax 0.98 1.02 mA 
Accuracy vs. Supply ±Vs=4.SV to 7.SV 0.08 1.0 0.08 0.4 0.08 0.4 o/oN 

Intercept Voltage7 , V x 0.85 1.00 1.15 0.95 1.00 1.05 0.95 1.00 1.05 mV 
vs. Temperature 0.5 0.5 0.5 µV/'C 

Over Temperature TmintoTmn 0.90 1.10 mV 
vs. Supply ±Vs=4.SV to 7.5V 2 2 2 µVN 

Logarithmic Offset 
(Alt. Definition of V x) -61.S -60.0 -58.7 -60.5 -60.0 -59.S -60.5 -60.0 -59.S dBV 

vs. Temperature 0.004 0.004 0.004 dB/"C 
Over Temperature Tmin toT=• -60.9 -59.1 dB 
vs. Supply ±Vs=4.5V to 7.5V 0.017 0.017 0.017 dBN 

Intercept Voltage Using Attenuator 8.25 10.0 11.75 9.0 10.0 11.0 9.0 10.0 11.0 mV 
Zero Signal Output Current' -0.2 -0.2 -0.2 mA 

ITC Disabled Pin 8 to COM -0.27 -0.27 -0.27 mA 
Maximum Output Current 2.3 2.3 2.3 mA 

APPLICATIONS RESISTORS 
(Pins 15, 16, 17) 1.000 0.995 1.000 1.005 0.995 1.000 1.005 kn 

DC LINEARITY 
VIN=±lmV to ±IOOmV 0.35 1.2 0.35 0.6 0.35 0.6 dB 

TOTAL ABSOLUTE DC 
ACCURACY 

VIN=±lmV to ±IOOmV' O.S5 2 0.5S 0.9 0.55 0.9 dB 

Over Temperature Tmin toT=• 3 1.7 1.8 dB 

Over Supply Range ±Vs=4.SV to 7.SV 2 1.0 1.0 dB 
VIN=±0.75mV to ±200mV 1.0 3 1.0 2.0 1.0 2.0 dB 

Using Attenuator 
V1N=±IOmV to ±IV 0.4 2.5 0.4 1.5 0.4 1.5 dB 

Over Temperature Tmin toTmn 0.6 3 0.6 2.0 0.6 2.0 dB 
VIN=±7.5mV to 2V 1.2 3.5 1.2 2.5 1.2 2.5 dB 

POWER REQUIREMENTS 
Voltage Supply Range ±4.5 ±7.5 ±4.5 ±7.5 ±4.5 ±7.5 v 
Quiescent Current9 

+Vs(Pin 12) Tmin to Tm,. 9 IS 9 15 9 15 mA 
-Vs(Pin 7) Tmin to Tm,. 35 60 35 60 3S 60 mA 
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AD640 
AC SPECIFICATIONS CVs = ±5V, TA= +25"C, unless otherwise noted) 

Model AD640J AD640B 
Parametel' Conditions Min Typ Max Min Typ Max 

SIGNAL INPUT (Pins 1, 20) 
Input Capacitance Either Pin to COM 2 2 
Noise Spectral Density !kHz to !OMHz 2 2 
Tangential Sensitivity BW=lOOMHz -72 -72 

3dB BANDWIDTH 
Each siage 3SO 3SO 
All Five Stages Pins 1 & 20 to 10 & 11 14S 14S 

LOGARITHMIC OUTPUTS6 

Slope Current, Iv 
f<=!MHz 0.96 LO L04 0.98 1.0 L02 
f=30MHz 0.88 0.94 LOO 0.91 0.94 0.97 
f=60MHz 0.82 0.90 0.98 0.86 0.90 0.94 
f=90MHz 0.88 0.88 
f=l20MHz 0.8S 0.8S 

Intercept, Dual AD640s10• 11 

f<=!MHz -90.6 -88.6 -86.6 -89.6 -88.6 -87.6 
f=30MHz -87.6 -87.6 
f=60MHz -86.3 -86.3 
f=!lOMHz -83.9 -83.9 
f=liOMHz -80.3 -80.3 

AC LINEARITY 
-40dBm to -idBm12 f=!MHz o.s 2.0 o.s LO 

·-3SdBm to -!OdBm12 f=!MHz 0.2S LO 0.2S o.s 
-7SdBm to OdBm10 f=IMHz 0.7S 3.0 0.7S l .. s 
-70dBm to -!OdBm10 f=lMHz o.s 2.0 o.s LO 
-7SdBm to + !SdBm13 f=!OkHz o.s 3.0 .o.s LS 

PACKAGE OPTION14 

20-Pin Ceramic DIP Package (D) AD640BD 
20-Pin Leadless Ceramic Chip Carrier ,CE) AD640BE 
20-Pin Plastic DIP Package (N) AD640JN 
20-Pin Plastic Leadless Chip Carrier (P) AD640JP AD640BP 

NUMBER OF TRANSISTORS !S5 155 

NOTES 
'Logarithms to base 10 are used throughout. The response is independent of the sign of VIN. 
2Attenuation ratio trimmed to calibrate. intercept to !OmV when in use. It has a temperature coefficient of +0.3%i°C. 
'The zero-signal current is a function of temperature unless internal temperature compensation (ITC) pin is grounded. 
•overall gain is trimmed using a ±200µ V square wave at 2kHz, corrected for the onset of compression. 

Min 

0.98 
0.91 
0.86 

-89.6 

5The fully limited signal output will appear to be a square wave; its amplitude is proportional to absolute temperature. 
°Currents defined as flowing int~ Pin 14. See FUNDAMENTALS OF LOGARITHMIC CONVERSION for full explanation of 
scaling concepts. Slope is measured by linear regression over centrai region of transfer function. 

7The logarithmic intercept in dBV (decibels relative to IV) is defined as 20 LOG,0 CVxilV). 

AD640T 
Typ Max Units 

2 pF 
2 nV/VHz 
-72 dBm 

3SO MHz 
!4S MHz 

LO L02 mA 
0.94 0.97 mA 
0.90 0.94 mA 
0.88 mA 
0.8S mA 

-88.6 -87.6 dBm 
-87.6 dBm 
-86.3 dBm 
-83.9 dBm 
-80.3 dBm 

o.s LO dB 
o.25 o.s dB 
0.7S LS dB 
o.s LO dB 
o.s LS dB 

AD640TD 
AD640TE 

155 

80perating in circuit of Figure 24 using ±0. l % accurate values for RLA and RLB. Includes slope and nonlinearity errors. Input offset errors also included for 
V,N >3mV de, and over the full input range in ac applications. 

'Essentially independent of supply voltages. 
'°Using the circuit of Figure 27, using cascaded AD640s and offset nulling. Input is sinusoidal, OdBm in S00=223mV rrns". 
"For a sinusoidal signal (see EFFECT OF WAVEFORM ON INTERCEPT). Pin 8 on second AD640 must be grounded to ensure temperature stability 

of intercept for dual AD640 system. 
12Using the circuit of Figure 24, using single AD640 and offset nulling. Input is sinusoidal, OdBm in 500=223mV rrns. 
13Using the circuit Of Figure 32, using cascaded AD640s and attenuator. Square wave input. 
14For outline information see Package Information section. 

All min and max specifications are guaranteed, but only those in boldface are 100% tested on all production units. Results from those tests are used 
to calculate outgoing quality levels. 
Specifications subject to change without notice. 

THERMAL CHARACTERISTICS 

20-Pin Ceramic DIP Package (D-20) 
20-Pin Leadless Ceramic Chip Carrier (E-20A) 
20-Pin Plastic DIP Package (N-20) 
20-Pin Plastic Leadless Chip Carrier (P-20A) 
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Typical Performance 
ABSOLUTE MAXIMUM RATINGS* 

Supply Voltages .......................... ±7.SV 
Input Voltage (Pin 1 or Pin 20 to COM) .... -3V to +300mV 
Attenuator Input Voltage (Pin S to Pin 3/4) .......... ±4V 
Storage Temperature Range D, E ........ -6S°C to + 1S0°C 
Storage Temperature Range N, P ........ -65°C to + 125°C 
Ambient Temperature Range, Rated Performance 

Industrial, AD640B ................ -40°C to +8S°C 
Military, AD640T ................ -SS°C to + 125°C 
Commercial, AD640J .................. 0 to + 70°C 

Lead Temperature Range (Soldering 60sec) ........ +300°C 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only; functional 
operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may adversely affect 
device reliability. 

CONNECTION DIAGRAMS 

AD640 
ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD640JN 0°C to +70°C Plastic DIP N-20 
AD640JP 0°C to +70°C Plastic Leaded Chip P-20A 

Carrier 
AD640BD -40°C to + 85°C Side Brazed Ceramic DIP D-20 
AD640BE -40°C to +85°C Ceramic Leadless Chip E-20A 

Carrier 
AD640BP -40°C to +85°C Plastic Leaded Chip P-20A 

Carrier 

AD640TD/883B -55°C to + 125°C Side Brazed Ceramic DIP D-20 
5962-9095501MRA 
AD640TE/883B -ss0c to + 125°C Ceramic Leadless Chip E-20A 
5962-9095501M2A Carrier 
AD640TCHIP -55°C to + 125°C Chip 

*For outline information see Package Information section. 

20-Pin Ceramic DIP (D) Package 
20-Pin Plastic DIP (N) Package 

20-Pin PLCC (P) Package 20-Pin LCC (E) Package 

..... 
TOP VIEW 

(NottaSt•l•l 

0.5 ~--~---~--~--~~--~ 
-50 

INPUT LEVEL - dBm 

-v,1 

Figure 1. AC Response at 30MHz, 60MHz, 90MHz and 
120MHz, vs. dBm Input (Sinusoidal Input) 
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Figure 3. Slope Current, Iv vs. 
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Figure 2. Logarithmic Response and Linearity at 60MHz, 
TA for TA= -55°C, +25°C, +125°C 
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Figure 4. Intercept Voltage, Vx, vs. 
Temperature 
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~e1ectmn Guides-Special Function Components 
Frequency Synthesis 

Bus Interface Package 
Model Bits Options1 

AD7008 8/16, µP s 

AD9901 E,P,Q 

AD9955 32, µP s 

AD9955/PCB Board 

RF/IF Products 

Model 

AD607 
AD608 
AD831 

Function 

IF Subsystem Mixer/AGC/RSSI 
IF Subsystem Mixer/RSSI 
Low Distortion Mixer 

Special Function Components 

Model 

AD630 
AD720 

Function 

Balanced Modulator/Demodulator 
RGB to NTSC/PAL Converter 

Temp 
Ranges2 

c4 

C,M/ 

c 

c 

Max 
Gain 
dB 

109 
110 
0 

Page3 

21-35 

21-53 

21-56 

D 

Frequency 
Range 

25-450MHz 
5-450MHz 
5-500MHz 

Performance 

Comments 

DDS IF Modulator with 32-Bit Phase Accumulator and 10-Bit DAC, 20 MHz Output 
Capability, Single 5 V Supply, Low Power 
Ultrahigh Speed Digital Phase/Frequency Discriniinator, No "Dead Zone," 
Linear Transfer Function up to 200 MHz, for PLLs 
85 MHz Direct Digital Synthesizer; 32-Bit Phase Accumulator 
12-Bit Sine Output 
Evaluation Board which contains AD9955 and AD9713B or AD9721 DAC 

Package 
Options1 

RS 
R 
p 

Temp 
Ranges2 Page3 

21-5 
21-9 
21-23 

Package 
Options1 

Temp 
Ranges2 

Comments 

Monoceiver"' -Complete Receiver on a Chip 
+3 V Supply, 90 dB RSSI Range 
±5 V Supply, 24 dBm 3rd-Order Intercept 

Comments 

2 MHz Bandwidth, Signal Recovery to -100 dB 
Complete Function with Internal Delay Line 

D,E,N 
p 

C,I,M 
c 

Page3 

21-13 
21-16 

Precision Gain ±1 or ±2 

AD9500 
AD9501 

ECL Digitally Programmable Delay Generator 
TTL/CMOS Digitally Programmable 

10 ps Resolution, 2.5 ns to 10 µs Full Scale 
10 ps Resolntion, 2.5 ns to 10 µs Full Scale 

E,P,Q 
N,P,Q 

I,M 
C,M 

21-45 
21-49 

RGB, Clock In, Llllllinance, 
Chrominance, Composite Out 
Pulse Deskewing, Phase Control 
+5 V Supply, 50 MHz Pulse Rate 

Delay Generator 

1Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = I-Leaded Ceramic Package; 
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline "SOIC" Package; RS = SSOP-Shrink Small Outline Package; S = Plastic 
Quad Flatpack; ST= Thin Quad Flatpack; T = T0-92; U = TSOP-Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line "SIP" Package; Z = Ceramic Leaded Chip Carrier. 

2Temperarure Ranges: C = Commercial, O'C to +70'C; I = Industrial, -40'C to +85'C (Some older products -25'C to +85'C); M = Military, -55'C to + 125'C. If a device has military grade offerings, the M 
temperature designator will be followed by: I to indicate 883B, 1 for JAN, 0 for SMD, ands for space level. 

30 = Data Sheet. All other entries refer to this volume. 
40perates to + 25°C. 
Monoceiver is a trademark of Analog Devices, Inc. 
Boldface Type: Data sheet information in this volume. 

11 
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r"llANALOG 
WDEVICES 

FEATURES 
Complete Receiver on a Chip: Monoceiver™ 
Interfaces to AD7015 GSM Baseband Converter 
Mixer 

-15 dBm 1 dB Compression Point 
>450 MHz Input Bandwidth 
-16 dBm LO Input 

Linear IF Amplifier 
100 dB of Linear-in-dB Gain Control 
Internal AGC with RSSI Output or External MGC 
Any IF Below 25 MHz 

Quadrature Demodulator 
On-Board Phase-Locked Quadrature Oscillator 
90 ± 1.5° Phase Quadrature at 10.7 MHz 
Can Also Demodulate AM, FM, CW, SSB 

Low Power 
25 mWat3 V 
CMOS-Compatible Power-Down to 300 µ W 

APPLICATIONS 
GSM, CDMA, PHP, TOMA Receivers 
Infrared Data Receivers 
Battery-Powered Communications Rece 

GENERAL DESCRIPTION 
The AD607 is a 3 V low power receiver RF/IF subsys 
operation at IF or RF input frequencies as high as 450 z and 
IFs to 25 MHz. It consists of a mixer, IF amplifiers, an I/Q de
modulator, a phase-Jocked quadrature oscillator, AGC detector, 
and a biasing system with external power-down. In a typical 
DMR application, the AD607 accepts a 240 MHz IF input and 
downconverts it to a 10. 7 MHz IF where it is filtered, amplified 
with internal AGC (or external MGC), and demodulated into I 
and Q baseband outputs. 

The AD607's low noise, high intercept mixer is a doubly bal
anced "Gilbert-Cell" type and operates linearly for RF inputs 
spanning-95 dBm to -15 dBm. It has a nominal -5 dBm third
order intercept. The mixer section of the AD607 also includes a 
local oscillator (LO) preamplifier, which lowers the required LO 
drive to -16 dBm (50 mV sine wave amplitude). 

Fully differential access to the RF input increases the versatility 
of this front end for such applications as interfacing to differen
tial output SAW filters. The mixer's single-sided IF current out
put can directly drive a bandpass filter with an impedance of 
200 n or greater. An optional second IF filter can be included 
to limit wideband noise and provide additional selectivity. The 
output for the second IF filter can optionally be used to drive an 
AID converter or the AD607's PLL, as will be described below. 

Monoceiver is a trademark of Analog Devices, Inc. 

This iS a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

Low Power Mixer/AGC/RSSI 
3 V Receiver IF Subsystem 

AD607 I 
FUNCTIONAL BLOCK DIAGRAM 

IOUT 

FDIN 

FLTR 

QOUT 

.._._ ____ _.n GAIN 

GREF 

AD607 

Pin 12) can serve as either an MGC in
oltage) output. In MGC operation, the 

!ii DSP-based MGC input of 0 V to 2 V at pin 
be generated by a DAC in the compatible 

baseband converters. In AGC operation, an 
or and an external averaging capacitor con-

12 form an AGC loop that holds the I and Q out
e sat about ±300 mV. The voltage across this capacitor 

provides an RSSI output. 

An I/Q demodulator provides in-phase and quadrature ' 
baseband outputs to interface with such baseband converters as 
the Analog Devices' AD7002, AD7005, AD7013, or AD7015. 
A unique quadrature VCO that is phase-locked to a low level or 
CMOS-compatible input at the intermediate frequency drives 
the I and Q demodulator. 

The I/Q demodulator can also demodulate AM or FM when its 
oscillator is phase locked to the received signal; in this mode, 
the In-Phase and Quadrature demodulators become detectors 
for AM and f'.M, respectively. The oscillator can also be phase
locked to an external oscillator and the demodulator will act as a 
product detector for CW or SSB reception. 

The AD607 uses supply voltages from 2. 7 V to 6 V over the 
temperature range of -25°C to +85°C. Operation is enabled by 
a CMOS logical level; response time is typically <3 µs. When -
disabled the standby power is reduced to 300 µW. The AD607 
comes in a 20-pin Small-Shrink Outline (SSOP), surface-mount 
package. 

This information applies to a product under development. Its characteristics and specifications are.subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD607-SPEClflCATIQNS (@TA= +25°C, Supply= 3.0V, IF= 10.7 MHz unless otherwise noted} 

Model AD607 
Conditions Min Typ Max Units 

DYNAMIC PERFORMANCE 

MIXER 
RF and LO Frequency Range 450 MHz 
Conversion Gain Range 0 SVGS2 V, ZL=165 0, fRF = 240 MHz 1.5 to 26.5 dB 
Voltage Noise Spectral Density RF Input AC Short Circuited, LO to VP 2 nVfflz 
Current Noise Spectral Density RF Input AC Short Circuited, LO to VP TBD pA/fflz 
Nominal RF Input Range -95 to -15 dBm 
Input Third-Order Intercept -5 . dBm 
Input I dB Compression Point -15 dBm 
RF Input Resistance 0 SVGS2 V, fS 1 MHz 2.7 to 5.5 kn 
RF Input Capacitance 0 SVGS 2 V, fS 450 MHz 2.4 to 2.75 pF 
Maximum IF Output Voltage ZIF= 165 Q 2 Vp-p 
IF Output Bandwidth -3 dB, ZIF= 165 Q 100 MHz 
Mixer LO Drive Level -16 dBm 

IF AMPLIFIERS 
IF Filter Impedance (For Example, Murata SFEl0.7) 200 Q 
Bandwidth -3 dB MHz 
Gain Range OSVGS2V dB 

GAIN CONTROL 
Overall Gain Range Mixer+ IF Section, 0 S VG S 2 V, G 

Connected to 1.5 V dB 
Gain Scaling GREF Connected to 1.5 V dBN 

GREF Connected to 
Voltage VR 75NR dBN 

Gain Error OSVGS2V <0.25 dB 
Bias Current at .GAIN (Pin 12) -5 µA 
Bias Current at GREF (Pin 7) 1 µA 
Resistance at GAIN, GREF >1 Mn 

I AND Q DEMODULATORS 
Input Resistance From DMIP to VMID >50 kn 
Input Bias Current 1 µA 
Demodulation Gain : Sine Wave Input, Baseband Output 18 dB 
Maximum Output Voltage RL ~ 10 kn 2.5 Vp-p 
Demodulation Nonlinearity Full Output Voltage 0.1 % 
Output Bandwidth Sine Wave Input, Baseband Output 3 MHz 

CARRIER-RECOVERY PLL 
Frequency Range 0.4 to 25 MHz 
Required Input Drive Level. Sine Wave Input at Pin 1 200 mVp-p 
Quadrature Error IF= 10.7 MHz ±1.5 Degree 
Acquisition Time to ±3° IF= 10.7 MHz. <10 µs 

POWER-DOWN INTERFACE 
Logical Threshold 1.5 Vdc 
Input Current for Logical High 75 µA 
Turn-On Response Time 500 ns 
Turn-Off Response Time To 200 µA Supply Current 1 µs 
Standby Current 100 µA 

POWER SUPPLY 
Supply Range 2.7 3 6 v 
Supply Current Mid-Gain, IF= 10.7 MHz 8 mA 

OPERATING TEMPERATURE 
TM1NtoTMAX -25 +85 oc 

Specifications subject to change without notice. 

This information applies to a pr.oduct under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage VPOS ............................ +6 V 
Internal Power Dissipation2 •••••••••••••••••••• 600 mW 
Operating Temperature Range ............. -25°C to +85°C 
Storage Temperature Range ............. -65°C to + 150°C 
Lead Temperature, Soldering (60 sec) ............. +300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended rating conditions for extended periods 
may affect device reliability. 

2Thermal Characteristics: 20-pin SSOP package; e1A = TBD. 

PIN CONNECTION 

20-Lead SSOP 

FDIN VPS1 

IFHI 

FLTR 

IOllT 

QOllT 

VPS2 

DMIP 

IFOP 

COM2 

GAIN 

IFLO 

AD607 

PIN DESCRIPTION 

Pin Mnemonic 

FDIN 

2 CO Ml 

3 PRUP 

4 LOIP 
5 RFLO 

6 RFHI 
7 GREF 
8 MXOP 

9 VMID 
10 IFHI 
11 IFLO 
12 GAIN 
13 COM2 

14 !FOP 

15 DMIP 

16 VPS2 
17 QOUT 
18 !OUT 
19 FLTR 

20 VPSl 

CAUTION 

Reads 

Frequency Demodulator Input 

Common #1 
Power-Up 

Local Oscillator Input 
RF "Low" Input 

RF "High" Input 

Gain Reference 
Mixer Output 
Mid-Supply Bial'Vol 
IF "High" Input 

IF "Low" Voltage 
Gain Control Input 

Common #2 
IF Output 
Demodulator Input 

VPOS Supply #2 
Quadrature Output 

In-Phase Output 
PLL Loop Filter 
VPOS Supply #1 

Function 

PLL input for4g!demodulator quadrature oscillator. 

Supply cort¥~;1'l.Jr RF front end and main bias. 
~$--compatible power-up control. 

ernaUn 

ance input, typically 1.5 V, sets gain scaling. 
e, single-sided voltage output, +5 dBm max. 

:Pfute mid-supply bias generator (VPOS/2). 
·put, +5 dBm (±56 mV) max. 

Reference node for IF input; auto-offset null. 

High impedance input, 0 V-2 V, max gain at V = 0. 
Supply common for IF stages and demodulator. 
Low impedance, single-sided voltage output, +5 dBm max. 
Signal input to I and Q demodulators. 

Supply to high level IF, PLL, and demodulators. 
Low impedance Q baseband output, ± 1.23 V full scale. 

Low impedance I baseband output,± 1.23 V full scale. 
Series RC PLL Loop filter connected to ground. 
Supply to mixer, low level IF, PLL, and gain control. 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD607 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

~~G 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. , 
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AD607 

Figure 1. AD607 Functional Block Diagram 

•VALUES SHOWN ARE FOR MURATA SFE10.7 BPF 
FOR OPERATION AT A 10.7 MHz IF 

+3V 

Figure 2. AD607 Connections to AD7015 Baseband Converter. The AUX DAG Output from the AD7015 Controls the Gain 
in the AD607 

•VALUES SHOWN ARE FOR A Z=330!! 10.7 BPF 
FOR OPERATION AT A 10.7 MHz IF 

+3V 

47pF 

1-1...-.--i~ 

IF OUTPUT LPF 

RSSIOUTPUT 
20mV/dB 
OVT02V 

Figure 3. AD607 Connections for AM or FM Demodulation. The PLL Recovers the Received Carrier via the Connection 
(Darker Line) Between Pins 1 and 15. The AD607's Internal AGC Circuit Controls the Gain and Provides an RSSI Output at 
Pin 12 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Mixer 

-15 dBm, 1 dB Compression Point 
-5 dBm IP3 
26 dB Conversion Gain 
>450 MHz Input Bandwidth 

Logarithmic/Limiting Amplifier 
90 dB RSSI Range 
±3° Phase Stability over 80 dB Range 

Low Power 
21 mW at 3 V Power Consumption 
CMOS-Compatible Power-Down to 200 µW typ 
150 ns Enable/Disable Time 

APPLICATIONS 
Low Power PHP, GSM, TOMA, FM, or PM Receivers 
Battery-Powered Instrumentation 

GENERAL DESCRIPTION 
The AD608 provides both a low power, low 
noise mixer and a complete, monolithic log 
amplifier using a "successive-detection" tech 
both a high speed RSSI (Received Signal Strength In 
output with 90 dB dynamic range and a hard-limited output. 
The RSSI output is from a two-pole post demodulation low
pass filter and provides a loadable output voltage of +0.2 V to 
+2 V. The AD608 operates from a single 2.7 V to 6 V supply at 
a typical power level of21 mW at 3 V. 

Low Power Mixer/Limiter/RSSI 
3 V Receiver IF Subsystem 

AD608 I 
The RF and LO bandwidths both exceed 450 MHz. In a typical 
IF application, the AD608 will accept the output of a 240 MHz 
SAW filter and downconvert it to a nominal I 0. 7 MHz IF 
with a conversion gain of 26 dB (ZIF= 165 Q). The AD608's 
logarithmic/limiting amplifier section handles any IF from LF to 
as high as 50 MHz. 

The mixer is a doubly balanced "Gilbert-Cell" type and oper
ates linearly for RF inputs spanning -95 dBm to -15 dBm. It 
has a nominal -5 dBm third-order intercept. An on-board LO 
preamplifier requires only -6 dBm of LO drive. The mixer's 
current output drives a reverse-terminated, industry-standard 
10.7 MHz, 330 Q filter and can drive reverse-terminated filter 
impedances as low as 220 Q. 

The nominal logarithmic scaling is such that the output is 
+0.2 V for a · 1 input of -75 dBm and +2.0 V at an in-

this range the logarithmic conformance is 
logarithmic slope is proportional to the 
back loop automatically nulls the input 

own to the submicrovolt level. 

miter output provides a hard-limited signal out
mV p-p. The voltage gain of the limiting amplifier to 

ore than 100 dB. Transition times are 7 ns, and 
le to within ±3° at 10.7 MHz for signals from 

0to +15 dBm. 

enabled by a CMOS logic-level voltage input, with a 
response time of 150 ns. When disabled, the standby power is 
reduced to 200 µW within 400 ns. 

The AD608 is specified for the industrial temperature range of 
-25°C to +85°C and is available in 16-pin plastic SOICs. 

FUNCTIONAL BLOCK DIAGRAM 

RF INPUT 
-95TO 

-15dBm 

I- 26dB MIXER GAIN -'- 3dB NOMINAL -------- 100dB LIMITER GAIN I - INSERTION LOSS 90dB RSSI 

AD608 

VPS1 COM1 LOIP COM2 PRUP 

This is a preliminary data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446-6212. 

f50µA 

RSSIOUTPUT 
20mV/dB 
0.2VT02.0V 

LIMITER 
OUTPUT 
400mVp-p 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD608-SPEClf ICATIQNS (@Ti= +25°C, Supply= 3 V, dBm is referred to 50 u.uni11ss oth~rwise noted) 

AD608 
Parameter Conditions ·Min:·: TYJ> Mtix· Units 

MIXER PERFORMANCE fRF = 240 MHz, fw = 229.3 MHz 
Conversion Gain Doubly Terminated 330 Q IF Filter 26 dB 
Input Referred Noise AC Short-Circuited Input 2.5 nV/~Hz 
Equivalent Noise Resistance 375 Q 

Third-Order Intercept -5 dBm 
Input Resistlince 4 kQ 
Input Capacitance 3 pF 

LlMITER PERFORMANCE 
Gain Full Temperature and Supply Range 100 llO 
Input Referred Noise AC Short-Circuited Input 1.75 nvtfilz 
Input Resistance 10 kQ 
Input Capacitance 2 pF 
Phase Variation -75 dBm to +15 dBm Input Signal at 10.7 MHz ±3 Degree 
DC Level Center of Output Swing (VPOS-1) 2 v 
Output Level 400 mVp-p 
Rise and Fall Times Driving a 5 pF Load 7 ns 

RSSIPERFORMANCE At 10.7 MHz 
Nominal Slope Proportional to VPOS 20 mV/dB 
Nominal Intercept . -85 dBm 
Minimum RsSfVoltage 0.2 v 
Maximum RSSI .Voltage 2.0 v 
Logarithmic Linearity Error ±1 dB 
RSSI Response Time 200 ns 
Output Impedance 250 Q 

POWER-DOWN INTERFACE 
Logical Threshold System Active. 1.5 v 
Input Current For Logical High 75 µA 
Power-Up Response Time Active Limiter Output 150 ns 
Power-Dowri Response Time To200 µA Supply Current 400 ns 
Power-Down Current 100 µA 

POWER SUPPLY 
Operating Range 2.7 6 v 
Powered Up Current VPOS = 3 V 7.3 mA 

OPERATING TEMPERATURE 
TMIN to TMAX -25 +85 oc 

Sp~cifications subject to change without notice. 

This information applies to a product under development. Its characteristics and specifications are subject to change w.ithout notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage VPOS ............................ +6 V 
Internal Power Dissipation2 .•••..•••••..•.••••• 600 mW 
Operating Temperature Range ............. -25°C to +85°C 
Storage Temperature Range ............. -65°C to + l 50°C 
Lead Temperature, Soldering (60 sec) ............. +300°C 

NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only, and functional 
operation of the device at these or any other conditions above those indicated in 
the operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended rating conditions for extended periods 
may affect device reliability. 

2Thcrmal Characteristics: 16-pin SOIC package; 0JA = TBD. 

ORDERING GUIDE 

Model Temperature Range 

AD608AR -25°C to +85°C 

Package Option* 

16-Pin Narrow-Body 
sore (R-t6A) 

*For outline information see Package Information section. 

Pin 

1 

2 

3 

4 

5 

14 

15 

16 

PIN DESIGNATIONS 

VPS1 PRUP 

LMOP 

VPS2 

FOBK 

COM3 

RSSI 

IFLO 

PIN DESCRIPTION 

AD608 

Mnemonic Description 

VPSl 

COM! 

LOHI 

VPS2 

LMOP 

PRUP 

Positive Supply Input 

Common 

Local Oscillator Input Connection 

Common 

RF Input, Noninverting 

RF Input, Inverting 
;.Mixer Output 

Midpoint Supply Bias Output 

IF Input, Noninverting 

IF Input, Inverting 

Received Signal Strength Indicator Output 
Output Common 

Feedback Loop Output 

Limiter Positive Supply Input 

Limiter Output 

Power-Up 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD608 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 

,;;~g 
ESD SENSITIVE DEVICE 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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AD608 

RF INPUT 
-95TO 

-15dBm 

1..- 26dB MIXER GAIN 3dB NOMINAL -+-14------ 100dB LIMITER GAIN 
90dB RSSI INSERTION LOSS 

i50µA 

AD608 

VPS1 COM1 LOIP COM2 PRUP 

Figure 1. AD608 Functional Block Diagram 

C2 
100pF 

L~11~:~~ ~t--t---

RF INPUT RFHI -::-
-!17dBm TO ~t--T----t 

-17d8m C4 
100pF 

C6 
BPFREVERSE 
TERMINATION /*-0.1µF 

IF BIAS POINT 
DECOUPLING 

·UP 
s 

RSSIOUTPUT 
--l---""-'--'--0 +0.2V TO +2.0V 

C7 
10nF 

'--... 

(20mV/dB) 

OFFSET-CONTROL 
LOOP FILTER 

BPF 
TERMINATION 

Figure 2. AD608 Application Circuit 

RSSIOUTPUT 
20mV/dB 
0.2VT02.0V 

LIMITER 
OUTPUT 
400mVp-p 

This information applies to a product under development. Its characteristics and specifications are subject to change without notice. 
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing. 
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FEATURES 
Recovers Signal from + 100dB Noise 
2MHz Channel Bandwidth 
45V/µs Slew Rate 
-120dB Crosstalk@ 1kHz 
Pin Programmable Closed Loop Gains of ± 1 and ± 2 
0.05% Closed Loop Gain Accuracy and Match 
100µV Channel Offset Voltage (AD630BDI 
350kHz Full Power Bandwidth 
Chips Available 

PRODUCT DESCRIPTION 
The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
modulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave multiplication. A network of on
board applications resistors provides precision closed loop gains 
of ± 1 and ± 2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately configure multiplexer gains of 
+ 1, + 2, + 3 or +4. Alternatively, external feedback may be 
employed allowing the designer to implement his own high gain 
or complex switched feedback topologies. 

The AD630 may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifiers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of - lOOdB@ lOkHz. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from lOOdB of inter
fering noise (see lock-in amplifier application). Although optimized 
for operation up to lkHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 

Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and a 
channel status output which indicates which of the two differ
ential inputs is active. This device is now available to Standard 
Military Drawing (DESC) numbers 5962-8980701RA and 
5962-89807012A. 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1·800-446-6212. 

REV.A 

Balanced Modulator/Demodulator 
AD630 I 

FUNCTIONAL BLOCK DIAGRAM 

CHA -

~-------<7 CHANNEL 

-v, 

PRODUCT HIGHLIGHTS 

sunus 
BIA 

1. The configuration of the AD630 makes it ideal for signal 
processing applications such as: balanced modulation and 
demodulation, lock-in amplification, phase detection, and 
square wave multiplication. 

2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fixed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplification. 

3. The lOOdB dynamic range of the AD630 exceeds that of any 
hybrid or IC balanced modulator/demodulator and is com
parable to that of costly signal processing instruments. 

4. The op-amp format of the AD630 ensures easy implementation 
of high gain or complex switched feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of + 1, + 2, + 3 or + 4. The channel separation of 
lOOdB @ lOkHz approaches the limit which is achievable -
with an empty IC package. 

6. The AD630 has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrificing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
eliminates the need for external nulling in most cases. 
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AD630-SPECIFICATIONS (@ +25°C and ±Vs= ±15V unless otherwise noted) 

Model AD630J/A AD630K/B AD630S 

Min Typ Max Min Typ Max Min Typ Max 

GAIN 

Open Loop Gain 90 110 100 120 90 110 

± 1, ± 2 Closed Loop Gain Error 0.1 0.05 0.1 

Closed Loop Gain Match 0.1 0.05 0.1 

Closed Loop Gain Drift 2 2 2 

CHANNEL INPUTS 

VIN Operational Limit 1 (-Vs +4V)to( +Vs -IV) (-Vs +4V)to( +Vs - IV) (-Vs +4V)to(+Vs-IV) 

Input Offset Voltage 500 100 500 

Input Offset Voltage 

Tmin toTmax 
2 800 160 1000 

Input Bias Current JOO 300 JOO 300 JOO 300 

Input Offset Current JO 50 JO so JO 50 

Channel Separation @ l OkHz 100 100 100 

COMPARATOR 

VIN Operational Limit 1 (-Vs +3V)to(+Vs-1.SV) (-Vs +3V)to(+Vs-l.SV) (-Vs+ 3V)to( +Vs - l.3V) 

Switching Window ±1.5 ±1.5 

Switching Window 

Tmin toTmax 
2 ±2.0 ±2.0 

Input Bias Current JOO 300 JOO 300 

Response Time ( - Sm V to + Sm V step) 200 200 

Channel Status 

Is1NK@VoL ~ - Vs+ 0.4V3 1.6 1.6 1.6 

Pull-Up Voltage (-Vs+33V) (-Vs+33V) 

DYNAMIC PERFORMANCE 
Unity Gain Bandwidth 2 2 

SlewRate4 4S 45 

SettlingTimeto0.1% (20V step) 3 3 

OPERA TING CHARACTERISTICS 
Common-Mode Rejection 85 105 90 lJO 90 

Power Supply Rejection 90 110 90 110 90 

Supply Voltage Range ±5 ± 16.5 ±5 ± 16.5 ±5 

Supply Current 4 5 4 s 
OUTPUTVOLTAGE,(i1 RL ~ 2kfi 

TmintOTmax 
2 ±10 ±10 ± 10 

Output Short Circuit Current 25 25 

TEMPERATURE RANGES 

Rated Performance- N Package 0 +70 0 +70 

DPackage -25 +85 -25 +85 -SS 

NOTES 
1 If one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply. 
2These parameters are guaranteed but not tested for J and K grades. For A, Band S grades they are tested. 
31s1NK(a,VoL = (-V5 + l)voltistypically4mA. 
4Pin 12 Open. Slew rate with Pins 12 & 13shortedis typically 3SV/µs. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units. 
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±1.5 

±2.5 
JOO 300 

200 

(-Vs +33V) 

2 

45 

3 

110 

110 
±16.5 

4 5 

25 

NIA 
+ 12S 

Units 

dB 

% 
% 

ppm°C 

Volts 
µV 

µV 

nA 
nA 

dB 

Volts 

mV 

mV 
nA 

ns 

mA 
Volts 

MHz 
V/µs 

µs 

dB 

dB 

Volts 

mA 

Volts 

mA 

oc 
oc 
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ABSOLUTE MAXIMUM RA TINGS 

Supply Voltage ........ . 
Internal Power Dissipation . . . . . . 
Output Short Circuit to Ground 
Storage Temperature, Ceramic Package 
Storage Temperature, Plastic Package . 
Lead Temperature, 10 sec. Soldering 
Max Junction Temperature ..... . 

THERMAL CHARACTERISTICS 

20-Pin Plastic DIP (N) 
20-Pin Ceramic DIP (D) 
20-Pin Leadless Chip 

Carrier(E) 

24°C/W 
35°C/W 

35°C/W 

. . ±18V 

. 600mW 
Indefinite 

- 6S°C to + 1S0°C 
- SS°C to + 125°C 

+300°C 
. . . . . + 1S0°C 

61°C/W 
120°C/W 

120°C/W 

CHIP METALIZATION ANDPINOUT 
Dimensions shown in inches and (mm). 

Contact factory for latest dimensions 

r·------0.99 (2.515)--------

15 

6 7 • 

CHIP AVAILABILITY 

MAL ..... 11 
13 

0.089 
(2.2601 

~I 
l'====!.--1 

The AD630 is available in laser trimmed, passivated chip form. 
The figure shows the AD630 metalization pattern, bonding pads 
and dimensions. AD630 chips are available; consult factory for 
details. 

PIN CONFIGURATIONS 

20-Pin Plastic DIP (N-20) 
20-Pin Side Brazed DIP (D-20) 

CM OFF ADJ 

CHANNEL ST A TUS 
BIA 

SELA 

CHA

CH B

CHB+ 

R1N B 

RA 

RF 

Re 

VouT 

COMP 

20-Contact LCC (E-20A) 

Cl 
"' .. .. 
0 < .. "' .l: rJ, .. :i: .. :i: :i: 
Ci 0 IC 0 0 
3 2 1 20 19 

DIFF OFF ADJ 4 18 CH B+ 

CM OFF ADJ 5 17 R1N 8 

CM OFF ADJ 6 16 RA 

CHANNEL STATUS B/A 7 15 RF 

-Vs B 14 Re 

9 10 11 12 13 
m c:t U) a. i-
_, ...J > :::E 5 
~ ~ + 8 > 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD630JN 0°Cto +70°C Plastic DIP N-20 
AD630KN 0°Cto +70°C Plastic DIP N-20 
AD630AD - 25°C to + 8S°C Side Brazed DIP D-20 
AD630BD - 25°C to + 85°C Side Brazed DIP D-20 
AD630SD -ss°Cto + 125°C Side Brazed DIP D-20 
AD630SD/883B - SS°C to + 125°C Side Brazed DIP D-20 
5%2-898070 IRA -55°Cto + 12s0c Side Brazed DIP D-20 
AD630SE/883B -55°Cto + 125°C LCC E-20A 
5%2-89807012A -ss°Cto + 125°C LCC E-20A 
AD630JChip 0°Cto +70°C Chip 
AD630SChip - 55°C to + 125°C Chip 

*For outline information see Package Information section. 

AD630 
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FEATURES 
Composite Video Output 
Chrominance and Luminance IS-Video) Outputs 
No External Filters or Delay Lines Required 
Drives 75 Q Reverse-Terminated Loads 
Compact 28-Pin PLCC 
Logic Selectable NTSC or PAL Encoding Modes 
Automatically Selects Proper Chrominance Filter 

Cutoff Frequency for Encoding Standard 
Logic Selectable Encode or Power-Down Mode (AD720 

Only) 
Logic Selectable Encode or Bypass Mode (AD721 Only) 
Low Power: 200 mW typical 

APPLICATIONS 
RGB to NTSC or PAL Encoding 

Drive RGB Signals into 75 Q Load (AD721 Only) 

PRODUCT DESCRIPTION 
The AD720 and AD721 RGB to NTSC/P AL Encoders convert 
red, green and blue color component signals into their corre· 
sponding luminance (baseband amplitude) and chrominance 
(subcarrier amplitude and phase) signals in accordance with 
either NTSC or PAL standards. These two outputs are also 
combined to provide a composite video output. All three out
puts are available separately at voltages of twice the standard 
signal levels as required for driving 75 Q reverse tertl).inated 
cables. The AD721 also features a bypass mode, in which the 
RGB inputs may bypass the encoder section of the IC via three 
gain-of-two amplifiers. suitable for driving 75 Q reverse termi

RGB to NTSC/PAL Encoders 
AD720/AD721 I 

The AD720 and AD721 provide a complete, fully calibrated 
function, requiring only termination resistors, bypass capacitors, 
a clock input at four times the subcarrier frequency, and a com
posite sync pulse. There are two control inputs: one input 
selects the TV standard (NTSC/PAL) and the other (ENCD) 
powers down most sections of the chip when the encoding func
tion is not in use (AD720) or activates the triple bypass buffer to 
drive the RGB signals when RGB encoding is not required 
(AD721). All logical inputs are CMOS compatible. The chip 
operates from ±5 V supplies. 

All required low-pass filters are on chip. After the input signals 
pass through a precision RGB to YUV encoding matrix, two on
chip low-pass filters limit the bandwidth of the U and V color 
difference signals to 1.2 MHz prior to quadrature modulation of 
the color subcarrier; a third low-pass filter at 3.6 MHz (NTSC) 
or 4.4 MHz (PAL) follows the modulators to limit the harmonic 
content of the output. 

Delays in the U and V chroma filters are matched by an on-chip 
sampled data delay line in the Y signal path; to prevent aliasing, 
prefilter at 5 MHz is included ahead of the delay line and a post 
filter at 5 MHz is added after the delay line to suppress harmon
ics in the output. These low-pass filters are optimized for mini
mum pulse overshoot. The overall delay is about 170 ns, which 
precompensates for delays in the filters used to decode the 
NTSC or PAL signal in a television receiver. (This precompen
sation delay is already present in TV broadcasts.) 

The AD720 and AD721 are available in a 28-pin plastic leaded 
chip carrier for the 0°C to +70°C commercial temperature range. 

nated cables. 
FUNCTIONAL BLOCK DIAGRAM 

NTSC/PAL 

ASNC 

C-SYNC 

4FSC 

BURST 

RED 

RGB-TO-YUY 
GREEN ENCODING 

MATRIX 

BLUE 

ROUT 
1.SYp-p 

GOUT 
1.SYp-p 

NTSC/PAL 

5MHz 
4-POLE LP 

PRE-FILTER 

1.2MHz 
4-POLE 

LPF 

1.2MHz 
4-POLE 

LPF 

AD721 1 
(ONLY) I 

I 
I 
I 

I X2 BOUT I 
l ________ 1_:v~-p- ____ -d. 
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DELA YEO C·SYNC 
POWER AND GROUNDS 

NTSC/PAL 

CLOCK 
ATSFSC 

'NOTE: 

DC 
RESTORE 

ANDC-SYNC 
INSERTION 

+SY 

+SY 

-QY 

AGND 

OGNO 

SMHz 
2-POLE 

LP POST· 
FILTER 

3.6MHz (NTSC) 
4.4MHz (PAL) 
3-POLELPF 

-----

THE LUMINANCE, COMPOSITE, AND CHROMINANCE 
OUTPUTS ARE AT TWICE NORMAL LEVELS FOR 
DRIVING 750 REVERSE-TERMINATED LINES. 

LOGIC 

ANALOG 

ANALOG ONLY 

ANALOG 

LOGIC 

LUMINANCE OUTPUT' 
-0.572Y TO 1.43Y NTSC 
-0.6Y TO 1.4Y PAL 

COMPOSITE OUTPUT' 
-0.572Y TO 2Y NTSC 
-0.6Y TO 2Y PAL 

CHROMINANCE OUTPUT' 
572mYp-p NTSC 
600mYp-p PAL 
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SPEC If I CATIONS (TA= +25°C and supplies= ±5 V unless otherwise noted) 

Parameter Conditions 

SIGNAL INPUTS (RDIN, GRIN, BLIN) 
Input Amplitude NTSC 

PAL 
Input Resistances1 

RDIN with Respect to AGND 
GRIN with Respect to AGND 
BLIN with Respect to AGND 

Input Capacitance 

LOGIC INPUTS (C-SYNC, 4FSC, ENCD, NTSC) 
Logic LO Input Voltage 
Logic HI Input Voltage 
Logic LO Input Current (DC) 
Logic HI Input Current (DC) 

BYPASS AMPLIFIERS (AD721 Only) 
Gain Error Nominal Gain ofx22 

Small Signal -3 dB Bandwidth 
Output Offset Voltage (Active State) 
Output Voltage (Inactive State) 

VIDEO OUTPUTS3 (LUMA, CRMA, CMPS) 
Luminance (LUMA) Output 

Bandwidth 
Gain Error 
Linearity 
Sync Level NTSC 

PAL 
Chrominance (CRMA) Output 

Bandwidth NTSC 
PAL 

Color Burst Amplitude NTSC 
PAL 

Absolute Gain Error 
Absolute Phase Error 

Chroma/Luma Time Alignment4 NTSC 
Composite Output 

Absolute Gain Error 
Differential Gain With Respect to Chroma Channel 
Differential Phase With Respect to Chroma Channel 

Output Offset Voltage Chroma, Luma, or Composite Outputs 
Chroma Feedthrough Monochrome Input 

POWER SUPPLIES (APOS, DPOS, VNEG) 
Recommended Supply Range Dual Supply 
Full Output Current5 -5 V Supply 

+5 V Supply 
Zero Signal Quiescent Current -5 V Supply 

+5 V Supply 
Bypass Mode Quiescent Current -5 V Supply 
(AD721 Only) +5 V Supply 

NOTES 
1Input scaling resistors provide best scaling accuracy when source resistance is 37.S Q (75 Q reverse-terminated input). 
2Required for driving a 75 Q double reverse terminated load. 
3 All outputs are measured at a reverse-terminated load; voltages at IC pins are twice those specified here. 

AD720/AD721 
Min Typ Max Unit 

714 mV 
700 mV 

2.3 kQ 
4.2 kQ 
4.2 kQ 
5 pF 

1 v 
4 v 

<l µA 
<l µA 

-5 +5 % 
100 MHz 
-50 +50 mV 
-so +50 mV 

5 MHz 
-5 ±1 +5 % 

±0.1 % 
252 286 320 mV 

300 mV 

3.6 MHz 
4.4 MHz 

257 286 315 mVp-p 
300 mVp-p 

-15 ±5 +15 % 
±3 Degrees 
-170 ns 

-5 ±1 +5 % 
0.1 % 
0.1 Degrees 
50 100 mV 
20 55 mVp-p 

±4.75 ±5.25 v 
35 mA 
67 mA 

10 20 35 mA 
10 20 35 mA 

14 20 mA 
14 20 mA 

4This is a predistortion (per FCC specifications) that compensates for the chroma/luma delay in the low-pass filter that separates the luminance and chrominance 
signals in a television receiver. 

5CRMA, LUMA, and CMPS outputs are all connected to 75 .Q reverse-terminated loads; full-white signal for entire field. 
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min 
and max specifications are guaranteed, although only those shown in boldface are tested on all production units. 

Specifications subject to change withollt notice . . 
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AD720/AD721 
ABSOLUTEMAXIMJ.JM RAUNGS* 
.Supply Voltage ±Vs ..............•.•........•... ±6 V 
Internal Power Dissipation ...................... 600 mW 
Operating Temperature Range . . . . . . . . . . . . . . 0°C to +70°C 
Storage Temperature Range . . . . . . . . . . . . -65°C to + l 50°C 
Lead Temperature, Soldering 60 sec .............. +300°C 
NOTE 
*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the ·device. This is a stress rating only, and functional 
operati~D. of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended rating conditions for extended periods 
may affect device reliability. 

Thermal characteristics: 28-pin plastic package: 91A = 1 OO'C. 

ORDERING GUIDE 

Temperature Package 

Model Range Package Option* 

AD720JP 0°c to +70°C 28-Pin PLCC P-28A 

AD721JP 0°C to +70°C 28-Pin PLCC P-28A 

*For outline information see Package Information section. 

PIN CONNECTIONS 
28-Lead Plastic Leaded Chip Carrier (PLCC) Package 

P-28A 

BLIN 

STND 

NOTE: 

c z 
~ 

AD720/AD721 
RGB TO NTSC/PAL 

ENCODER 

CONNECTIONS IN() PERTAIN ONLY TO AD720 

DGND 

SYNC 

DPOS 

ASNC 

DPOS 

4FSC 

DGND 

PIN DESCRIPTIONS 

Pin Mnemonic* Description* 

(NC) GOUT (No Connection) Green Bypass Buffer 
2 (NC) APOS (No Connection) Analog Positive Supply; +5 V ± 5% 
3 (NC) ROUT (No Connection) Red Bypass Buffer 
4 AGND Analog Ground Connection, 
5 ENCD A Logical High Enables. the NTSC/P AL Encode 

Mode (A Logical Low Powers Down the Chip) 
A Logical Low Enables the RGB Bypass Mode 

6 RDIN Red Component Video Input 
0 mV to 714 mV for NTSC 
0 mV to 700 mV for PAL 

7 AGND Analog Ground Connection 
8 GRIN Green Component Video Input 

0 mV to 714 mV for NTSC 
0 mV to 700 mV for PAL · 

9 AGND Analog Ground Connection 
10 BLIN Blue Component Video Input 

0 mV to 714 mV for NTSC 
0 mV to 700 mV for PAL 

11 STND A Logical High Input Selects NTSC En~oding 
A Logical Low Input Selects PAL Encoding 
CMOS Logic Levels 

12 AGND Analog Ground Connection 
13 CRMA Chrominance Output; Subcarrier Only** 

572 mV Peak-to-Peak for NTSC 
600 mV Peak-to-Peak for PAL 

14 APOS Analog Positive Supply; +5 V ± 5%. 
15 CMPS Composite Video Output** 

-572 mV to 2 V for NTSC 
-600 mV to 2 V for PAL 

16 APOS Analog Positive Supply;. +5 V ± 5% 
17 LUMA Luminance Plus SYNC Output** 

-572 mV to 1.43 V for NTSC 
-600 mV to 1.4 V for PAL 

18 VNEG System Negative Supply;-') V ± 5% 
19 DGND Digital Ground Connection 
20 4FSC Clock Input at Four Times the Subcarrier Frequency 

14.318180MHzforNTSC 
17.734 480 MHz for PAL 
CMOS Logic Levels 

21 DPOS Digital Positive Supply; t5 V ± 5% 
22 ASNC A Logical High Input Resets the Subcarrier Phase 

Every Frame 
A Logical Low Input Resets the Subcarrier Phase 
Every Fourth Frame 
CMOS Logic Levels 

23 DPOS Digital Positive Supply; +5 V ± 5% 
24 SYNC Input for Composite Televisicin 

Synchronization Pulses 
Negative Sync Pulses 
CMOS Logic Levels 

25 DGND Digital Ground Connections (One of Two) 
26 VNEG System Negative Supply; -5 V ± 5% 
27 (NC) BOUT (No Connection) Blue Bypass Buffer 
28 APOS Analog Positive Supply; +5 V ± 5% 

*() pertain only to AD720. 
**The luminance, chrominance, and composite outputs are at twice norriial 

levels for driving 75 a reverse-terminated lines. 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ESD (electrostatic discharge) sertsitive device. Electrostatie charges as high· as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD720/AD721 features proprietary ESD prptectio11 circuitry, permanent damage 
may occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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TEKTRONIX TSG 300 AD720/AD721 
COMPONENT VIDEO RGB RGB TO NTSC/PAL 

WAVEFORM GENERATOR f-+-3>~~ ENCODER 

GENLOCK 1sn 750 

4FSC 

TEKTRONIX 1910 
COMPOSITE VIDEO 

WAVEFORM GENERATOR 
PIXEL-CLOCK 
GENERATOR 

TEKTRONIX VM700A 
WAVEFORM MONITOR 

Figure 1. AD720/AD721 Evaluation Setup 

DG DP(NTSC) (SYNC = EXT) 
FIELD= 1 LINE= 21 
DIFFERENTIAL GAIN(%) MIN= --0.10; MAX= 0.00; p-p/MAX = 0.10 

0.00 --0.04 0.00 --0.01 --0.04 --0.10 

0.101 d 0.05 

0.00 - -..::..::.:::_- - - -
--0.05 

--0.10 
~1---~--~--~....---~1....---~---' 

DIFFERENTIAL PHASE(°) MIN= 0.00; MAX= 0.07; p-p = 0.07 
0.00 0.05 0.05 0.04 0.07 0.01 

~::11--------------=:]---
-0.05 

--0.10 
I 

1ST 2ND 3RD 4TH 5TH 6TH 

Figure 2. Composite Output Differential Phase and Gain, 
NTSC (Nulled to Chroma Output) 

VOLTS IRE:FLT NOISE REDUCTION: 15.05d8 
APL=49.6% 
525 LINE NTSC; NO FIL TE RING 
SLOW CLAMP TO O.OOV AT 6.63µs 
SYNC: SOURCE 

100.0 FRAMES SELECTED: 1 2 

1 
,. 

50.0 

-- 0 ~ r- -
lo.I 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 

MICROSECONDS/PRECISION MODE OFF 

Figure 3. Modulated Pulse and Bar, NTSC 

H TIMING (PAL) 
LINE= 17 

Typical Characteristics-AD720/AD721 
VOL TS tRE:FL T FRAMES SELECTED: 1 2; APL= 45.8% 

525 LINE NTSC; NO FIL TERI NG 
SLOW CLAMP TO O.OOV AT 6.63µs 

PRECISION MODE OFF 
SYNC = SOURCE 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 

MICROSECONDS 

Figure 4. 100% Color Bars, NTSC 

VOL TS IRE:FL T 

100.0 

FRAMES SELECTED: 1 2; APL= 11.3% 
525 LINE NTSC; NO FIL TEAING 

SLOW CLAMP TO 0.00V AT 6.63µs 
PRECISION MODE OFF 

SYNC= SOURCE 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 

MICROSECONDS 

Figure 5. Multipulse, NTSC 

H TIMING MEASUREMENT RS-170A (NTSC) 
FIELD =1 LINE = 22 

8.0 
CYCLES 

~----!5.35µs-----l..i-+"'-"="-llo-i 

B5ns 

AVERAGE 32 TO 32 

Figure 6. Horizontal Timing, NTSC 

1.98µs 

,...__, _____ 5_52µs----,_-

1""'c------4.82µs-----

B1ns 

292.1mV 
82ns 

AVERAGE 32 TO 32 

Figure 7. Horizontal Timing, PAL 
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AD720/AD721 
IBEORY OF OPERATION 
Referring to the AD720/AD721 block diagram (Figure 8), the 
RGB inputs (each 0 mV to 714 mV in NTSC or 0 mV to 
700 mV in PAL) are first encoded into luminance and color 
difference signals. The luminance signal is called the "Y" 
signal and the color-difference signals are called U and V. The 
RGB inputs are encoded into the YUV format using the 
transformation 

Y = 0.299R + 0.587G + O.l 14B 
U = 0.493 (B-Y) 
V = 0.877 (R-Y) 

For NTSC operation, the chroma amplitude is increased by the 
factor 1.06 prior to summation with the luminance output. The 
burst signal is inserted into the Y channel in the encoding matrix. 

The three outputs of the encoding matrix, now transformed into Y, 
U, and V components, take two paths. The Y (luminance) signal is 
passed through a delay line consisting of a prefilter, a sampled-data 
delay line, and a post filter. The pre- and post-filters prevent 
aliasing of harmonics back into the baseband video. The overall de
lay is a nominal-170 ns relative to the chrominance signal, in 
keeping with broadcast requitements to compensate for delays in
troduced by the filters in the decoding process. 

The U and V components pass through 4-pole modified Bessel 
low-pass filters with a 1.2 MHz -3 dB frequency to prevent 
aliasing in the balanced modulators, where they modulate a 
3.579 545 000 MHz (NTSC) or 4.433 618 750 MHz (PAL) 
signal via a pair of balanced modulators driven in quadrature by 
the color subcarrier. 

The AD720/AD721 4FSC input drives a digital divide-by-4 cir
cuit (two flip-flops) to create the quadrature signal. The refer
ence phase 0° is used for the U signal. In the NTSC mode, the 
V signal is modulated at 90°, but in the PAL mode, the V 
modulation input alternates between 90° and 270° at half the 
line rate as required by the PAL standard. The outputs of the 
balanced modulators are summed and low-pass filtered to re
move harmonics. 

The filtered output is summed with the luminance signal to cre
ate a composite video signal. The separate luminance, chromi
nance, and composite video signals are amplified by gain-of-two 
amplifiers for driving 7 5 Q reverse-terminated lines. The sepa
rate luminance and chrominance outputs together are known as 
"S-Video." 

The digital section of the AD720/AD721 is clocked by the 
4FSC input. It measures the width of pulses in the composite 
sync input to separate vertical, horizontal, and serration pulses 
and to insert the subcarrier burst only after a valid horizontal 
sync pulse. 

Asserting the ENCD pin to a logical low routes the AD72l's 
RGB inputs through three gain-of-two bypass buffers for driving 
75 Q reverse-terminated lines, bypassing the encoder section of 
the AD721. The triple bypass amplifier is utilized to overcome 
the loading effects of a "TV-out" connection on the RGB moni
tor output. When a video encoder is connected to outputs of a 
current-out video RAMDAC or VGA controller, the R, G, and 
B signals to the monitor are loaded-down. This requires the use 
of a gain block to properly drive the monitor. 

NTSC/PAL DELAYED C·SYNC 
POWER AND GROUNDS 

ASNC 

C-SYNC 

4FSC 

RED 

GREEN 

BLUE 

BURST 

RGB·TO·YUV 
ENCODING 

MATRIX 

NTSC/PAL 

SM Hz 
4-POLE LP 

PRE-FILTER 

1.2MHz 
4-POLE 

LPF 

1.2MHz 
4-POLE 

LPF 

-------------1 
ROUT 
1.SVp·p 

GOUT 

I 
AD721 1 • 
(ONLY) I 

1.SVp·p I 

I 
I X2 BOUT I 

I ________ 1~V~·P _____ _I 

NTSC/PAL 

CLOCK 
AT8FSC 

"NOTE: 

DC 
RESTORE 

ANDC·SYNC 
INSERTION 

+SV 

+SV 

-5V 

AGND 

DGND 

SMHz 
2·POLE 

LP POST· 
FILTER 

3.6MHz (NTSC) 
4.4MHz (PAL) 
3-POLELPF 

----------

THE LUMINANCE, COMPOSITE, AND CHROMINANCE 
OUTPUTS ARE AT TWICE NORMAL LEVELS FOR 
DRIVING 750 REVERSE-TERMINATED LINES. 

Figure 8. AD720/AD721 Functional Block Diagram 
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LOGIC 

ANALOG 

ANALOG ONLY 

ANALOG 

LOGIC 

LUMINANCE OUTPUT' 
-0.572V TO 1.43V NTSC 
-0.6V TO 1.4V PAL 

COMPOSITE OUTPUT' 
-0.572V TO 2V NTSC 
-0.6V TO 2V PAL 

CHROMINANCE OUTPUT' 
572mVp-p NTSC 
600mVp·p PAL 
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APPLYING THE AD7201AD721 
Figure 9 shows the application of the AD720 and Figure 10 
shows the application of the AD721. Note that the AD720 and 
AD72 l differ from other analog encoders because they are de 
coupled. This means that, for example, the expected RGB 
inputs are 0 mV to 714 mV in NTSC and 0 mV to 700 mV in 
PAL. The luminance, chrominance, and composite outputs 
are also de coupled. These outputs can drive a 75 Q reverse
terminated load. Unused outputs should be terminated with 
150 Q resistors. 

VIDEO 
RAM-DAC AD720 

AD720/AD721 
The RGB data must be supplied to the AD720/AD721 at 
NTSC or PAL rates, interlaced format. Various VGA chip set 
vendors support this mode of operation. Most computers supply 
RGB outputs in noninterlaced format at higher data rates than 
NTSC and PAL, which means that "outboard" encoders must 
supply some form of timing conversion before the RGB data 
reaches the AD720/AD721. 

,-_,,__ __ O -5V FROM 

ANALOG SUPPLY 

COMPOSITE SYNC INPUT 

t-----0 ~~gl\~~i~C,,~ivfi~s 
1----.--0 +SV FROM 

DIGITAL SUPPLY 

ADV71XX 
RGB TO NTSC/PAL 

ENCODER 

REV. 0 

VIDEO STANDARD 
SELECTION INPUT 0---~ 

NTSC =CMOS HIGH 
PAL= CMOS LOW 

VIDEO 
RAM·DAC 

ADV71XX 

VIDEO STANDARD 
SELECTION INPUT 0---~ 

NTSC = CMOS HIGH 
PAL= CMOS LOW 

Figure 9. AD720 Application 

AD721 
RGB TO NTSC/PAL 

ENCODER 

Figure 10. AD721 Application 

75.n 

4 X SUBCARRIER INPUT 
CMOS LOGIC LEVELS 
NTCS = 14.318180MHz 
PAL= 17.734 480MHz 

COMPOSITE SYNC INPUT 

i-----o ~~g;T~~i~c,,~n~s 
1---...... -o +5V FROM 

DIGITALfUPPLY 

4 X SUBCARRIER INPUT 
CMOS LOGIC LEVELS 
NTCS = 14.318 180MHz 
PAL= 17.734 480MHz 
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AD720/AD721 
Note also that the AD720/AD721 does not have internal de res
toration and does not accept sync on green. The composite sync 
input is a separate, CMOS logical-level input and must be syn
chronized with the 4FSC input, which serves as the master clock 
for the AD720/AD721. 

The AD720/AD721 does not implement two elements of the 
PAL and NTSC standards. In NTSC operation, it does not 
support the 7.5 IRE unit setup (1 IRE unit = 7 .14 m V)-this 
must be added via software using the RGB inputs. Many RAM
DACs, such as the Analog Devices ADV471 and ADV478, offer 
a logic-selectable setup mode. In PAL operation, the AD720/ 
AD721 does not implement a 25 Hz subcarrier offset. 

Decoupling and Grounding 
Referring to the pin descriptions, the AD720/AD721 uses mul
tiple analog grounds, digital grounds, digital positive supply in
puts, analog positive supply inputs, and analog negative supply 
inputs in order to maximize isolation between analog and digital 
signal paths. 

The most sensitive input of the AD720/AD721 is the 4FSC pin: 
any noise on this pin directly affects the subcarrier and causes 
degradation of the picture. Digital and analog grounds should 
be kept separate and brought together at a single point. 

All power supply pins should be decoupled using 0.1 µF ceramic 
capacitors located as close to the AD720/AD721 as possible. In 
addition, ferrite beads may be slipped over the power supply 
leads to reduce high frequency noise. 

If a high speed RAM-DAC is used (e.g., capable of 80 MHz op
eration with subnanosecond rise times), care must be taken to 
properly terminate the input printed-circuit-board traces to the 
AD720/AD721. Otherwise, ringing on these traces may occur 
and cause degradation of the picture. 

APPLICATIONS HINTS 
In applying the AD720/AD721, problems may arise due to in
correct input signals. A few common situations follow. 

Fade to Black or White-Invalid Horizontal Sync Pulses 
Some systems produce sync pulses that are longer or shorter 
than the NTSC and PAL standards specify. The digital sync 
separator in the AD720/AD721 ignores horizontal sync pulses 
that are too long or too short. Figure 11 shows the timing win
dows for valid NTSC and PAL horizontal sync pulses. 

COMPOSITE SYNC PULSE 

NTSC: 2.51µs 
PAL: 2.25µs 

/ 
NTSC: 2.51µs 
PAL: 2.25µs 

IF THE TRAILING EDGE OF A COMPOSITE SYNC PULSE IS WITHIN 
THIS WINDOW, THE PULSE IS TREATED AS A HORIZONTAL SYNC PULSE. 
IF THE TRAILING EDGE IS OUTSIDE THIS WINDOW, THE PULSE IS TREATED 
AS AN EQUALIZING OR BLANKING PULSE. 

Figure 11. NTSC and PAL Timing for Valid Horizontal 
Sync Pulses 
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When the horizontal sync pulses are too long or too short, a de 
offset voltage (due to charge storage) increases on the output of 
the sampled data delay line's auto-zero amplifier. Normally, this 
offset voltage is removed at the beginning of every line, as signi
fied by the horizontal sync pulse. Without the horizontal sync 
pulse, the de offset on the auto-zero amplifier increases over 
time (usually about three to five minutes) until it overrides the 
luminance information. The end result is a slow fade to black or 
white. 

Color Flickering-Asynchronous Operation 
The AD720/AD721 requires that its 4FSC and composite sync 
signals be synchronized. In most systems, when the two signals 
are synchronized, the composite sync signal is generated using a 
4FSC signal as the reference. After every four frames, the 
AD720/AD721 resets the phase quadrature generator. When the 
CSYNC and 4FSC are synchronized, this reset is transparent to 
the system because the reference phase does not change. When 
the CSYNC and 4FSC are not synchronized, the difference 
between the reference phase and its new value upon reset causes 
an instantaneous color shift, which appears as a flickering in the 
color. 

Adding NTSC Setup 
The easiest way to add the 7 .5 IRE unit1 setup is to use a 
ADV471/478 or ADV477/475 or ADV473 type RAM-DAC, 
which have a logic-selectable setup (called "pedestal" on some 
data sheets and "setup" on others). 

Color Fidelity 
A source impedance other than 37.5 Q (75 nll75 Q-a 
reverse-terminated 75 Q input) can cause errors in the YUV 
encoding matrix, which is basically resistive and depends on the 
correct source impedance for accuracy. Figures 9 and 10 show 
the correct interface between a RAM-DAC and the AD720 and 
AD721 respectively, using 75 Q reverse-terminated connections. 

NOTE 
1IRE unit= 7.14 mV. 
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111111111 ANALOG 
L.illlDEVICES 

FEATURES 
Doubly-Balanced Mixer 
Low Distortion 

+24 dBm Third Order Intercept (IP3) 
+10 dBm 1 dB Compression Point 

Low LO Drive Required: -10 dBm 
Bandwidth 

500 MHz RF and LO Input Bandwidths 
250 MHz Differential Current IF Output 
DC to >200 MHz Single-Ended Voltage IF Output 

Single or Dual Supply Operation 
DC Coupled Using Dual Supplies 

All Ports May Be DC Coupled 
No Lower Frequency Limit-Operation to DC 

User-Programmable Power Consumption 

APPLICATIONS 
High Performance RF/IF Mixer 
Direct to Baseband Conversion 
Image-Reject Mixers 
l/Q Modulators and Demodulators 

PRODUCT DESCRIPTION 
The AD831 is a low distortion, wide dynamic range, monolithic 
mixer for use in such applications as RF to IF down conversion 
in HF and VHF receivers, the second mixer in DMR base 
stations, direct-to-baseband conversion, quadrature modula
tion and demodulation, and doppler-shift detection in ultra
sound imaging applications. The mixer includes an LO driver 
and a low-noise output amplifier and provides both user
programmable power consumption and 3rd-order intercept 
point. 

The AD831 provides a +24 dBm third-order intercept point for 
-10 dBm LO power, thus improving system performance and 
reducing system cost compared to passive mixers, by eliminating 
the need for a high power LO driver and its attendant shielding 
and isolation problems. 

The RF, IF, and LO ports may be de or ac coupled when the 
mixer is operating from ±5 V supplies or ac coupled when 
operating from a single supply of 9 V minimum. The mixer 
operates with RF and LO inputs as high as 500 MHz. 

The mixer's IF output is available as either a differential current 
output or a single-ended voltage output. The differential output 
is from a pair of open collectors and may be ac coupled via a 
transformer or capacitor to provide a 250 MHz output band
width. In down-conversion applications, a single capacitor 
connected across these outputs implements a low-pass filter to 
reduce harmonics directly at the mixer core, simplifying output 

REV.A 

Low Distortion Mixer 
AD831 

FUNCTIONAL BLOCK DIAGRAM 

COM 

VFB 

OUT 

VN 

BIAS 

filtering. When building a quadrature-amplitude modulator or 
image reject mixer, the differential current outputs of two 
AD83ls may be summed by connecting them together. 

An integral low noise amplifier provides a single-ended voltage 
output and can drive such low impedance loads as filters, 50 0 
amplifier inputs, and AID converters. Its small signal bandwidth 
exceeds 200 MHz. A single resistor connected between pins 
OUT and FB sets its gain. The amplifier's low de offset allows 
its use in such direct-coupled applications as direct-to-baseband 
conversion and quadrature-amplitude demodulation. 

The mixer's SSB noise figure is 12 dB using its.output amplifier 
and optimum source impedance. Unlike passive mixers, the 
AD83 l has no insertion loss and does not require an external 
diplexer or passive termination. 

A programmable-bias feature allows the user to reduce power 
consumption, with a reduction in the 1 dB compression point 
and third-order intercept. This permits a tradeoff between 
dynamic range and power consumption. For example, the 
AD831 may be used as a second mixer in cellular and two-way 
radio base stations at reduced power while still providing a 
substantial performance improvement over passive solutions. 

PRODUCT HIGHLIGHTS 
I. -10 dBm LO Drive for a +24 dBm Output Referred Third al 

Order Intercept Point UI 
2. Single-Ended Voltage Output 

3. High Port-to-Port Isolation 

4. No Insertion Loss 

5. Single or Dual Supply Operation 
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AD831-SPECIFICATIONS (T1 = +25°C and ±V5 = ±5 V unless otherwise noted; 
all values in dBm assume 50 n load.) 

Parameter 

RF INPUT 
Bandwidth 

Maximum Input Level 
Common-Mode Range 
Bias Current 
Resistance 
Capacitance 

IF OUTPUT 
Bandwidth 

Conversion Gain 
Output Offset Voltage 
Slew Rate 
Output Voltage Swing 
Short Circuit Current 

LO INPUT 
Bandwidth 

Maximum Input Level 
Common Mode Range 
Minimum Switching Level 
Bias Current 
Resistance 
Capacitance 

ISOLATION BETWEEN PORTS 
LO to RF 
LO to IF 
RF to IF 

DISTORTION AND NOISE 
3rd Order Intercept 
2rd Order Intercept 
1 dB Compression Point 
Noise Figure, SSB 

POWER SUPPLIES 
Recommended Supply Range 

Quiescent Current' 

NOTES 
1Qui .. cent current is programmable. 

Specifications subject to change without notice. 

Conditions 

-10 dBm Signal Level, IP3 ~ +20 dBm 
10.7 MHz IF and High Side Injection 
See Figure 1 

DC Coupled 
Differential or Common Mode 

Single-Ended Voltage Output, -3 dB 
Level = 0 dBm, RL = 100 0 
Terminals OUT and VFB Connected 
DC Measurement; LO Input Switched ± 1 

RL = 100 0, Unity Gain 

-10 dBm Input Signal Level 
10.7 MHz IF and High Side Injection 

Differential Input Signal 
DC Coupled 
Differential or Common Mode 

LO= 100 MHz, R8 = 50 0, 10.7 MHz IF 
LO= 100 MHz, Rs= 50 0, 10.7 MHz IF 
RF= 100 MHz, R8 = 50 0, 10.7 MHz IF 

LO= -IO dBm, f= 100 MHz 
Output Referred, ± 100 m V LO Input 
Output Referred, ± 100 m V LO Input 
RL = 100 0, RBIAS = 00 

For Optimum Source Impedance 

Dual Supply 
Single Supply 
For Best 3rd Order Intercept Point Performance 
BIAS Pin Open Circuited 
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Min 

-40 

-1 
-1 

±4.5 
9 

Typ Max Units 

400 MHz 

10 dBm 
±1 v 

160 500 µA 
1.3 kn 
2 pF 

200 MHz 
0 dB 
15 +40 mV 
300 V/µs 
±1.4 v 
75 mA 

400 MHz 

+1 v 
+l v 

200 mV p-p 
17 50 µA 
500 0 
2 pF 

70 dB 
30 dB 
45 dB 

24 dBm 
62 dBm 
10 dBm 
12 dB 

±5.5 v 
11 v 

100 125 mA 
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AD831 
ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage ±Vs ............................ ±5.5 V 
Input Voltages 

PIN CONFIGURATION 

20-Lead PLCC 

RFHI, RFLO ................................ ±3 V 
LOHI, LOLO ............................... ± 1 V 

Internal Power Dissipation' .................... 1200 mW 
Operating Temperature Range 

AD831A ............................ -40°C to +85°C 
Storage Temperature Range ............. -65°C to +150°C 
Lead Temperature Range (Soldering 60 sec) ........ +300°C 
NOTES 
1Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

!Thermal Characteristics: 
20-Pin PLCC Package: 01., = 11 O'C/Watt; 81<: = 20'C/Watt. 

OUT 

VN 

BIAS 

Note that the 01"' = 110°C/W value is for the package measured while susjJended 
in still air; mounted on a PC board, the typical value is 01" = 90°C/W due to the 
conduction provided by the AD83 I's package being in contact with the board, 
which serves as a heat sink. 

PIN DESCRIPTION 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

AD831AP -40°C to +85°C 20-Lead PLCC P-20A 

*For outline information see Package Information section. 

Pin 

2 

3 
4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 
15 

16 

17 

18 

19 

20 

Mnemonic 

VP 

IFN 

AN 
GND 

VN 
RFP 

RFN 
VN 
VP 
LON 

LOP 

VP 

GND 

BIAS 

VN 
OUT 

VFB 
COM 

AP 

IFP 

CAUTION~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD83 l features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to _avoid_performance degradation or loss of functionality. 

Description 

Positive Supply Input 

Mixer Current Output 

Amplifier Negative Input 
Ground 
Negative Supply Input 

RF Input 

RF Input 
Negative Supply Input 

Positive Supply Input 

Local Oscillator Input 

Local Oscillator Input 
Positive Supply Input 

Ground 

Bias Input 

Negative Supply Input 

Amplifier Output 

Amplifier Feedback Input 

Amplifier Output Common 

Amplifier Positive Input 
Mixer Current Output 

~~LJ 
ESO SENSITIVE DEVICE 
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AD831-Typical Characteristics 
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Figure 1. Third-Order Intercept vs. Frequency 
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Figure 2. IF-to-RF Isolation vs. Frequency 
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Figure 4. Second-Order Intercept vs. Frequency 

90 

70 

.. 60 ... 
I 

§ 50 

:l 40 

~ 30 

20 

10 

........ -t-t-,.... 
rs_ 
~ v 

0 
10 100 

FREQUENCY - MHz 
1000 

Figure 5. LO-to-RF Isolation vs. Frequency 
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Figure 7. 1 dB Compression Point vs. Frequency, Gain = 1 Figure 9. Gain Error vs. Frequency for Figure 7, Gain = 1 
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AD831 
THEORY OF OPERATION 
The AD831 consists of a mixer core, a limiting amplifier, a low 
noise output amplifier, and a bias circuit (Figure 12). 

The mixer's RF input is converted. into differential currents by a 
highly linear, Class A voltage-to-current converter, formed by 
transistors Ql, Q2 and resistors Rl, R2. The resulting currents 
drive the differential pairs Q3, Q4 and Q5, Q6. The LO input is 
through a high gain, low noise limiting amplifier that converts 
the -10 dBm LO input into a square wave. This square wave 
drives the differential pairs Q3, Q4 and Q5, Q6 and produces a 
high level output at IFP and IFN-consisting of the sum and 
difference frequencies of the RF and LO inputs-and a series of 
lower level outputs caused by odd harmonics of the LO fre
quency mixing with the RF input. 

An on-chip network supplies the bias current to .the RF and LO 
inputs when these are ac coupled; this network is disabled when 
the AD831 is de coupled. 

LOCAL 
OSCILLATOR 

INPUT 

VN 

When the integral output amplifier is used, pins IFN and IFP 
are connected directly to pins AFN and AFP; the on-chip load 
resistors convert the output current into a voltJ\ge that drives the 
output amplifier. The ratio of these load resistors to resistors 
Rl, R2 provides nominal unity gain (0 dB) from RF to IF. The 
expression for the gain, in decibels, is . 

GdB = 20 log10 ( ~)(~ )( ~) Equation I 

where 

! is the amplitude of the fundamental component of a square wave 
It 

I. th . I 2 1s e convers10n oss 

~ is the small signal de gain of the AD83 l when the LO input 

is driven fully positive or negative. 

VP 

sou 

20!1 

BIAS 

12mATYP 27mATYP 

Figure 12. AD831 Simplified Schematic Diagram 
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LOCAL 
OSCILLATOR 

INPUT 

IF OUTPUT 

~I• 
L_ril• 

VP 

VN 36 mATYP 

Figure 13. Connections for Transformer Coupling to the IF 
Output 

The mixer has two open-collector outputs (differential cur
rents) at pins IFN and IFP. These currents may be used to 
provide nominal unity RF-to-IF gain by connecting a center
tapped transformer (I: I turns ratio) to pins IFN and IFP as 
shown in Figure 13. 

Programming the Bias Current 
Because the AD831 's RF port is a Class-A circuit, the maxi
mum RF input is proportional to the bias current. This bias 
current may be reduced by connecting a resistor from the BIAS 
pin to the positive supply (Figure 14). For normal operation, 
the BIAS pin is left unconnected. For lowest power consump
tion, the BIAS pin is connected directly to the positive supply 
The range of adjustment is I 00 mA for normal operation to 
45 mA total current at minimum power consumption. 

VPOS 

0.1µF l>-'111/V__,q_ 

Figure 14. Programming the Quiescent Current 

Low-Pass Filtering 
A simple low-pass filter may be added between the mixer and 
the output amplifier by shunting the internal resistive loads (an 

REV.A 

AD831 
equivalent resistance of about 14 Q with a tolerance of 20%) 
with external capacitors; these attenuate the sum component in 
a down-conversion application (Figure 15). The corner fre
quency of this one-pole low-pass filter (f = (2 7t RCFr'J should 
be placed about an octave above the difference frequency IF. 
Thus, for a 70 MHz IF, a -3 dB frequency of 140 MHz might 
be chosen, using CF= (2 x 7t x 14 Q x 140 MHzr' ~ 82 pF, the 
nearest standard value. 

CF=-1-= _1_ 
2JtfR 89.7f 

Figure 15. Low-Pass Filtering Using External Capacitors 

Using the Output Amplifier 
The AD83 l's output amplifier converts the mixer core's dif
ferential current output into a single-ended voltage and provides 
an output as high as ±I V peak into a 50 Q load (+I 0 dBm). 
For unity gain operation (Figure 16), the inputs AN and AP 
connect to the open-collector outputs of the mixer's core and 
OUT connects to VFB. 

For gains other than unity, the amplifier's output at OUT is 
connected via an attenuator network to VFB; this determines 
the overall gain. Using resistors RI and R2 (Figure 17), the gain 
setting expression is 

Equation 2 

IF 
OUTPUT 

Figure 16. Output Amplifier Connected for Unity Gain 
Operation 
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AD831 

Figure 17. Output Amplifier Feedback Connections for 
Increasing Gain 

Driving Filters 
The output amplifier can be used for driving reverse-terminated 
loads. When driving an IF bandpass filter (BPF), for example, 
proper attention must be paid to providing the optimal source 
and load terminations so as to achieve the specified filter 
response. The AD831 's wideband highly linear output amplifier 
affords an opportunity to increase the RF-to-IF gain to compen
sate for a filter's insertion and termination losses. 

Figure 18 indicates how the output amplifier's low impedance 
(voltage source) output can drive a doubly-terminated bandpass 
filter. The typical I 0 dB ofloss ( 4 dB of insertion Joss and 6 dB 
due to the reverse-termination) be made up by the inclusion of a 
feedback network that increases the gain of the amplifier by 
10 dB (x3.162). When constructing a feedback circuit, the 
signal path between OUT and VFB should be as short as 
possible. 

Higher gains can be achieved, using different resistor ratios, but 
with concomitant reduction in the bandwidth of this amplifier 
(Figure 19). Note also that the Johnson noise of these gain
setting resistors, as we11 as that of the BPF terminating resistors, 
is ultimately reflected back to the mixer's input; thus they 
should be as sma11 as possible, consistent with the permissible 
loading on the amplifier's output. 
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IF 
OUTPUT 

Figure 18. Connections for Driving a Doubly-Terminated 
Bandpass Filter 

12 
G=1 

G=2 

G=4 

0 
10 

~ --7 

17 'J 

100 
FREQUENCY - MHz 

1000 

Figure 19. Output Amplifier 1 dB Compression Point for 
Gains of 1, 2, and 4 (Gains of 0 dB, 6 dB, and 12 dB, 
respectively) 
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APPLICATIONS 
Careful component selection, circuit layout, power supply 
decoupling, and shielding are needed to minimize the AD83 ! 's 
susceptibility to interference from radio and TV stations, etc. In 
bench evaluation, we recommend placing all of the components 
in a shielded box and using feedthrough decoupling networks 
for the supply voltage. 

Circuit layout and construction are also critical, since stray 
capacitances and lead inductances can form resonant circuits 
and are a potential source of circuit peaking, oscillation, or both. 

Dual-Supply Operation 
Figure 20 shows the connections for dual supply operation. 
Supplies may be as low as ±4.5 V but should be no higher than 
±5.5 V due to power dissipation. 

+SV 

LO INPUT 
-10dBm 

AD831 
The RF input to the AD83 l is shown corn;1ected single-ended to 
pin RFP with 51.1 Q input termination resistor with an assumed 
source impedance of 50 Q. The 82 pF capacitors (CF) con
nected from IFN and IFP to VP provide a low-pass filter with a 
cutoff frequency of approximately 140 MHz in down-conversion 
applications (see the Theory of Operation section of this data 
sheet for more details). The LO input is connected single-ended 
because the limiting amplifier provides a symmetric drive to the 
mixer. To minimize intermodulation distortion, connect pins 
OUT and VFB by the shortest possible path. The connections 
shown are for unity-gain operation. 

At LO frequencies less than I 00 MHz, the AD83 l's LO power 
may be as low as -20 dBm for satisfactory operation. Above 
I 00 MHz, the specified LO power of - I 0 dBm must be used. 

0.1µF 

c, ~ 

IF 
OUTPUT 

Figure 20. Connections for±5 V Dual-Supply Operation 
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AD831 
Single Supply Operation 
Figure 21 is similar to the dual supply circuit in Figure 19. 
Supplies may be as low as 9 V but should not be higher than 
11 V due to power dissipation. As in Figure 19, both the RF 
and LO ports are driven single-ended and terminated. 

+9V 

In single supply operation, the COM terminal is the "ground" 
reference for the output amplifier and must be biased to 1/2 the 
supply voltage, which is done by resistors RI and Rz. The OUT 
pin must be ac-coupled to the load. 

Figure 21. Connections for+9 V Single-Supply Operation 
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Connections Quadrature Demodulation 
Two AD831 mixers may have their RF inputs connected in 
parallel and have their LO inputs driven in phase quadrature 
(Figure 22) to provide demodulated in-phase (I) and quadra-

+SV 

LO INPUT 
AT90° 

-10dBm 

AD831 
ture (Q) outputs. The mixers' inputs may be connected in 
parallel and a single termination resistor used if the mixers are 
located. in close proximity on the PC board. 

LO INPUT 
AT0° 

-10dBm 

*0.1µF 

0.1µF 

c. q 

DEMODULATED 
QUADRATURE 
OUTPUT 

DEMODULATED 
·>-9-----o IN-PHASE 

OUTPUT 

Figure 22. Connections for Quadrature Demodulation 

REV.A SPECIAL FUNCTION COMPONENTS 21-33 



AD831 

HP 8656B 
SYNTHESIZED 

SIGNAL GENERATOR 

HP8656A 
SYNTHESIZED 

SIGNAL GENERATOR 

.------'-r_-~-----r--------1 

LO 

HP6632A 
PROGRAMMABLE 
POWER SUPPLY 

HP 8561E 
SPECTRUM 
ANALYZER 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

HP 9920 FLUKE 6082A I 
IEEE ~~N9;~~LLER SIG~~~i;:i:~~~~OR I 

I DISK DRIVE I 
I i IEEE-488 BUS I 
L------------------------------~ 

HP8656B 
SYNTHESIZED 

SIGNAL GENERATOR 

Figure 23. Third-Order Intercept Characterization Setup 

HP6632A 
PROGRAMMABLE 
POWER SUPPLY 

HP6632A 
PROGRAMMABLE 
POWER SUPPLY 

MCL 
ZFSC·2·1 

HP 8561E 
SPECTRUM 
ANALYZER 

HP 86569 
SYNTHESIZED 

SIGNAL GENERATOR 

HP8656B 
SYNTHESIZED 

SIGNAL GENERATOR 

USED FOR 
IF TO RF, LO 
LOTO RF 
MOVE SPECTRUM 
ANALYZER FOR IF 
MEASUREMENTS 

Figure 24. IF to RF Isolation Characterization Setup 
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1111111111 ANALOG 
WDEVICES 

FEATURES 
Single +5 V Supply 
32-Bit Phase Accumulator 
On-Chip COSINE and SINE Look-Up Tables 
On-Chip 10-Bit DAC 
Frequency, Phase and Amplitude Modulation 
Parallel and Serial Loading 
Software and Hardware Power Down Options 
20 MHz and 50 MHz Speed Grades 
44-Pin PLCC 

APPLICATIONS 
Frequency Synthesizers 
Frequency, Phase or Amplitude Modulators 
DDS Tuning 
Digital Demodulation 

GENERAL DESCRIPTION 
The AD7008 direct digital synthesis chip is a numerically con
trolled oscillator employing a 32-bit phase accumulator, sine and 
cosine look"up tables and a 10-bit DI A converter integrated on a 

CMOS 
DDS Modulator 

AD7008 I 
single CMOS chip. Modulation capabilities are provided for 
phase modulation, frequency modulation, and both in-phase and 
quadrature amplitude modulation suitable for SSB generation. 

Clock rates up to 20 MHz and 50 MHz are supported. Fre
quency accuracy can be controlled to one part in 4 billion. Mod
ulation may be effected by loading registers either through the 
parallel microprocessor interface or the serial interface. A 
frequency-select pin permits selection between two frequencies 
on a per cycle basis. 

The serial and parallel interfaces may be operated independently 
and asynchronously from the DDS clock; the transfer control 
signals are internally synchronized to prevent metastability prob
lems. The synchronizer can be bypassed to reduce the transfer 
latency in the event that the microprocessor clock is synchro
nous with the DDS clock. 

A power-down pin allows external control of a power-down 
mode (also accessible through the microprocessor interface). The 
AD7008 is available in 44-pin PLCC. 

FUNCTIONAL BLOCK DIAGRAM 

GND 

CLDCK 

COMP 

IOUT 

IOUT 

----"1 IQMOD [9:0] 

32.SIT SERIAL REGISTER 

AD7008 
COMMAND REG 

DO D15 WR CS TCO TC3 LOAD TEST RESET SLEEP 
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A07008-SPECIFICATIONS 1 (VAA = V00 = +5 V ± 5%; TA = TMIN to TMAX , RSET = 390 0, RLOAD = 51 0 
for IOUT and IDUT, unless otherwise noted) 

Parameter AD7008AP20 AD7008JPSO Units 

SIGNAL DAC SPECIFICATIONS 
Resolution 10 10 Bits 
No. of Channels I I 
Update Rate (fMAX) 20 so Msps max 
IOUT Full Scale 20 20 mAmax 
Output Compliance I 1 Volts max 
DC Accuracy 

Integral Nonlinearity ±1 ±1 LSB typ 
Differential Nonlinearity ±1 ±1 LSB typ 

DDS SPECIFICATIONS2 

Dynamic Specifications 
Signal-to-Noise Ratio so so dB min 
Total Harmonic Distortion -SS -S3 dB min 
Spurious Free Dynamic Range (SFDR)3 

Narrow Band (±50 kHz) -70 -70 dB min 
Wide Band (±2 MHz) -S5 -55 dB min 

Power-Down Option Yes Yes 

VOLTAGE REFERENCE 
Internal Reference @ + 25°C 1.27 1.27 Volts typ 

TMINtoTMAx 1.2/1.35 1.2/1.35 Volts minimax 
Reference TC 300 300 ppml°C typ 

LOGIC INPUTS 
ViNH' Input High Voltage Voo-0.9 Voo-0.9 Vmin 
VINL> Input Low Voltage 0.9 0.9 Vmax 
IINm Input Current 10 10 µAmax 
c,N, Input Capacitance 10 10 pFmax 

POWER SUPPLIES 
Voo 4.75/5.25 4.75/S.25 Vmin/V max 
IAA 26 26 mA typ 
loo i2 +LS/MHz 22 + 1.5/MHz mAtyp 
IAA +loo 4 80 125 mA typ 

110 160 mAmax 
10 20 mAmax 

NOTES 
'Operating temperature ranges as follows: A Version: -40°C to +85°C; J Version: 0°C to + 70°C. 
2All dynamic specifications are measured using IOUT. 100% Production tested. 
'fcLK = 6.25 MHz, Frequency Word = 567!C71C HEX, fouT = 2.11 MHz. 

Test Conditions/Comments 

fcLK = fMAX, fouT = 2 MHz 
fcLK = fMAX, fouT = 2 MHz 

fcLK = 6.25 MHz, fouT = 2.11 MHz 

RsET = 390 0 

SLEEP~ 0 V; CR2 = 0 (AM Disabled) 
fcLK = fMAX 
SLEEP= V00 

4With AM enabled (CR2 = I), TMAx should be limited as follows: AD7008AP20, TMAx = +70°C; AD7008JP50, TMAx = +55°C. 

Specifications subject to change without notice. 
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AD7008 

TIMING CHARACTERISTICS (VAA = V00 +5 V ± 5%; TA = TMiN to TMAX• unless otherwise noted) 

Parameter 

t1 
tz 
t3 
t. 
t, 
t6 
t1 

ts 
t9 
t10 
tu 
t12 
t13 
t14 
t15 
t16 
t17 
tis 
t19 
tzo 

CLOCK 

FSEL, LOAD, 

AD7008AP20 

50 
20 
20 
5 
3 
4t1 
2t1 
s 
s 
10 
10 
20 
10 
3 
3 
20 
8 
8 
10 
10 

-----t, ----1~ 
t,-

AD7008JPSO 

20 
8 
8 
5 
3 
4t1 
2t1 
5 
s 
10 
10 
20 
10 
3 
3 
20 
8 
8 
10 
10 

TC3-TCO ...C.....~.Ol'-~.Jl\~..£.J.:...£..L.t.~ 

Figure 1. Clock Synchronization Timing 

LOAD 

TCO-TC3 

REV.A 

h=' 1 
zcl-1,~ 1-Wwz.----

Figure 2. Register Transfer Timing 

Units Test Conditions/Comments 

nsmin CLOCK Period 
ns min CLOCK High Duration 
nsmin CLOCK Low Duration 
nsmin CLOCK to Control Setup Time 
ns min CLOCK to Control Hold Time 
nsmin LOAD Period 
ns min LOAD High Duration 
ns min LOAD High to TCO-TC3 Setup Time 
ns min LOAD High to TCO-TC3 Hold Time 
ns min WR Rising to CS Low Setup Time 
ns min WR Rising to CS Low Hold Time 
ns min Minimum WR Low Duration 
ns min Minimum WR High Duration 
ns min WR to DO-DIS Setup Time 
ns min WR to DO-DIS Hold Time 
ns min SCLK Period 
ns min SCLK High Duration 
ns min SCLK Low Duration 
ns min SCLK Rising to SDAT A Setup Time 
ns min SCLK Rising to SDA TA Hold Time 

Figure 3. Parallel Port Timing 

----1,.---..i 

SCLK~~ 
"· 1,. 

Figure 4. Serial Port Timing 
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AD7008 
ABSOLUTE MAXIMUM RATINGS* 
(TA = + 25°C unless otherwise noted) 

- 32·BIT PARALLEL ASSEMBLY REGISTRY -
MSB LSB 

VAA> V00 toGND .................. -0.3Vto.+7V 
AGND to DGND ................. -0.3 V to +0.3 V 

111111111==~A~W~O~R~D~=:JI 015-DO- A WORD 

Digital I/O Voltage to DGND ...... -0.3 V to V00 + 0.3 V 
Analog I/O Voltage to AGND ..... -0.3 V to V00 + 0.3 V 

~--A_w_o_R_D ___ ~ ___ B_w_o_R_D __ __.I D15-DO - B WORD 

Operating Temperature Range 
Industrial (A Version) ............... -40°C to +85°C 

Figure 5. 16-Bit Parallel Port Loading Sequence 

Commercial (J Version) ................ 0°C to +70°C 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (Soldering, 10 secs) ........... + 300°C 
Junction Temperature ...................... + 115°C - 32-BIT PARALLEL ASSEMBLY REGISTRY -
PLCC 0JA Thermal Impedance ............... +55°C/W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those listed in the 
operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

ORDERING GUIDE 

Temperature Package Package 
Model Range Description Option* 

MSB LSB 

A BYTE D7-DO -A BYTE 

A BYTE BBYTE D7-DO - B BYTE 

A BYTE BBYTE CBYTE D7-DO - C BYTE 

A BYTE BBYTE CBYTE DBYTE D7-DO - D BYTE 

AD7008AP20 -40°C to +85°C 44-Pin PLCC P-44A 
AD7008JPSO 0°C to +70°C 44-Pin PLCC P-44A Figure 6. 8-Bit Parallel Port Loading Sequence 

*For outlme mformat10n see Package. Informatmn secuon. 

CAUTION--------------------------
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD7008 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or Joss of functionality. 

DGND 

DB 

D9 

D10 

D11 

D12 

D13 

D14 

D15 

Wii 
VDD 

PIN CONFIGURATION 
PLCC 

,_ 
"' " 11. Cl 1-11- c 

c "' "' ~::; "' z ~ 
,_ 

::! 0 ~ ::> ::J ~ ...I "' "' " 0 w > 0 u. > Q Q <( c "' "' 
,_ 

AD7008PLCC 
TOP VIEW 

(NOT TO SCALE) 

VDD 

RESET 

SLEEP 

LOAD 

TC3 

TC2 

TC1 

TCO 

FSELECT 

CLOCK 

DGND 

WARNING! £] 
~~EDEVICE 
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AD7008 
PIN DESCRIPTION 

Mnemonic Function 

POWER SUPPLY 

AGND 

Von 

DGND 

Positive power supply for the analog section. A 0.1 µF decoupling capacitor should be connected between V AA and 
AGND. This is +5 V ± 5 %. 
Analog Ground. 
Positive power supply for the digital section. A 0.1 µF decoupling capacitor should be connected between V00 and 
DGND. This is +5 V ± 5%. Both V AA and V00 should be externally tied together. 
Digital Ground; both grounds should be externally tied together. 

ANALOG SIGNAL AND REFERENCE 
IOUT, IDUT Current Output. This is a high impedance current source. A load resistor should be connected between IOUT and 

AGND. IOUT should be either tied directly to AGND or through an external load resistor to AGND. 
FS ADJUST Full-Scale Adjust Control. A resistor (RsET) is connected between this pin and AGND. This determines the 

magnitude of the full-scale DAC current. The relationship between RsET and the full-scale current is as follows: 

!OUT FULL-SCALE (mA) = 6233 X VREF (V)/RsET (0) 

VREF Voltage Reference Input. A 0.1 µF decoupling ceramic capacitor should be connected VREF and V AA· There is an 
internal 1.27 voltage reference which can over driven by an external reference if required. 

COMP Compensation pin. This is a compensation pin for the internal reference amplifier. A 0.1 µF decoupling ceramic 
capacitor should be connected between COMP and V AA· 

DIGITAL INTERFACE AND CONTROL 
CLOCK 

FSELECT 

LOAD 

TC3-TCO 

D7-DO 

Dl5-D8 

SCLK 

SDATA 
SLEEP 

RESET 

TEST 

REV.A 

Digital Clock Input. DDS output frequencies are expressed as a binary fraction of the frequency of this clock. 
Hence, the output frequency accuracy and phase noise is determined by this clock. 

Frequency Select Input. FSELECT controls which frequency register, FREQO or FREQ!, is used in the phase 
accumulator. Frequency selection can be done on a cycle-per-cycle basis. 
Register load, active high digital Input. This pin, in conjunction with TC3-TCO, control loading of internal registers 
from either the parallel or serial assembly registers. 
Transfer Control address bus, digital inputs. This address determines the source and destination registers that are 
used during a transfer. The source register can either be the parallel assembly register or the serial assembly register. 
The destination register can be any of the following: COMMAND REG, FREQO REG, FREQ! REG, PHASE REG 
or IQMOD REG. TC3-TCO should be valid prior to LOAD rising and should not change until LOAD falls. 

Chip Select, active low digital input. This input in conjunction with WR is used when writing to the parallel 
assembly register. 
Write, active low digital input. This input in conjunction with CS is used when writing to the parallel assembly 
register. 
Data bus, digital inputs. This represent the low byte of the 16-bit data input port used to write to the 32-bit parallel 
assembly register. The databus can configured for either a 8-bit or 16-bit MPU/DSP ports. 

Data Bus, Digital Inputs. This represent the high byte of the 16-bit data input port used to write to the 32-bit 
parallel assembly register. The databus can configured for either a 8-bit or 16-bit MPU/DSP ports. When the 
databus is configured for 8-bit operation, D8-Dl5 should be tied to DGND. 
Serial Clock, digital input. SCLK is used, in conjunction with SDATA, to clock data into the 32-bit serial assembly 
register. 
Serial Data, digital input. Serial data is clocked on the rising edge of SCLK, Most Significant Bit (MSB) first. 

Low power sleep control, active high digital input. SLEEP puts the AD7008 into a low power sleep mode. Internal 
clocks are disable while also turning off the DAC current sources. A SLEEP bit is also provided in the COMMAND 
REG to put the AD7008 into a low power sleep mode. 
Register Reset, active high digital input. RESET clears the COMMAND REG and all the modulation registers to 
zero. 
Test Mode. This used for factory test only and should be left as a No Connect. 

SPECIAL FUNCTION COMPONENTS 21-39 

ID 



AD7008 
CIRCUIT DESCRIPTION 
Ill contrast to previous direct digital synthesizer devices, the 
AD7008 provides an exciting new level of integration for the 
RF/Communications system designer. The AD7008 combines 
the numerical controlled o.scillator (NCO), SIN/COSINE look
up tables, frequency, phlise and IQ modulators, and a digital
to-analog converter on a single integrated circuit. 

The internal circuitry of the AD7008 consists of four main sec
tions. These are 

Numerical Controlled Oscillator (NCO) + Phase Modulator 
SIN and COSINE look up tables 
In Phase and Quadrature Modulators 
Digital-to-Analog Converter 

Numerical Controlled Oscillator + Phase Modulator 
This consists of two frequency select registers, a phase accumu
lator and a phase offset register. The main component of the 
NCO is a 32-bit phase accumulator which accumulates a phase 
step on every clock cycle. The value of the phase step deter
mines how many clocks cycles are required for the phase accu
mulator to count 2-rr radians (i.e., one cycle of the output 
frequency). The output frequency, four. is given by: 

Phase Step Ll Phase 
four = 2-rr fcwcK = ~ fcwcK 

0 :S Ll Phase :S. 232 - l 

The input to the phase accumulator (i.e., the phase step) can be 
selected either from the FREQO Register or FREQl Register 
and this is controlled by the FSELECT pin. This allows binary 
frequency shift keying to be easily implemented. The two FSK 
frequencies can.be loaded into FREQO and FREQ! and selected 
using the FSELECT pin. NCOs inherently generate continuous 
phase signals, thus avoiding any output discontinuity when 
switching between frequencies. More complex frequency modu
lation schemes, such as GMSK, can be implemented by updat
ing the contents of these registers. 

Following the NCO, a phase offset can be added to perform 
phase modulation using the 12-bit PHASE Register. The con
tents of this register are added to the most significant bits of the 
NCO. 

Sin and Cosine Look-Up Tables (LUT) 
The output of the phase accumulator is converted to an ampli
tude signal by means of an Sine/Cosine ROM LUT. Although 

the NCO contains a 32-bit phase accumulator, the output of the 
NCO is truncated to 12-bits. Using the full resolution of the 
phase accumulator is both impractical and unnecessary as this 
would require a look-up table of 232 entries. 

It is necessary only to have sufficient phase resolution in the 
LUTs such that the de error of the output waveform is domi
nated by the quantization error in the DAC. This requires the 
look-up tables to have two more bits of phase resolution than 
the 10-bit DAC. 

In Phase and Quadrature Modulators 
Two 10-bit amplitude multipliers are provided allowing the easy 
implementation of either Quadrature Amplitude Modulation 
(QAM) or Amplitude Modulation (AM). The 20-bit IQMOD 
Register is used to control the amplitude of the I (cosine) and Q 
(sine) signals. IQMOD[9-0] controls the I amplitude and 
IQMOD[l9-10] controls the Q amplitude. 

The user should ensure that when summing the I and Q signals 
the result should not exceed 10-bits, as there is no internal clip
ping logic to prevent overflow. 

When amplitude modulation is not required, the IQ multipliers 
can be bypassed (CR2 = 0). The sine output is directly sent to 
the 10-bit DAC. 

Digital-to-Analog Converter 
The AD7008 include a high impedance current source 10-bit 
DAC, capable of driving wide range of loads at different speeds. 
Full-scale output current can be adjusted, for optimum power 
and external load requirements, through the use of a single 
external resistor (Rs ET). 

The DAC can be configured for single or differential ended 
operation. I ouT can be either tied directly to AGND for single 
ended operation or through external load resistor. 

MPU Interface 
The chip contains two 32-bit assembly registers, one for parallel 
bus data, and one for serial input data. Each of the modulation 
registers can be loaded from either assembly register under con
trol of the LOAD pin and the Transfer-Control (TC) pins (See 
Table I). The Command register can only be loaded from the 
parallel assembly register. 

Table I. Source and Destination Registers 

TC3 TC2 TCI TCO LOAD Source Register Destination Register 

x x x x 0 NIA NIA 
0 0 x .X l Parallel COMMAND 
I 0 0 0 1 Parallel FREQO 
1 0 0 1 I Parallel FREQ! 
1 0 1 0 I Parallel PHASE 
1 0 1 1 1 Parallel IQMOD 
1 1 0 0 1 Serial FREQO 
1 1 0 1 1 Serial FREQl 
1 1 1 0 1 Serial PHASE 
1 1 1 1 1 Serial IQMOD -
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AD7008 
Table II. AD7008 Control Registers 

Register Size Reset State Description 

COMMAND REG 4 Bits CR3-CRO All Zeros Command Register. This is written to using the parallel assembly register. 

FREQOREG 

FREQI REG 

PHASE REG 

IQMOD REG 

CRO =0 

32 Bits DB31-DBO All Zeros Frequency Select Register 0. This defines the output frequency, when 
FSELECT = O, as a fraction of the CLOCK frequency. 

32 Bits DB31-DBO All Zeros Frequency Select Register I. This defines the output frequency, when 
FSELECT = I, as a fraction of the CLOCK frequency. 

12 Bits DBil-DBO All Zeros Phase Offset Register. The contents of this register is added to the 
output of the phase accumulator. 

20 Bits DBI9-DBO All Zeros I and Q Amplitude Modulation Register. This defines the amplitude of 
the I and Q signals as IO-bit two complement binary fractions. DB[I9:10] 
is multiplied by the Quadrature (sine component and DB[9:0] is multiplied 
by the In-Phase (cosine) component. 

Table III. Command Register Bits 

Eight-Bit Databus. Pins Dl5-D8 are ignored and the parallel assembly register shifts eight places left on each write. 
Hence four successive writes are required to load the 32-bit parallel assembly register, Figure 6. 

= I Sixteen-Bit Databus. The parallel assembly register shifts 16 places left on each write. Hence two successive writes 
are required to load the 32-bit parallel assembly register, Figure 5. 

CRl =0 Normal Operation. 
= 1 Low Power Sleep Mode. Internal Clocks and the DAC current sources are turn off. 

CR2 =0 
=l 

Amplitude Modulation Bypass. The output of the sine LUT is directly sent to the DAC. 
Amplimde Modulation Enable. IQ modulation is enabled allowing AM or QAM to be performed. 

CR3 =0 Synchronizer Logic Enabled. The FSELECT, LOAD and TC3-TCO signals are passed through a 4-stage pipeline 
to synchronize them with the. CLOCK frequency, avoiding metastability problems. 

=l Synchronizer Logic Disabled. The FSELECT, LOAD and TC3-TCO signals bypass the synchronization logic. This 
allows for faster response to the control signals. 

TC3-TCO should be set up and stable before LOAD rises, and 
should not change until after LOAD falls. 

The microprocessor asserts both WR and CS to load the parallel 
assembly register. At the end of each write, the parallel assem
bly register is shifted left by 8 or 16 bits (depending on CRO), 
and the new data is loaded into the low bits. Hence, two 16-bit 
writes or four 8-bit writes are used to load the parallel assembly 
register. When loading parallel data destined for the phase or IQ 
registers, it is only necessary to write as much data as will be 
used by that register. For instance, the Command Register 
requires only one write to the parallel assembly register. 

Serial data is input to the chip on the rising edge of SCLK, 
most significant bit first. The data in the assembly registers can 
be transferred .to the modulation registers by means of the trans
fer control pins. 

REV.A 

APPLICATIONS 
The AD7008 can be used in a wide range of communication 
applications ranging from digital mobile radio, to frequency 
agile Wireless Local Area Networks (WANs), to SSB telephony. 

For digital mobile radio applications the chip provides direct 
synthesis and phase modulation capabilities to 20 MHz in a sin
gle low power, low cost part. 

For W ANs a wide range of modulation capabilities allow a sys
tem develbper to optimize modulation bandwidth and noise 
immunity. 

In the area of SSB telephony (military, commercial and ama
teur), the chip provides the first single chip implementation of a 
phasing type SSB generator. Combined with a single chip DSP 
(ADSP-2101) implementing the speech input and Hilbert trans
form, the AD7008 forms a two-chip direct SSB generation capa
bility to over 20 MHz. 
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FEATURES 
10ps Delay Resolution 
2.5ns to 10J&S Full-Scale Range 
Fully Differential Inputs 
Separate Trigger and Reset Inputs 
Low Power Dissipation - 310mW 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
ATE 
Pulse Deskewing 
Arbitrary Waveform Generators 
High-Stability Timing Source 
MuHiple Phase Clock Generators 

GENERAL DESCRIPTION 
The AD9500 is a digitally programmable delay generator, which 
provides programmed delays, selected through an 8-bit digital 
code, in resolutions as small as lOps. The AD9500 is constructed 
in a high-performance bipolar process, designed to provide 
high-speed operation for both digital and analog circuits. 

The AD9500 employs differential TRIGGER and RESET inputs 
which are designed primarily for ECL signal levels but function 
with analog and TTL input levels. An on-board ECL reference 
midpoint allows both of the inputs to be driven by either single 
ended or differential ECL circuits. The AD9500 output is a 
complementary ECL stage, which also provides a parallel OR 
output circuit to facilitate reset timing implementations. 

The digital control data is passed to the AD9500 through a 
transparent latch controlled by the LATCH ENABLE signal. In 
the transparent mode, the internal DAC of the AD9500 will 
attempt to follow changes at the inputs. The LATCH ENABLE 
is otherwise used to strobe the digital data into the AD9500 
latches. 

The AD9500 is available as an industrial temperature range 
device, - 25°C to + 85°C, and as an extended temperature range 
device, - SS°C to + 125°C. Both grades are packaged in a 24-pin 
ceramic "Skinny" DIP (0.3" package width), as well as 28-pin 
surface mount packages. The AD9500 is available in versions 
compliant with MIL-STD-883. Refer to the Analog Devices 
Military Products Databook or current AD9500/883B data sheet 
for detailed specifications. 

This is an abridged data sheet. To obtain the most receot venion or 
complete data sheet, caU our fu: retrieval system at 1-800-446-6212. 
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Digitally Programmable 
Delay Generator 
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AD9500-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS1 

Positive Supply Voltage (+Vs) . . . . . 
Negative Supply Voltage (-Vs) ..... 
ECL COMMON to Ground Differential 
Digital Input Voltage Range ... 
Trigger/Reset Input Voltage Range 
Trigger/Reset Differential Voltage 
Minimum RsET . . . . . . . . · · 
Digital Output Current (Q and Q) 
Digital Output Current (QR) . . . . . . . . 

....... +7V 

....... -7V 
-2.0Vto +s.ov 
- 3.SV to + S.OV 

±S.OV 
. s.ov 
. 22on 
30mA 

. 2mA 

Offset Adjust Current (Sinking) .. 
Operating Temperature Range 

AD9SOOBP/BQ . . . . . . 
AD9SOOTE/TQ . . . . . . 

Storage Temperature Range . 
Junction Temperature . . . . 
Lead Soldering Temperature (!Osec) 

. ...... 4mA 

- 2S°C to + 8S°C 
- SS°C to + 12s0c 
-6S°C to + IS0°C 

+ 17S°C 
..... +300°C 

ELECTRICAL CHARACTERISTICS ~~~:~!yo~~~:i~~ ;o~~d7 +5.0V, -Vs= - 5.2V; Cm= OpF; Rm= 5000' 

-2s0c to +ss0c -ss•c to +12s0c 
Test AD9500BP/BQ AD9500TE/TQ 

Parameter Level Temp Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 Bits 

ACCURACY' 
Differential Linearity I +2S°C o.s o.s LSB 
Integral Linearity I +2S°C 1.0 1.0 LSB 
Monotonicity I +2S°C Guaranteed Guaranteed 

DIGITAL INPUT 
Logic"!" Voltage VI Full 2.0 2.0 v 
Logic "O" Voltage VI Full 0.8 0.8 v 
Logic "I" Current VI Full s s µA 
Logic "O" Current VI Full s s µA 
Digital Input Capacitance VI +2S°C s.s s.s pF 
Data Setup Time4 v +2S°C 0.4 0.7S 0.4 0.7S ns 
Data Hold Time5 v +2S°C 0.4 0.7S 0.4 0.7S ns 
Latch Pulse Width (tLPW) v +2S°C 3.0 3.Q ns 

RESET/TRIGGER INPUTS6 

TRIGGER Input Voltage Range IV Full -2.S; 4.S -2.S; 4.S v 
RESET Input Voltage Range IV Full -2.S; 2.0 -2.S; 2.0 v 
Differential Switching Voltage IV Full 40 300 40 300 mV 
Input Bias Current I +2S°C 40 so 40 so µA 

VI Full 7S 7S µA 
Input Resistance IV +2S°C 4 4 kn 
Input Capacitance IV +2S°C 6.S 7.2S 6.S 7.2S pF 
Minimum Input Pulse Width 

tTPW' tRPW v +2S°C 2.0 2.0 ns 

DYNAMIC PERFORMANCE7 

Maximum Trigger Rate IV +2S°C 60 60 MHz 
Minimum Propagation Delay (tp0 ) 8 I +2S°C S.4 6.4 7.4 S.4 6.4 7.4 ns 
Minimum Propagation Delay TC v Full 7.S 7.S psi°C 
Full-Scale Range TC9 v Full o.s 0.5 psl°C 
Delay Uncertainty (Jitter) v +2S°C 10 10 ps 
Reset Propagation Delay (tR0 ) 10 I +2S°C S.4 6.4 7.4 S.4 6.4 7.4 ns 
Reset-to-Trigger Holdoff (tTHo)11 IV +2S°C 0.2 0 0.2 0 ns 
Trigger-to-Reset Holdoff (tRHo)12 IV +2S°C 2.0 l.S 2.0 l.S ns 
Minimum Output Pulse Width v +2S°C 3.3 3.3 ns 
Output Rise Time7 I +2S°C 2.0 2.0 ns 
Output Fall Time7 I +2S°C 2.0 2.0 ns 
Delay Coefficient Settling Time (tnAc)13 v +2S°C 29 29 ns 
Linear Ramp Settling Time (tLRs) v +2S°C 22 22 ns 
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Test 
Parameter Level Temp 

SUPPORT FUNCTIONS 
ECLREF IV +25°C 
ECLREF Voltage Drift14 v Full 
Offset Adjust Range v Full 

DIGITAL OUTPUTS7 

Logic "!" Voltage VI Full 
Logic "O" Voltage VI Full 

POWER SUPPL Y15 

Positive Supply Current ( + 5. OV) I +25°C 
VI Full 

Negative Supply Current (-5.2V) I +2S°C 
VI Full 

Nominal Power Dissipation v +25°C 
Power Supply Rejection Ratio16 

Full-Scale Range Sensitivity I +25°C 
Minimum Propagation Delay 

Sensitivity I +2S°C 

NOTES 
1 Absolure maximum ratings are limiting values, co be applied individually, 
and beyond which serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

2Typical thermal impedance 
24-PinCeramic 6JA = S6°C/W; 61c = 16°C/W 
28-PinPLCC(Plastic) 61A =60°CIW;61c = 22°C/W 
28-Pin Ceramic LCC 6JA = 69°C/W; 61c = 25°C/W 

3RsET= IOk!l(Full-scaledelay = !OOns). 
4The digital data inputs must remain stable for the specified time prior to 
the LATCH ENABLE signal. 

5The digital data inputs must remain stable for the specified rime after the 
LATCH ENABLE signal. 

6The TRIGGER and RESET inputs are differential and must be driven 
relative to one another. Both of these inputs are ECL compatible, but 
can also be used with TTL logic families in a limited fashion. 

70utputs terminated through 50fl resistors to - 2.0V. 

AD9500 
-25°C to +85°C -55°C to + 12s0c 
AD9500BP/BQ AD9500TErfQ 

Min Typ Max Min Typ Max Units 

-1.4 -1.3 -1.2 -1.4 -1.3 -1.2 v 
l.l l.l mVl°C 
-2 -2 mA 

-1.l -1.l v 
-1.5 -LS v 

24 28 24 28 mA 
30 30 mA 

37 42 37 42 mA 
44 44 mA 

312 312 mW 

70 300 70 300 psN 

150 500 150 500 psN 

'Program Delay = O.Ops (Digital Data = OOH)· In Operation, any 
programmed delays are in addition to the Minimum Propagation Delay. 

9Change in total delay through AD9500, exclusive of changes in minimum
propagation delay !po. 

10Measured from the 50% transition point of the reset signal input, to the 
50% transition point of the resetting output. 

11 Minimum time from falling edge of RESET ro triggering input,-to insure a 
valid output event. 

12 Minimum time from triggering event to rising edge of RESET, to insure a 
valid output event. 

"Measured from the LATCH ENABLE input to the point when the 
AD9500 becomes 8-bit accurate again, after a full-scale change in 
the programmed delay. 

14Standard !OK and IOKH ECL families operate with a 1. lmV!°C 
drift by design. 

15Supplyvoltages shouJ.d remain stable within ± 5% for normal operation. 
16Measured.at ± 5%of -V5 and +Vs. 

Specifications subject to change without notice. 

EXPLANATION OF TEST LEVELS 

Test Level 

REV. B 

I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Periodically sample tested. 
IV Parameter is guaranteed by design and characterization 

testing. 
V Parameter is a typical value only. 

VI All devices are )00% production tested at + 25°C. 100% 
production tested at temperature extremes for extended 
temperature devices; sample tested at temperature 
extremes for commercial/industrial devices. 
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AD9500 
ORDERING GUIDE 

. 
Package 

Model Temperature Range Description Options* 

AD9500BP - 25°C to + 85°C 28-Pin PLCC (Plastic), Industrial Temperature P-28A 
AD9500BQ - 25°C to + 85°C 24-Pin "Skinny" DIP, Industrial Temperature Q-24. 
AD9500TE -55°Cto + 125°C 28-Pin LCC, Extended Temperature E-28A 
AD9500TQ -55°Cto + 125°C 24-Pin "Skinny" DIP,Extended Temperature Q-24 

•E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see Package Information section. 

PIN NAME 

D4-D6 
D1(MSB) 

OFFSET ADJUST 

Cs 

+Vs 
TRIGGER 

TRIGGER 

RESET 

Q 

ECLCOMMON 

-Vs 
Rs 

GROUND 
LATCH ENABLE 

Do(LSB) 

FUNCTIONAL DESCRIPTION 

DESCRIPTION 

- One of eight digital inputs used to set the programmed delay. 
- One of eight digital inputs used to set the programmed delay. D7 (MSB) is the most significant bit of 

the digital input word. 
- ECL midpoint reference, nominally - l.3V. Use of the ECLREF• allows either of the TRIGGER or 

the RESET inputs to be configured for single-ended ECL inputs. 
- The OFFSET ADJUST is used to adjust the minimum propagation delay (tp0 ), by pulling or 

pushing a small current out of or into the pin. 
- Cs allows the full-scale range to be extended by using an external timing capacitor. The value of 

CEXT• connected between Cs and +Vs, may range from no external capacitance to O.lµF+. 
See Rs (C1NTERNAL = lOpF). 

- Positive supply terminal, nominally + 5.0V. 
- Noninverted input of the edge-sensitive differential trigger input stage, The output at Q will be 

delayed by the programmed delay, after the triggering event. The programmed delay is set by the 
digital input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

- Inverted input of the edge-sensitive differential trigger input stage. The output at Q will be· delayed 
by the programmed delay, after the triggering event. The programmed delay is set by the digital 
input word. The TRIGGER input must be driven in conjunction with the TRIGGER input. 

- Inverted input of the level-sensitive differential reset input stage. The output at Q will be reset 
after a signal is received at the reset inputs. In the "minimum configuration," the minimum output 
pulse width will be equal to the "reset propagation delay," tRo· The RESET input must be driven in 
conjunction with the RESET input. 

- Noninverted input of the level-sensitive differential reset input stage. The output at Q will be reset 
after a signal is received at the reset inputs. In the "minimum configuration," the minimum output 
pulse width will be equal to the "reset propagation delay," tRo· The RESET input must be 
driven in conjunction with the RESET input. 

- One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 
HIGH oh the Q output. A "resetting" event at the inputs will produce a logic LOW on the 
Q output 

- One of two complementary ECL outputs. A "triggering" event at the inputs will produce a logic 
LOW on the Q output. A "resetting" event at the inputs will produce a logic HIGH on the 
Q output. 

- QR output is parallel to the Q output. The QR output is typically used to drive delaying circuits 
for extending output pulse widths. A "triggering'' event at the inputs will produce a logic 
LOW on the. QR output. A "resetting" event at the inputs will produce a logic HIGH on the 
QR output. 

- The collector common for the ECL output stage. The collector common may be tied to + 5.0V, 
but normally it is tied to the circuit ground for standard ECL outputs. 

- Negative supply ·terminal, nominally -5.2V. 
- Rs is the reference current setting terminal. An external setting resistor, RsET• connected between 

Rs and - Vs determines the internal reference current. See Cs (250!l:SRsET:S50k!l). 
- The ground return for the TTL and analog inputs. 
- Transparent TTL latch control line. A logic HIGH on the LATCH ENABLE freezes the digital 

code at the logic inputs. A logic LOW on the LATCH ENABLE allows the internal current levels to 
be continuously updated through the logic inputs Do thru D7• 

- One of eight digital inputs used to set the programmed delay. D0 (LSB) is the least significant bit of 
the digital input word. 

- One of eight digital inputs used to set the programmed delay. 
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FEATURES 
Single +5 V Supply 
TTL and CMOS Compatible 
10 ps Delay Resolution 
2.5 ns to 10 µs Full-Scale Range 
Maximum Trigger Rate 50 MHz 
MIL-STD-883-Compliant Versions Available 

APPLICATIONS 
Disk Drive Deskewing 
Data Communications 
Test Equipment 
Radar I & Q Matching 

GENERAL DESCRIPTION 
The AD9501 is a digitally programmable delay generator which 
provides programmed time delays of an input pulse. Operating 
from a single +S V supply, the AD9501 is TTL- or CMOS
compatible, and is capable of providing accurate timing adjust
ments with resolutions as low as 10 ps. Its accuracy and 
programmability make it ideal for use in data deskewing and 
pulse delay applications, as well as clock timing adjustments. 

Full-scale delay range is set by the combination of an external 
resistor and capacitor, and can range from 2.5 ns to 10 µs for a 
single AD9501. An eight-bit digital word selects a time delay 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fax retrieval system at 1-800-446·6212. 

REV.A 

Digitally Programmable 
Delay Generator 

AD9501 I 
FUNCTIONAL BLOCK DIAGRAM 

D7 D• Da D, Di Dz D, Do DAC GND +v. +v. 
(MSBJ ILSB) OUTPUT 

within the full-scale range. When triggered by the rising edge of 
an input pulse, the output of the AD9501 will be delayed by an 
amount equal to the selected time delay (t0 ) plus an inherent 
propagation delay (tp0 ). 

The AD9501 is available for a commercial temperature range of 
0°C to + 70°C in a 20-pin plastic DIP, 20-pin ceramic DIP, and 
a 20-lead plastic leaded' chip carrier (PLCC). Devices fully cQm· 
pliant to MIL-STD-883 are available in ceramic DIPs. Refer 
to the Analog Devices Military Products Data book or current 
AD9501/883B data sheet for detailed specifications. 
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AD9501-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' 
Positive Supply Voltage ....•................. +7 V Operating Temperature Range 
Digital Input Voltage Range ............. -0.5 V to +Vs AD9501JN/JP/JQ ................... 0°c to +70°C 
Trigger/Reset Input Volt. Range .......... -0.5 V to +Vs 
Minimum RsET . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 n 
Digital Output Current (Sourcing) .............. 10 mA 
Digital Output Current (Sinking) ............... 50 mA 

AD9501SQ ..................... -55°C fo + 125°C 
Storage Temperature Range ........... -65°C to + 150°C 
Junction Temperature2 ..•••••••..•••••••••• + l 75°C 
Lead Soldering Temperature (IO sec) ............ + 300°C 

ELECTRICAL CHARACTERISTICS 
[+Vs= +5 V; Cm=Open; Rsu=3090 n (Full-scale range=100 ns); Pin 8 grounded; 
and device output connected to Pin 4 RESET input unless otheiwise noted] 

0°C to +70°C -55°C to + 125°C 
Test AD9501JN/)P/JQ AD9501SQ 

Parameter Temp Level Min Typ Max Min Typ Max Units 

RESOLUTION 8 8 Bits 

ACCURACY 
Differential Nonlinearity +25°C I 0.5 0.5 LSB 
Integral Nonlinearity +25°C I 1 1 LSB 
Monotonicity +25°C I Guaranteed Guaranteed 

DIGITAL INPUTS 
Latch Input "l" Voltage Full VI 2.0 2.3 v 
Latch Input "O" Voltage Full VI 0.8 0.8 v 
Logic "!" Voltage Full VI 2.0 2.0 v 
Logic "O" Voltage Full VI 0.8 0.8 v 
Logic "l" Current Full VI 60 60 µA 
Logic "O" Current Full VI 3 3 µA 
Digital Input Capacitance +25°C IV 5.5 5.5 pF 
Data Setup Time (ts)3 +25°C v 2.5 2.5 ns 
Data Hold Time (tH)4 +25°C v 2.5 2.5 ns 
Latch Pulse Width (tL) +25°C v 3.5 3.5 ns 
Reset/Trigger Pulse Width (tR, tT) +25°C v 2 2 ns 

DYNAMIC PERFORMANCE 
Maximum Trigger Rate5 +25°C IV 18 22 18 22 MHz 
Minimum Propagation Delay (tp0 ) 6 +25°C I 25 30 25 30 ns 
Propagation Delay Tempco7 Full v 25 25 psl°C 
Full-Scale Range Tempco Full v 36 36 psl°C 
Delay Uncertainty +25°C v 53 53 ps 
Reset Propagation Delay (tR0 ) 8 +25°C I 14.5 17.5 14.5 17.5 ns 
Reset-to-Trigger Holdoff (tTHo)9 +25°C v 4.5 4.5 ns 
Trigger-to-Reset Holdoff (tRHo)10 +25°C v 19 19 ns 
Minimum Output Pulse Width11 +25°C v 7.5 7.5 ns 
Output Rise Time12 +25°C I 2.3 3.5 2.3 3.5 ns 
Output Fall Time12 +25°C I 1.0 2.0 1.0 2.0 ns 
DAC Settling Time (tLD)13 +25°C v 30 30 ns 
Linear Ramp Settling Time (tLRs)14 +25°C v 20 20 ns 

DIGITAL OUTPUT 
Logic "l" Voltage (Source I mA) Full VI 2.4 2.4 v 
Logic "O" Voltage (Sink 4 mA) Full VI 0.24 0.4 0.24 0.5 v 

POWER SUPPL Y15 

Positive Supply Current (+5.0 V) Full VI 69.5 83 69.5 83 mA 
Power Dissipation Full VI 415 415 mW 
Power Supply Rejection Ratio16 

Full-Scale Range Sensitivity +25°C I 0.7 2.0 0.7 2.0 ns/V 
Minimum Prop Delay Sensitivity +25°C I 0.45 1.7 0.45 1.7 ns/V 
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AD9501 
NOTES 

1 Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper
ability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Typical thermal impedances: 20-lead plastic leaded chip carrier 01A=73'C/W; 01c=29'C/W. 20-pin ceramic DIP 01A=6S'C/W; 01c=20'C/W. 
20-pin plastic DIP 01A =6S'C/W; 01c=26'C/W. 

3Digital data inputs must remain stable for the specified time prior to the positive transition of the LATCH signal. 
4Digital data inputs must remain stable for the specified time after the positive transition of the LATCH signal. 
5Programmed delay (t0 )=0 ns. Maximum self-resetting trigger rate is limited to 6.9 MHz with 100 ns programmed delay. If t 0 =0 ns and external RESET sig
nal is used, maximum trigger rate is 23 MHz. 

6Programmed delay (t0 )=0 ns. In operation, any programmed delays are in addition to the minimum propagation delay (tp0 ). 

'Programmed delay (t0 )=0 ns. [Minimum propagation delay (tp0 )] 

8 Measured from 50% transition point of the RESET signal input to the 50% transition point of the falling edge of the output. 
9Minimum time from the falling edge of RESET to the triggering input to insure valid output pulse, using external RESET pulse. 

10Minimum time from triggering event to rising edge of RESET to insure valid output event, using external RESET pulse. Extends to 125 ns when programmed 
delay is 100 ns. 

11When self-resetting with a full-scale programmed delay. 
12Measured from +0.4 V to +2.4 V; source = l mA; sink= 4 mA. 
13Measured from the data input to the time when the AD9501 becomes 8-bit accurate, after a full-scale change in the program delay data word. 
14Measured from the RESET input to the time when the AD9501 becomes 8-bit accurate, after a full-scale programmed delay. 
15Supply voltage should remain stable within ±5% for normal operation. 
16Measured at +Vs= +5.0 V ±5%; specification shown is for worst case. 

Specifications subject to change without notice. 

REV.A 

EXPLANATION OF TEST LEVELS 

Test Level 
I I 00% production'. tested. 

II 100% production tested at + 25°C, and sample tested at 
specified temperatures. 

III Sample tested only. 

IV Parameter is guaranteed by design and characterization 
testing. 

V Parameter is a typical value only. 

VI All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at temp
erature extremes for commercial/industrial devices. 

ORDERING GUIDE 

Package 
Device Temperature Description Option* 

AD9501JN 0°c to +70°C 20-Pin Plastic DIP N-20 
AD9501JP 0°C to +70°C 20-Lead PLCC P-20A 
AD9501JQ 0°c to +70°C 20-Pin Ceramic DIP Q-20 
AD9501SQ -ss0c to +12S°C 20-Pin Ceramic DIP Q-20 

*N = Plastic DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip. For out
line information see Package Information section. 

SPECIAL FUNCTION COMPONENTS 21-51 

m 



AD9501 
DIE LAYOUT AND MECHANICAL INFORMATION 

Pin No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12-19 

20 

0 0 -07 

LATCH 
TRIGGER 

RESET 

t! t! t! 

I I I 
ir=• • • 

Name 

+Vs 

LATCH 

TRIGGER 

RESET 

DACOUTPUT 

CEXT 

Rs ET 

OFFSET ADJUST 

GROUND 

OUTPUT 

+Vs 

Do-D1 

GROUND 

+Vs 

tS tS Q 

I I I 
• • • MECHANICAL INFORMATION 

Die Dimensions ............... 89 x 153 x 15 ( ±2) mils 
Pad Dimensions ...................... , . .4 x 4 mils 
Metalization. . . . . ...................... Aluminum 
Backing ................................. None 
Substrate Potential ......................... Ground 
Passivation ............................ Oxynitride 
Die Attach .......................... Gold Eutectic 
Bond Wire ........ 1.25 mil, Aluminum; Ultrasonic Bonding 

or 1 mil, Gold; Gold Ball Bonding 

AD9501 PIN DESCRIPTIONS 

Function 

Positive voltage supply; nominally + 5 V. 

TTL/CMOS register control line. Logic HIGH latches input data D0-D7 • Register is transparent 
for logic LOW. 

TTL/CMOS-compatible input. Rising edge triggers the internal ramp generator, and begins the 
delay cycle. 

TTL/CMOS-compatible input. Logic HIGH resets the ramp voltage and OUTPUT. 

Output voltage of the internal digital-to-analog converter. 

Optional external capacitor connected to +Vs; used with RsET and 8.5 pF internal capacitor to 
determine full-scale delay range (tops). 

External resistor to ground, used to determine full-scale delay range (tops). 

Normally connected to GROUND. Can be used to adjust minimum propagation delay (tp0 ); see 
Theory of Operation text. 

Circuit ground return. 

TTL-compatible delayed output pulse. 

Positive voltage supply; nominally + 5 V. 

TTL/CMOS-compatible inputs, used to set the programmed delay of the AD9501 delayed output. 
D 0 is LSB and D7 is MSB. 

Circuit ground return. 

+Vs 

OUTPUT 

OFFSET 
ADJUST 

+Vs 

1280 

AD9501 Equivalent Circuits 

+Vs 

+Vs 

CexT 
1 
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FEATURES 
Phase and Frequency Detection 
ECL/TTL/CMOS Compatible 
Linear Transfer FunCtion 
No "Dead Zone" 
MIL-STD-883 Compliant Versions Available 

APPLICATIONS 
Low Phase Noise Reference Loops 
Fast-Tuning "Agile" IF Loops 
Secure "Hopping" Communications 
Coherent Radar Transmitter/Receiver Chains 

GENERAL DESCRIPTION 
The AD9901 is a digital phase/frequency discriminator capable 
of directly comparing phase/frequency inputs up to 200MHz. 
Processing in a high speed trench-oxide isolated process, com
bined with an innovative design, gives the AD9901 a linear de
tection range, free of indeterminate phase detection zones 
common to other digital designs. 

With a single +SV supply, the AD9901 can be configured to 
operate with TIL or CMOS logic levels; it can also operate with 
ECL inputs when operated with a -5.2V supply. The open
collector outputs allow the output swing to be matched to post
filtering input requirements. A simple current setting resistor 
controls the output stage current range, permitting a reduction 
in power when operated at lower frequencies. 

Ultrahigh Speed 
Phase/Frequency Discriminator 

REFERENCE 
INPUT 

AD9901 I 
PHASE-LOCKED LOOP 

OSCILLATOR 
OUTPUT 

A major feature of the AD9901 is its ability to compare phase
/frequency inputs at standard IF frequencies without prescalers. 
Excessive phase uncertainty which is common with standard 
PLL configurations is also eliminated. The AD9901 provides 
the locking speed of traditional phase/frequency discriminators, 
with the phase stability of analog mixers. 

The AD9901 is available as a commercial temperature range de
vice, 0°C to + 70°C, and as a military temperature device, -55°C 
to + 125°C. The commercial versions are packaged in a 14-pin 
ceramic DIP and a 20-pin PLCC. 

The AD9901 Phase/Frequency Discriminator is available fu ver
sions compliant with MIL-STD-883. Refer to the Analog De
vices Military Products Databook or current AD9901/883B data 
sheet for specifications. 

FUNCTIONAL BLOCK DIAGRAM 

D Q 

REFERENCE 
INPUT 

FLIP-FLOP 

o: 
REFERENCE 

INPUT 

D Q 

OSCILLATOR 
INPUT 

OSCILLATOR FLIP·FLOP 
INPUT 

Q 

This is an abridged data sheet. To obtain the most recent version or 
complete data sheet, call our fu retrieval system at 1·800-446-6212. 

REV.A 

D Q 
REFERENCE 
FREQUENCY 

DISCRIMINATOR 
FLIP-FLOP 

o: OUTPUT 
R 

OUTPUT 

D 
s 

Q 

OSCILLATOR 
FREQUENCY 

DISCRIMINATOR 
FUP·FLOP 

o: 
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AD9901-SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS' Operating Temperature Range 
Positiv!: Supply Voltage (+Vs for TTL Operation) .· ... +7V AD9901KQ/KP .................... 0°c to +10°c 
Negative Supply Voltage (-V8 for ECL Operation) ..... -7V Storage Temperature Range ........... -65°C to + 150°C 
Input Voltage Range (TTL Operation) ........ OV to +5.5V Junction Temperature2 

Differential Input Voltage (ECL Operation) .......... 4.0V Plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + l 50°C 
IsET Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12mA Ceramic ..... , ........................ + 175°C 
Output Current ........................... 30mA Lead Soldering Temperature (lOsec) ............ +300°C 

ELECTRICAL CHARACTERISTICS (±Vs= +5.0V [for TTL] or -5.2V [for ECLJ, unless otherwise noted) 

Commercial Temperature 
0°c to +10°c 

AD9901KQ/KP 
Test 

Temp Level Min Typ Max Units 

INPUT CHARACTERISTICS 
TTL Input Logic "l" Voltage Full VI 2.0 v 
TTL Input Logic "O" Voltl)ge Full VI 0.8 v 
TTL Input Logic "l" Current3 Full VI 0.6 mA 
TTL Input Logic "O" Current3 Full VI 1.6 mA 
ECL Differential Switching Volt. Full VI 300 mV 
ECL Input Current Full VI 20 µA 

OUTPUT CHARACTERISTICS 
Peak-to-Peak Output Voltage Swing4 Full VI 1.6 1.8 2.0 v 
TTL Output Compliance Range Fuil v 3-7 v 
ECL Output Compliance Range Full v ±2 v 
IouT Range Full v 0.9-11 mA 
Internal Reference Voltage Full VI 0.42 0.47 0.52 v 

AC CHARACTERISTICS 
Linear Phase Detection Range4 

40kHz +25°c v 360 Degrees 
30MHz +25°c v 320 Degrees 
70MHz +25°c v 270 Degrees 

Functionality @ 70MHz +25°c I Pass/Fail 

POWER SUPPLY CHARACTERISTICS 
TTL Supply Current ( +5.0V)" 6 +25°C I 43.5 54.0 mA 

Full I 43.5 54.0 mA 
ECL Supply Current (-5.2V)5 • 6 +25°c I 42.5 52.5 mA 

Full I 42.5 52.5 mA 
Nominal Power Dissipation +25°c v 218 mW 

NOTES 
'Absolute maximum ratings are limiting values, to be applied individuaUy, and beyond which the serviceability of the circuit may be impaired. Functional 
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability. 

'Maximum junction temperature should not exceed+ 175°C for ceramic packages, + 150°C for plastic packages. Junction temperature can be calculated by: 
t1 = PD (01A) +tA = PD (01c) +tc 

where: 
PD = power dissipation 
OJA = thermal impedance from junction to air (0C/W) 
91c =thermal impedance from junction to case (0 C/W) 
tA = ambient temperature ("C) 
le = case temperature (°C) 
typical thermal impedances: 

AD9901 Ceramic DIP = OJA = 74°C/W; 01c = 21°C/W 
AD9901 LCC =OJA= 80°C/W; 01c = 19°C/W 
AD9901 I;'LCC = OJA = 88.2°C/W; 01c = 45.2°C/W 

'VL = +0.4V; VH = +2.4V. 
4RsnT = 47 .5!1; RL = 1820. 
'Includes load current of lOmA (load resistors = 1820). 
6Supply should remain stable within ±5% for normal operation. 

Specifications subject to change without notice. 
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ORDERING GUIDE 

Package 
Model Temperature Description Option' 

AD9901KQ 0°c to +70°c 14-Pin Ceramic DIP Q-14 
AD9901KP o·c to +70°c 20-Pin PLCC P-20A 
AD9901 TQ/8832 -55°c to + 125°C 14-Pin Ceramic DIP Q-14 
AD9901 TE/8832 -ss0 c to +125°C 20-Contact Ceramic LCC E-20A 

NOTES 
1E = Leadless Ceramic Chip Carrier; P = Plastic Leaded Chip Carrier; Q = Cerdip. 
For outline information see Package Information section. 

2For specifications, refer to Analog Devices Military Products Databook. 
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EXPLANATION OF TEST LEVELS 
Test Level 
I 100% production tested. 
II 100% production tested at + 25°C, and sample tested at 

specified temperatures. 
III Sample tested only. 
IV Parameter is guaranteed by design and characterization 

testing. 

v 
VI 

Parameter is a typical value only. 
All devices are 100% production tested at + 25°C. 
100% production tested at temperature extremes for 
extended temperature devices; sample tested at 
temperature extremes for commercial/industrial 
devices. 

PIN CONFIGURATIONS 
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ECL DIP Pinouts 
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FEATURES 
85 MHz Minimum Clock Rate 
32-Bit Phase Accumulator 

· 12-Bit Sine Output 
>90 dB Spurious Free Dynamic Range 
Continuous Frequency Update 
On-Board Data Ready Signal .. 

APPLICATIONS 
Frequency Synthesizers 
DDS Tuning 
Digital Demodulation 
FM Modulators 

PSELn-----

BREN 

F[0:31] 

FREQUENCY 
CONTROL 

WORD 
BUFFER 

REGISTER 

BRCLK FCLD 

COUT 

i!! ~ 
CJ " ... 

85 MHz Direct 
Digital Synthesizer 

AD9955 I 
GENERAL DESCRIPTION 
The AD9955 is a 85 MHz direct digital synthesizer for fre
quency synthesis applications. It comprises a 32-bit phase accu
mulator and a 15-bit phase-to-12-bit sine amplitude converter. 
The control. logic is CMOS compatible, and the clock input is 
TTL. CMOS outputs are latched on board, and a data ready 
signal is provided. 

Designed for applications in communications, instrumentation, 
and military systems, the AD9955 can be combined with a clock 
reference and a DAC su,ch as the AD9713B or AD9721 to form 
a digitally-controlled analog frequency reference. 

The AD9955 is available in an 80-lead plastic quad flatpack 
(PQFP) for commercial (O°C to + 70"C) temperature range appli
cations. Contact the factory for information concerning the avail
ability of a military temperature range device. 

FUNCTIONAL BLOCK DIAGRAM 

RSTO TCMS 

CLK 
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SPECIFICATIONS AD9955 
ELECTRICAL CHARACTERISTICS (+Vs= +5 V; fcLK = 40 MHz; CL= 20 pF, unless otherwise noted) 

Test AD9955 
Parameter (Conditions) Temperature Level Min Typ Max Units 

CMOS INPUTS' 
Logic "l" Voltage Full II 3.5 v 
Logic "O" Voltage Full II 1.5 v 
Logic "l" Current Full II 1.0 µA 
Logic "O" Current Full II -1.0 µA 
Input Capacitance +25°C v 10 pF 

CMOS OUTPUTS 
Logic "l" Voltage (Vrn) Full II 4.5 v 
Logic "O'' Voltage (V 11.) Full II 0.4 v 
Logic "I" Current Full II 12 mA 
Logic "O" Current Full II 12 mA 
Output Capacitance +25°C v 3 pF 

TTL INPUTS2 

Logic "l" Voltage Full IV 2.0 v 
Logic "O" Voltage Full II 0.8 v 
Logic "l" Current Full II 1.0 µA 
Logic "O" Current Full II -1.0 µA 
Input Capacitance +25°C v 4 pF 

POWER SUPPLIES 
+Vs Current3 

CLK = 50 MHz Full IV 120 160 mA 
CLK = 100 MHz +25°C v 240 mA 

Nominal Power Dissipation 
CLK = 50MHz +25°C v 600 mW 
CLK = 100 MHz +25°C v 1.2 w 
Relative to Frequency +25°C v 11.5 mW/MHz 

AC SPECIFICATIONS4 

Clock Update Rate (CLK)5 Full IV 85 100 MHz 
Frequency Update Rate (BRCLK)6 Full II 40 MHz 
Clock Pulse Width 

CLK Digital "I" Full IV 7.9 5.7 ns 
CLK Digital "O" Full IV 3.8 2.2 ns 

Frequency Update Pulse Width 
BRCLK Digital "l" Full II 10 ns 
BRCLK Digital "O'' Full II 10 ns 

Input Rise/Fall Times 
CLK Rise Time Full IV 2 ns 
CLK Fall Time Full IV 2 ns 
BRCLK Rise Time Full IV 5 ns 
BRCLK Fall Time Full IV 5 ns 

BRCLK Input Timing 
Setup Time Ctcs, tEs/ Full II 5 2 ns 
Hold Time CtcH, tEH)7 Full IV 5 1.8 ns 

CLK Input Timing 
Setup Time (tLs)8 Full IV 2.0 0.7 ns 
Hold Time (tLH)8 Full IV 2.0 0.7 ns -RESET 0 Timing 
Setup Time (tRsJ9 Full IV 6 ns 
Hold Time (tRH)9 Full IV 6 ns 

Output Timing Characteristics 
Data Output Delay (t00) 10 Full IV 3.4 6.1 8.7 ns 
DRDY Output Delay (t0 R) 10 Full IV 4.7 7.5 10 ns 
Output Data Setup Time (t08)1 1 Full IV 0.8 1.9 ns 

Carry Output Delay12 +2S°C v 7.7 ns 
Spurious-Free Dynamic Range (SFDR) 

Worst Case Spur13 +2S°C v >90 dBc 
Latency of Initial Data14 +2S°C v 14 Clock Cycles 
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NOTES ... •. . . . . .... · 
'Includes F[0:31], PSEL, BRE?lt; FCLD, CIN, tGLE, BRCLK, TcMs; and RSTO~ 
20nly the clock (CLK) is TTL compatible. 
'foUT = 112 fci;K. See performance curves,. 1 
4Nominal conditions (Vm ... ~3.4. V;.V1L = OA V). 
'Bssed on minimum clock pulse width duty cycle (68% HIGH @ 85 MHz). 
6This specification defines the maximum rate at which the output frequency runing word (F[0:31]) can be updsted. 
'Referenced to 2.5 V point of rising edge ofBRCLK, specified for F[0:31], BREN. 
'Referred to rising edge of CLK, specified for FCLD. CIN setup lime is typically 1.2 ns, specified for .. FCLD, CIN. 
"Referred to 1.6 V point of the rising edge of CLK. See Timing Diagram. ' 
!()Referenced to 1.6 V point of the rising edge of CLK for 1.6 V point of the rising/falling edge of SIN (0: 11]; or the falling edge of DRDY. Lcisd is showri 

below. . 
uReferenced from 1.6 V point of the rising/falling edge of SIN[O:ll] to 1.6 V point of the falling edge of DATA READY. Specified driving AD9713B; no addi' 

tional capacitive load. · · · · · 
12Referenced from 1.6 V point of rising edge of CLK to 1.6 V point of the rising/falling edge of COUT. 
"Based on proprietary phase-to-sine algorithm, TGLE HIGH. 
14Referred to _CLK for FCLD higb. See Timing Diagram. 

EXPLANATION OF TEST LEVELS 

Test Level 
I 100% production tested. 
II 100% prod\lction tested at + 25°C; parameter is 

guaranteed by desigii. and characterization at temp
erature extremes. 

III Sample tested 'only. 
IV Parameter is guaranteed by de&gn and characterization 

testing. 
V Parameter is a typical value only. 
Parameters based on characterization testing have limits based on 6 sigma of · 
a normal distribution; typical values are the mean of the distribution. 

ABSOLUTE MAXIMUM RATINGS' 
Supply Voltage (+Vs) ................ -0.5 V to +7 V 
lnputVoltage .............. .':. -0.5 V to +Vs +0.5 V 
Output Voltage Swing ........... -0.5 V tti +Vs +0.5 V 
Operating Temperature Range (Ambient) ..... 0°C to +70°C 
Maximum Junction Temperature2 •••••••••••••• + 150°C 
Storage Temperature Range ........... -65°C to + 150°C 
Lead Temperature (soldering, 10 seconds) ......... +250°C 

NOTES 
1 Absolute maximum ratings are limiting values to be applied individually, and 
beyond which the serviceability of the citcuit may be imjlaired. Functional 
operability is not necessarily implied. Exposure to absolute maxinium rating 
conditions for an extended period of time may affect device rdiability. 

2Typical thermal impedance; part soldered in place: 
6JA = 62'C/W . 
61c = 7"CIW. 
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ORDERING GUIDE 

Temperature Package 
Model Range Package Description Option1 

AD9955KS-662 0°c to +70°C SO-Terminal Plastic S-SO 
Quad Flatpack 

AD9955KS~6~ OOC to +70°C SO-Terminal Piastic S-SO 
Quad_ Flatpack 

AD9955/PCB NIA DDS Evaluation Board 

NOTES 
'For outline infohiiation see Package Information section. 

· 2Model AD9955KS-66 units are shipped in a standard JEDEC tray;' inini-
mum order quantity is 66 units (I full tray). , 

'AD9955KS-6 units are shipped in a nonstandard tray; ~um oi:der 
quantity is 6 units (I full tray). Three nonstandard trays will fit in!'. stan
dard JEDEC tray outliJ\e, allowing use with standard iis8e1ll~ly equipment. 
Contact factory for details. · ' · 

NOTE: All units are dry packed to inhibit moisnn:e -a~rption. Units which 
are exposed to air. for more than 48 hours should be bal<ed for 24 l!ours at 
+ 125"C prior to assembly. · · · · · 

+SV _AD9.713B. 

AD9955 Load Circuit 
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AD9955 PIN DESCRIPTIONS 

Name 

GND 

+Vs 
BRCLK 

CLK 

F[0:31] 

BREN 

FCLD 

DROY 

Description 

Ground Reference Voltage Connection. 
Positive voltage powet connectfon, nomi.nally +5 V. 
Buffer Register Clock., DatiJ.inputs are loaded into 
the Frequency Control Word Buffer Register on the 
rising edge of BRCLK when register .is enabled 
(BREN input at Logic "l"). 
System Clock. Continuous T'I'L signal for 
synchronizing all internal oJierations, except loading 
of Frequency Control Word Buffer Register; rising 
edge initiates synchr~tion. 
32 parallel data inputs for loading frequency tuning 
word. 
Buffer Load Enable Signal. Enables loading of data 
into the Frequency Control Word Buffer Register. 
If BREN is logic "O," register retains its contents. If 
BREN is Logic "l," theFrequency Control Word 
Buffer Register either (l) parallel loads the data 
present at F[0:31] inputs (PSEL = HIGH) or (2) 
serially shifts data present at F[31] input (PSEL = . 

LOW). 
Frequency Control Load Enable Signal. FCLD = 
HIGH enables loading of data from Frequency 
Control Word Buffer Register into Frequency 
Control Register. Loading takes place on next rising 
edge of CLK signal. FCLD = LOW disables 
loading of data. · 
Data Ready Signal. Output data (SIN [O: 11]) is 
valid on the rising edge of DROY, which tracks 
propagation delay variations of the output data vs. 
temperature. The duty cycle of DROY is dependent 
on the duty cycle of the CLK input. The DROY 
signal should be used only for applications which 
have a very high clock rate (85 Msps) and 'require 
operation over a wide temperature range. Normally 
allowed to float. 

CIN Carry-In signal is provided as the carry input to the 
least significant bit (LSB) of the 32-bit adder in the 
phase accumulator. This signal is used as the carry 
input only if the TGLE signal is a logic zero; carry 
has 1 LSB weight, and is used for stacking units for 
64-b!t DDS. Normally tied to ground. 

TGLE Carry Toggle Enable. When HIGH, die CIN sigI!ll! 
is disabled, and the Carry-In toggles internally 
between HIGH and LOW on each' clock (CLK) 
: cycle to reduce .the worst case spurious response· of 
the digital outpilt'signal by 3.92 dB. Normally tied 
to ground. · 

TCMS Twos Complement/Magnitude Mode Select. Selects 
binary output' fonilat of data on SIN[O: ll] outputs. 
IfTCMS is a Logic "l," format of output data at 
SIN[O:ll] is in twos complement format. IfTCMS 
is a Logic "0," data is binary unsigned magnitude. 
format. Normally tied to ground. 

SIN[O: 11] 12 parallel data bits comprising the sine data output. 
Frequency of the sine data outputs is defmed by the 

REV.A 

Name Description 

Frequency Control Register (.:l phase) as 

four = fcLK ( .:l ~~:se) 
Binary data format of 12-bit samples is either twos 
complement or unsigned magnitude, determined by 
TCMS signal. , 

RSTO Reset Phase to Zero Signal. Activates synchronous 
reset of the Phase Accumulation Register to a 
binary value of "O," or zero radians. Reset is 
enabled when RSTO is a Logic "l" and takes place 
on rising edge of system clock (CLK). Normally 
low. 

COUT Carry-Out signal output of the 32-bit adder in the 
phase accumulator; used for stacking two AD9955 
units for 64-bit DDS. Normally allowed to float. 

PSEL Parallel/Serial Frequency Control Word Buffer 
Input Selector. Selects mode for loading the Buffer 
Register. If a load is enabled (BREN = "l"), and 
PSEL is a Logic "l,'' data is parallel loaded into the 
Frequency Control Word Buffer Register from the 
F0:31] inputs on the next rising edge of BRCLK. If 
a load is enabled and PSEL is a Logic "O," data is 
serially shifted into the Frequency Control Word 
Buffer Register from the F[31] input on rising edge of 
BRCLK. 

PIN DESIGNATIONS 

GND 

a 
n~n~~~n~n 
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DIE INFORMATION 
Die Dimensions ..•..•....... 215 x.199 x 20.7 (±1) mils 
Pad Dimensions ..... : ..............•.•. 4 x 4 mils 
Metalization •..................•..•... Aluminum 
Backing ...... · ...•..........•........... None 
Substrate Potential . . . . . . . . . . . . . . . . . . . . . . . . Ground 
Passivation . . . . , . • • . . . . . . . . . . • . • • . . . . . Oxynitiide 
DiC Attach ....•....•...•..•...•..... : .... Epoxy 
Bond Wire ..........•...............•..... Gold 

SINO(MS8) 
SIN1 
SIN2 
SIN3 

56· GNO 
SIN4 
SINS 
SIN6 
SIN7 
•Vs 

so- SINS 
SIN9 

~~~~~~;;;;;;;;;~;;:;~mi!== ::~~~ (LSB) 
GND 

AD9955 Chip Layout 

FIXED 
FREQUENCY 
REFERENCE 

GENERATES SAMPLES 
OF A SINE WAVE 

J I CONVERT$ SINE 
SAMPLES INTO 

ANALOG SIGNAL 

r:- - - - - DlGITALCWtCUIT- - - - -, /' 
SINE 

AMPLITUDE 
CONVERTER 

DIGITAL· 
TO. 

ANALOG 
CONVl!RTER 

SPECIFIES OUTPUT 
FREQUENCY AS · 

FRACTION OF CLOCK 
FREQUENCY .. 11111111111111111 

Figure 1. Block Diagram of DDS Generator 

DDS 
Direct digital synthesis (DOS) is a method of deriving a wide· 
band, digitally controlled frequency (sine wave) synthesizer from 
a single reference frequency (system clock). 

The circuit has three major componentS: 

l. Phase accumulator 
2. Phase~to-amplitude converter 
3. Digital-to-analog converter 

These major stages and their relationships to one another are 
illustrated in the block diagram shown above. 

The phase accumulator is a digital device which generates the 
phase 4:icrement of the output waveform. Its input is a digital 
word which (with the reference oscillator) determines the fre
quency of the output waveform. The output of the phase accu
mulator stage represents the current phase of the generated 
waveform. In effect, the accumulator serves as a variable
frequency oscillator generating a digital ramp. The frequency of 
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.the signal is defined by Aphase as 

. /!lphase Aphase 
four= AphaseMAXfcwcK = -r fcLOCK 

Translating pha~ in(ormation from the phase accumulator into 
amplitude data takes p~ce in the phase-to-amplitude converter. 
This is most commonly accomplished by means of a look-up 
table (LUT) stored in. memory, but may be calculated instead 
using a digital algorithm to minimize circuit compleXity and/or 
increase the update rate. · 

In the final 11tep of frequency synthesis, amplitude data is con• 
verted into an analog signal. This is done by a digital-to-analog 
(D/A) converter which must have good linearity; low glitch 
impulse; and fast, s~etrical rise and fall times. When it dqes, 
the frequency synthesizer is able to produce a spectrally pure 
waveform. · · · 
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F[0:31] ~)----------------1,\---------------

BRCLK~)----------------1,I---------------

BREN ~S.--------------....c;lr----------------
CLK 

FCLD 

RSTO 

________ _, 

-------------.... ~------' 

IRS RESET SETUP TIME 

IRH RESET HOLD TIME 

RESET 
CONDITION RESET 

Figure 2. Reset Timing 

AD9955 DIRECT DIGITAL SYNTHESIZER 
The AD9955 is a digital device which integrates a 32-bit phase 
accumulator and 15-bit phase to 12-bit sine amplitude converter 
(see block diagram). The circuit is fabricated in a CMOS pro
cess technology, and designed to minimize the number of exter
nal devices necessary to implement a high speed DDS system. 

Phase Accumulator Architecture 
The phase accumulator is comprised of 8 pipelined, 4-bit adder 
cells to achieve the typical 100 MHz operation. The pipelined 
accumulator requires the use of input data alignment registers 
between the frequency control register and the accumulator to 
maintain the phase-coherent switching characteristics of the 
DDS. The alignment registers on the 16 least significant bits of 
the accumulator were eliminated to save power and reduce the 
number of pipeline delays; this results in a maximum phase dis
continuity of 0.005°. 

240 ..---.--.---.----'-,--.---.T-~i:-~_1_----. 

220 1-~~ ... ~--+---+---+---+-Vcc - +SV; CL= 20pF; 
;t' ~ TEMP= +25°C 

£. 200 t--l--"<t--1--1--1--1--1--1---1 

~ 180 l--ll--l~l-~""""-l--l'---l--11--11--1 
~ ':tr---
~ 160 1--t-. -t--t-7..,t-=i-..~::--l--t--t--l 

~ 140 l--FCt-L_K_=-+1o_o_M_Ht-z--+---+---+-r--.....-="'1--..,,--t---I .. ~ 
~ 120 1-..... r--t--t--t--t--t--t--t--l i 100 l--+~--'l"-dt--'--+t----1J::Ji--FC] JSOMHi _ 

80 l--t--t--1--t-..,-t--""1""" ...... "t"":il::::---+-~-l 

60 ..___..___..___..___..___..___..___..___..____. 

1 

OUTPUT FREQUENCY (~) 
fCLOCK 

Figure 3. Power Supply Current vs. Output Frequency 

REV.A 

The accumulator incorporates carry input and output pins (CIN 
and COUT) to enable stacking of devices to achieve greater than 
32-bit resolution. In normal operation, CIN will be connected to 
ground, and COUT allowed to float. 

An additional feature of the AD9955 accumulator is controlled 
by the TGLE pin. With this pin tied HIGH, the CIN pin is 
disabled and the carry input is internally toggled on successive 
clock cycles. The toggling of the carry input has two major ben
efits. The theoretical worst case spur is reduced by 3.92 dB, 
making the worst case spurious free dynamic range of the 
SIN[O: 11) outputs 90.3 dBc. In addition, the DDS spur 
performance is made more consistent versus frequency due to 
the randomizing of the errors introduced by possible DAC 
nonlinearities. 

Resetting the AD9955 
The synchronous reset function (RSTO) resets the output of the 
phase accumulator to zero radians, allowing the user to initialize 
the AD9955 from a known state. A .reminder: the RSTO signal 
does not affect the contents of the alignment registers on either 
side of the adders. To properly reset the AD9955 to zero radians 
(SIN[O: 11) = 1000 0000 0000), perform the following steps in 
th~ order listed: 

1. Frequency input should be preloaded to zero (F[0:31] = O; 
see loading the AD9955). 

2. Four clock cycles must pass to clear the prealignment 
registers. 

3. The RSTO signal should go HIGH for at least 12 ns, and 
meet required setup (tRsl and hold (tRHl times. 

4. Nine additional clock cycles must pass to clear the post
alignment registers and allow the new tuning word (0 radi
ans) to propagate through the phase to sine amplitude 
conversion circuitry. 

Critical timing .and pipeline delays required for resetting the 
AD9955 are illustrated in the reset timing diagram. After the 
RSTO signal is returned to LOW, a new frequency can be 
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F[0:31} 
FREQUENCY2 · x------:!~)-----------------

'---~~/ '~----st--------:-------------
BREN 

CL.I( 

DRDY 

RESET RESET 
CONDITION CONDITION 

fcs FREQUENCY CONTROL WORD SETUP TIME 
fct. FREQUENCY CONTROL WORD HOLD TllE 
fes BUFFER REGISTER ENABLE SETUP TIME 

IEH BUFFER REGISTER ENABLE HOLD TIME t,,,, DATA REAQY DELAY 
loo OUTPUT DATA DELAY ILS FREQUENCY CONTROL WORD LOAD SETUP TIME 

ILH FREQUENCY CONTROL WORD LOAD HOLD TIME t.,.. OUTPUT DATA SETUP TIME 

Figure 4. Parallel Mode Timing 

lOaded into the frequency control register; the SIN[O: 11] outputs 
will remain atthe miclscale valut!' fot 14 clock cycles while the 
new tuning word propagates through the AD9955. 

Loading the Freqaency Control Word 
For convenience, the frequency control register is double buff
ered at the inputs to allow asynctironous loading of a new fre
quency. control word. The frequency control word buffer 
register can be liladed m either parallel (PSEL = HIGH) or 
serial (PSEL = LOW) mode. The data is clocked on the rising 
edge of the BRCLK signal when the BREN pin is held HIGH. 
In serial mode, the datil is fed through the LS.B (F[3l1) and 
requires multiple clock edges to shift in data. 

Once new frequency data is loaded into the frequency control 
word buffer' it is passed into the frequency control register on 
the next rising edge of the CLK sigiial following a HIGH sigiial 
on the FCLD pm: The new frequenc}r contr<ll word is then used 
as 'the input to the phase accumulator and it begins td accumu
late at the nc:W rate. The Pitrallel Mode Timing.diagram illus~ 
tiates th~ critical timing relationships for !Oading new frequency 
data into the AD9955 from the reset condition; thesii relatfon• 
ships remain the same for any arbitrary condition. 

Phase to Siiie Architecture 
The phase to sine amplitude converter cii!culates the sine ampli
tude using a proprietary algorithm for the first 90° of the sine 
cycle, and takes advantage of the symmetry of the waveform to 
calculate the remaining quadrants. Only .. the 15 most significant 
bits of the phase accuinulator output are needed to achj.eve the 
12-bit accuracy of the SiN[O: 11] outputs. · · 

In normal operation cfGLE = LOW), the frequency tuning 
word may take oii ~th odd and even Wlues. Odd frequ~cy 
input words will result m a spurious free dynaniic ~e (SFDR) 
of 90.3 dBc, while even frequency words may have spurious fre
quency content as high as 86.4 dBc. ThC carry toggle feature 
discussed above guarantees a worst case SFDR of the frequency 

' tuning words of 90.3 dBc. 
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The architecture and implementation of the . phase to sme algo
rithm uses several compression techniques to reduce ilie amount 
of internal memory required, and to guarantee a minimum 
throughput rate' of 85 MHz; a new benchmark for CMOS DDS 
circuits.' Accordiiigly, the CLK input is TTL logic compatible, 
and buffered internaJly to minimize input capacitance. Although 
most devices will operate with a 50% duty cycle on CLK input, 
guaranteed operation at 85 MHz will require adjustment of 
clock duty cycle (see specification table). AU other inputs and 
outputs are CMOS logic compatible. 

SIN Outputs 
The SIN[o:n] outputs of the phase to·sine conv~ion circtiitry 
are latched at the output to n1inin1ize data skew. The TCMS 
control signlll specifies the format of the output diita as either 
binary unsigned magnitude or two's complement format. The 
output data is valid on the rising edge of the data ready sigiial 
(DRDY), and is designed to track the temperature variation of 
the output data. The DRDY sigpal is not recommended for 
clocking the DAC because of phase uncenairity (jitter). The par
allel mode timing diagram also illustrates the timing relati1;1n
ships relevant to capturing the output. ~ta, and also the pipeline 
delays associated with loading a new frequency word. The 
curves below show the typical propagation delays of SIN[O:l 1] 
and DRDY vs. ter,nperature. · 

SERIAL MODE OPERATION 
Serial data iS shifted into Pm F31 on the rising edge of the 
BRCLK. The setup and hold times shown m Figure 4 (Parallel 
Mode Timing) apply to loading serial data as well. Thirty-two 
cycles of the BRCLK are needed to shift the entire frequency 
control word into the Frequency Control Word Buffer Register. 
Bits are clocked iri ascending order, F[31], F[30], F[29] .•• 
with the MSB clocked m last, A HIGH signal on the FCLD pm 
allows all 32 bits to pass to the Frequency Control Register on 
the next rising ed$C of the CLK: 
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AD9955 
Applications Iilformation 
The AD9955 can be used in digital demodulation applications to 
provide a digital frequency reference, or combined with a DAC 
to provide an analog frequency reference. In the latter applica
tion, a DAC with exceptional ac performance is required. The 
diagram below gives a recommended hookup for a complete 
direct digital synthesizer employing the AD9955 and the 
AD9721, a 10-bit 100 Msps DAC. 

As in all high speed applications, proper layout is critical; it is 
particularly important when both analog and digital signals are 
involved. Analog signal paths should be kept as short as possi
ble, .and properly terminated to avoid reflections. 

Digital signal paths should also be kept short, and run lengths 
matched to avoid propagation delay mismatch. In the diagram, 
series resistors ( 130 ohms) are inserted in the connections 
between the SIN[0:9] outputs of the AD9955 and the data 
inputs of the AD9721 (Di-D10) to reduce data feedthrough 
effects and to insure that the setup and hold times of the 
AD972 l's input register are met over the commercial tempera
ture range (0°C to + 70°C). 

Layout of the ground circuit is a critical factor. A single, low 
impedance ground plane will reduce noise on the circuit ground. 
Power supplies should be capacitively coupled to the ground 
plane to reduce noise in the circuit. Multilayer boards allow 
designers to lay out signal traces without interrupting the 
ground plane, and provide low impedance power planes. 

Evaluation Board 
An evaluation board is available which combines the AD9955 
and either the AD9713B, an 80 Msps 12-bit DAC, or the 
AD9721, a 10- bit 100 Msps DAC, both of which are supplied 
with the board. This simplifies the. task of evaluating and char
acterizing the DDS synthesizer. The block diagram shown in 
Figure 9 illustrates its operation.· For. more information, please 
consult the AD9955/PCB data sheet. · 

DROY ---------
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Figure 7. AD9955/AD9721 DDS Synthesizer 
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Figure 8. AD9955 Output .Spectrum 
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Figure 9. AD9955 DDS Evaluation Board Setup 

Table I. Recommended Operation 

Input Voltage 

Parameter Min Nominal Max 

+Vs 4.75 5.0 5.25 
CLK· 0 TTL +Vs 
BRCLK,PSEL,BREN, 0 CMOS +Vs 
FCLD, CIN, TGLE, 
TCMS, RSTO, F[0:31] 
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Figure 11. AD9955/AD9721 Output Spectrum Figure 14. AD9955/AD9721 Output Spectrum 
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Figure 12. AD9955/AD9721 Output Spectrum Figure 15. AD9955/AD9721 Output Spectrum 
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GENERAL DESCRIPTION 
Analog Devices offers a broad line of modular ac/dc power sup
plies that provide both OEMs and designers a reliable, easy to 
use, low-cost solution to their power requirements. Models are 
available in PC mountable and chassis mountable designs with 
5 volt to 15 volt (single, dual, triple) outputs and current ratings 
from 100 mA to 5 amps. Since these modular supplies are fully 
encapsulated, no trimming or external component selection is 
necessary; simply mount the unit, connect power and output 
leads, and you're on the air! Most Analog Devices' power sup
plies are available from stock in both large and small quantities 
with substantial discounts being applied to large quantity orders. 

AC/DC POWER SUPPLY FEATURES 
• Current Limit Short Circuit Protection 
• PC Mounted and Chassis Mounted Versions 
• Single ( + 5 V), Dual ( ± 15 V), and Triple 

(±15 V/+5 V) Output Supplies 
• Current Outputs: 

100 mA to 500 mA for Dual and Triple Output Supplies 
1000 mA to 5000 mA for Single Output Supplies 

• Wide Input Voltage Range 
• Low Output Ripple and Noise 
• Excellent Line & Load Regulation Characteristics 
• High Temperature Stability 
• Free-Air Convection Cooling; No External Heat Sink Required 

Power Supplies 
Modular AC/DC Power Supplies 

GENERAL SPECIFICATIONS 
Power Requirements 

Input Voltage Range: 
Frequency: 

Electrical Specifications 
Temperature Coefficient: 
Output Voltage Accuracy: 

Breakdown Voltage: 
Isolation Resistance: 
Short Circuit Protection: 

105 V ac to 125 V ac 
50 Hz to 250 Hz 

0.02%1°C 
±2%, max 
See Specifications Table 
500 V rms, min 
SOMO 
All ac/dc power supplies 
employ current limiting. 
They can withstand sub
stantial overload including 
direct short. Prolonged 
operation should be avoided 
since excessive temperature 
rises will occur. 

Environmental Requirements 
Operating Temperature 
Range: -25°C to +71°C 

Storage Temperature 
Range: -25°C to +85°C 

SPECIFICATIONS -Typical@ +25°C and ll5 V ac 60 Hz unless otherwise noted* 

Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current max max Voltage Noise Dimensions 

Type Model Volts mA % % Error max mV rms max Inches 

902 ±15 ±100 0.02 0.02 +300mV 0.5 3.5X2.5x J.25 
-OmV 

"O Dual 902-2 ±15 ±JOO 0.02 0.02 +300 mV 0.5 3.5X2.5x0.875 
~ Output -OmV 
= 920 ±15 ±200 0.02 0.02 +300mV 0.5 3.5x2.5x 1.25 0 

:::;: -OmV 
"O 925 ±15 ±350 0.02 0.02 ±1% 0.5 3.5x2.5x 1.62 ... .. 
0 Single 905 1000 0.02 0.05 ±1% 3.5 x 2.5 x 1.25 =i 

~ Output 922 2000 0.02 0.05 ±1% 3.5 x 2.5 x 1.62 

Triple 923 ±15 ±100 0.02 0.02 ±1% 0.5 3.5X2.5X J.25 
Output +5 500 0.02 0.05 ±1% 0.5 

Dual 970 ±15 ±200 0.05 0.05 ±2% 4.4x2.7x 1.45 
"'"O Output 975 ±15 ±500 0.05 0.05 ±2% 4.4X2.7X2.00 ·; ! 
"'= .. = 955 1000 0.05 0.15 ±2% 2 4.4X2.7X J.45 
o~ Single 976 3000 0.05 0.10 ±2% 100 (p-p typ) 4.75X2.7XJ.45 

Output 977 5000 0.05 0.10 ±2% 100 (p-p typ) 4.75X2.7XJ.45 

*Consult Analog Devices Power Supplies Catalog for additional information. 
Specifications subject to change without notice. 
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Power Supplies 
Modular DC/DC Converters 

GENERAL DESCRIPTION 
Analog Devices' line of compact dddc converters offers system 
designers a means of supplying a reliable, easy to use, low cost 
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple 
characteristics. 

Nine models are offered in four power levels of 1 watt, 
1.8 watts, 4.5 watts and 6 watts. Input voltage versions include 
5 volt, 12 volt and 28 volt with output ranges as follows: 
+5 volt, ±12 volts and ±15 volts at ±40 mA to 1000 mA 
output current capability. 

Most models are high efficiency (typically over 60% at full load) 
and feature complete 6-sided continuous shielding for EMI/RFI 
protection. A 'Tr-type input filter is contained, in some models, 
which virtually eliminates the effects of reflected input ripple 
current. Most Analog Devices' dddc converters are available 
from stock in both large and small quantities with substantial 
discounts being applied to large quantity orders. 

DC/DC POWER SUPPLY FEATURES 
• Inaudible (>20 kHz) Converter Switching Frequency 
• Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt 

and 1.8 Watt Models 
• Output Short Circuit Protection (Either Output to Common) 
• Automatic Restart After Short Condition Removed 
• Automatic Starting with Reverse Current Injected into 

Outputs 
• Low Output Ripple and Noise 
• High Temperature Stability 
• Free Air Convection Cooling 

No external heat sink or specification derating is required 
over the operating temperature range. 

GENERAL SPECIFICATIONS FOR 1 W AND 1.8 W 
MODELS 
Line Regulation - Full Range: ±0.3% (±1% max, 949) 
Load Regulation - No Load to Full Load: ±0.4% 

(±0.5% max, 949) 
Output Noise and Ripple: 20 mV p-p, with 15 11F tantalum 

capacitor across each output (2 mV rms max, 949) 
Breakdown Voltage: 300 V de min (500 V de min, 949) 
Input Filter Type: 'Tr 
Operating Temperature Range: -25°C to +71°C 
Storage Temperature Range: -40°C to + 125°C 

( + 100°c, 949) 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dddc converter's full load input current. 

GENERAL SPECIFICATIONS FOR 4.5 WAND 6 W 
MODELS 
Line Regulation - Full Range: ±0.07% max (±0.02% max, 

960 Series) (±0.1 % max, 943) 
Load Regulation - No Load to Full Load: ±0.07% max 

(±0.02% max, 960 Series) (±0.1% max, 943) 
Output Noise and Ripple: 1 mV rms max 
Breakdown Voltage: 500 V de min 
Input Filter Type: 'Tr 
Operating Temperature Range: -25°C to +71°C 
Storage Temperature Range: -40°C to + 125°C 
Fusing: If input fusing is desired, we recommend the use of a 

slow blow type fuse that is rated at 150%-200% of the 
dddc converter's full load input current. 

SPECIFICATIONS - Typical @ + 25°C at nominal input voltage unless otherwise noted* 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient Fnll Load Dimensions 

Model Volts mA Volts Volts Fnll Load Error max re max min Inches 

943 1000 5 4.75/5.25 1.52 A ±1% ±0.02% 62% 2.0x2.0x0.38 
958 100 5 4.5/5.5 200mA ±5% ±0.01 % (typ) 50% l.25x0.8X0.4 
941 ±12 ±150 5 4.75/5.25 1.17 A ±1% ±0.01% 58% 2.ox2.oxo.38 
960 ±12 ±40 5 4.5/5.5 384mA ±5% ±0.01 % (typ) 50% l.25x0.8x0.4 
962 ±15 ±33 5 4.5/5.5 396mA ±5% ±0.01% (typ) 50% l.25X0.8X0.4 
966 ±15 ±190 12 11.2/13.2 710mA ±1% ±0.005% (typ) 62% (typ) 2.ox2.oxo.38 
949 ±15 ±60*"'! 5 4.65/5.5 0.6A ±2% ±0.03% 58% 2.0X l.OX0.375 
940 ±15 ±150 5 4.75/5.25 1.35 A ±1% ±0.01% 62% 2.ox2.ox0.38 
945 ±15 ±150 28 23/31 ·25omA ±0.5% ±0.01% 61% 2.ox2.oxo.38 

NOTES 
1Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mA) over an input voltage range 
of 4.65 V de and 5.5 V de. 

*Consult Analog Devices Power Supplies Catalog for additional information. 
**Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 mA. 
Specifications subject to change without notice. 
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Package Information 
Contents 

MIL-M38510 
ADI Letter PMILetter Package Applicable 
Designator Designator Description Configuration Page 

Side Brazed DIP (Ceramic) 

D-8 8-Lead 23-5 
D-14 YB* 14-Lead Dl-3 23-5 
D-16 QB* 16-Lead D2-3 23-5 
D-18 XB* 18-Lead D6-3 23-5 
D-20 20-Lead D8-3 23-5 
D-22 RB* 22-Lead 23-5 
D-24 VB* 24-Lead 23-5 
D-24A 24-Lead (Single Width) 23-5 
D-28 TB* 28-Lead Dl0-3 23-5 
D-28A 28-Lead (Single Width) 23-5 
D-40 40-Lead 23-5 
D-48 48-Lead 23-5 

Side Brazed DIP for Hybrids (Ceramic) 

DH-24A 24-Lead 23-5 
DH-28 28-Lead 23-5 

Bottom Brazed DIP (Ceramic) 

DH-40A 40-Lead 23-6 
DH-48A 48-Lead 23-6 

Leadless Chip Carrier (Ceramic) 

E-20A RC 20-Terminal C-2 23-6 
E-28A TC 28-Terminal C-4 23-6 
E-44A 44-Terminal 23-6 
E-68A 68-Terminal C-7 23-6 

Flatpack (Ceramic) 

F-2A 2-Lead 23-7 

Pin Grid Array (Ceramic) 

G-68A 68-Lead 23-7 
G-lOOA 100-Lead 23-7 
G-223 223-Lead 23-7 

Pin Grid Array (Plastic) 

223-PPGA 223-Lead 23-7 

Metal Can 

H-02A 2-Lead 23-8 
H-03A 3-Lead (T0-52) 23-8 
H-03B 3-Lead (T0-5 Style) 23-8 

H 6-Lead (T0-78) 23-8 
H-08A J 8-Lead (T0-99) 23-8 -H-lOA K 10-Lead (T0-100) A-2 23-8 
H-12A 12-Lead (T0-8 Style) 23-8 

*Special order only. 
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MIL-M38S10 
ADI Letter PMILetter Package Applicable 
Designator Designator Description Configuration Page 

Plastic 

T0-92 3-Lead 23-8 

J-Leaded Chip Carrier 

J-28 28-Lead 23-9 
J-44 44-Lead 23-9 
J-68 68-Lead 23-9 

Metal Platform (DIP) 

M-40 40-Lead 23-9 
M-46 46-Lead 23-9 

Plastic DIP 

N-8 p 8-Lead 23-10 
N-14 p 14-Lead 23-10 
N-16 p 16-Lead 23-10 
N-18 p 18-Lead 23-10 
N-20 p 20-Lead 23-10 
N-22 p 22-Lead 23-10 
N-24 p 24-Lead 23-10 
N-24A p 24-Lead (Double Width) 23-10 
N-24B 24-Lead 23-10 
N-28 p 28-Lead 23-10 
N-28A p 28-Lead 23-10 
N-40A p 40-Lead 23-10 
N-48 p 48-Lead 23-10 

Plastic Leaded Chip Carrier (PLCC) 

P-20A PC 20-Lead 23-10 
P-28A PC 28-Lead 23-10 
P-44A 44-Lead 23-10 
P-68A 68-Lead 23-10 

Plastic Quad Flatpack 

P-100 100-Lead 23-11 

Cerdip 

Q-8 z 8-Lead 04-1 23-11 
Q-14 y 14-Lead Dl-1 23-11 
Q-16 Q 16-Lead 02-1 23-11 
Q-18 x 18-Lead 06-1 23-11 
Q-20 R 20-Lead 08-1 23-11 
Q-22 22-Lead 23-11 
Q-24 w 24-Lead 03-1 23-11 
Q-24A 24-Lead (Wide Body) 23-11 
Q-28 T 28-Lead 010-1 23-11 
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MIL-M38510 
ADI Letter PMI Letter Package Applicable 
Designator Designator Description Configuration Page 

Small Outline (SO) 

R-8 8-Lead 23-12 
S0-8 8-Lead 23-12 

R-14 S0-14 14-Lead 23-12 
R-16A S0-16 16-Lead 23-12 
R-16 SOL-16 16-Lead (Wide Body) 23-12 
R-18 SOL-18 18-Lead 23-12 
R-20 SOL-20 20-Lead 23-12 
R-24 SOL-24 24-Lead 23-12 
R-24A 24-Lead 23-12 
R-28 SOL-28 28-Lead 23-12 

Shrink Small Outline Package (SSOP) 

RS-20 20-Lead 23-12 
RS-24 24-Lead 23-12 
RS-28 28-Lead 23-12 

Plastic Quad Flatpack (PQFP) 

S-44 44-Terminal 23-13 
S-52 52-Terminal 23-13 
S-64 64-Terminal 23-13 
S-80 SO-Terminal 23-13 
S-160 160-Terminal 23-13 

Thin Quad Flatpack (TQFP) 

ST-48 48-Lead 23-13 
ST-64 64-Lead 23-13 

Thin Small Outline Package (TSOP) 

U-32 32-Lead 23-14 

Leaded Chip Carrier (Ceramic) 

Z-8A 8-Lead 23-14 
Z-16A 16-Lead 23-14 
Z-16B 16-Lead 23-14 
Z-16C 16-Lead 23-14 
Z-28 28-Lead 23-14 
Z-40 40-Lead 23-14 
Z-68 68-Lead 23-14 
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Package Information-Outline Dimensions 

Side Brazed DIP (Ceramic) 

~·--1 

.,.,f::o~ 

~-;A 
-i ~ l--b+I 

0.100 (2.54) BSC 

ADI Letter PMI Letter Product '* ~ 
Designator Designator Description Min Max Min 

D-8 8-Lead 0.512 (13.005) 0.528 (14.41) 0.280 (7.11) 
D-14 YB** 14-Lead 0.785 (19.94) 0.290 (7.37) 
D-16 QB** 16-Lead 0.840 (21.34) 0.290 (7 .37) 
D-18 XB** 18-Lead 0.960 (23.38) 0.290 (7 .37) 
D-20 22-Lead 1.060 (26.92) 0.290 (7.37) 
D-22 RB** 20-Lead 1.111 (28.22) 0.290 (7 .37) 
D-24 VB** 24-Lead 1.290 (32. 77) 0.590 (14.99) 
D-24A 24-Lead (Single Width) 1.280 (32.51) 0.290 (7.37) 
D-28 TB** 28-I,.ead 1.490 (37 .85) 0.590 (14.99) 
D-28A 28-Lead (Single Width) 1.480 (37.59) 0.290 (7.37) 
D-40 40-Lead 2.096 (53.24) 0.521 (13.23) 
D-48 48-Lead 2.376 (60.35) 2.424 (63.57) 0.520 (13.21) 

*For complete package dimensions see reference manual or data sheet. 
**Special order only 

Side Brazed DIP for Hybrids (Ceramic) 

~·--1 .,.,f:::::::: l_l 

~-;A 
-i ~ l--b+I 

0.100(Z.54)BSC 

ADI Letter PMII.etter Product '* a· 

Designator Designator Description Min Max Min 

DH-24A 24-Lead 1.212 (30.79) 0.590 (14.99) 
DH-28 28-Lead 1.414 (35.92) 0.590 (14.99) 

*For complete package dimensions see reference manual or data sheet. 

I 

b '* 
Max Min Max 

0.320 (8.13) 0.210 (5.33) 
0.320 (8.13) 0.200 (5.08) 
0.320 (8.13) 0.200 (5.08) 

0.320 (8.13) 0.200 (5.08) 
0.320 (8.13) 0.200 (5.08) 
0.320 (8.13) 0.200 (5.08) 

0.620 (15.75} 0.225 (5. 72) 
0.320 (8.13) 0.200 (5.08) 
0.620 (15.75) 0.225 (5. 72) 

0.320 (8.13) 0.200 (5.08) 
0.630 (16.00) 0.225 (5. 72) 
0.630 (16.00) 0.225 (5. 72) 

b* '* 
Max Min Max 

0.620 (15.75) 0.225 (5. 72) 
0.610 (15.49) 0.225 (5. 72) 
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Package Information-Outline Dimensions 

J---a---1 
16 

PIN1 

"-II·' • 11 

I ~ l-d-1 
'i;J_["JJ:J_QJ;u;;u;u;;ilf R 

-+I l+-
0.100(2.54)BSC l--b -j 

Bottom Brazed DIP (Ceramic) 

ADI Letter PMILetter Product " * b* * d* 

Designator Designator Description Min Max Min Max Min Max Min Max 

DH-40A 40-Lead 2.07 4 (52.68) 2.116 (53.75) 0.89 (22.61) 0.91 (23.11) 0.225 (5.72) 1.08 (27.41) 1.10 (27.97) 
DH-48A 48-Lead 2.450 (62.23) 2.500 (63.50) 0.990 (25.15) 1.010 (25.65) 0.177 (4.50) 0.233 (5.92) 1.287 (32.69) 1.313 (33.35) 

*For complete package dimensions see reference manual or data sheet. 

~ .Jc f+ 
Leadless Chip Carrier (Ceramic) 0.050 (1.27) BSC 

ADI Letter PMI Letter Product " * b* * 
Designator Designator Description Min Max Min Max Min Max 

E-20A RC 20-Terminal 0.342 (8.69) 0.358 (9.09) 0.342 (8.69) 0.358 (9.09) 0.064 (1.63) 0.100 (2.54) 
E-28A TC 28-Terminal 0.442 (11.23) 0.458 (11.63) 0.442 (11.23) 0.458 (11.63) 0.064 (1.63) 0.100 (2.54) 
E-44A 44-Terminal 0.640 (16.26) 0.662 (16.82) 0.640 (16.26) 0.662 (16.82) 0.064 (1.63) 0.100 (2.54) 
E-68A 68-Terminal 0.940 (23.88) 0.965 (24.51) 0.940 (23.88) 0.965 (24.51) 0.065 (1.65) 0.103 (2.62) 

*For complete package dimensions see reference manual or data sheet. 
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Flatpack (Ceramic) 

ADI Letter 
Designator 

F-2A 

PMI Letter 
Designator 

Product 
Description 

2-Lead 

POSITIVE LEAD 
INDICATOR r----a____, 

=~:~~II 
...i. 

~~~=,,=,,~,~~5;~,,~"~"~"~"~"~,,~~>~t-r 

a* 

r Min Max 1 Min 

] 0.250 (6.35) ] 0.081 (2.06) 

*For complete package dimensions see reference manual or data sheet. 

CERAMIC 

1-a--J 

[g]J 
__i 

I c 
""w~n=-u-=u-=u-u=-u-~rn-·u+ Pin Grid Array (Ceramic) 

ADI Letter PMI Letter Product 
Designator Designator Description Min 

G-68A 68-Lead 1.080 (27.43) 
G-lOOA 100-Lead 1.308 (33.22) 
G-223 223-Lead 1.844 ( 46.84) 

*For complete package dimensions see reference manual or data sheet. 

Pin Grid Array (Plastic) 

ADI Letter 
Designator 

223-PPGA 

PMILetter 
Designator 

Product 
Description 

223-Lead 

I Min 

] 1.856 (47.14) 

*For complete package dimensions see reference manual or data sheet. 

I 

0.105 (2.67) 
0.095(2.41) 

~ i.-
0 0 0 0 0 0 0 0 01" 1 ~ 0.105 (2.67) 

~~o o o o o o o~~ ~T0.095(2.41) 

oo GUIDEPIN, oo 4 
O O ONLY O O 5 

"' TOPVIEW o o 1 

00 00 8 

00 00 9 

0@00 00 00 O@O 10 
0 0 0 0 0 0 0 0 0 tt 

·* a· 

Max Min 

1.110 (28.19) 1.080 (27 .43) 
1.332 (33.83) 1.308 (33.22) 
1.876 (47.65) 1.844 ( 46.84) 

a* 

Max ] Min 

1.864 (47.35) ] 1.856 (47.14) 

b* c* 

Max ] Min Max 

0.093 (2.36) ] 0.044 (1.12) 0.066 (l.68) 

PLASTIC 
C.112(2.54) 

0.088(2.24) 

@JJ 
~-----~--'-'-,~ . .i 0.112(2.84) 

;~ .0.088(2.24) 

" 

' 
------------ - 1 

_L 
'c;;Irn;;;;IT:;;;ITlf~lfIT~IT~~IT~~IT~ITlf:;;;IT;;;;rn~~~ c 

b* 

Max Min 

1.110 (28.19) 0.123 (3.12) 
1.332 (33.83) 
1.876 (47.65) 0.138 (3.51) 

b* 

Max J Min 

1.864 (47.35) J 0.130 (3.30) 

·* 
Max 

0.164 (4.17) 
0.169 ( 4.29) 
0.164 (4.17) 

c* 

Max 

0.166 (4.22) 
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2-LEAD 3-LEAD 

14"b .j 

8-LEAD 10-LEAD 

Metal Can 

ADI Letter PMILetter Product a" 
Designator Designator Description Min Max Min 

H-02A 2-Lead 0.209 (5.31) 0.230 (5.84) 1.125 (3.17) 
H-03A 3-Lead (T0-52) 0.209 (5.31) 0.230 (5.84) 0.115 (2.92) 
H-03B 3~Lead (T0-5 Style) 0.335 (8.51) 0.370 (9.40) 0.165 (4.19) 

H 6-Lead (T0-78) 0.335 (8.51) 0.370 (9.40) 0.175 (4.45) 
H-08A J 8-Lead (T0-99) 0.335 (8.51) 0.370 (9.40) 0.175 ( 4.45) 
H-IOA K 10-Lead (T0-100) 0.335 (8.51) 0.370 (9.40) 0.175 ( 4.45) 
H-12A 12-Lead (T0-8 Style) 0.592 (15.04) 0.615 (15.62) 0.148 (3.76) 

*For complete package dimensions see reference manual or data sheet. 

,,_v..., 
o.841(1.15) r-·~ 

Plastic 

ADILetter 
Designator 

T0-92 

PMILetter 
Designator 

Product 
Description 

3-Lead 

(J 1====1~·----: t T : : b 

~c~ ~---J l 
a* 

I Min Max J Min 

I 0.110 (4.32) 0.210 (5.33) I 0.115 (4.45) 

*For complete package dimensions see reference manual or data sheet. 

6-LEAD 

12-LEAD 

b" 

Max 

0.150 (3.81) 
0.150 (3.81) 
0.185 (4.70) 

0.230 (5.84) 
0.230 (5.84) 
0.230 (5.84) 
0.226 (5.74) 

b* c* 

Max J Min Max 

0.205 (5.21) I 0.125 (3.18) 0.165 (4.19) 



~ 
(") 

~ 
~ 

~ 
::0 

~ 
:::! 
Q 
<: 
I\) 

<r3 
(0 

o.osoi_I 
(1.27) 
BSC T 

~cl 
J-Leaded Chip Carrier 

ADI Letter PMI Letter Product a" 
Designator Designator Description Min Max 

J-28 28-Lead 0.498 (12.65) 0.491 (12.47) 
J-44 44-Lead 0.680 (17 .27) 0.700 (17.78) 
J-68 68-Lead 0.980 (24.89) 1.000 (25.4) 

*For complete package dimensions see reference manual or data sheet. 

i---- a -----i 

1 
.,.,I;~ c.c c .- cc -.c c-.c c ;.-. ~Jj 

Metal Platform (DIP) 

ADI Letter PMI Letter Product a" 
Designator Designator Description Min Max 

M-40 40-Lead 2.145 (54.483) 
M-46 46-Lead 2.380 (60.45) 

*For complete package dimensions see reference manual or data sheet. 

I 

b" c" 

Min Max Min Max 

0.489 (12.42) 0.491 (12.47) 0.125 (3.18) 
0.680 (17.27) 0.700 (17.78) 0.100 (2.54) 0.135 (3.43) 
0. 980 (24.89) 1.000 (25.4) 0.100 (2.54) 0.135 (3.43) 

b" c * 
Min Max Min Max 

1.145 (29.083) 0.19 (4.83) 
1.580 (40.13) 0.231 (5.87) 
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~r:·:~ 
Plastic DIP 

___ _t 

uuuuuuuu~ /tb~ 

ADI Letter PMILetter Product 
Designator Designator Description 

N-8 p 8-Lead 
N-14 p 14-Lead 
N-16 p 16-Lead 

N-18 p 18-Lead 
N-20 p 20-Lead 
N-22 p 22-Lead 
N-24 p 24-Lead 

N-24A p 24-Lead (Double Width) 
N-24B 24-Lead 
N-28 p 28-Lead 
N-28A p 28-Lead 

N-40A p 40-Lead 
N-48 p 48-Lead 

+I I+ 
0.100 (2.54) BSC 

·* a 

Min Max 

0.348 (8.84) 0.430 (10.92) 
0. 725 (18.42) 0. 795 (20.19) 
0.745 (18.92) 0.840 (21.34) 

0.845 (21.46) 0.925 (23.49) 
0.925 (23.50) 1.060 (26.90) 
1.020 (25.91) 1.080 (27 .43) 
1.125 (28.58) 1.275 (32.39) 

1.150 (29.21) 1.290 (32. 77) 
1.185 (30.10) 1.205 (30.60) 
1.380 (35. l 0) 1.565 (39.75) 
1.440 (36.58) 1.450 (36.83) 

2.080 (52.83) 
2.385(60.58) 2.480 (62.99) 

*For complete package dimensions see reference manual or data sheet. 

Plastic Leaded Chip Carrier (PLCC) 12 18 

ADI Letter PMILetter Product s ·* 
Designator Designator Description Min Max 

P-20A PC 20-Lead 0.385 (9. 78) 0.395 (10.03) 
P-28A PC 28-Lead 0.485 (12.32) 0.495 (12.57) 
P-44A 44-Lead 0.685 (1 7.40) 0.695 (17 .65) 
P-68A 68-Lead 0.885 (22.48) 0.995 (25.27) 

*For complete package dimensions see reference manual or data sheet. 

Min 

0.300 (7.62) 
0.300 (7.62) 
0.300 (7.62) 

0.300 (7 .62) 
0.300 (7 .62) 
0.300 (7 .62) 
0.300 (7 .62) 

0.600 (15.24) 
0.330 (8.40) 
0.600 (15.24) 
0.594 (15.09) 

0.580 (14.73) 
0.590 (14.99) 

Min 

0.385 (9.78) 
0.485 (12.32) 
0.685 (17 .40) 
0.885 (22.48) 

·* b* -

Max Min Max 

0.325 (8.26) 0.210 (5.33) 
0.325 (8.26) 0.210 (5.33) 
0.325 (8.26) 0.210 (5.33) 

0.325 (8.26) 0.210 (5.33) 
0.325 (8.26) 0.210 (5.33) 
0.325 (8.26) 0.210 (5.33) 
0.325 (8.26) 0.210 (5.33) 

0.625 (15.88) 0.250 (6.35) 
0.346 (8.80) 0.142 (3.60) 0.162 (4.10) 
0.625 (15.88) 0.250 (6.35) 
0.606 (15.39) 0.200 (5.08) 

0.620 (15. 75) 0.200 (5.08) 
0.630 (16.0) 0.250 (6.35) 

b* '* 
Max Min Max 
0.395 (10.03) 0.165 (4.19) 0.180 (4.57) 
0.495 (12.57) 0.165 (4.19) 0.180 ( 4.57) 
0.695 (17.65) 0.165 (4.19) 0.180 (4.57) 
0.995 (25.27) 0.169 ( 4.29) 0.175 (4.45) 
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Plastic Quad Flatpack 

ADI Letter 
Designator 

P-100 

PMI Letter 
Designator 

Product 
Description 

100-Lead 

-I c 

I Min 

l 0.897 (22.78) 

0.030(0.76) 
0.020(0.51) 

a* 

Max J Min 

0.903 (22.94) 1 0.897 (22.78) 

*For complete package dimensions see reference manual or data sheet. 

Cerdip 

~a ::-;::-;:::-;:j 

''\~ : : : : : : ~] 
,----~l... 

~;fl 
-i 14-

0.100 (2.54) BSC 

ADI Letter PMI Letter Product B * 
Designator Designator Description Min Max Min 

Q-8 z 8-Lead 0.405 (10.29) 0.290 (7.37) 
Q-14 y 14-Lead 0.785 (19.94) 0.290 (7.37) 
Q-16 Q 16-Lead 0.840 (21.34) 0 .290 (7 .3 7) 

Q-18 x 18-Lead 0.960 (24.38) 0.290 (7.37) 
Q-20 R 20-Lead 1.060 (26.92) 0.290 (7 .37) 
Q-22 22-Lead 1.175 (29.85) 0.390 (9.09) 

Q-24 w 24-Lead 1.280 (32.51) 0 .290 (7 .3 7) 
Q-24A 24-Lead (Wide Body) 1.280 (32.51) 0.590 (15.00) 
Q-28 T 28-Lead 1.490 (37 .85) 0.590 (14.99) 

*For complete package dimensions see reference manual or data sheet. 

I 

b* c* 

Max 1 Min Max 

0.903 (22.94) l 0.160 (4.06) 0.180 (4.57) 

b* * 
Max Min Max 

0.320 (8.13) 0.200 (5.08) 

0.320 (8.13) 0.200 (5.08) 
0.320 (8.13) 0.200 (5.08) 

0.320 (8.13) 0.200 (5.08) 

0.320 (8.13) 0.200 (5.08) 

0.420 (10.67) 0.200 (5.08) 

0.320 (8.13) 0.200 (5.08) 

0.620 (15.75) 0.200 (5.08) 

0.620 (15.75) 0.225 (5.72) 
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Small Outline (SO) 

ADI Letter PMI Letter Product 
Designator Designator Description 

R-8 8-Lead 
S0-8 8-Lead 

R-14 S0-14 14-Lead 

R-16A S0-16 16-Lead 
R-16 SOL-16 16-Lead (Wide Body) 
R-18 SOL-18 18-Lead 

R-20 SOL-20 20-Lead 
R-24 SOL-24 24-Lead 
R-24A 24-Lead 
R-28 SOL-28 28-Lead 

IA;;fj a~ 
PIN1~T 
'~-1 

.i 
b@~H~O~H~H~H~H~H~tJ· c Ji c=:J l 

+I i. • 
0.0500 (1.27) BSC 

'* '.!' 
Min Max Min 

0.1890 (4.80) 0.1968 (5.00) 0.1497 (3.80) 
0.1890(4.80) 0.1968 (5.00) 0.1497 (3.80) 
0.3367 (8.55) 0.3444 (8. 75) 0.1497 (3.80) 

0.3859 (9.80) 0.3937 (10.00) 0.1497 (3.80) 
0.3977 (10.10) 0.4133 (10.50) 0.2914 (7.40) 
0.4469 (11.35) 0.4625 (11. 75) 0.2914 (7.40) 

0.4961 (12.60) 0.5118 (13.00) 0.2914 (7.40) 
0.5985 (15.20) 0.6141 (15.60) 0.2914 (7.40) 
0.586 (14.88) 0.606 (15.39) 0.205 (5.21) 
0.6969 (17. 70) 0.7125 (18.10) 0.2914 (7.40) 

*For complete package dimensions see reference manual or data sheet. 

Shrink Small Outline Package (SSOP) 
0.0256 (0.65) BSC 

ADI Letter PMILetter Product '* a' 

Designator Designator Description Min Max Min 

RS-20 20-Lead 0.271 (6.90) 0.295 (7 .50) 0.205 (5.21) 

RS-24 24-Lead 0.318 (8.08) 0.328 (8.33) 0.205 (5.21) 
RS-28 28-Lead 0.397 (10.08) 0.407 (10.34) 0.205 (5.21) 

*For complete package dimensions see reference manual or data sheet. 

Max Min Max 

0.1574 (4.00) 0.094 (2.39) 0.102 (2.59) 
0.1574 (4.00) 0.0532 (1.35) 0.0688 (1. 75) 
0.1574 (4.00) 0.0532 (1.35) 0.0688 (1. 75) 

0.1574 (4.00) 0.0532 (1.35) 0.0688 (1. 75) 
0.2992 (7 .60) 0.0926 (2.35) 0.1043 (2.65) 
0.2992 (7.60) 0.0926 (2.35) 0.1043 (2.65) 

0.2992 (7 .60) 0.0926 (2.35) 0.1043 (2.65) 
0.2992 (7.60) 0.0926 (2.35) 0.1043 (2;65) 
0.221 (5.61) 0.067 (1.70) 0.089 (2.25) 
0.2992 (7 .60) 0.0926 (2.35) 0.1043 (2.65) 

b* '* 

Max Min Max 

0.212 (5.38) 0.068 (1. 73) O.D78 (1.98) 
0.212 (5.38) 0.068 (1.73) O.D78 (1.98) 
0.212 (5.38) 0.068 (1. 73) 0.078 (1.98) 
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Plastic Quad Flatpack (PQFP) 

ADI Letter PMII..etter Product 
Designator Designator Description Min 

S-44 44-Terminal 0.390 (9.91) 
S-52 52-Terminal 0.390 (9.91) 
S-64 64-Terminal 
S-80 80-Terminal 0.7834 (19.90) 
S-160 160-Terminal 1.098 (27.89) 

*For complete package dimensions see reference manual or data sheet. 

0.033(0.84) 
Cl.029(0.74) 

a* 

Max 

0.398 (10.11) 
0.398 (10.11) 
0. 787 (20.0) 
0.7913 (20.10) 
1.106 (28.09) 

-l 1-Thin Quad Flatpack (TQFP) 
0.031 (0.80) BSC 

ADI Letter PMII..etter Product a" 
Designator Designator Description Min Max 

ST-48 48-Lead 0.272 (6.91) 0.280 (7.11) 
ST-64 64-Lead 0.547 (13.89) 0.556 (14.12) 

*For complete package dimensions see reference manual or data sheet. 

I 

b* c* 

Min Max Min Max 

0.390 (9.91) 0.398 (10.11) 0.096 (2.44) 
0.390 (9.91) 0.398 (10.11) 0.084 (2.13) 0.094 (2.39) 

0.551 (14.0) 0.122 (3.10) 
0.6948 (17.65) 0.7145 (18.15) 0.1338 (3.40) 
1.096 (27 .84) 1.106 (28.09) 0.160 (4.06) 

b" '* C' 

Min Max Min Max 

0.272 (6.91) 0.280 (7.11) 0.067 (1. 70) 
0.547 (13.89) 0.556 (14.12) 0.063 (1.60) 
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Thin Small Outline Package (TSOP) 

ADI Letter 
Designator 

U-32 

PMILetter 
Designator 

Product 
Description 

32-Lead 

a.. . -~ ~n 
I. _!_ 

~·~~-l-

a* 

I Min Max TMin 

~i 0.0197 
T (0.50) 
T BSC 

b* 

Max 

10,720 (18.30) 0.728 (18.50) 10.307 (7.80) 0.323 (8.20) 

*For complete package dimensions see reference manual or data sheet. 

Z..08, Z-16A,BC, Z-28 

; _. 14:-;:a ~ PIN1 

?i~~ ~~m1 -icl-ii- -
0.056(1.40) 

~ 

Lea_declChip Carrier (Ceramic) · 

ADI Letter PMILetter Product 
Designator Designator Description 

Z-8A 8-Lead 
Z-16A 16-Lead 
Z-16B 16-Lead 
Z-16C 16-Lead 

Z-28 28-Lead 
Z-40 40-Lead 
Z-68 68-Lead 

0.350 
(9.89) 

j_ 

REFT 

-i c L 

Min 

0.250 (6.35) 
0.442 (11.23) 
0.542 (13.77) 
0.391 (9.93) -

0.710 (18.03) 
2.074 (52.68) 
0.940 (23.88) 

*For complete package dimensions see reference manual or data sheet. 

TOPVIEW 

-I i-
0.100 (2.54) SSC 

·* ~ b* 

Max Min Max 

0.260 (6.60) 0.250 (6.35) 0.260 (6.60) 
0 .. 458 (11.63) 0.442 (11.23) 0.458 (11.63) 
0.558 (14.17) 0.542 (13.77) 0.558 (14.17) 
0.405 (10'.29) 0.2 (6.3) 0.260 (6.60) 

0.730 (18.54) 0.490 (12.45) 0.510 (12.95) 
2.116 (53.75) 1.079 (27.41) 1.101 (27.97) 
0.960 (24.38) 0.940 (23.88) 0.960 (24.38) 

J Min 

l 0.037 (0.94) 

-+Ii
O.D50(1.27)BSC 

Min 

0.018 (0.46) 
0.103 (2.62) 
0.113 (2.87) 
0.018 (0.46) 

0.092 (2.34) 

c* 

Max 

0.0410 (l.04) 

·* 

Max 

0.098 (2.49) 
0.133 (3.38) 
0.143 (3.63) 
0.098 (2.49) 

0.217 (5.51) 
0.118 (2.997) 
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Ordering Guide 
INTRODUCTION 
This Ordering Guide should make it easy to order Analog Devices products. It will help you: 

1. Find the correct part number for the options you want. 

2. Get a price quotation and place an order with us, or one of our authorized distributors. 

3. Know our warranty for components and subsystems. 

For answers to further questions, call the nearest sales office (listed on pages 24-16 and 24-17) or our main office in Norwood, 
Massachusetts U.S.A. (617-329-4700). 

MODEL NUMBERING 
In this reference manual many of the data sheets for products having a number of standard options contain an Ordering Guide. Use 
it to specify the correct part number for the exact combination of options you want. Two model numbering schemes are used by 
Analog Devices. The first model numbering scheme is used for designating standard Analog Devices monolithic and hybrid products. 
The second scheme is used by our Precision Monolithics Division (formerly PMI) as designators for its product line. 

Figure 1 shows the form of model number used for our proprietary standard monolithic !Cs and many of our hybrids. It consists of 
an "AD" (Analog Devices) prefix, a 3-to-5-digit number,* an alphabetic performance/temperature-range designator and a package 
designator. One or two additional letters may immediately follow the digits ("A" for second-generation redesigned !Cs, "DI" for 
dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD). 

Figure 2 shows a different numbering scheme used by our Precision Monolithics Division. This numbering scheme starts with a pre
fix which designates the device type and model number. It is then followed by a suffix consisting of alphabetic designators (as appli
cable) to indicate additional functional designations or options and packaging options. 

[NANN] 
ADXXXXAY Z 

~_r· 
. ..., 

x 
THREE-TO-FIVE 1 
DIGIT NUMBERS J 
1 OR 2 LETTERS PROVIDE 
ADDITIONAL GENERAL INFORMATION 
A: SECOND GENERATION 
DI: DIELECTRICALLY ISOLATED 
Z: OPERATION ON± 12V SUPPLIES 

PERFORMANCE TEMPERATURE 
RANGE DESIGNATOR1 

• INCREASING 
I PARAMETRIC 

{ J PERFORMANCE 
O"C TO +70"C K 

L 
M BEST OVERALL 

PERFORMANCE 

{ t INCREASING 
-25°C OR -we A PERFORMANCE 

TO +8S"C ~ BEST OVERALL 
PERFORMANCE 

{ S t INCREASING 
-SS"C TO + 125,,C T PERFORMANCE 

U BEST OVERALL 
PERFORMANCE 

PACKAGE OPTIONS: 
D HERMETIC DIP, CERAMIC OR METAL 
E CERAMIC LEADLESS CHIP CARRIER 
F CERAMIC FLATBACK 
G CERAMIC PIN GRID ARRAY 
H HERMETIC MET AL CAN 
J J-LEADED CERAMIC 
M HERMETIC METAL CAN DIP 
N PLASTIC OR EPOXY SEALED DIP 
P PLASTIC LEADED CHIP CARRIER 
Q CERDIP 
R SMALL OUTLINE "SO" PACKAGE 
RS SHRINK SMALL OUTLINE PACKAGE (SSOP) 
S PLASTIC QUAD FLATPACK 
ST THIN QUAD FLATPACK (TQFP) 
T T0-92 STYLE PACKAGE 
U THIN SMALL OUTLINE PACKAGE (TSOP) 
W NONHERMETIC CERAMIC/GLASS DIP 
Y SINGLE-IN-LINE "SIP" PACKAGE 
Z CERAMIC LEADED CHIP CARRIER 

EXAMPLES: 
AD521 KCHIPS 
AD7524AD 
AD536ASH/883B 
AD7512DIKD 

1 MONOLITHIC CMOS CHIPS IN THE AD75xx SERIES 
WERE FORMERLY DESIGNATED AD75xx/COM/CHIPS 
AND AD75xx/MIUCHIPS AND MAY APPEAR ON PRICE 
LISTS WITH THOSE DESIGNATIONS. CONSULT ANALOG 
DEVICES FOR CURRENT PRICING OF AD75xx CHIPS. 

Figure 1. Model-Number Designations for Standard Analog Devices Monolithic and Hybrid IC Products. S, T and U 
Grades Have the Added Suffix /8838 for Devices that Qualify to the Latest Revision of MIL-STD-883, Level 8. 

*For some models, the combination [digit][letter] [two or three digits] is used instead of ADXXXX, e.g., 2S80. 

24-2 APPENDIX 



DAC·XX Bl E Q 1883 

DEVICE TYPE AND MODEL NUMBER 
µ-

DEVICE lYPE: 

ADC ANALOG-TO-DIGITAL CONVERTER 
AMP INSTRUMENTATION AMPLIFIER 
BUF BUFFER (VOLTAGE FOLLOWER) 
CMP COMPARATOR 
DAC DIGITAL-TO-ANALOG CONVERTER 
JAN MIL-M-38510 SLASH SHEET 
LIU HIGH SPEED SERIAL DATA RECEIVER 
MAT MATCHED TRANSISTOR 
MUX MULTIPLEXER 
OP PROPRIETARY OPERATIONAL AMPLIFIER 
PKD PEAK DETECTOR 
PM SECOND-SOURCE, INDUSTRY SPECIFICATIONS 
REF VOLTAGE REFERENCE 
RPT PCM LINE REPEATER 
SMP SAMPLE-AND-HOLD AMPLIAER 
SW ANALOG SWITCH 
SSM SOLID STATE MUSIC PRODUCT 
TMP TEMPERATURE SENSOR 

BURN-IN OPTION 
PMI OFFERS MOST 0°f70-C, -25°/+85°C AND -40°/+85°C 
DEVICES WITH BURN-IN, PARTS WITH THIS OPTION ARE 
SPECIFIED WITH THE LETTERS Bl ADDED BETWEEN THE !--' 
MODEL NUMBER AND THE ELECTRICAL GRADE. FOR 
EXAMPLE, TO ORDER DAC-OBEQ WITH BURN-IN, THE 
PART NUMBER IS DAC-OSBIEQ. 

[ ELECTRICAL GRADE r 
SELECT ELECTRICAL GRADE FROM DATA SHEET. 

..., - .-

'---1 

MIL-sTD-883, CLASS B, REV C 0 PTION 

LAB LE 
AS 

PMI -55°C TO + 125°C DEVICES ARE AVAi 
WITH MIL-STD-883, CLASS B SCREENING 
STANDARD PRODUCTS. TO ORDER AN 
SIMPLY ADD THE DESIGNATION 1883 TO 

883 PART, 
THE PART 

SCREENED 
ORDERED 

FOR883 

NUMBER. FOR EXAMPLE, THE DAC-GBAQ, 
TO THE 883 REQUIREMENTS WOULD BE 
AS A DAC-oaAQ/883. CONTACT FACTORY 
DEVICE SPECIFICATIONS. 

PACKAGE SUFFIX 

PACKAGE lYPE: 

H &-LEAD T0-78 CAN 

J 8-LEAD T0-99 CAN 

K 10-LEAD T0-100 CAN 

0 NOT USED 
p EPOXY DIP 

PC PLAS'l"IC LEADED CHIP CARRIER 

Q 16-LEAD CERAMIC DIP 

R 2G-LEAD CERAMIC DIP 

RC 2G-POSITION LCC' 

s SMALL OUTLINE PACKAGE 
T 28-LEAD CERAMIC DIP 
TC 28-POSITION LCC' 

u NOT USED 

v 24-LEAD CERAMIC DIP 

x 18-LEAD CERAMIC DIP 
y 14-LEAD CERAMIC DIP 
z 8-LEAD CERAMIC DIP 

'AVAILABLE WITH MIL-STD-883 PROCESSING ONLY. 

Figure 2. Precision Monolithics Division's Product Designations 

ORDERING FROM ANALOG DEVICES 
When placing an order, please provide specific information regarding model type, number, option designations, quantity, ship-to and 
bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All shipments are F.O.B. 
factory. 

Eligible customers may place their orders through our regional customer service centers by dialing 1-800-262-5645 (U.S.A. only) or 
through our representatives or authorized distributors. (The telephone numbers for our representatives or authorized distributors are 
listed on pages 24-16 and 24-17.) Analog Devices' minimum order value is $500.00. 

WARRANTY AND REPAIR CHARGE POLICIES 
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and service for one 
year from the date of their shipment by Analog Devices, Inc., except that components obtained from others are warranted only to the 
extent of the original manufacturers' warranties, if any, except for component test systems, which have a 180-day warranty. This war
ranty does not extend to any products which have been subjected to misuse, neglect, accident, or improper installation or applica
tion, or which have been repaired or altered by others. Analog Devices' sole liability and the Purchaser's sole remedy under this 
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not extend the 
warranty period. This warranty does not apply to components which are normally consumed in operation or which have a normal life 
inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential damages under any circumstances. 

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER 
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
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Product Families Still Available 
The information published in this Reference Manual is intended to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products avaijable from Analog Devices. The popular product types listed below may have 
been designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. Never
theless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, ang we are continuing to make these 
products available for use in existing designs. Data sheets on these products are available upon request. 

Model·. Model Model Model Model 

AC1226 AD532 AD2700 AD7576 ADC1130 
AC2626 AD533 AD2701 AD7578 ADC1131 
AD2S44 AD535 AD2702 AD7579 ADC1140 
AD2S47 AD545 AD2710 AD7580 ADC1143 
AD2S65 AD545A AD2712 AD7581 ADDAC08 
AD2S66 AD561 AD5200 Series AD7582 ADDAC?l 
AD2S75 AD562 AD5210 Series AD7586 ADDAC72 
AD2Sll0 AD563 AD7001 AD7590DI ADEB770 
AD203 AD567 AD7002 AD7592DI ADG221 
AD230 AD572 AD7010 AD7672 ADG222 
AD231 AD578 AD?Oll AD7716 ADG445 
AD231A AD579 AD7110 AD7769 ADG506A 
AD232 AD582 AD7118 AD7773 ADG507A 
AD232A AD611 AD7228 AD7774 ADG526A 
AD233 AD632 AD7237 AD7775 ADG527A 
AD233A AD639 AD7240 AD7820 ADG528A 
AD234 AD651 AD7245 AD7848 ADG529A 
AD235 AD675 AD7247 AD7850 ADOP07 
AD236 AD730 AD7248 AD9003 AD OP27 
AD237 AD741 AD7341 AD9003A AD OP37 
AD238 AD773 AD7371 AD9005A ADSP-1008A 
AD239 AD774 AD7501 AD9007 ADSP-1009A 
AD241 AD796 AD7502 AD9014 ADSP-lOlOA 
AD246 AD803 AD7503 AD9034 ADSP-lOlOB 
AD346 AD805 AD7506 AD9502 ADSP-1012A 
AD363 AD880 AD7507 AD9505 ADSP-1016A 
AD363R AD890 AD7510DI AD9560 ADSP-1024A 
AD364 AD891 AD7511DI AD9610 ADSP-1080A 
AD364R AD891A AD7512DI AD96ll ADSP-1081A 
AD365 AD892T/E AD7520 AD9J>86 ADSP-1101 
AD380 AD896 AD7522 AD9703 ADSP-lllOA 
AD386 AD897 AD7523 AD22001 ADSP-1401 
AD389 AD899 AD7525 AD22050 ADSP-1402 
AD390 ADl 139 AD7533 AD22150 ADSP-1410 
AD394 AD1154 AD7534 AD75019 ADSP-3128A 
AD395 AD1170 AD7535 AD75069 ADSP-3201 
AD396 AD1315 AD7536 AD75089 ADSP-3202 
AD503 AD1317 AD7541 AD75090 ADSPc3210 
AD504 AD1320 AD7541A AD79024 ADSP-3211 
AD506 AD13.24 AD7542 ADADC71 ADSP-3212 
AD507 ,AD1334 AD7543 ADADC72 ADSP-3220 
AD507SH/883B AD1341 AD7545 ADADC80 ADSPC3221 
AD510 AD1362 AD7545A ADADC84 ADSP-3222 
AD515 AD1376 AD7546 ADADC85 ADVlOl 
AD515A AD1377 AD7548 ADC170 ADV453 
AD517 AD1378 AD7549 ADC908 ADV471 
AD518 AD1380 AD7572 ADC910 ADV473 
AD521 AD1403 AD7572A ADC912 ADV475 
AD522 AD2026 AD7574 ADC912A ADV476 
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Model ' Model Model Model Model 

ADV477 DRC1745 OP227 PM7628 1B41 
ADV478 DRC1746 OP260 PM7645 1B51 
ADV7120 HDS1240E OP421 REF03 1S74 
ADV7121 HDS1250A OSC1758 REF05 2B20 
ADV7122 HOS050/050A/050C PKDOl REF08 2B22 
ADV7128 HOS060/060A PM108/208/308 REFlO 2B23 
ADV7141 HTC0300A PMlll/211 RPT82 2B24 
ADV7146 HTSOOIO PM119 RPT83 2B31 
ADV7148 HTS0025 PM139 RPT85 2B34 
ADV7150 IPA1764 PM148/248 RPT86 2B50 
ADV7151 JM38510/11301/l 1302 PM155 RPT87 2B52 
ADV7152 LIUOl PM155A SDC 1740/RDC17 40 2B53 
ADVFC32 MUX88 PM156 SDCl 741/RDCl 741 2B54 
AMP03 OPOl PM156A SDCl 742/RDCl 742 2B55 
AMP05 OP02 PM157 SMPlO 2B56 
BUF03 OP04 PM157A SMPll 2B57 
CAV1210 OP05 PM219 SMP81 2B58 
CMPOl OP06 PM239 SSM2013 2B59 
CMP02 OP08 PM248 SSM2014 2S50 
CMP05 OP09 PM308 SSM2015 2S80A 
CMP08 OPlO PM355 SSM2016 2S81A 
CMP404 OPll PM356 SSM2018 2S82A 
DACOl OP12 PM562 SSM2044 3B Series 
DAC02/03 OP14 PM725 SSM2045 4B Series 
DAC05/06 OP15 PM741 SSM2047 SB Series 
DAClO OP16 PM747 SSM2100 6B Series 
DAC20 OP17 PM0820 SSM2110 7B Series 
DAC86 OP20 PM0828 SSM2120 277 
DAC88 OP21 PM1008 SSM2122 281 
DAC89 OP22 PM1012 SSM2125 284J 
DAClOO OP32 PM2108 SSM2126 286J 
DAC210 OP41 PM4136 SSM2131 289 
DAC888 OP43 PM6012 SSM2132 290 
DAC1136 OP44 PM7224 SSM2134 290A 
DAC1138 OP50 PM7226 SSM2139 292 
DAC1146 OP61 PM7226A SSM2210 292A 
DAC1408A OP64 PM7524 SSM2220 310 
DAC1508A OP65 PM7528 SSM2300 365 
DAC8012 OP80 PM7533 SWOl/02 429 
DAC8143 OPlll PM7541 SW201 4.51 
DAC8212 OP147 PM7541A SW202 453 
DAC8841 OP150 PM7542 SW7510/7511 460 
DAS1152 OP160 PM7543 1B21 741A 
DAS1153 OP166 PM7545 1B22 755 
DAS1158 OP207 PM7548 lB31 757 
DAS1159 OP215 PM7574 1B32 759 

950 

m 
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DSP Reference Manual Product Families 
Analo~ Devices offers a wide variety of high performance DSP products. These products are not included' in this manual be
cause our new Digital Signal Processing Reference Manual is scheduled for publication in late 1994. 'That reference manual will 
provide complete data sheets for the design-in products listed below. 

Model 

AD28msp01 
AD28msp02 
ADl848 
AD1849 
AD1851 
ADl856 
AD1860 
AD1864 
AD1865 
AD1866 
AD1868 
AD1878 
AD1879 
ADDS-2100A-ICE 
ADDS-2101-EZ 
ADDS-2101-ICE 
ADDS-2111-EZ 
ADDS-2111-ICE 
ADDS-2lmsp50-EZ 
ADDS-2lmsp50-ICE 
ADDS-2 lxx-Software 
ADDS-21020-EZ 
ADDS-21 Oxx-Software 
ADSP-2100 
ADSP-2100A 
ADSP-2101 
ADSP-2102 
ADSP-2103 
ADSP-2105 
ADSP-2106 
ADSP-2111 
ADSP-2112 
ADSP•2115 
ADSP-2imsp50A 
ADSP-21msp51 
ADSP-2lmsp55A 
ADSP-21msp56A 
ADSP-21010 
ADSP-21020 
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Substitution Guide 
The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and 
performance may be obtained with newer models, but-as a rule-they are not directly interchangeable. The closest recommended 
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further in-
formation, contact your local sales office. 

Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 
AD2S34 None ADl 147/48 AD669 AD7527 AD7548 
AD2S46 None AD1175 RTI870 AD7530 AD7533 
ADIOIA PM1008 AD1321 AD1324 AD7531 AD7541A 
AD 108/208/308 AD705 AD1322 AD1324 AD7544 AD7548 
AD 108A/208A/308A AD705 AD1332 None AD7550 Consult ADI 
ADl 11/211/311 AD790 AD1408 AD558 AD7552 Consult ADI 
AD201A PM2008 AD1508 AD558 AD7555 Consult ADI 
AD206 None AD1678 AD678 AD7560 None 
AD293 AD210 AD1679 AD679 AD7570 AD7579/AD7580 
AD294 AD210 ADI 779 AD779 AD7571 AD7579/AD7580 
AD295 AD210 AD1885 None AD7583 AD7880+MUX 
AD301A PM3008 AD2002 None AD7772 Consult ADI 
AD345 AD1324 AD2003 None AD9005 AD9005B 
AD351 AD790 AD2004 None AD9006 None 
AD362 AD1362 AD2006 None AD9011 AD9002 
AD367 None AD2008 None AD9016 None 
AD368 None AD2009 None AD9020SE/883B AD9020SZ/883B 
AD369 None AD2010 None AD9020TE/883B AD9020TZ/883B 
AD370/371 AD767 AD2016 None AD9028 None 
AD376 AD1376 AD2020 'None AD9038 None 
AD381 AD744 AD2021 None AD9040 AD9040A 
AD382 AD744/AD845 AD2022 None AD9060SE/883B AD9060SZ/883B 
AD392 AD664 AD2023 None AD9060TE/883B AD9060TZ/883B 
AD395/883B AD394/883B AD2024 None AD9300TE/883B AD9300TQ/883B 
AD501 AD711 AD2025 None AD9521 AD640 
AD502 AD711 AD2027 None AD9615 AD9611/ AD96 l 7 
AD505 AD843 AD2028 None AD9630AQ AD9630AN 
AD506SH/883B AD42626 AD2033 None AD9630SQ/883B AD9630AN 
AD508 AD517 AD2036 None AD9685 AD96685 
AD509 AD843 AD2037 None AD9687 AD96687 
AD511 AD711 AD2038 None AD9688 AD9002 
AD512 AD711 AD2040 None AD9712 AD9712B 
AD513 AD711 AD2050 None AD9713 AD9713B 
AD514 AD711 AD2051 None AD9768JQ AD9768JD 
AD516 AD711 AD2060 None AD9768SQ AD9768SD 
AD520 AD524 AD2061 None AD9768SE AD9768SD 
AD523 AD549 AD2070 None AD9950 AD9955 
AD528 AD711/744 AD2071 None AD75062 None 
AD530 AD533 AD3554 None AD75068 None 
AD531 AD532 AD3860 AD567 ADADC816 AD7820/AD7821 
AD540 AD544 ADSOI0/6020 AD9000 ADC8S AD673 
AD559 AD557/AD558 AD5201 AD578 ADCIOZ AD574A 
AD565 AD565A AD5202 AD5212 ADC12QL AD7578 
AD566 AD566A AD5204 AD5214 ADC12QM None 
AD575 AD573 AD5205 AD5215 ADC12QZ AD574A 
AD583 AD585 AD5211 AD578 ADC14I/17I AD1170 
AD612 AD524 AD5240 ADADC85 ADC16Q None 
AD614 AD524 AD6012 AD565A ADCllOO AD1170 ml AD674A AD674B AD7005 AD7011/AD7013 ADC!l02 AD7870 
AD682 AD781 AD7115 AD7111 ADC1103 AD7572A 
AD689 AD587 AD7513 ADG201A ADC1105 Consult ADI 
AD770 Consult ADI AD7516 AD7510DI ADC1!09 AD7572A 
AD801 AD711 AD7519 None ADCllll AD574A 
AD1145 AD7846 AD7521 ,AD7541A ADC1121 AD7880 
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.Closest Closest Closest 
,·· Recommended. Recommended Recoip,niended 

MQdel Equivalent · . Model Equivalent Model Equivalent 

ADCll23 AD7880 DACllOS AD568 MAS1202 AD9005B 
ADCll33 AD574A DACll12 AD667 MAT01/883C MAT01AH/883C 
ADC QM None DACll17 None MAT02BH MAT02AH 
ADCQU AD574A DAC1118 AD767 MAT02BH/883C MAT02AH/883C 
AD DAClOO AD561 DACll22 AD7541A MATV081l AD9012/48 
ADG200 None DACll25 AD7533 MATV0816 AD9012/48 
ADG201 ADG201A DACll32 AD667 MATV0820 AD9012/48 
ADLH0032 None DACll37 None MCl1794 AD2S80A/82A 
ADLH0033 None DAC1408-6P DAC1408-8P MDAFami\y. · AD9712B/1•3B 
ADLH0032G/CG .. AD843 DAC1408-7P DAC1408-8P MDD Series AD9713B 
ADLH0033G/CG .. AD9620/AD963Q PAC1408-7Q DAC1408-8Q MDHFa.mily AD9712B/13B 
ADM501 None DAC1408-GQ . DAC1408-.8Q MDMSFamily AD9712B/13B 
ADP501 None DAC1420 ~ ,' None MDSFamily. AD9712B/13B 
ADREFOl jIBFOl DAC1422 None MDSLFamily AD9712B/13B 
ADREF02 REF02 DAC1423 None MOD1005/20 AD9020/60 
ADSHC85 · AD585 DAC1508A-8Q DAC1408-8Q · MOD1205 AD9005B 
ADSHM5 HTC0300A DAS09 AD8401 MUXOSAQ .. MUXOSBQ 
AMPOlBX AMPOlAX DASll28 · AD1341 MUX24AQ MUX24EQ 
AMP01BX/8S3C. .AMP01AX/883C DASll50 None MUX24BQ MUX24FQ 
AMP05BX AMP05AX DASll51 None MUX16AT MUX16ET 
AMP05BX/883C AMP05Z/883C DAS1155 None MUX16BT MUX16FT 
APl1620/1718 Consult ADI DASll56 None MUX200 None 
BDMl615/16(17 . None DASll57 DASll58 OPOlHJ OPOlJ 
BUF03BJ/883C BUF03AJ/883C · DRC1605/06/07 Consult ADI OPOlHZ, OPOlHP 
CAV0920/1020 AD9020/9060 PRC1705/1706 Consult ADI OP02BJ OP02AJ 
CAV1202 ,, : .· AD9007 DRC1765/66 AD2S65/66 OP02BJ/883C OP02AJ/883C 
CAV1205 AD9007 bsc 1605106101 Consult ADI OP02EJ OP07DJ 
CMPOlZ CMPOlJ , DSCl 705/1706 Consult ADI OP02EP OP177GP 
CMP05BJ • CMP05CJ DSC1765/66 None OP02EZ OP177GZ 
CMP05BZ , CMP05CZ DTM1716/17 None OP02J OP02AJ 
CMP05GJ CMP05CJ HAS0802 HAS1202A OP02/883C ... OP02AZ/883C 
CMP404BY . CMP404AY . I:IAS1002 HAS1202A OP04DY OP04CY 
CMP404BY /883C CMP404AY/8f!3C, HAS1202 HAS1202A OP04GBC OP04NBC 
DAC02ACX1 PAC02CCX1 , ..• BJ)D1015 AD9712B OP04Y/883C OP04AY/883C 
DAC05AX1 DAC02CCX1 , .HDD1409 None OP05Z OP05AZ 
DAC05EX1 DAC02CCX1 :HDG Series AD9701 OP05/883C OP05AZ/883C 
DAClOBX DACIOFX ' HDG0805 AD9701 OP06BJ/S83C. OP06AJ/883C 
DAClOCX DAClOGX HDH0802 AD9713B. OP06EZ OP06GZ 
DAClODF AD568 HDH1003 . AD9713B OP06FZ r, OP06GZ 
DAClOH None HDH1205 AD9713B OPOSAJ ,, PM1008AJ 
DAClOZ None HDL3805 ADV453/ADV478 OP08AJ/883C · PMl 008AJ/883C 
DAC12QS AD667 HDL3806 ADV453/ADV478 OP08AZ/883C PM1008AZ/883C 
DAC12QZ AD667 HDM1210 AD668/AD9713B OP08CZ/883C PM1008AZ/883C 
DAC12M AD7845 HDSOSIOE AD9712B OPOSEJ PM1008EJ 
DAC14QM ADll39 HDS0820 AD9713B OPOSEZ. PM1008EZ 
DAC16QM ADll39 HDS1015E AD9712B OP09ARi:;l883C OPllARC/883C r 
DAC100AAQ7 PAC100ACQ7 HDS1025 AD9713B OP09FY OP09EY 
DAC100AAQ8 DAC100ACQ8 HDS1250 HDS1250A OP12BZ OP12AZ 
DAC100ABQ7 DACIOOACQ7 . HOSlOOAH/SH .None OP12CZ .· OP12AZ 
DAC100ABQ8 DAC100ACQ8 HOS200 AD9620/30 OP12GZ OP12FZ 
DAC100BBQ5/ DAC100ACQ5/ HTC0300 HTC0300A OP14DZ OP14CZ 

883C • 883C HTC0500 HTC0300A OP14GRBC OP14GBC, 
DAC100BCQ7 DAC100BBQ7 IPA1751 IPA1764 · OP14J/883C OP14AJ/883C 
DAC100DDQ7 . DAC100CCQ7 · IRDCl 730/31133 AD2S80A/82A · OP15BJ OP15AJ 
DAC312BR DAC312ER IVSlOO , None OP15BZ . OP15AZ 
DAC888AX DAC888EX .. MAH0801 AD9005H OP16BJ OP16AJ 
DAC888BX· DAC888EX .. MAHIOOl AD9005B OPl 7BZ/883C OP17AZ/883Q. 
DAC1009 AD767 ' MA.soso1 AD9005B OP17CJ OP17AJ 
DACll06 fill568 MAS1001 AD9005B OP17FJ OP17EJ 
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Closest Closest Closest 
Recommended Recommended Recommended 

Model Equivalent Model Equivalent Model Equivalent 

OP17FZ OP17EZ SHA3 AD585 
OP20CJ OP20BJ SHA4 AD585 146 AD382 
OP21GRBC OP21GBC SHA5 None 148 AD549 
OP215BJ OP215AJ SHA6 None 149 AD844 
OP215BJ/883C OP215AJ/883C SHA1114 AD585 153 AD517 
OP215BZ OP215AZ SHAl 134 None 161 None 
OP215CZ/883C OP215BZ/883 SHA1144 None 163 None 
OP21BJ OP21AJ SHC85 AD585 165 None 
OP21BZ OP21AZ SHM5/SHM5K None 170 None 
OP21EJ OP21AJ SMPIOBY SMPIOAY 171 None 
OP220BJ OP220AJ SMPIOBY/ SMPlOAY/ 180 AD OP07 
OP22AJ OP22AJ/883C 883C 883C 183 AD707 
OP22EJ OP22AJ/883C SPA1695 None 184 AD707 
OP32BZ OP32AZ SSCTl621 AD2S80A/82A 220 None 
QMXOI None SSCT1622/23 None 230 None 
RDC1725 Consult ADI STB03 None 231 None 
RDC1726 Consult ADI STM Series Consult ADI 232 None 
RDC1728 Consult ADI SWOIBQ SWOlFQ 233 None 
RDC1767 Consult ADI SW7510AQ SW7510EQ 234 None 
RDC1768 Consult ADI SW7510BQ SW7510FQ 235 None 
RSCT1621 AD2S80A/82A SW7511AQ SW1577BQ 260 AD707 
RTI870 None THC Family HTC0300A 261 OP177 
RTI980 None THS Family HTC0300A 272 None 
RTI1200 RTI711 Series TSLl612 Consult ADI 273 None 
RTI1201 RTI711 Series ISl0/20 AD2S80A/82A 274J 284J 
RTI1202 RTI711 Series 1S14/24/44/64/74 AD2S83 275 AD210 
RTI1230 None 1S60/61 AD2S80A/82A 276 None 
RTI1231 None 2B30 2B31 279 286J 
RTI1232 None 2B35 None 280 281 
RTI1240 None 2S20 AD2S80A/82A 282J 292A 
RTI1241 None 2S54 Consult ADI 283J 292A 
RTI1242 None 2S56 Consult ADI 285 Consult ADI 
RTI1243 None 2S58 Consult ADI 287 None 
RTI1250 None 5S70/5S72 AD2S75 288 AD210 
RTI1251 None 9S70/71/72 None 293 AD210 
RTI1252 None 9S75/76/79 None 294 AD210 
RTI1270 None 40 AD711 301 310 (Module) 
RTM Series Consult ADI 41 AD515A 302 310 (Module) 
SAC1763 None 42 AD549 311 AD549 
SBCDI 752/53/ 43 AD549 350 None 

56/57 None 44 AD845 422 None 
SCDX1623 None 45 AD744 424 AD534 
SCM1677 None 46 AD844 425 AD534 
SDC1602/3/4 Consult ADI 47 AD845 426 AD534 
SDC1700 Consult ADI 48 AD845 427 None 
SDC1702 Consult ADI 50 AD844 428 AD538 
SDC1703 Consult ADI 51 AD844 432 None 
SDC1704 Consult ADI 52 AD707 433 AD534 
SDC1711 None 102 AD845 434 AD534 
SDC1721 None 106 AD711 435 AD734 
SDC1725 Consult ADI 107 AD711 436 AD734 
SDC1726 Consult ADI 108 AD845 440 None 
SDC1728 Consult ADI 110 AD845 441 None m SDC1767 Consult ADI 118 AD711 442 None 
SDC1768 Consult ADI 120 AD844 450 AD652 
SERDEX None 141 AD711 452 None 
SHAlA AD585 142 AD845 454 AD537 
SHA2A AD781 143 AD845 456 AD537 
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Model 
458 
602}10 
602}100 
602K100 
603 
605 
606 
610 
751 
752 
756 
901 
903 
904 
906 
907 
908 
909 
915 
921 
926 
927 
928 
931 
932 
933 
935 
942 
944 
946 
947 
948 
951 
952 
953 
956 
959 
964 
965 
967 
968 
971 
972 
973 
974 
977E 

Closest 
Recommended 
Equivalent 

460 
AD524 
AD524 
AD524 
AD524 
AD524 
AD625 
.l\0625 
None 
759 
None 
9022 
905 
9022 
905 
None 
None 
None 
9022 
None 
None 
None 
922 
None 
None 
None 
None 
None 
None 
None 
Consult ADI 
Consult ADI 
None 
970 
966 
None 
960 
None 
940 
None 
945 
None 
None 
975 
None 
977 
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Technical Publications 
Analog Devices provides a wide array of FREE technical publi
cations. These include data sheets, reference manuals and cata
logs, application notes and guides, and three serial publications: 
DSPatch'", a newsletter about digital signal-processing (applica
tions); Analog Briefings®, current information about products for 
military/avionics and the status of reliability at ADI; and Analog 
Dialogue, our technical magazine, with in-depth discussions of 
products, technologies and applications. 

In addition to the free publications, a group of technical refer
ence books containing a wealth of tutorial material are available 
at reasonable cost. Subsystem chip sets are supported with hard
ware, software, and user documentation, at prices related to 
content. 

An overview of Analog Devices is available in a 20-page bro
chure entitled: Analog.Digital.Solutions. It discusses: a vision of 
the future and the key role of signal processing using analog, 
mixed-signal, and digital ICs; what we offer electronic OEMs in 
standard-function ICs and in devices for such specialized mar
kets as computers, communications, transportation and indus
try; as well as our capabilities and resources, our commitment to 
customer support and satisfaction, the global scale of our busi
ness, and our commitment to the future. 

Brief descriptions of typical technical publications appear below. 
For copies of any items, to. subscribe to. any of our free serials or 
to request any other publications, please get in touch with your 
nearest sales office or the Analog Devices literature center; 
phone (617) 461-3392; toll free in U.S., 800-262-5643; or fax 
(617) 821-4273. 

REFERE:\"i'CE MANUALS AND CATALOGS 
Data Acquisition Products Reference Manuals 
These databooks contain selection guides, data sheets and other 
useful information about all Analog Devices ICs, hybrids, mod
ules and subsystem components recommended for new designs. 
In the current series: 

AMPLIFIER REFERENCE MANUAL-1992. Data sheets 
and selection guides to Operational Amplifiers, Comparators, 
Instrumentation Amplifiers, Isolation Amplifiers, Mixed-Signal 
ASICs, Power Supplies. 

APPLICATIONS REFERENCE MANUAL-1993. A 1,344-
page collection of 210 application notes, technical articles, and 
other design tutorials on such topics as audio and video circuits, 
AID and D/A conversion, data acquisition and Signal condition
ing, digital signal processing, sigma-delta conversion, and much 
more. Cross-indexed by topic, product, subject, and application
note number. 

SPECIAL LINEAR REFERENCE MANUAL-1992. Data 
sheets and selection guides to Analog MultiplierS/Dividers, Sig
nal Compression Components, RMS-to-DC Converters, Mass 
Storage Components, ATE Components, Special Function 
Components, Matched Transistor$, Temperature Sensors, Signal 
Conditioning Components, Automotive Components, Digital 
Signal Processing Products, Mixed-Signal ASICs, Power Supplies. 

DATA CONVERTER REFERENCE MANUAL-1992: 
Volumes 1and2. Data sheets and selection guides on AID and 
DIA Converters, V/F and FN Converters, Synchro/Resolver-to
Digital Converters, Sample/Track-Hold Amplifiers, Switches 

and Multiplexers, Voltage References, Data-Acquisition Sub
systems, Analog 1/0 Ports, Communications Products, Bus 
Interface and UO Products, Application-Specific ICs, Digital 
Panel Meters, Power Supplies. 

MILITARY/AEROSPACE REFERENCE MANUAL-1994. 
Information and data on products available with processing in 
accordance with MIL-STD-883. Data sheets and selection 
guides on Operational Amplifiers, AID and D/A Converters, 
Digital Signal Processing, Instrumentation Amps, MultiplierS/ 
Dividers, V/F & FN Converters, Switches & Multiplexers, 
Sample/Track-Hold Amplifiers, Voltage References and Special 
Function Components. 

POWER SUPPLIES*-Linear Supplies •DC-DC Converters. 
12-page Short Form Catalog listing AC/DC Power Supplies, 
Modular DC/DC Converters, Power-Supply Test Procedures, 
Transients, Thermal Derating, Mechanical Outlines of Packages 
and Sockets. 

APPLICATION NOTES 
Available individually upon request: 

Accelerometers 
"Compensating for the 0-g Offset Drift of the ADXL50 
Accelerometer" [AN-380] 
"Increasing the Frequency Response of the ADXL50" 
[AN-377] 
"Mounting Considerations for the ADXL50" [AN-379] 
"Reducing the Average Power Consumption of the ADXL50" 
[AN-378] 
"Using the ADXL50 Accelerometer in Low-g Applications" 
[AN-374] 
"Using the ADXL50EM Accelerometer Evaluation Module" 
[AN-376] 

AID Converters 
"AD671 12-Bit, 2-MHz ADC Digitizes CCD Outputs for 
Imaging Applications" [AN-298] 
"AD7672 Converter Delivers 12-Bit 200-kHz Sampling 
Systems" [AN-294] 
"Asynchronous Clock Interfacing with the AD7878" [AN-291] 
"Bipolar Operations with the AD7572" [ElOlOA] 
"Circuit Delivers for 16-Bit, 150-kHz Multichannel Sampling 
System" [AN-341] 
"Evaluation Board for the AD7701/AD7703 Sigma-Delta AID 
Converters" [AN-368] 
"Evaluation Board for the AD7711 24-Bit, Sigma-Delta Con
verter" [AN-366] 
"Evaluation Board for the AD7712 24-Bit, Sigma-Delta Con
verter" [AN-365] 
"Evaluation Board for the AD7713 24-Bit, Sigma-Delta Con
verter'' [AN-367] 
"FIFO Operation and Boundary Conditions in the AD1332 
and AD1334" [El355] m 
"How to Obtain the Best Performance from the AD7572" 1 

[E1038] 
"Implement Infinite Sample-and-Hold Circuits Using 
Analog Input/Output Ports" [AN-284] 

Analog Briefings is a registered trademark of Analog Devices, Inc. 
DSPatch is a trademark of Analog Devices, Inc. 
*This publication is available in North America only. 
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"Simple Circuit Provides Ratiometric Reference Levels 
for AD782x Family of Half-Flash ADCs" [AN-299] 
"Simultaneous and Independent Sampling of Analog Signals 
with the AD1334" [El358] 
"The AD7574 Analog-to-Microprocessor Interface" 
[AN-293] 
"Using Multiple AD1334s in Many-Channel Synchronous 
Sampling Applications" [AN-295] 

Amplifiers 
"A Balanced-Input High.Level Amplifier" [AN-112] 
"AD96171AD9618 Current,Feedback Amplifier Macro
Models" [AN-259] 
"An IC Amplifier User's Guide to Decoupling, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"An Unbalanced Virtual-Ground Summing Amplifier" 
[AN-113] . 
"Precision Surface Mdsurements Using the AD2S58" 
[El486] 
"Applications of High-Performance BiFET Op Amps" 
[E727] 
"JFET-Input Amps Are Unrivalled for Speed and 
Accuracy" [AN-108] 
"Low-Cost Two-Chip Voltage-Controlled Amplifier and 
Video. Switch" (AD539) [AN-213] 

Analog Signal-Processing and Measurement 
"A Function Generator and Linearization Circuit Using the 
AD7569" [AN-285] 
"RMS-to-DC Converters Ease Measurement Tasks" 
[AN-268] 
"Understanding and Applying the AD7341/AD7371 
Switched-Capacitor Filters" [AN303] 

Audio 
"A Balanced Mute Circuit for Audio Mixing Consoles" 
[AN-122] 
"A Constant-Power 'Pan' Control Circuit for Microphone 
Audio Mixing" [AN-123] 
"A High-Performance Compandor for Wireless Audio Sys
tems" [AN-133] 
"An Automatic Microphone.Mixer" [AN-134] 
"A Two-Channel·Dynamic Filter Noise Reduction System" 
[AN-125] 
"High Performance Stereo Routing Switcher" [AN-121] 
"Interfacing Two 16-Bit AD1856 (AD1851) Audio DACs 
with. the Philips SAA7220 Digital Filter" [AN-207] 

DIA Converters 
"AD7528 Dual 8-Bit CMOS DAC'' [AN-318] 
"Analog Panning Circuits Provide Almost Constant Output
Power" [AN-206] 

"Circuit Applications of the AD7226 Quad CMOS 
DAC'' [ANc317] 
"Dynamic Performance of CMOS DACs in Modem 
Applications" [AN-329] 
"8th Order Programmable Low-Pass Filter Using Dual 
12-Bit DACs" [AN-209] 
"Exploring the AD667 12-Bit Analog Output Port" [E875] 
"Gain Error and Tempco of CMOS Multiplying DACs" 
[E630C] 
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"Generate 4 Channels of Analog Output Using AD7542. 
12-Bit DIA Converters and Control the Lot with Only Two. 
Wires" [AN-328] 
"Interfacing the AD7549 Dual 12-Bit DAC to the MCS.48 
and MCS-51 Microcomputer Families" [E941] 
"Replacing the AD1145 with the.AD7846" [El467] 
"Simple, Interface BetweenDIA Converter and Microcomput
er Leads to Programmable Sine-Wave.Oscillator" (AD7542) 
[AN-319] 
"The AD7224 DAC Provides Programmable Voltages Over 
Varying Ranges" [AN-316] · 
"Three-Phase Sine-Wave Generation Using the AD7226 
Quad DAC" [AN-321] 
"Understanding and Preventing Latchup in CMOS DACs" 
[AN-109] 
"Voltage Adjustment Applications of the DAC-8800 
TrimDAC®, an Octal 8-Bit DIA Converter" [AN-142] 

Digital Signal-Processing 
"Considerations for Selecting a DSP Processor" (ADSP-
2101 vs. TMS320C50) [AN-233] 
"Digital Control System Design with ADSP-2100 Family" 
[AN-227] 
"Implement a Cache Memory in Your Word-Slice® Sys
tem" [El062] 
"Sharing the Output Bus of the ADSP· 1401 Microprogram
Sequencer" [El059] 
"Using Digitally Programmable Delay Generators" 
[AN-260] 
"Variable-Width Bit Reversing with the ADSP-1410 
Address Generator" [El061] 

Disk-Drive Electronics 
"Microstepping Drive Circuits for Single Supply 
Systems" [AN-323] 
"Simple DAC-Based Circuit Implements Constant Linear 
Velocity (CLV) Motor Speed Control" [AN-324] . 

Interface 
"ADM2xxL Family forRS-232 Communications" [AN-375] 

Modeling 
"AD96171AD9618 Current-Feedback Amplifier Macro
Models" [El460] 
"OP42 Advanced SPICE Macro-Model" [AN-117] 
"OP64 Advanced SPICE Macro-Model" [AN-110] 
"OP260 Advanced SPICE Macro-Model" [AN-126] 
"OP400 SPICE Macro-Model" [AN-120] . 
"OP470 SPICE Macro-Model" [AN~132] 
"SPICE-Compatible Op Amp Macro-Models'' [AN-138] 

Practice 
"An IC Amplifier User's Guide to Decoupiing, Grounding, 
and Making Things Go Right for a Change" [AN-202] 
"How to Reliably Protect CMOS Circuits Against Power
Supply Overranging" [Cl499] 

TrimDAC and Word-Slice are registered trademarks of Analog 
Devices, Inc. 



Reso~ver (Synchro) to Digital Conversion. 
"Circuit Applications of the 2S8 l and 2S80 Resolver-to
Digital Converters" [E1140] 
"Dynamic Characteristics of Tracking Converters" 
[AN-264] 
"Dynamic Resolution-Switching on the 1S74 Resolver-to
Digital Converter" [E919] 
"Using the 2Sli0 Series Resolver-to-Digital Converters with 
Synchrcis: Solid-State Scott-T Circuit" [AN-252] 
"Why the Velocity Output of the 1S74 and 1S64 Series 
RID Converters is Continuous and Step-Free Down to 
Zero Speed" [E893] 

Sample-Holds . 
"Applications of the SMP-04 and SMP-08/SMP-18 Quad and 
Octal Sample-and-Hold Amplifiers" [AN-204] 
"Applying IC Sample-Hold Amplifiers" [AN-270] 
"Generate 4 Channels of Analog Output Using AD7542 
12-Bit DIA Converters and Control It All with Only Two 
Wires" [AN:328] 
"Implement Infinite Sample-and-Hold Circuits Using 
Analog Input/Output Ports" [AN-284] 

Switches and Multiplexers 
"ADG201J\/202A and ADG221/i22 Performance with 
Reduced Power Supplies" [AN-248] 
"Bandwidth, OFF Isolation, and Crosstalk Performance of 
the ADG5XXAA Multiplexer Series" [AN-250] 
"RoN Modulation in CMOS Switches and Multiplexers; 
What it Is and How to Predict its Effect on Signal 
Distortion" [AN-251] 

Temperature ~easurement 
"Thermocouple Signal Conditioning Using the AD594/ 
AD595" [AN-369] 
"Use of the AD590 Temperature Sensor in a Remote Sensing 
Application" [AN-273] 

VfF Converters · 
"Analog-to-Digital Conversion Using Voltage-to-Frequency 
Converter.s" [AN-276] 
"Operation and Applications of the AD654 IC V-to-F 
.Converter" [AN-278] , ' 
"Using the AD650 Voltage-to-Frequency Converter as 
·a Frequency-to-Voltage Converter" [AN-279] 

Video Applications 
"Animation/Using the Pixel Read Mask Register of 
the ADV47X Series of Video RAM-DACs" [AN-330] 
"Changing Your VGA Design from a 171/176 to an ADV471" 
[AN-331) 
"Design and Layout of a Video Graphics System for Reduced 
EMI" [AN-333] 
"Improved PCB Layouts for Video RAM-DACs Can Use 
Either. PLCC or DIP Package Types" [AN-332] 
"Low Cost Two-Chip Voltage-Controlled Amplifier and Video 
Switch." (AD539) [AN-213] 

FREE APPLICATION GUIDES AND BROCHURES 
Amplifier Products Cross-Reference Guide. A 54-page short form 
guide to amplifier selection . .Jncludes selection trees, ordering 
information, model numbering system, and package informa
tion, cross-reference to amplifier products from other manufac-

turers, and military amplifier product information, plus a list of 
sales offices and distributors. ' 

The Analog Devices family of high-speed op amps. A 6-page selec
tion guide to high-speed op amps. 

The Analog Devices family of instrumentation amplifiers. A 6-page 
selection guide to instrumentation amplifiers. 

The Analog Devices family of low-noise op amps. A 6-page selec
tion guide to low~noise op amps. 

The Analog Devices family of precision op amps. A 6-page selec
tion guide to precision op amps. 

The Analog Devices family of single-supply op amps . . A 6-page 
selection guide to single-supply op amps. 

ATE Components. A 20-page brochure describing Analog 
Devices' capabilities and application-specific standard products . 
for pin electronics in automated testing. Includes descriptions of 
Delay Generators, Pin Drivers, Active Load, Comparators, 
Parametric Measurement Components, and Level-Setting 
Components. 

The Best of Analog Dialogue, 1967 to 1991. A224-page bonus 
edition containing 52 articles excerpted from the first 25 years of 
Analog Dialogue. Included are artii::Ies of 'lasting interest on prac
tice, techniques, ideas, and applications, as well as articles that 
introduced landmark products. · 

BSD Prevention Manual-Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader 
in implementing an appropriate and effective program to assure 
protection against electrostati~ discharge (ESD) failures. 

High-Speed Op Amp Sliding Selection Guide. A slide rule for 
selecting op amps by bandwidth or viewing characteristics by 
model number. Lists dynamic specs such as slew rate, settling 
time, differential gain and phase, voltage and current noise, sup
ply voltage and current; and many more. 

Instrumentation Amplifier Application· Guide, by Charles Kitchin 
and Lew Counts. Its 44-pages include basic instrumentation
amplifier ("in-amp") theory, design considerations, applications, 
specifications, and products-plus a brief bibhography and .two 
indexes (by topic and by device model number). 

Multiple Digital-to-Analog Converter Integrated Circuits Selection 
Guide. A 32-page guide for the designer who wants to save space 
and cost in applications calling for from riVo to eight or more 
DACs and resolutions from 6 to 18 bits. Devices include triple 
6-, 8-, and 10-bit videci DACs; dual 18-bit audio DACs, 8-bit · 
octuples, and 12- and 14-bit quads. 

New Audio Signal Processing Integrated Circuits, including Op 
Amps, DSP microcomputers, Codecs, Line Driver & Receiver, 
VCA, Preamps, Switches, Decoders, AsynchrohouS sample-rate 
converters, Stereo Al)Cs. A 12-page brochure. 

Personal Soun4 Architecture. An. 8-page brochure describirig a 
programmable architecture for integrating sound into personal 
computers using software-based technologies and IC chipsets 
(including Analog Devices DSPs, codecs, and other peripherals) 
for sound 'cards; 

RMS-to-DC Conversion Application Guide 2nd Edition by 
C. Kitchin and L. Counts (1986-61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application 
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Circuits; Testing Critical Parameters; Input Buffer Amplifier 
Requirements; Programs for Computing Errors, Ripple and 
Settling Time. 

Sampling Analog-to-Digital Converter Integrated Circuits-1992 
Short Form Selection Guide. Its 28 pages cover 35 different mod
els with resolutions from 8 to 16 bits, and 12-bit resolution up 
to 20 Msps. Besides block diagrams and key specs of each prod
uct, the booklet includes a detailed discussion of selection issues 
and a selection table sorted by resolution and speed. 

Solutions for Cellular Radio Base Stations, 6-page reference 
guide-describes system architectures for cellular, other wire
less, and satellite VSAT stations and lists suitable ADI compo
nents for each stage of the signal chain; includes all-digital 
systems using DSP technology. 

Surface Mount IC.* A 28-page guide to ICs in SO and PLCC 
packages. Products include op amps, rms-to-dc converters, 
DACs, ADCs, VFCs, sample-holds and CMOS switches. 

A Tutorial in AC Induction and Permanent Magnet Synchronous 
Motors-Vector Control with Digital Signal Processors. An 
80-page Guide, including Overview of AC drives, Synchronous 
machine operation, Induction motors, Pulse-width modulation, 
Inverter fed drive scheme, Vector control of AC machines, 
Field-oriented control of DC motors, Implementation of field
oriented control in DSP, and References. 

TECHNICAL REFERENCE BOOKS 
Can be purchased in North America from Analog Devices, Inc., 
at the prices shown. t If more than one book is ordered, deduct 
a discount of $1.00 from the price of each book. Price of the 
entire set of 13 books is $235.00-a bargain for your depart
ment's library (in effect, the Amplifier Applications Guide and 
Digital Signal Processing in VLSI come free). VISA and Master
Card are welcome; phone (617) 461-3392 or fax (617) 821-4273. 
Or send your cheGk for the indicated amount to Analog Devices, 
Ince, P.O. Box 9106, Norwood, MA 02062-9106. 

NEW-APPLICATIONS REFERENCE MANUAL. Nor
wood MA: Analog Devices, Inc. (1993), 1344 pages, softcover. 
A collection of 210 application notes, technical articles, and 
other design tutorials on such topics as audio and video circuits, 
AID and DI A conversion, data acquisition and signal condition
ing, digital signal processing, sigma-delta conversion and much 
more. Cross-indexed by topic, product, subject, and application
note .number. $9. 95 

NEW-SYSTEM APPLICATIONS GUIDE. Norwood MA: 
Analog Devices, Inc. (1993), 800 pages, 8 112" x 11" softcover. 
Precision sensor signal conditioning and transmission; multiplex
ing; pr9grammable-gain amplifiers; high-accuracy topics: 
sample-holds, references, conversion; audio; video; high-speed 
topics: signals & systems, amplification, ADC selection, inter
facing, performance verification; sigma-delta conversion; wide 
dynamic range; direct digital synthesis, signal computing, motor 
control. $30. 00 

NEW-ADSP-2100 FAMILY APPLICATIONS HAND
BOOK, Volume I: A companion to the ADSP-21000 family of 
floating-point processors. Introduction; Trigonometric, mathe
matical, and transcendental functions; Matrix functions; FIR 
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and IIR filters; Multirate filters; Adaptive filters; Fourier trans
forms; Graphics; Image processing; JT AG downloader; Index. 
Includes 33 figures, 14 tables, and 61 program listings. $22.00 

ADSP-2100 FAMILY USER'S MANUAL. Englewood Cliffs 
NJ: Prentice Halt (1993). A comprehensive reference for Analog 
Devices' ADSP-2100 Family, an architectural and code
compatible set of 16-bit fixed-point DSP microprocessors that 
offer varying levels of feature integration. Topics covered in this 
manual include: Base architecture-computation units, program 
sequencer, data-address generators; Integrated on-chip peripherals 
-serial ports, timer, host interface port, AID and DIA convert
ers; System hardware and memory interfacing; Programmer's 
model and instruction-set reference; System design and pro-
gramming examples. $24.00 

AMPLIFIER APPLICATIONS GUIDE, by the Applications 
Engineering Staff of Analog Devices and edited by Walt Kester, 
published by Analog Devices (1992). 648 pages of timely and 
practical information on amplifiers-including operational, 
audio, instrumentation, video, and log amps. Topics include: 
Introduction; Precision transducer interfaces; High impedance, 
low current; Single-supply, low-power; Audio; Filtering, Driv
ing ADCs; Video and other high-speed applications; Nonlinear 
circuit applications; Unusual applications; Subtleties; Hardware 
techniques; Simulation; and a complete Index. $20.00 

ANALOG-DIGIT AL CONVERSION HANDBOOK:. Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall 
(1986). A comprehensive guide to AID and DIA converters and 
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography, 
and much new material, including: video-speed, synchro
resolver, VIP, high-resolution, and logarithmic converters, ICs 
for DSP, and a "Guide for the Troubled." Seven of its 22 chap
ters are totally new. $32. 95 

DIGITAL SIGNAL-PROCESSING APPLICATIONS 
USING THE ADSP-2100 FAMILY, by the Applications Staff 
of Analog Devices, DSP Division; edited by Amy Mar 
(628 pages). Englewood Cliffs, NJ: Prentice Hall (1990). Bridge 
the gap between DSP algorithms and their real-world implemen
tation on state-of-the-art signal processors. Each chapter tackles 
a specific application topic, briefly describing the algorithm and 
discussing its implementation on the ADSP-2100 family of DSP 
chips. Comprehensive source-code listings are complete with 
comments and accompanied by explanatory text. Programs are 
listed on a pair of supplementary diskettes-furnished with the 
book. Application areas include fixed- and floating-point arith
metic, function approximation, digital filters, one- and two
dimensional FFTs, image processing, graphics, LP speech 
coding, PCM, AD PCM, 'high-speed modem algorithms, DTMF 
coding, sonar beam-forming. Additional topics include memory 
interface, multiprocessing, and host interface. The book can 
serve as a companion to Digital Signal Processing in VLSI. Now 
in paperback; its price includes a diskette. $30. 00 

*This publication is available in North.America only. 
tOutside of North America consult your local sales office or distributor. 



DIGITAL SIGNAL PROCESSING IN VLSI, by Richard J. 
Higgins. Englewood Cliffs, NJ: Prentice Hall (1990). An intro
ductory 614-page guide for the engineer and scientist who needs 
to understand and use DSP algorithms and special-purpose DSP 
hardware !Cs-and the software tools developed to carry them 
out efficiently. Real-World Signal Processing; Sampled Signals 
and Systems; The DFT and the FFT Algorithm; Digital Filters; 
The Bridge to VLSI; Real DSP Hardware; Software Develop
ment for the DSP System; DSP Applications; plus Bibliography 
and Index. $38.00 

DIGITAL SIGNAL PROCESSING LABORATORY: Using 
the ADSP-2101 Microcomputer, by Vinay K. Ingle and John G. 
Proakis (Northeastern University). Englewood Cliffs, NJ: Pren
tice Hall (1991). Contents: Introduction to the ADSP-2100/2101 
family; ADSP-2101 instruction set overview; Overview of devel
opment tools; Getting started with the ADSP-2101; Laboratory 
experiments using the ADSP-2101; FIR filter implementation; 
IIR filter implementation; Fast Fourier transform implementa
tion; Applications in communications; Adaptive filters and their 
applications; References; Index. $24.00 

HIGH-SPEED DESIGN SEMINAR, published by Analog 
Devices (1990). A 496-page guide to the practical application of 
high-speed semiconductor devices in processing of analog sig
nals. Topics include: data conversion, digital video applications, 
high-speed sample-holds and operational amplifiers, nonlinear 
signal processors (including log amps), comparators and pin 
electronics, time-delay generators, phase-locked loops, direct 
digital synthesis, computer graphics and RAMDACs, and high-
speed techniques. $20.00 

MIXED-SIGNAL DESIGN SEMINAR, published by Analog 
Devices (1991). Contents: Introduction to mixed-signal process
ing of real-world signals and signal conditioning; Linear and 
nonlinear analog signal processing; Fundamentals of sampled
data systems; ADCs for DSP applications; DACs for DSP appli
cations; Sigma-delta ADCs and DACs; Digital signal-processing 
techniques; DSP hardware; Interfacing ADCs and DACs to dig
ital signal processors; Mixed-signal processing applications; 
Mixed-signal circuit techniques; Index. $22.00 

NONLINEAR CIRCUITS HANDBOOK: Designing with Ana
log Function Modules and ICs, by the Engineering Staff of Ana
log Devices, edited by Daniel H. Sheingold. Norwood, MA: 
Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing; squaring and rooting, rms-to-dc conversion, and 
multifunction devices. Principles, circuitry, performance, speci
fications, testing, and application of these devices-contains 325 
illustrations. $5.95 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. 
Norwood, MA: Analog Devices, Inc. (1980). A book for the 
electronic engineer who must interface transducers for tempera
ture, pressure, force, level, or flow to electronics, these 260 
pages tell how transducers work-as circuit elements-and how 
to connect them to electronic circuits for effective processing of 
their signals. $14.50 
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Worldwide Sales Directory 
North American Sales Offices and Representatives 
Alabama: *404-263-3719, 205-534-0044 Massachusetts: *617-461-3000 
Alaska: *206-575-6344, *714-641-9391 Michigan: 810-615-4000, *810-348-5795 
Arizona: *714-641-9391, *602-840-7238 Minnesota: 612-835-9234 
Arkansas: *214-231-5094 Mississippi: *404-263-3719, 205-534-0044 
California: *714-641-9391, *408-559-2037 Missouri: 314-521-2044, 913-829-2800 
Colorado: *714-641-9391 Montana: *714-641-9391 
Connecticut: *516-366-0765 Nebraska: 913-829-2800 
Delaware: *215-643-7790 Nevada: *408-559-2037, *714-641-9391 
Florida: *407-660-8444 New Hampshire: *617-461-3000 
Georgia: *404-263-3719, 404-263-0320 New Jersey: *516-366-0765 (north), *215-
Hawaii: *714-641-9391 643-7790 (south) 
Idaho: 303-443-5337, *206-575-6344 New Mexico: *714-641-9391, *602-840-7238 
Illinois: *708-519-1777 New York: *516-366,0765 (metro), 716-425-
lndiana: *219-489-3083 9100 (upstate) 
Iowa: *708-519-1777 North Carolina: *404-263-3719, 919-460-7771 
Kansas: 913-829-2800 North Dakota: 612-835-9234 
Kentucky: 205-534-0044 Ohio: 216-247-0060, 513-742-8447, 614-487-
Louisiana: *214-231-5094 1882 
Maine: *617-461-3000 
Maryland: *1-800-392-3780 

North American Distributors 
Alabama: Alliance 602-483-9000; Allied 205-
721-3500, 205-476-1875; Bell 205-837-1074; 
Future 205-830-2322; Hamilton Hallmark 205-
837-8700; Pioneer 205-837-9300 
Arizona: Alliance 602-483-9000; Allied 602-437-
9080; Bell 602-966-7800; Future 602-968-7140; 
Hamilton Hallmark 602-437-1200; Wyle 602· 
437-2088 
California: Alliance 602-483-9000; Allied 415-
770-0590, 818-882-6981, 213-373-8828, 714-727-
3010, 916-632-3104, 619-279-2550, 415-952-
9599; Bell 310-826-6778, 916-652-0414, 408-
734-8570, 818-879-9494, 714-895-7801, 619-268-
1277; Future 818-772-6240, 619-625-2800, 714-
250-4141, 408-434-1122; Hamilton Hallmark 
818-773-4500, 714-727-6000, 619-268-1201, 408-
432-4000, 916-624-9781; Pioneer 800-535-1430, 
213-320-4820, 619-434-4107, 408-954-9100; 
Semi-Dice 310-594-4631, 714-952-2216, 408-
980-9777, 800-325-6030 (in CA), 800-626-4411, 
800-345-6633 (outside CA. MAI; Wy1e 714-863-
9953, 818-880-9000, 800-288-9953, 916-638-
5282, 800-627-9953, 408-727-2500, 619-565-9171 
Colorado: Alliance 602-483-9000; Allied 303· 
790-1664; Bell 303-691-9010; Future 303-421-
0123; Hamilton Hallmark303-790-1662; Wyle 
303-457-9953 
Connecticut: Alliance 617-756-1910; Allied 203-
272-7730; Bell 203-269-6801; Future 203-743-
9594; Hamilton Hallmark 203-271-2844; 
Pioneer 203-929-5600 
Florida: Alliance 602-483-9000; Allied 305-978-
3008, 904-346-0761, 407-831-3331, 813-541-
4660; Bell 407-339-0078, 305-421-1997; Chip 
Supply 407-298-7100; Future 407-767-8414, 
813-530-1222; Hamilton Hallmark 407-830-
5855, 305-971-9280, 813-541-7440; Pioneer 
407-834-9090, 305-428-8877 
Georgia: Alliance 602-483-9000; Allied 404-
497-9544; Bell 404-662-0923; Future 404-441-
7676; Hamilton Hallmark 404-623-4400; 
Pioneer 404-623-1003 
Illinois: Alliance 602-483-9000; Allied 708-918-
0250, 708-535-0038, 708-860-0007; Bell 708-
640-1910, 217-328-1077; Future 708-882-1255; 
Hamilton Hallmark 708-860-3800; Newark 312-
784-51 oo·; Pioneer 708-495-9680 
Indiana: Alliance 602-483-9000; Allied 317-875-
0448; Bell 317-875-8200, 219-423-3422; 
Hamilton Hallmark 317-872-8875; Pioneer317-
573-0880 
Iowa: Alliance 602-483-9000; Allied 515-223-
6488; Bell 319-395-0730 

*Analog Devices, Inc., Direct Sales Offices 
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Oklahoma: *214-231-5094 

Kansas: Alliance 602-483-9000; Allied 913-599· 
6227; Hamilton Hallmark 913-888-4747 , 
Kentucky: Alliance 602-483-9000; Allied 502-
452-2293; Bell 800-582-7492, 800-445-8795 
Louisiana: Alliance 602-483-9000; Allied 504-
885-1195 
Maryland: Alliance 602-483-9000; Allied 301-
381-1560; Bell 410-290-5100; Future 410-290-
0600; Hamilton Hallmark 301-988-9800; 
Pioneer 301-921-0660 
Massachusetts: Alliance 617-729-5800, 617-
756-1910; Allied 508-667-7921, 617-255-0361; 
Bell 508-474-8880; Future 508-779-3000; 
Hamilton Hallmark 508-667-0902, 508-935-
9777; Pioneer617-861-9200; Semi-Dice 508-
238-8344; Wyle 617-272-7300 
Michigan: Alliance602-483-9000; Allied313-
462-9300, 616-949-8200; 8ell800-582-7492, 313-
347-6633; Future313-261-5270; Hamilton 
Hallmark 810-416-5800; Pioneer616-698-1800, 
313-525-1800 
Minnesota: Alliance 602-483-9000; Allied 612· 
881-0838; Bell 612-941-1493; Future 612-944-
2200; Hamilton Hallmark 612-881-2600; 
Pioneer 612-944-3355 
Missouri: Alliance 602-483-9000; Allied 314-
291-7031; Bell 314-647-2355; Future 314-469-
6805; Hamilton Hallmark314-291-5350; 
Pioneer 314-542-3077 
Nebraska: Alliance 602-483-9000; Allied 402-
697-0038 
New Hampshire: Alliance 617-756-1910; Allied 
603-883-3006 
New Jersey: Alliance 602-483-9000; Allied 201-
428-3350, 609-234-7769; Bell 201-227-6060; 
Future 201-299-0400; Hamilton Hallmark 609-
235-1900, 201-515-3000; Pioneer 201-575-3510 
New Mexico: Alliance 602-483-9000; Bell 505-
292-2700 
New York: Alliance 617-756-1910; Allied 516-
248-2360, 908-572-9600, 914-452-1470, 716-425-
3850; Future 716-272-1120, 315-451-2371, 516-
234-4000; Hamilton Hallmark 716-425-3300, 
516-737-0600; Pioneer716-381-7070, 516-921· 
8700, 607-722-9300, 212-971-9560; Semi-Dice 
516-234-7676 
North Carolina: Alliance 602-483-9000; Allied 
919-876-5845; Bell 919,821-4041; Future 704-
455-9030, 919-790-7111; Hamilton Hallmark 
919-872-0712; Pioneer 704-527-8188, 919-460-
1530 
Ohio: Alliance 602-483-9000; Allied 513-771-
6990, 216-248-4200, 614-785-1270; Bell 800-

Oregon: *206-575-6344 
Pennsylvania: *215-643-7790 
Rhode Island: *617-461-3000 
South Carolina: 919-460-7771 
South Dakota: 612-835-9234 
Tennessee: *404-263-3719, 404-263-0320 
(east), 404-534-0044 (west) 
Texas: *214-231-5094 
Utah: *303-466-0691 
Vermont: *617-461-3000 
Virginia: *215-643-7790 
Washington: *206-575-6344 
West Virginia: 412-745-8441 
Wisconsin: *708-519-1777 
Wyoming: *714-641-9391 
Puerto Rico: *809-753-9811 
Canada: 905-821-7800, 613-564-0014, 
514-697-0801, 604-465-6892 
Mexico: *617-461-3000 

348-4619, 513-435-8660, 513-434-8231; Future 
216-449-6996; Hamilton Hallmark 216-349-
4632, 614-888-3313; Pioneer 216-587-3600, 
513-236-9900, 614-221-0043 
Oklahoma: Alliance 602-483-9000; Allied 918-
664-0844; Hamilton Hallmark 918-254-6110; 
Pioneer 918-665-7840 
Oregon: Alliance 602-483-9000; Allied 503-245-
4225; Bell 503-644-1500; Future 503-645-9454; 
Wyle 503-643-7900 
Pennsylvania: Alliance 602-483-9000; Allied 
717-975-3570, 412-367-4124; Bell 215-953-2800, 
800-525-6666; Future 609-596-4080; Hamilton 
Hallmark 215-355-7300; Pioneer 215-674-4000, 
412-782-2300 
South Carolina: Alliance 602-483-9000; Allied 
803-288-8835; Bell 800-322-7908 
Tennessee: Alliance 602-483-9000; Allied 901-
367-2895; Bell 615-367-4400 
Texas: Alliance 602-483-9000; Allied 817-595-
3500, 512-389-3771, 214-553-4370, 214-570-
5196, 915-779-6294, 713-446-8005, 713-455-
3993; Bell 214-690-0466; Future 713-556-8696, 
214-437-2437; Hamilton Hallmark 214-343-
5000, 512-258-8848, 214-553-4300, 713-781-
6100; Pioneer 512-835-4000, 214-386-7300, 
713-495-4700, 512-377-3440; Wyle 512-345-
8853, 214-235-9953, 713-879-9953, 800-888-
9953 
Utah: Alliance 602-483-9000; Allied 801-261-
5244; Bell 801-255-9611; Future 801-972-8489; 
Hamilton Hallmark 801-973-4737; Wyle 801-
974-9953 
Vermont: Alliance 617-756-1910; Allied 
603-883-3006 
Virginia: Alliance 602-483-9000; Allied 
804-363-8862, 703-644-9515 
Washington: Alliance 602-483-9000; Allied 
206-547-2827; Bell 206-867-5410, 213-826-6778; 
Future 206-489-3400; Hamilton Hallmark 206-
547-0415; Wyle 206-881-1150 
Wisconsin: Alliance 602-483-9000; Allied 414-
796-1280; Bell 414-547-8879; Future 414-786· 
1884; Hamilton Hallmark 414-797-7844; 
Pioneer 414-784-3480 
Canada: Future 514-694-7710, 613-820-8313, 
604-294-1166, 403-436'2858, 905-612-9200; 
Pioneer/Zentronics 403-482-3038, 604-273-
5575, 403-295-8838, 905-507-4400, 613-226-
8840, 418-654-1077, 204-694-1957, 514-737-
9700, 905-798-7710, 905-507-2600 



International Direct Sales Offices 
Austria: (222) 88 55 04-0 
Belgium: (3) 2482 619 
Denmark: (42) 84 58 00 
France: (1) 46 74 45 00 
Germany: 089/57 005-0, 030/391 90 35, 
04181/80 51, 0221/68 60 06, 0711/88 11 33 
India: (80) 2267 272 

International Distributors 
Australia: N.S.D. Australia (3) 8900970, (2) 898 
0133, (7) 845-1911, (8) 211-8499 
Austria: SPOERLE ELECTRONIC (222) 318 72 
70 13 
Belgium: ACAL NV/SA (021720 59 83, 
EURODIS TEXIM ELECTRONICS (02) 247 49 51 
Brazil: HITECH-ELECTRONICA (11) 536-0355 
Bulgaria: K2 ELECTRON/CS (92) 890412 
Croatia: ALMA-ELECTRONIC(41) 325509, 
ELECTRA (40) 826545 
Czechia: AMTEK SPOL s.r.o. (5) 43216066 
Denmark: MER-EL A/S (42) 57 10 00 
Erie: ESD 1 307 522 
Finland: Oxxo Oy 0-3455377 
France: DIMACEL COMPOSANTS (1) 34 23 70 
00, AVNET EMG (1) 49 65 26 26, SCAIB (1 I 46 
87 23 13, A2M (1) 46 23 79 00 
Germany: SASC0089/46 11-0, Semitron 
07742/80 01-0, SPOERLE ELECTRONIC 
06103/30 4-0, JERMYN 06431/508-0 
Greece: MICRELEC (1 I 5395042 
Hong Kong: General Engineers 503-2212, 
Tektron Electronics (HK) Ltd. 388-0629 

EUROPE HEADQUARTERS 

Israel: (9) 911 415 Sweden: (8) 282 740 
Italy: (2) 665 00 120, (11) 24 87 789, *(6) 86200 Switzerland: (1) 820 01 02, (21) 803 25 50 
306 Taiwan: (02) 740 0099 
Hong Kong: 593-1 1 27 
Japan: (3) 3263 6826, (6) 372 1814 
Korea: (2) 554-3301 
Netherlands: (1620) 815 00 

Hungary: SMD Technology KFT (1 I 189 58 15 
India: Analog Sales (212) 342150, (11 I 6862460, 
(80) 5593 606 
Italy: AVNET EMG Division De Mico (2) 
95343600, Hel/is S.A.S. (536) 804104, La 
Tecnika Due (11 I 2425905, Pantronic S.R.L. (6) 
6626979, Special-Ind (2) 66805177, Tecnika 
Due (438) 555447 

Korea: Tong Baek Electronics (2) 715-6625, 
Analog World (2) 7015993 

Malaysia: Excel point Systems (PTE) Ltd. 
03-2448929 
Mexico: Canadien (83) 652020 
Netherlands: EURODIS TEXIM ELECTRONICS 
B. V. (05427) 333 33, EURODIS TME B. V. 073-28 
11 11 
New Zealand: Hardie Technologies (9) 525 
1096 
Norway: BIT ELEKTRON/KK 66 98 13 70 
People's Republic of China: Shanwei 
Excelpoint Enterprise Co. (1) 500 7788, Ext 
1625, (21) 248 0088 
Poland: P.E.P. ALF/NE (61) 213 375 

United Kingdom: 0932 266000 

*Representative 

Portugal: Se/co (1) 29738212 
Romania: TOP 9+ (401) 2109124 
Russia: ARGUSSOFT Co. (7095) 2883602, 
AO AUTEX (7095) 3347741 
Singapore: Exce/point Systems PTE 741-8966 
Slovakia: DIALOGUE s.r.o. (838) 22030 
Slovenia: ALMA-ELECTRONIC (61) 198510 
South Africa: Analog Data Products CC (11) 
444-8160 
Spain: Se/co (1) 637 10 11 
Sweden: lntegrerad Elektronik 8-804685 
Switzerland: Elbatex AG 056/275 111, 
FABRIMEX SPOERLE 01/874 62 62 
Taiwan: Andev Technology Co., Ltd. (02) 
763-0910, Chieftron Enterprise Co., Ltd. (02) 
722 3570, Jeritronics Ltd. (02) 585-1636, ASEC 
(02) 786 6677, Ext 200 
Turkey: ELEKTRO (216) 418 12 70 
United Kingdom: Arrow/Jermyn Electronics 
0234 270 777, Avnet-Access 0462 480888, 
MILLENNIUM Electronic Components 0203 694 
555, Phoenix Electronics Limited 0555 751566, 
Polar Electronics Limited 0525 377 093 

Edelsberg$tra~e 8-10, 80686 Miinchen, Germany; Tel: 089/57 005-0; Fax: 089/57 005-257 

JAPAN HEADQUARTERS 
Daini Jibiki Building, 7-8 Kojimachi 4 Chome, Chiyoda-ku, Tokyo, Japan; Tel: (3) 3263 6826; Fax: (3) 3221 5187 

HONG KONG HEADQUARTERS 
Suite 8, 35th Floor, Central Plaza, 18 Harbour Road, Wanchai, Hong Kong; Tel: 593 1127; Fax: 593 1213 

WORLDWIDE HEADQUARTERS 
One Technology Way, P:O. Box 9106, Norwood, MA 02062-9106, U.S.A. 
Tel: (617) 329-4700, (1-800) 262-5643 (U.S.A. only); Fax: (617) 326-8703 
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Product Index 
Alphanumeric by Model Number 

Model Page* Model Page* 

AC1226 ........................................ SL AD504 .......................................... D 
AC2626 ........................................ SL AD506 .......................................... D 
AD1B60 .................................... DI 5-5 AD507 .......................................... A 
AD2S44 ........................................ CI AD510 .......................................... D 
AD2S47 ........................................ CI AD515 .......................................... D 
AD2S65 ........................................ CI AD515A ........................................ A 
AD2S66 ........................................ CI AD517 .......................................... A 
AD2S75 ........................................ CI AD518 .......................................... D 
AD2S80A .................................. DI 16-7 AD521 .......................................... A 
AD2S81A ................................. DI 16-11 AD522 .......................................... A 
AD2S82A ................................. DI 16-11 AD524 ..................................... DI 10-5 
AD2S83 ................................... DI 16-15 AD526 ..................................... DI 10-8 
AD2S90 ................................... DI 16-27 AD532 ......................................... SL 
AD2S93 ................................... DI 16-37 AD533 .......................................... D 
AD2S99 ................................... DI 16-48 AD534 ..................................... DI 17-5 
AD2Sl00 .................................. DI 16-51 AD535 .......................................... D 
AD2Sl10 ....................................... CI AD536A ................................... DI 18-5 
AD28msp01 .................................... C I AD537 ...................................... DI 4--5 
AD28msp02 .................................... C I AD538 ......................................... SL 
AD202 ..................................... DI 11-5 AD539 ......................................... SL 
AD203 .......................................... D AD542 ..................................... DI 9-19 
AD204 ..................................... DI 11-5 AD544 ..................................... DI 9-19 
AD210 .................................... DI 11-12 AD545 .......................................... D 
AD230 ......................................... CI AD545A ........................................ A 
AD231 ......................................... CI AD546 ..................................... DI 9-22 
AD231A ....................................... CI AD547 ..................................... DI 9-19 
AD232 ......................................... CI AD548 ..................................... DI 9-25 
AD232A ....................................... CI AD549 ..................................... DI 9-28 
AD233 ......................................... CI AD557 ..................................... DI 3-24 
AD233A ....................................... CI AD558 ..................................... DI 3-26 
AD234 ......................................... CI AD561 ......................................... CI 
AD235 ......................................... CI AD562 ......................................... CI 
AD236 ......................................... CI AD563 ......................................... CI 
AD237 ......................................... CI AD565A ................................... DI 3-29 
AD238 ......................................... CI AD566A ................................... DI 3-29 
AD239 ......................................... CI AD567 .......................................... D 
AD241 ......................................... CI AD568 ..................................... DI 3-35 
AD246 .......................................... D AD569 ..................................... DI 3-38 
AD346 ........................................ C II AD570 ..................................... DI 2-17 
AD363 ........................................ C II AD571 ..................................... DI 2-17 
AD363R ...................................... C II AD572 ........................................ C II 
AD364 ........................................ C II AD573 ..................................... DI 2-21 
AD364R ...................................... C II AD574A ................................... DI 2-24 
AD365 .......................................... A AD578 ........................................ C II 
AD380 .......................................... A AD579 ........................................ C II 
AD386 ........................................ C II AD580 ...................................... DI 8-5 
AD389 ........................................ C II AD581 ...................................... DI 8-7 
AD390 ......................................... CI AD582 ........................................ C II 
AD394 ......................................... CI AD584 ...................................... DI 8-9 
AD395 ......................................... CI AD585 ...................................... DI 6-5 
AD396 ......................................... CI AD586 ..................................... DI 8-13 
AD420 ..................................... DI 3-15 AD587 ..................................... DI 8-16 
AD503 .......................................... D AD588 ..................................... DI 8-19 

*A =Amplifier Reference Manual; AV= Audio/Video Reference Manual; CI = Data Converter Reference Manual, Volume I; C II = Data Co11'1Jerter Reference Manual, Volume II; 
D = Data Sheet; DI = Design-In Reference Manual; SL = Special Linear Reference Manual. 
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Model Page* Model Page* 

AD589 ..................................... DI 8-22 AD693 .................................... DI 19-18 
AD590 ..................................... DI 19-5 AD694 .................................... DI 19-24 
AD592 ..................................... DI 19-9 AD698 .................................... DI 16-67 
AD594 .................................... DI 19-12 AD704 ..................................... DI 9-40 
AD595 .................................... DI 19-12 AD705 ..................................... DI 9-40 
AD596 .................................... DI 19-15 AD706 ..................................... DI 9-40 
AD597 .................................... DI 19-15 AD707 ..................................... DI 9-44 
AD598 .......... : ......................... DI 16-63 AD708 ..................................... DI 9-44 
AD600 ..................................... DI 20-5 AD711 ..................................... DI 9-47 
AD602 ..................................... DI 20-5 AD712 ..................................... DI 9-47 
AD603 .................................... DI 20-17 AD713 ..................................... DI 9-47 
AD606 .................................... DI 20-29 AD720 .................................... DI 21-16 
AD607 ..................................... DI 21-5 AD721 .................................... DI 21-16 
AD608 ..................................... DI 21-9 AD730 ......................................... SL 
AD611 .......................................... D AD734 .................................... DI 17-11 
AD620 .................................... DI 10-11 AD736 .................................... DI 18-14 
AD621 .................................... DI 10-15 AD737 .................................... DI 18-17 
AD624 .................................... DI 10-19 AD741 .......................................... A 
AD625 .................................... DI 10-22 AD743 ..................................... DI 9-52 
AD626 .................................... DI 10-25 AD744 ..................................... DI 9-55 
AD630 .................................... DI 21-13 AD745 ..................................... DI 9-58 
AD632 ......................................... SL AD746 ..................................... DI 9-61 
AD633 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DI 17-9 AD760 ..................................... DI 3-71 
AD636 ..................................... DI 18-8 AD766 ..................................... DI 3-83 
AD637 .................................... DI 18-11 AD767 ..................................... DI 3-86 
AD639 ......................................... SL AD768 ..................................... DI 3-89 
AD640 .................................... DI 20-40 AD773 ........................................ C II 
AD642 ..................................... DI 9-31 AD773A ................................... DI 2-81 
AD644 ..................................... DI 9-31 AD774 ........................................ C II 
AD645 ..................................... DI 9-34 AD774B ................................... DI 2-39 
AD647 ..................................... DI 9-31 AD775 ..................................... DI 2-95 
AD648 ..................................... DI 9-37 AD776 .................................... DI 2-103 
AD650 ...................................... DI 4-7 AD779 .................................... DI 2-115 
AD651 .......................................... D AD780 ..................................... DI 8-30 
AD652 ..................................... DI 4-10 AD781 ..................................... DI 6-11 
AD654 ..................................... DI 4-14 AD783 ..................................... DI 6-14 
AD660 ..................................... DI 3-42 AD790 ..................................... DI 12-5 
AD664 ..................................... DI 3-54 AD795 ..................................... DI 9-64 
AD667 ..................................... DI 3-59 AD796 .......................................... A 
AD668 ..................................... DI 3-63 AD797 ..................................... DI 9-78 
AD669 ..................................... DI 3-67 AD800 ..................................... DI 15-7 
AD670 ..................................... DI 2-28 AD802 ..................................... DI 15-7 
AD671 ..................................... DI 2-32 AD803 .......................................... D 
AD673 ..................................... DI 2-37 AD805 ......................................... SL 
AD674B ............................ ,. ...... DI 2-39 AD810 ..................................... DI 9-92 
AD675 ........................................ C II AD811 .................................... DI 9-107 
AD676 ..................................... DI 2-43 AD812 .................................... DI 9-110 
AD677 ..................................... DI 2-57 AD813 .................................... DI 9-127 
AD678 ..................................... DI 2-71 AD817 .................................... DI 9-145 
AD679 ..................................... DI 2-76 AD818 .................................... DI 9-158 
AD680 ..................................... DI 8-24 AD820 .................................... DI 9-170 
AD684 ...................................... DI 6-8 AD822 .................................... DI 9-170 
AD688 ..................................... DI 8-27 AD826 .................................... DI 9-187 

*A =Amplifier Reference Manual; CI= Data Converter Reference Manual, Volume I; C II= Data Converter Reference Manual, Volume II; D =Data Sheet; DI= Design-Jn Reference 
Manual; SL = Special Linear Reference Manual. 

25-2 PRODUCT INDEX 



Model Page* Model Page* 

AD827 .................................... DI 9-200 AD1851 ........................................ CI 
AD828 .................................... DI 9-203 AD1856 ........................................ CI 
AD829 .................................... DI 9-215 AD1860 ........................................ CI 
AD830 .................................... DI 9-218 AD1861 ........................................ CI 
AD831 .................................... DI 21-23 AD1862 ........................................ CI 
AD834 .................................... DI 17-14 AD1864 ........................................ CI 
AD835 .................................... DI 17-17 AD1865 ........................................ CI 
AD840 .................................... DI 9-233 AD1866 ........................................ CI 
AD841 .................................... DI 9-236 AD1868 ........................................ CI 
AD842 .................................... DI 9-239 AD1876 ................................... DI 2-193 
AD843 .................................... DI 9-242 AD1878 ....................................... C II 
AD844 .................................... DI 9-245 AD1879 ....................................... C II 
AD845 .................................... DI 9-248 AD2026 ......................................... CI 
AD846 .................................... DI 9-251 AD2700 ....................................... C II 
AD847 .................................... DI 9-254 AD2701 ....................................... C II 
AD848 .................................... DI 9-258 AD2702 ....................................... C II 
AD849 .................................... DI 9-258 AD2710 ....................................... C II 
AD871 .................................... DI 2-121 AD2712 ........................................ CI 
AD872 .................................... DI 2-137 AD5200 Series .................................... D 
AD873 .................................... DI 2-152 AD5210 Series .................................... D 
AD875 .................................... DI 2-156 AD5539 ................................... DI 9-262 
AD876 .................................... DI 2-169 AD7001 ........................................ CI 
AD878 .................................... DI 2-173 AD7002 ........................................ CI 
AD880 ......................................... SL AD7008 ................................... DI 21-35 
AD890 ......................................... SL AD7010 ......................................... D 
AD891 ......................................... SL AD7011 ......................................... D 
AD891A ....................................... SL AD7110 ......................................... D 
AD892T/E ...................................... SL AD7111 .................................... DI 3-93 
AD896 ......................................... SL AD7111A .................................. DI 3-93 
AD897 ......................................... SL AD7112 .................................... DI 3-99 
AD899 ......................................... SL AD7118 ........................................ CI 
AD1139 ........................................ CI AD7224 ................................... DI 3-107 
AD1154 ....................................... C II AD7225 ................................... DI 3-111 
AD1170 ....................................... C II AD7226 ................................... DI 3-115 
AD1315 ........................................ SL AD7228 ........................................ CI 
AD1317 ........................................ SL AD7228A ................................. DI 3-119 
AD1320 ........................................ SL AD7233 ................................... DI 3-123 
AD1324 ........................................ SL AD7237 ........................................ CI 
AD1334 ....................................... C II AD7237A ................................. DI 3-127 
AD1341 ....................................... C II AD7240 ......................................... D 
AD1362 ....................................... C II AD7242 ................................... DI 3-133 
AD1376 ....................................... C II AD7243 ................................... DI 3-137 
AD1377 ....................................... C II AD7244 ................................... DI 3-133 
AD1378 ....................................... C II AD7245 ........................................ CI 
AD1380 ....................................... C II AD7245A ................................. DI 3-141 
AD1382 .................................... DI 5-20 AD7247 ........................................ CI 
AD1385 .................................... DI 5-24 AD7247A ................................. DI 3-127 
AD1403 .................................... DI 8-38 AD7248 ........................................ CI 
ADl403A .................................. DI 8-38 AD7248A ................................. DI 3-141 
AD1671 ................................... DI 2-177 AD7249 ................................... DI 3-147 
AD1674 ................................... DI 2-188 AD7306 ................................... DI 15-18 
AD1848 ......................................... D AD7341 ........................................ CI 
AD1849 ......................................... D AD7371 ........................................ CI 

*A =Amplifier Reference Manual; CI= Data Converter Reference Manual, Volume I; C II= Data Converter Reference Manual, Volume II; D =Data Sheet; DI= Design-In Reference 
Manual; SL = Special Linear Reference Manual. 
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Model Page* Model Page* 

AD7501 ....................................... C II 
AD7502 ....................................... en 
AD7503 ....................................... C II 
AD7506 ..............•........................ C II 
AD7507 ....................................... C II 
AD7510DI .................................... C II 
AD7511DI .................................... C II 
AD7512DI .................................... C II 
AD7520 ......................................... ·D 
AD7522 ......................................... D 
AD7523 ......................................... D 
AD7524 ................................... DI 3-159 
AD7525 ......................................... D 
AD7528 ................................... DI 3-163 
AD7533 ........................................ CI 
AD7534 ........................................ CI 
AD7535 ........................................ CI 
AD7536 ........................................ CI 
AD7537 ...................... , ............ DI 3-167 
AD7538 ................................... DI 3-173 
AD7541 ......................................... D 
AD7541A ...................................... CI 
AD7542 ........................................ CI 
AD7543 ....................................... .'CI 
AD7545 ........................................ CI 
AD7545A ...................................... CI 
AD7546 ......................................... D 
AD7547 ...................•............... DI 3-167 
AD7548 ........................................ CI 
AD7549 ........................................ CI 
AD7564 ................................... DI 3-177 
AD7568 ................................... DI 3-185 
AD7569 ................................... DI 2-196 
AD7572 ....................................... C II 
AD7572A ..................................... C II 
AD7574 ....................................... C II 
AD7575 ................................... Dl2-202 
AD7576 ......................................... D 
AD7578 ....................................... C II 
AD7579 ....................................... C II 
AD7580 ....................................... CII 
AD7581 ....................................... C II 
AD7582 ....................................... C II 
AD7586 ....................................... C II 
AD7590DI .................................... C II 
AD7592DI .................................... C II 
AD7628 ................................... DI 3-191 
AD7669 ................................... D12-196 
AD7672 ....................................... C II 
AD7701 .........•......................... DI 2-206 
AD7703 ..•................................ DI 2-212 
AD7710 ................................... DI 2-218 
AD771 l ................................... DI 2-244 

AD7711A ................................. DI 2-265 
AD7712 ................................... DI 2-218 
AD7713 ................................... DI 2-244 
AD7714 ................................... DI 2-271 
AD7715 ................. , .................. DI 5-28 
AD7716 .................................... DI 5-40 
AD7721 ................................... DI 2-287 
AD7716 (AD79024) ............................. C II 
AD7769 ....................................... C II 
AD7773 ....................................... C II 
AD7774 ....................................... C II 
AD7775 ....................................... C II 
AD7776 .................................... DI 5-54 
AD7777 .................................... DI 5-54 
AD7778 .................................... DI 5-54 
AD7804 ................................... DI 3-195 
AD7808 ................................... DI 3-195 
AD7820 ....... • ................................ C II 
AD7821 ...........•....................... DI 2-295 
AD7824 .................................... DI 5-64 
AD7828 .................................... DI 5-64 
AD7837 ................................... DI 3-205 
AD7840 ................................... DI 3-209 
AD7845 ......................•............ DI 3-213 
AD7846 ................................... DI 3-217 
AD7847 ................................... DI 3-205 
AD7848 .......•................................ CI 
AD7849 ................................... DI 3-221 
AD7850 ......................................... D 
AD7853 ................................... DI 2-299 
AD7858 ................................... DI 2-299 
AD7868 .................................... DI 5-68 
AD7869 .................................... DI 5-72 
AD7870 .................•................. DI 2-317 
AD7870A ................................. DI 2-317 
AD7871 ................................... DI 2-323 
AD7872 ................................... DI 2_:_323 
AD7874 ................................... DI 2-329 
AD7875 ................................... DI 2-317 
AD7876 ..............................•.... DI 2-317 
AD7878 ................................... DI 2-333 
AD7880 ................................... DI 2-337 
AD7882 ................................... DI 2-341 
AD7883 ................................... DI 2-353 
AD7884 ................................... DI 2-357 
AD7885 ................................... DI 2-357 
AD7886 ................................... DI 2-369 
AD7890 .................................... DI 5-76 
AD7891 .................................... DI 5-92 
AD7892 ................................... DI 2-375 
AD7893 ................................... DI 2-383 
AD7896 ..............•.................... DI 2-393 
AD7943 ................................... DI 3-227 

*A =Amplifier Reference Manual;.C 1 =Data Converter.Reference Manual, Volume I; C II= Data Converter Reference Manual, Volume II; D =Data Sheet; DI= Design-Jn Reference 
Manual; SL = Special Linear Reference Manual. 
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AD7945 ................................... DI 3-227 AD9698 .................................... DI 12-9 
AD7948 ................................... DI 3-227 AD970l ................................... DI 3-261 
AD800l ................................... DI 9-265 AD9703 ......................................... D 
AD8002 ................................... DI 9-278 AD9712B ................................. DI 3-264 
AD8004 ................................... DI 9-291 AD9713B ................................. DI 3-264 
AD8036 ................................... DI 9-295 AD9720 ................................... DI 3-272 
AD8037 ................................... DI 9-295 AD9721 ................................... DI 3-272 
AD840l ................................... DI 5-102 AD9768 ................................... DI 3-279 
AD8522 ................................... DI 3-241 AD9901 ................................... DI 21-53 
AD8582 ................................... DI 3-245 AD9955 ................................... DI 21-56 
AD8600 ................................... DI 3-253 AD22001 ....................................... SL 
AD8842 ................................... DI 3-257 AD22050 ....................................... SL 
AD9000 ................................... DI 2-399 AD22100 .................................. DI 19-31 
AD9002 ................................... DI 2-402 AD22150 ....................................... SL 
AD9003 ....................................... C II AD75004 .................................. DI 3-281 
AD9003A ....................................... D AD75019 ...................................... C II 
AD9005A ..................................... C II AD75069 ....................................... CI 
AD9007 ......................................... D AD75089 ....................................... CI 
AD9012 ................................... DI 2-406 AD75090 ....................................... CI 
AD9014 ....................................... C II AD79024 (AD7716) ............................. C II 
AD9020 ................................... DI 2-410 AD96685 .................................. DI 12-13 
AD9022 ................................... DI 2-414 AD96687 .................................. DI 12-13 
AD9023 ................................... DI 2-422 AD ADC?! .................................... C II 
AD9027 ................................... DI 2-429 AD ADC72 .................................... C II 
AD9032 ................................... DI 2-437 AD ADC80 .................................... C II 
AD9034 ....................................... C II AD ADC84 .................................... C II 
AD9040A ................................. DI 2-444 AD ADC85 .................................... C II 
AD9048 ................................... DI 2-455 ADC170 ...................................... C II 
AD9050 ................................... DI 2-458 ADC908 ........................................ D 
AD9058 ................................... DI 2-461 ADC910 ...................................... C II 
AD9060 ................................... DI 2-465 ADC912 ........................................ D 
AD9100 .................................... DI 6-22 ADC912A ..................................... C II 
AD9101 .................................... DI 6-25 ADC1130 ....................................... D 
AD9300 ..................................... DI 7-7 ADCII31 ....................................... D 
AD9500 ................................... DI 21-45 ADCl 140 ..................................... C II 
AD9501 ................................... DI 21-49 ADC1143 ....................................... D 
AD9502 ......................................... D ADDAC08 ...................................... D 
AD9505 ......................................... A ADDAC71 ...................................... D 
AD9560 ......................................... D ADDAC72 ...................................... D 
AD9610 ......................................... A AD DAC80 ................................ DI 3-285 
AD9611 ......................................... D AD DAC85 ................................ DI 3-285 
AD9617 ................................... DI 9-300 AD DAC87 ................................ DI 3-285 
AD9618 ................................... DI 9-303 ADDS-2100A-ICE ................................ D 
AD9620 ................................... DI 9-306 ADDS-2101-EZ .................................. D 
AD9621 ................................... DI 9-309 ADDS-2101-ICE .................................. D 
AD9622 ................................... DI 9-312 ADDS-2111-EZ .................................. D 
AD9623 ................................... DI 9-315 ADDS-2111-ICE .................................. D 
AD9624 ................................... DI 9'--318 ADDS-21msp50-EZ ............................... D 
AD9630 ................................... DI 9-321 ADDS-21msp50-ICE .............................. D 
AD9631 ................................... DI 9-324 ADDS-2lxx-Software .............................. D 
AD9632 ................................... DI 9-324 ADDS-21020-EZ ................................ SF 
AD9686 ......................................... D ADDS-210xx-Software ............................. D 
AD9696 .................................... DI 12-9 ADEB770 ........................................ D 

*A =Amplifier Reference Manual; CI= Data Converter Reference Manual, Volume I; C II= Data Converter Reference Manual, Volume II; D =Data Sheet,· DI= Design-In Reference 
Manual; SL =Special Linear Reference Manual. 
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ADEL2020 ................................ DI 9-329 ADM230L ................................. DI 15-47 
ADG201A .................................. DI 7-10 ADM231L ................................. DI 15-47 
ADG201HS ................................. DI 7-14 ADM232A ................................. DI 15-40 
ADG202A .................................. DI 7-10 ADM232L ................................. DI 15-47 
ADG211A .................................. DI 7-18 ADM233L ................................. DI 15-47 
ADG212A .................................. DI 7-18 vADM234L ................................ DI 15-47 
ADG221 ...................................... C II vADM235L ................................ DI 15-47 
ADG222 ...................................... C II ADM236L ................................. DI 15-47 
ADG406 ................................... DI 7-22 ADM237L ................................. DI 15-47 
ADG407 ................................... DI 7-22 ADM238L ................................. DI 15-47 
ADG408 ................................... DI 7-28 ADM239L ................................. DI 15-47 
ADG409 ................................... DI 7-28 ADM241L ................................. DI 15-47 
ADG411 ................................... DI 7,36 ADM242 .................................. DI 15-40 
ADG412 ................................... DI 7~36 ADM485 .................................. DI 15-57 
ADG413 ................................... DI 7-36 ADM663 ................................... DI 8-40 
ADG419 ................................... DI 7-44 ADM663A .................................. DI 8-46 
ADG426 ................................... DI 7-22 ADM666 ................................... Dl 8-40 
ADG428 ................................... DI 7-48 ADM666A .................................. DI 8-46 
ADG429 ................................... DI 7-48 ADM690 .................................. DI 15-64 
ADG431 ................................... DI 7-56 ADM691 .................................. DI 15-64 
ADG432 ................................... DI 7-56 ADM692 .................................. DI 15-64 
ADG433 ................................... Dl 7-56 ADM693 .................................. DI 15-64 
ADG441 ................................... DI 7-64 ADM694 .................................. DI 15-64 
ADG442 ................................... DI 7-64 ADM695 .................................. DI 15-64 
ADG444 ................................... DI 7-64 ADM696 .................................. DI 15:-72 
ADG445 ...................................... en ADM697 .................................. DI 15-72 
ADG506A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C II ADM698 .................................. DI 15-80 
ADG507A ..................................... C II ADM699 .................................. DI 15-80 
ADG508A .................................. DI 7-70 ADM1485 ................................. DI 15-84 
ADG508F .................................. DI 7-74 ADM5170 ................................. DI 15-91 
ADG509A .................................. DI 7-70 ADM5180 ................................. DI 15-95 
ADG509F .................................. DI 7-74 ADOP07 ........................................ A 
ADG51 l ................................... DI 7-78 ADOP27 ........................................ A 
ADG512 ................................... DI 7-78 ADOP37 ........................................ A 
ADG513 ................................... DI 7-78 ADSP-1 OOSA ..................................... D 
ADG526A ..................................... C II ADSP-1009A ..................................... D 
ADG527A ..................................... C II ADSP-lOlOA ..................................... D 
ADG528A ..................................... C II ADSP-lOlOB ..................................... D 
ADG528F .................................. DI 7-74 ADSP-1012A ..................................... D 
ADG529A ..................................... C II ADSP-1016A ..................................... D 
ADG529F .................................. DI 7-74 ADSP-1024A ..................................... D 
ADM202 .................................. DI 15-26 ADSP-1080A ..................................... D 
ADM203 .................................. DI 15-26 ADSP-1081A ..................................... D 
ADM205 .................................. DI 15-30 ADSP-1101 ...................................... D 
ADM206 ........................... .. : ..... DI 15-30 ADSP-lllOA ..................................... D 
ADM207 ............ : ..................... DI 15-30 ADSP-1401 ...................................... D 
ADM208 .................................. DI 15-30 ADSP-1402 ...................................... D 
ADM209 .................................. DI 15-30 .ADSP-1410 ...................................... D 
ADM210 .................................. DI 15-30 ADSP-2100 ...................................... D 
ADM211 .................................. DI 15-30 ADSP-2100A ................................ CI, SL 
ADM213 .................................. DI 15-30 ADSP-2101 ................................. CI, SL 
ADM222 .................................. DI 15-40 ADSP-2102 ................................. CI, SL 
ADM223 .................................. DI 15~47 ADSP-2103 ...................................... D 

*A =Amplifier Reference Manual; CI= Data.Convener Reference Manual, Volume I; OII =Data Converter Reference Manual, Volume II; D =Data Sheet; DI= Design-In Reference 
Manual; SL = Special Linear Reference Manual. . 
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ADSP-2105 ..................................... SL 
ADSP-2106 ................................. CI, SL 
ADSP-2111 ................................. CI, SL 
ADSP-2112 ................................. CI, SL 
ADSP-2115 ...................................... D 
ADSP-21msp50 .............................. CI, SL 
ADSP-21msp51 .............................. CI, SL 
ADSP-2lmsp55 ................................... D 
ADSP-2lmsp56 ................................... D 
ADSP-3128A ..................................... D 
ADSP-3201 ...................................... D 
ADSP-3202 ...................................... D 
ADSP-3210 ...................................... D 
ADSP-3211 ...................................... D 
ADSP-3212 ...................................... D 
ADSP-3220 ...................................... D 
ADSP-3221 ...................................... D 
ADSP-3222 ...................................... D 
ADSP-21010 .................................... SL 
ADSP-21020 ................................ CI, SL 
ADVlOl ....................................... CI 
ADV453 ....................................... CI 
ADV471 ....................................... CI 
ADV473 ....................................... CI 
ADV475 ....................................... CI 
ADV476 ....................................... CI 
ADV477 ....................................... CI 
ADV478 ....................................... CI 
ADV7120 ...................................... CI 
ADV7121 ...................................... CI 
ADV7122 ...................................... CI 
ADV7128 ....................................... D 
ADV7141 ...................................... CI 
ADV7146 ...................................... CI 
ADV7148 ...................................... CI 
ADV7150 ...................................... CI 
ADV7151 ...................................... CI 
ADV7152 ...................................... CI 
ADVFC32 ..................................... C II 
ADXL05 .................................. DI 19-37 
ADXL50 .................................. DI 19-39 
ADXL181 ................................. DI 19-55 
AMPOl ................................... DI 10-29 
AMP02 ................................... DI 10-35 
AMP03 ......................................... A 
AMP04 ................................... DI 10-39 
AMP05 ......................................... A 
ASICs ....................................... A, SL 
BUF03 .......................................... A 
BUF04 .................................... DI 9-338 
CAV1210 ....................................... D 
CMPOl ......................................... A 
CMP02 ......................................... A 

CMP04 ................................... DI 12-16 
CMP05 ......................................... A 
CMP08 ......................................... D 
DACOl ......................................... D 
DAC02 ......................................... D 
DAC03 ......................................... D 
DAC05 ......................................... D 
DAC06 ......................................... D 
DAC08 ................................... DI 3-290 
DAClO ........................................ CI 
DAC16 ................................... DI 3-293 
DAC20 ......................................... D 
DAC71/72 (se~ AD DAC71/72) 
DAC80 (see AD DAC80) 
DAC85 (see AD DAC85) 
DAC86 ......................................... D 
DAC87 (see AD DAC87) 
DAC88 ......................................... D 
DAC89 ......................................... D 
DAClOO ....................................... CI 
DAC210 ........................................ D 
DAC312 .................................. DI 3-305 
DAC888 ........................................ D 
DAC1136 ....................................... D 
DAC1138 ....................................... D 
DAC1146 ....................................... D 
DAC1408A ...................................... D 
DAC1508A ...................................... D 
DAC8012 ...................................... CI 
DAC8043 ................................. DI 3-308 
DAC8143 ...................................... CI 
DAC8212 ....................................... D 
DAC8221 ................................. DI 3-311 
DAC8222 ................................. DI 3-315 
DAC8228 ................................. DI 3-318 
DAC8229 ................................. DI 3-322 
DAC8248 ................................. DI 3-325 
DAC8408 ................................. DI 3-329 
DAC8412 ................................. DI 3-333 
DAC8413 ................................. DI 3-333 
DAC8420 ................................. DI 3-337 
DAC8426 ................................. DI 3-352 
DAC8512 ................................. DI 3-356 
DAC8562 ................................. DI 3-375 
DAC8800 ................................. DI 3-390 
DAC8840 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DI 3-393 
DAC8841 ...................................... CI 
DAS1152 ...................................... C II 
DAS1153 ........................................ D 
DAS1158 ...................................... C II 
DASI 159 ...................................... C II 
DRC1745 ...................................... CI 
DRC1746 ...................................... CI 

""A =Amplifier Reference Manual; CI= Data Converter Reference Manual, Volume I; C II= Data Converter Reference Manual, Volume II; D =Data Sheet; DI= Design-In Reference 
Manual; SL =Special Linear Reference Manual. 
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DSP Software Development Tools ................... '. D 
DSP Hardware Development Tools ................ : ... I> 
DSP Support Tools Accessories ................... ~ .. : D 
DSP Training Courses ............................•. D 
HDS1240E .................. · .................. : . D 
HDS1250A ...................................... D 
HOS050A ...... , .................... · ... · ......... D 
HOS060 ..................................... , .. D 
HOS060A ................................... · .... D 
HTC0300A ...................................... D 
HTSOO 10 .........•............................ ; I> 
HTS0025 .....................................•. D 
IPA1764 .......................•.. ; ............ CI 
JM38Sl0/11301/11302 ............ : ................ D 
LlUOl .......................... :. _.· .... · .. :, ....• CI 
LTS2020 ...................................... .' .·D 
MATOl ........................... ·• ........ DI 13-5 
MAT02 ........ · ............................ DI 13-7 
MAT03 ................................... DI 13.ClO 
MAT04 .................................... DI 13-13 
MLT04 ................................... DI 17-23 
MUXOS ...... · ............................... DI 7-87 
MUX16 ................... · ................. DI 7-90 
MUX24 .. · ................. · ...... · ........ · ... DI 7-87 
MUX28 .................................... DI 7-90 
MUX88 ................... · ... ·.· ............ · ...... D 
OPOl ...................................... , .... A 
OP02 .......... · ...................... · ..... ; ..•.. A 
OP04 ...... · ..... · .............................. :;A 
OP05 : ................... · ......................... "A 
OP06 ... · ........................................ A 
OP07 . · ................. , ................... DI 9-352 
OP08 ........................................... D 
OP09 : .... : ........................................ A 
OPlO ......... · ................................. ·.A 
OPll ..................... · ............. · ...... · ... A 
OP12 ........................................... A 
OP14 ........................ · .............. : .... A 
OP15 ............................................ A 
0P16 ......................... · ................•. A 
0Pl7 • .............. · ......................... .': .. ~A 
OP20 .« ........................ · .................. A 
OP21 · ........................................... A 
OP22 '; .......................................... A 
OP27 ' ..................................... DI 9-357 
OP32 .: ......................................... A 
OP37 ..................................... DI 9-'361 
OP41 .... · ..................... · .................. A 
OP42 ..................................... DI 9-'-365 
OP43· ..................................... · ... · ... D 
OP44 ...................................... · ..... D 
OP50 ...................................... ' .. · .... A 
OP61 ...... : ................................. , • ; A 
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OP64 ...................................... . '.·· .. ·.:A 
OP65 ........................................... D 
OP77 ; .................................... DI 9-370 
OP80 ......................................... • .. A 
OP90 ..................................... DI 9-375 
OP97 : .................................... DI 9-379 
OPlll· ............................... , .......... D 
OP113 ..................................... DI 9-382 
OP147 ........................................... D 
OP150 ........................................ . '.:. D 
OP160 .......................................... .-,·A 
OP166 ....................................... . :. ; . D 
0Pl76 ..................................... DI 9-397 
OPl 77 .................................... DI 9-415 
OP183 .................................... DI 9-420 
0P200 ...................................... ·. DI 9-432 
OP207 ..................................... .'; ....... A 
OP213 ...................................... DI 9-382 
OP215 .................................. :· .. : ...... A 
OP220 ..................................... DI 9-436 
OP221 ........ , ............................ DI·9-439 
OP227 ............................................ A 
OP249 ........................................ DI9-442 
OP260 .......................................... A 
OP270 ...................................... DI 9-447 
OP271 .................................... DI 9-451 
OP275 ..................................... DI 9-454 
OP279 ............................. : ....... DI 9-459 
OP282 .................................... DI 9-461 
OP283 ....................................... DI 9-420 
OP285 .................................... DI 9-464 
OP290 ..................................... DI 9-477 
OP291 ..................................... DI 9-481 
OP292 .................................... DI 9-500 
OP295 .................................... DI 9-518 
OP297 ..................................... 'DI 9-530 
OP400 ..................................... DI 9-534 
OP413 .................................... DI 9~382 
OP420 ...................................... DI 9~538 
OP421 .......................................... A 
OP46.7 ................................. · ... DI 9_:541 
OP470· : ..................................... DI 9-556 
OP471 ..................................... DI 9-560 
OP482 .. : .................................... DI 9-461 
OP490 ............................ ·· ........ DI 9-564 
OP49l .................................... DI 9-481 
OP492 ..................................... DI 9-500 
OP495 .................................... DI 9-518 
OP497 ..................................... DI 9-568 
OSC1758 ....................................... CI 
PKDOl ................................... , .... , SL 
PM108 ......................................... A 
PMl 11/211 ....................................... A 

"A =llmpliffer Riference Manual; CI= Data Convener Rifmnce Manual,. Valume I; C II= Data Converter Reference Manu~l,. Volume II; D =Data Smet; DI= Design-In Reference 
Manual; SL = Special Linear Reference Manual. 
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PM119/219 ...................................... D SDC1740/RDC1740 .............................. CI 
PM139 ......................................... A SDC1741/RDC1741 .............................. CI 
PM148/248 ...................................... D SDCl 742/RDCl 742 .............................. CI 
PM155 ......................................... D SMP04 .................................... DI 6-28 
PM155A ........................................ A SMP08 .................................... DI 6-31 
PMI56 ......................................... D SMPlO ....................................... C II 
PM156A ........................................ A SMPll ....................................... C II 
PM157 ......................... , ............... D SMP18 .................................... DI 6-34 
PM157A ........................................ A SMP81 ......................................... D 
PM208 ......................................... D SSM2013 ........................................ D 
PM211 ......................................... A SSM2014 ........................................ D 
PM239 ......................................... A SSM2015 ........................................ D 
PM248 ......................................... D SSM2016 ........................................ A 
PM308 ......................................... D SSM2017 ................................... DI 14-5 
PM355 ......................................... D SSM2018 ........................................ D 
PM356 ......................................... D SSM2018T ................................. DI 14-8 
PM562 ...... , .................................. D SSM2024 .................................. DI 14-12 
PM725 ......................................... D SSM2044 ........................................ D 
PM741 ......................................... D SSM2045 ........................................ D 
PM747 .................................. ·" ..... D SSM2047 ........................................ D 
PM1008 ........................................ D SSM2100 ........................................ D 
PM1012 ........................................ A SSM2110 ........................................ D 
PM2108 ........................................ A SSM2118T .................. , .............. DI 14-8 
PM4136 ........................................ D SSM2120 ..................................... ; .. D 
PM6012 ....................................... CI SSM2122 .......•............................. , .. D 
PM7224 ....................................... CI SS.M.2125 .......................... , .............. D 
PM7226 ....................................... CI SSM2126 ......................................... D 
PM7226A ...................................... CI SSM2131 ................ , ....................... D 
PM7524 ....................................... CI SSM2132 ......................................... D 
PM7528 ....................................... CI SSM2134 ........... , ............................ D 
PM7533 ....................................... CI SSM2135 .............................. , .... DI 14-14 
PM7541 ........................................ D SSM2139 ........................................ D 
PM7541A ....................................... CI SSM2141 .................................. DI 14~24 
PM7542 ....................................... CI SSM2142 .................................. DI 14-26 
PM7543 ....................................... CI SSM2143 .................................. DI 14-28 
PM7545 ....................................... CI SSM2160 .................................. DI 14-30 
PM7548 ....................................... CI SSM2161 .................................. DI 14-30 
PM7574 ..... : .................................. D SSM2210 ...... , .................................. D 
PM7628 ........................................ CI SSM2220 ........................................ D 
PM7645 ....................................... CI SSM2300 ............... , ........................ D 
REFOl ..................................... DI 8-52 SSM2402 .................................. DI 14-'34 
REF02 ..................................... DI 8-55 SSM2404 .................................. DI 14-37 
REF03 ........................................ CII SSM2412 ................................... DI 14-34 
REF05 ........................................ CII SWOl .......................... , .......... , ..... D 
REF08 ........................................ C II SW02 ....................................... , ... D 
REFlO ........................................ C II SW06 ...................................... DI 7-93 
REF43 ..................................... DI 8-58 SW201 ......................................... C II 
REF19x Series ............................... DI 8-61 SW202 ........................................ CII 
RPT82 ......................................... CI SW7510 ........................................ ,D 
RPT83 ......................................... CI SW7511' ......................................... D 
RPT85 ......................................... CI TMPOl ................................... DI 19-57 
RPT86 ......................................... CI TMP03 ................................... DI 19-72 
RPT87 ......................................... CI 1B21 .......................................... SL 

*A =Amplifier &ference Manual; CI= Data Converter Reference Manual,. Volume I; C II= Data Converur Reference Manual, Volume II; D =Data Sheet; DI= Design-In &ference 
Manual; SL = Special Linear Reference Manual. · 
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1B22 .......................................... SL 
1B31 ............................. : . ............ SL 
1B32 ................................... · ....... SL 
1B41 ........................................... SL 
1B51 ...............................•.......... SL 
1S74 ........................................... CI 
2B20 ........................................ :·~SL 
2B22 ...................... · ..................... SL 
2B23 ............................................. SL 
2B24 ........................................... D 
2B31 ................................... · ... ; ... SL 
2B34 ............................................ D 
2B50 .................... ~ .........•........... SL 
2B52 ............................................ D 
2B53 ........................................... D 
2B54 .......................................... SL 
2B55 ..................................... , ; ... SL 
2B56 ..................................... , ..... D 
2B57 ..........•................................ D 
2B58 ........................................ · ... D 
2B59 ............•........................ · ....... D 
2S50 ........................................... CI 
2S80A .......................................... CI 
2S81A .................•....................... CI 
2S82A ..................•....................... CI 
3B Series ......•................................• SL 
4B Series ........................................ D 
5B Series .................................. : ; ... SL 
6B Series ...................•................... , SL 
7B Series ....................................... SL 
277 ........................................ : .... D 
281 ..............................•............ :A 
284J .........................•................... A 
286J ............................................ A 
289 ............................................ A 
290 ..........................•................. ·D 
290A . · .......................................... A 
292 .............................•. ' ............. D 
292A ....................... , ................... A 
310 ............................................. D 
365 ............................................ D 
429 ............................................. D 
451 ............................................ D 
453 ............................................. D 
460 ...........................•................ D 
741A ........................................... D 
755 ............................ · ............... SL 
757 .........................•................ · .. D 
759 ............................................ SL 
902/902-2 .................................. DI 22-1 
905 ....................................... DI 22-1 
920 ........................................ DI 22-1 
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922 ...... · ................................. DI 22-1 
923 ....................................... DI 22-1 
925 ....................................... DI 22-1 
940 ........................................ DI 22-2 
941 ....................................... DI 22-2 
943 ........................ · ............... DI 22~2 
945 ....................................... DI 22-2 
949 ....................................... DI 22-2 
950 .........................•.................. D 
955 ....................................... DI 22-1 
958 · ....................................... DI22-2 
960 ....................................... DI 22-2 
962 ....................................... DI 22-2 
966 ....................................... DI 22-2 
970 ....................................... DI 22-1 
975 .............•......................... DI 22-1 
976 ................ , .........•..... · .. · ...... DI 22-1 
977 .•............. , ............... ;· ....... DI 22-1 
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